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Dear George, 

An agenda is enclosed for your October 3 meeting with the SOC subpanel of the Program 
Advisory Committee. We would like to focus on the following subjects: 

I. The progress of the FNAL beam tests. (It might be helpful 10 bring with you the person in 
charge of the beam tests.) In addition to preliminary results, we are interested to learn what 
your group views as the crucial items to be tested and when they are expected 10 be done. Will 
all of the necessary results be available when the final technology choices have to be made? If 
not, on what will these choices be based? 

2. The selection of the calorimetry technology. Was a choice made at the Oak Ridge meeting? If 
so, what was the basis for the choice? What are the remaining concerns aboUlthe selected 
teChnology? 

3. Other technology choices. What choices have been made and what is the current schedule for 
maldng those that remain 10 be made? 

4. Possibilities for staging the detector. Which detector components are essential for experiments 
att = O? Which can be delayed? 

5. The R&D priorities. Are there still redundant efforts in any areas? Which projects are being 
de-emphasized? Which are being phased out? How will the FY92 funds be distributed? 

6. The financial plan for living within S500M. Has there been progress on getting commitments 
from foreign sources of support? 

7. The status of the technical design report. 

We are not asking for lengthy written materials, and we ask that you limit the length of your 
presentations so as to leave ample time for discussion with the subcommittee. 
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Presentation at Oak Rld~e SOC Meeting 
September 26, 1991 

G. Trilling 

New SOC applicants 

PAC Meeting on October 3-4 

SOC Technical revlews/commlHees 

Central calorimetry technology decision 

... ... '-------. 
NEW COLLABORATION APPLICANTS 

LAFEX (Lab de Flslca Exp, de Altas Energlas) 
Rio de Janeiro, Brazil 

INSTITUTE OF NUCLEAR PHYSICS 
Krakow, Poland 

UNIVERSITE OE MONTREAL 
Montreal, Canada 

... 
11:1 . 
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TECHNICAL BOARD SUMMARY STATEMENT 

It Is the opinion of the Technical Board that both scintillator 
and liquid argon technologies are viable for the SDC 
central calorfmeter, and Indeed are close In their capabilities 
and costs. Nevertheless, for reasons discussed below, 
there was a clear consensus In favor of the scintillator 
option. The Technical Board therefore recommends the 
adoption of the scintillator option, with the decision on 
the absorber arrangements to be made In the near future. 

"'-.----~---. 

CALORIMETER CONFIGURATIONS 

LAR Mod A Mod B 
Total depth (n=O) 9), 9), 9), 
Total depth (n=3) 11 ). 11 ). 12 ). 

BARREL EM 
Longitudinal segments 2 1 1 
Transverse segmentation 0.05 0.05 0.05 
Pb thickness (mm) 4 3.2 4 
LARISclnt thickness (mm) 4 2.5 2.5 
Depth (XO) 25 22 22 
BARREL HAD1 
Longitudinal segments 1 1 1 
Transverse segmentation 0.05 0.05 0.1 
Pb/Fe thickness (mm) 14(Pb) 25(Fe) 21(Pb) 
LARISclnt thickness (mm) 2 2.5 2.5 
BARREL HAD2 
Longitudinal segments 1 1 1 
Transverse segmentation 0.05 0.1 0.1 
Pb/Fe thickness (mml 14(Pb) 51(Fe) 46(Fe) ... 
LARISclnt thickness mm) 2 2.5 2.5 GIl 

• 

TECHNICAL REVIEWS/COMMITTEES 

Review of Front-End Electronics Status (Sept. 9 - 11) 
Review committee: 

Electronlcs/DAQ/Trlgger Steering Committee 
Eight other experts from SDC (engineers & physicists) 
Five non-SDC experts 

Muon tracking chamber review committee 
Recommend choice of muon chamber design (Feb. 1, 1992). 
Chairpersons: A. Makl, R. Thun 

Hadronlc absorber evaluation committee 
Evaluate calorimetric Impact of various absorber configurations 

(November SDC meeting). 
Chairperson: J. Siegrist 

Central tracking review committee 
Recommend conflguration(s) contained In tech. proposal. 
Chairperson: T. Kondo 

~-----------------~ 

SOC CENTRAL CALORIMETRY 
History 

May 1990 (Eol) 

November 1990 (Lol) 

August 1991 

September 1991 

Sept. 12-14, 1991 

Sept. 26, 1991 

4 technological options 

2 options a) Pb/La 
b) Scint. tile with WLS fiber 

(Pb/Fe for hadronic absorb.) 

Extensive review 
Requirements document 
LA Conceptual Design Report 

Sclnt. tile Conceptual Design Report 

Technical Board Meeting 
Calorimeter presentations and discussion 
Impact on other systems, costs, integration 
Technical Board recommendations 

Report to Collaboration 

~------------------~ 
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CALORIMETER CONFIGURATIONS (cont.) 

LAR Mod A Mod B 
ENDCAP EM 
Longitudinal segments 2 2 2 
Transverse segmentation 0.05 0.05 0.05 
Pb thickness (mm) 4 6.3 8 
LARlSclnt thickness (mm) 4 2.5 2.5 
Depth (XO~ 25 22 22 
ENDCAP AD1 
Longitudinal segments 1 1 1 
Transverse segmentation 0.05 0.05 0.1 
Pb/Fe thickness (mml 14(Pb) 51(Fe) 31(Pb) 
LARlScint thickness mm) 2 2.5 2.5 
ENDCAP HAD2 
Longitudinal segments 1 1 1 
Transverse segmentation 0.05 0.1 0.1 
Pb/Fe thickness (mml 14(Pb) 102(Fe) 67(Fe) 
LARJSclnt thickness mm) 2 2.5 2.5 

SHOWER MAX 
L1cjllayer & L1TJ layer 0.05/6 0.05/8 0.05/8 ... 

cc 
MASSLESS GAP Yes Wt layr1 Wt layr1 

• 
Liquid Argon Calorimeter 
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3D SKETCH OF SHO~ER 
MAX DETECTOR TILES 
IN THE BARREL EM 
CALORIMETER. SHO~ING 
OPTICAL DISCONNECTS 
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.. _.sel Pileup In LAR Calor. 
per Prump per ChanDel 

Section N."., N,., <r> CD C, C, •• D ',. .. ENC ENE ENE Pileup Total I Mip Mip 

em pF pF pF D. fC MeV MeV MeV MeV MeV SIN 
EMI 1 5 236 970 340 131 5 60 1.7 27 27 30 <0 32 0.8 

EM2 I 26 255 5680 460 614 11 60 4.9 75 75 54 92 161 1.7 

HADI 2 18 314 3101 10311 413( 9 100 2.8 194 274 44 278 662 6.3 

200 2.0 80 113 63 129 5.1 

HAD2 2 27 387 707( 1530 8601 I 100 U 337 477 3 477 993 2.1 

200 3.5 139 197 4 197 M 

The total noise in the EM section of the calorimeter is essentially 
constant with peaking time in the range 60 .Ie. tpeak .Ie. 100 ns 
(variation is +/. 2.5%). The peaking time is selected to be 60 ns to 
provide better pileup supression for higher luminosity running. For 
a luminosity increase from 10**33 to 10**34, the total noise in EMI 
plus EM2 will increase from liS MeV to 278 MeV (i.e., proponional 
to Lum**0.38). This value of tpeak depends on the pileup 
calculation in section 7.3; a more detailed calculation will be required 
to finally select the shaping time. The use of variable shaping time 
shapers (Section 7.3.1) will enable the optimization to be based on 
observed backgrounds. Note, however, that a variation of +/·30% in 
energy deposited per crOSSing corresponds to a variation in the total 
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Noisel Pileup in LAR Calor. 31 

SUMMARY 

• Fast LAr risetime preserved by electrode 
structure 

crt < 4 ns for >2 GeV in EM tower 
crt < 4 ns for >80 GeV jet 
(both are better in endcap) 

• Effect of noise and pileup on EM resolution: 
..Q: = Q,ll e w @ 10**33 
Et ..JEt Et 

• H --> yy efficiencies 
- single yefficiency reduced 1 % [4%] 
- mass resolution worse by 5% [20%] 
- event efficiency 0.58 (fast) --> 0.56 (LAr) 

0.60 (fast) --> 0.52 (LAr) 

• H --> WW --> ev + jets; isolated e-
effiCiency 0.92 [10**33] --> 0.72 [10**34] 
(tighter cuts) 
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( 1) magnetic field Type " (r,./2)-(17 contour of B . m.4.0m), liquid .r,.~ 37 
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Fig. I 

(4) mag t· Type • ne lC field 
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IMPACT ON MAGNET 

Flux return far from current sheet (Pb/LA, PblSclnt. for HAC1). 
Large compressive stresses(-1700 tonnes) on conductor. 
Small magnetic decenterlng forces « coli weight). 
Non-unlform fJeld. 

Flux return near current sheet (Fe/Sclnt. for HAC1, reentrant EC). 
Reduced compressive stresses. 
Larger magnetic decenterlng forces (> coil weight). 
More uniform field. 

For the designs presented, the compressive forces varied 
from 1700 to 1100 tonnes. It Is possible to have forces 
down to 100 tonnes with reentrant EC and Fe/Sclnt. HAC1. 
This requires further study to understand the Impact of 
reentrant EM geometry. 

... ... 
"'------iI 

IMPACT ON ELECTRONICS 

From point of view of electronics performance, there are 
no significant differences between LA and Scintillator 
technologies. 

Undesirable enVironmental consequences for LA: 
Detector electronics crates sit In 0.1 T magnetic field. 

Precludes commercial power supplies, fans, etc. 
Servicing and trouble-shooting more awkward. 

... 
N "'------. 

Trigger efficiency 

~ ~ ~ " 01 

'" co 

IMPACT ON TRACKING 

I. Magnetic field non-uniformity (Task Force). .' 
(Note: Field non-uniform In all designs presented, 

8 

In 
Iii r 

· · · · · · 

least non-uniform In Fe/sclnt. hadronlc calorimeter design, 
could be fully uniform with reentrant EM section). 

1. Reduced trajectory bend angle at large z, 
Softens trigger threshold. 

2. Modified time-distance relation at large z, 
Greater tolerance on synchronizer-softens threshold. 

3. Pattern recognition, 
Depends on detailed pattern recognition procedure. 

4. Momentum resolution, 
Very small effect for designs presented. 

II. Neutron fluence In tracking cavity reduced by scintillator. 
Reduction factor Is 3 • 
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\a \.. udE (%) 

'\ : 11'1 PRELIMINARY BEAM TEST RESULTS ... 

\ 

<;: 0 I\') Liquid Argon (Brookhaven) 
:t ~ : i\\ EM module 6 mm Pb plates 
"' ~ ~ en 181 ~ olE = 1S%/..jE 

~ ~ .... ~ Hadronic module 12 mm Pb plates 

\ 

'" II P2 g ~ E E ~ \) olE = 64%/..jE 
~ ~} if ~ e: ~ ~ ~ " From fit to e/'lt data, e/h = 1.23 => 3.2"-' constant term 

• :;1\') "~t'll 0' 
o • I~\ 1\ g 0 3 g' ~ ~ ~ ~ Scintillator tile I fiber (Fermilab) 
~ .... ~ P2 ~ .... ~ g t"l } ANL EM module 5 mm Pb 2.5 mm Sclnt. 
,., \~ ~; a: d [ ~ ~ ~ olE = 1S%/..jE .. ~ ;. ~ ;;: m ;: 9 ,;: It ~ COF EM module 4.S mm Pb 4 mm Sclnt. 
"I • =.}- '< 0; ~ cr ~ ~ olE = 1.6% for 100 GeV e 
,. ., ~ ~ '0.. ~ Q, '< ~; ~ COF hadronlc 5 cm Fe 4 mm Sclnt. 

~. "Ie _ "", 

~~ 't- .$ ~ '" ~ "t olE = S% for 150 GeV 'It "C.tl O'l _. 
o 0 

:::t I!I EM Photoelectron yields scaled to SCSNS1 and SOC tiJe/Pb 
~ ~ ~ 'I ANL SO Pe/GeV 
,.. II "I ~ ~ ColI COF 150 Pe/GeV 
n k ' ~ 1;0) (Uncomfortably low? Increase SOC tile to 4 mm for EM) ColI 
~ ~ ~ -
~ . ~ 

~ ~ ~ • ~ ~ l~~~ , , ~~ 

CONCLUSIONS 

The Technical Board has recommended that the SOC adopt 
scintillating tile with WLS fiber as the technology for the 
central calorimetry. 

The choice of hadronlc absorber In HAC1, and Its geometrical 
relation to the current sheet stili have to be determined. 
A commiHee is being set up, and It is hoped that this 
decision can be made by the SOC November meeting. 

There are still significant concerns with respect to radiation 
damage, adequacy of light yield In EM section, and the 
Implementation 0 an adequate calibratlon/monitoring system. 

Up to now, the R&D efforts in each calorimeter technology 
have been seriously' undermanned. With the choice of a 
Single technology, .t is essential to bring together the 
efforts from ALL the groups which were working on central 
calorimetry to ensure that adequate Intellectual and technical 
power Is brought to bear on the design of our central calorimeter. 

tJI .... 

, • 

to 
"-., 

Preliminary Results of LiqUid Argon Test at BNL 
I I I I I I I • I I I I I i . .1 I 

i 
t'~e'k" 100 "",.c 

I 1.2~1 I I 
I I 

~ 
1.0~ 

O.B -I r 

t 1 ~ 
o 5 10 15 20 

BEAM ENERGY (GEV) 
FiGrURr:: 8.36 

'r 



Remarks by Technical Manager 

M. Gilchriese 
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Detector Drawings and Parameters 

• Our goal for many months has been to "freeze" 
dimensions and parameters by Oct. 15 for the 
Technical Proposal and the cost/schedule estimate 

• We are behind schedule and will remains so until 
more decisions are made ego calorimeter absorber, 
tracking options, ....... 

• Nevertheless we must move as rapidly as possible to 
fix dimensions and parameters 

• New drawing package exists - Descope 2 draft 

~------------------~ 
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Milestones 

SOC Meeting 

ORNL 

September 26, 1991 

M. G. D. Gilchriese 

Detector dimensions and drawings 

Decisions, decisions 

Engineering Integration meeting at SSCL 

Schedule for cost/schedule 

Technical Proposal 

~ ........ B_U_d_9_~ ........................................ __ ........ __ ............ ____ ~ 

SELECTED SOC MILESTONES FY91.91t 
FY91 MILESTONES FV92 MILESTONES 

Revised "baseline" design Mar. IS 
IR location/hail <onstru(tlon type Apr. IS 

Establish "baseli",," ror rosting May IS 

Drart FY92 R&D plan Jul. I 

Draft R&D Management Plan 

Revised (ost estimate 

Draft tonstrudlon selledule 

SSCUPAC status review 

Forward <al. R&D dlre<tlons 

Stope dedslon{new rost "baseli""") 
Complete assil"ments ror Teeh. Proposal 

Establish tra<klng "baseU",," 

Complete pre· Title I hall reporl 
Central <alorimeler sele<lion 

t Revised Aug. 1 1991 

Jul. I 

Jul. I 

Jul. I 

Jul. 8 
Aug. 10 

Aug. 10 

Aug. 10 

Sep.28 

Sep.30 
Sep.30 

Final FY92 R&D plans 

First draft or responsibllty matr.lx 

SSCUPAC meeting 

Fix "baseUne" ror Teeh. Proposal 

Begin Title I ror underground hall 

Draft Management Plan 

First draft or Teeh. Proposal 

First draft orcost&Stlledule Book 
Seeond draft or responsibility matrix 

Internal (051 review 

SSCUPAC status review 
Revised Management Plan 

Due date ror Teeh. Proposal 

Due date ror C05I&StIIedule book 
Final responsibility matrix 

Begin Title II ror underground hall 

SSCUPAC review orTecb. Proposal 

Final tonstrudlon Management Plan 

DOE review 

Draft agreements 

Construdion start 

0<1.1 
Ott. I 

Od.3? 

Od.IS 

Ott. IS? 

Nov.l? 

Jan. IS 
Jan. IS 

Jan. IS 

Jan. 20 
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Mar.IS. 

Apr. I 
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Apr. IS? 

May IS? 
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Aug.-IS. 
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BWI 

FWI 
ABSORBER 

CALORIMETER MAX RADIUS 

I, I, I , I, I ,I 
o , 1 J , S H SECT I ON THRU FW2 

Decisions and Committees 

• Access space, radius of barrel toroid and "length" of 
muon system - Tech. Board this meeting 

Calorimeter absorber configuration - calorimeter 
committee(Slegrlst, chair) input toTechnical Board, 
including Impact on other systems - see list. Decision 
point - November 13-17 collaboration meeting 

Muon chamber selection committee - R. Thun and A. 
Maki, co-chairs. See list. Decision point - February 1, 
1992 
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CIlAAGE TO THE MOON 'l'RACItING CIlAMBEll KVIEIi' COtIII'l'TEE 66 
'the Muon Tracking Chamber Review CODlftitte. is chargad to reC01llft8nd to the 
Tachnical Board a design for the barrel muon tracking chambers. Factors 
to be taken into account include; performance of the chamber d.sig-n, cost, 
achedule, ali~nt accuracy, ease of assembly, transportation and oth.r 
engineering factor.,tri9gerin9, and the impact on the overall performance 
of the 1IN0n .y.t ...... 

The Comadttee is requested to prepare its final racannendation by 
February 1, 1992. The membership of the coaanittee is g-iv.n below. 

MuOn Trackin9 Chamber Revie" CODlftittee 
proposed Membership 

Co-chairmen •....... R. Thun*, A. Maki* 

Chamber designs: 
Bo.ton c1asign ..••.. G. Feldman* 
Ifiaconain design ... D. car!amith· 
WaShington deaign .. S. Lubatti* 
KElt. design ..•••.•.. S. Odeka*/S. Terada* 

Electronics/Trigger .... Y. Arai*, J. Chapman 

Engineering/Transportation/Assembly ... M. Barris·, J. Pohlen*, T. Thurston* 

Physics/Simulation .... H. I".saki*, S. Ifillis* 

Cost •..•........... J. BenSinger·, D. Etherton·, Martin Mari.tta* 

Other •.......••.... L. Bollo"ay·, T. Ohsugi·/Y. Unno·, H. Ogren., T. Fields 

* accepted 

65 
PREAMBLE 

Scintillating- tile/fiber calorimetry has been selected as the choice for 
the central calorimeter of the SDC detector. We now have before us thrae basic 
choic.s for the confiquration of the absorber in the hadronic section of 
the calorimeter: (1) a lead section(HACl) followed hy an iron aection(HAC2) 
in both the barrel and endcap reg-ions: (2) an iron HAC1 and HAC2 in both 
reqions: and (3) a lead BAC1 and iron B.AC2 in the harrel region with an iron 
BAC1 .nd HAC2 in the endcap region. In the case of the iron-la.Cled endcap, 
the possibility of having a reentrant endcap to provide a more uniform 
field must be considered. We muSt move as rapidly as possible to 
select a single absorber config-urat1on. 

CHARGE 
The hadronic ab.Orber evaluation ccmmitte. is charged to evaluate the 

relative calorimetric perfo:nu.nce and physics c.pability~ a. ".11 .s cost 
and eng-ineering feasibility of the confiqurat ions de.cribed. above. The 
Technical Board will make a reconnendation for the optimal absorber 
confiquration, bas.d on the cOlNn!ttee's evaluations and on its analysis of 
the impact. of the absorber choice on the other detector subsystems. 
The committee is charged to prepare the appropriate reports and pre.antations 
for the collaboration meeting of NovQlber 13-16. If sufficient c1ata 
are in hand at that time, the Technical Board will be requested to make 
a recommendation for the hadronic absorber confiquration. If not, another 
date will be set to formulate a reccmmendation. 

MEMBERSHIP OF THE COMMITTEE 

Chai:rman .................•....•... J. Si.grist (SSCL) 
Calorimeter options •.....•........ D. Green(FNAL), G. W. Fost.r (nlAL), 

L. Nodulman(ANL). J. Proudfoot (ANL) 
Physics p.rformance ............ " .C. Bearty (LBL), H. Shapiro(LBL), 111 from. 

Japan 
Cost/sch.dule ..................... W. Edwards, D. Etherton and WSTC personnel 
Eng-in •• ring ....................... L. Bartou.k(FNAL), N. Hill(ANL), W. Pope (LBL) 

H. Harris/T. Thurston (SSCL, ex officio) 
Oth.rs ......•..................... G. Ahrama(LBL), J. Erwein(Saclay), 

K. Takiu"a (Tsuku.ba), B. Wicklund (NIL) 

• • 
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SOC (IS MILESTONES WRf 9/91 

Rev,se (IS Procedures 

SubmIt Draft CIS PrOt SOOk to SSCl 

OescopeCl Det Cost K1Ck -off Mtg 
UpClate Cost EStimates 

Descope Roll-up-' 
............... _ ................... -

Crute Prelim Draft SOC Cost Sook 

Nam. 1'121204 111822916230613202131017229162306 
1991 Dec 1991 an 1992 ttl 1992 • 1992 A 

Technical Proposal Production 

Overall editors: D. Groom, W. Chlnowsky, G. Trilling and M. Gllchrlese 

The SOC Technical Proposal- Coordinating Editors 
1. Introduction - G. Trilling 
2. OVerview of the Detector - M. Gllchrlese 
3. Physics Perfonnance - K. Elnsweller 
4. Central Tracking System - TBA 
5. Superconductlng Solenoid - A. Yamamoto 
6. calorimeter System - TBA 
7. Muon System - G. Feldman 
8. Electronics, Data Acqulsltlon,Trlgger and Control Systems - F. Kirsten 
9. On-line Computing - A. Fry 
10. Off-line Computing - L. Price 
11. Safety - J. Elias 
12. Experimental FacllHles - TBA 
13. Installation and Commissioning - TBA 
14. Test Beam Program - TBA 
15. Cost and Schedule Summary - M. Gllchrlese 

~-------------------II 

Engineering Integration and Cost/Schedule 

• Regular Englneeering Integration meetings will 
commence on October 22-23 at SSCL 

• See agenda(comments to Mike HarrlslTim Thurston) 

• These meetings will be held regularly to bring 
together the SOC engineering team 

Cost/schedule "kick-off" meeting on Oct. 24 AM 

• See schedule for production of cost/schedule book 
by April 1. 

~------------------------------------------~ 



Budget 

• Discussions with subsystem groups underway. First 
pass complete by mid-October. 

• Revise R&D and Engineering Plan to meet final 
budgets by end of October. 

• Append detailed agreements/budgets/MOUs by 
Institution 

• Slow process! 

~-----------------~ 

Other Documents Related to Technical Proposal 

• Cost/schedule book. Coordinators: W. Edwards, D. 
Etherton. 

• SOC Project Management Plan and related 
documents: Coordinators: T. Elioff, T. Kirk 

• Preliminary hazards analysis. Coordinator: J. Elias 

'-------..... --.......... --............... ----.......... --..... -----~ 

Technical Proposal Schedule 

November 13 Detailed outline + final writing assignments and/or dratt text 

December 13 Zeroth dralt submitted to chapter edllOra(and overall editors lor comments) 

January 3 Submit Ilrst draft to overall edltora 

January 31 SUbmit second draft to overall editors 

February 21 Deliver Iinal dral1 to SSCL lor duplicatIOn 01150 copies 

February 26-29 Review ollinal dratt by collaboration and editors 

March 23 

March 25 

April 1 

Final printout 01 text with figures 

Assemble. print and bind 40 copies 

Submit 40 copies to SSCL 

Coil_ration meetings 
__ 13-17 SSCl 
January 6-8(1.ntllll •• ) PI .. 
February 26-29 SSCl .... 

Col 

~-------------------------------------~ 
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Octagonal GCOlllctry Effects 
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~, (a) Bending Equations 

</>'6p 6<1>=-.-sm 0 

- (/(1/10) (cot 0) 

• At 'I = 1.5 , c/> = 22.S" ~Q = -.SS 60 
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toroid III<."S 5M cllI-GeV / Pl. 

• Calt)l"illl('1 ('r l\.ICS dl>lllillat.t's qJ sluearillg 
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Rates in Muon Forward Chamber 1 

, ... _. ~ 

-- - - - Neutrons 

_ Chorged 

> {O It,V 
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Fig.6 

II 

Tre i=""lux Thro~gh the Absorbe' 

6. Forward Colorimeter C ... ,~ 

Muon'c Puncntnrough Level 

F' 2 The Rale of Charged' Punchthrough 
Ig. Iron Absorber Thickness. 

;h~·cur ... es "Con'ientlonal Pipe DeSign 
and "Oi'tl~izej DtSlgn" d~n't IncJudt 
lhe Forlloard Calorimeler mfluence. 
The latter IS sho .. n separately. 
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4) SUMMARY OF ACCOMPLISHMENTS TO DATE 89 
a) We have .ssU\l)leCl .. 1&:9_, thr •• -layer cosmic-ray t.st; s"and 

as shown in l:i9. 1. A4d.ition&l wire chambers and ,,:1998: 
scint.illator. will be added a. requl.red. The CAMAC-ba.ed dat.a 
acquisition for this test stand is expected to be operationa:' 
by the end of September. 1991. Th. t.st stand will allow the 
testinq of larqe scintillation counters by triqqerinq on 
cosmic-ray Ib.uons and recordinq their location and anqle of 
incidence as th.y pass throuqh the count..rs. 

b) We have purchased or acquir.d a number of scintillation counters 
as listed in the following table: 

Company • of pieces thickne.. l.nqth width 

BlOON BC 40B PVT 

5C5N-Bl Polynyrene 

HE NElla PVT 

POX.YCAST P510 Acrylic 

2 
2 
1 
1 
1 

0.2~" 
0.50" 
O. 'S" 

0.6cm 
1.Oern 
2.0ern 
0.6em 
1.0em 

0.25" 
0.25" 
0.50" 

11'" 
11'" 
11'" 

2'Ocm 
270cm 
270cm 
270cm 
2'Ocm 

6.0" 
6.0" 
6.0" 

lScm 
lScm 
lScm 
Hcm 
Hcm 

11'" 6.0" 
117" 24.0" 
11'" 24.0" 

because of larqe minimum order 
ve are neqoti.tin9 an add-on 
to another orlSer. "e have some 
small pi.ces on hand. 

We ha". bequn to ...... ur. the li9ht yield. and. attenuation l.nqth of 
th.se .cintill.tors vith a pula.-hei9ht analyser and the .imple 
cosmic-ray .etup .hown in l:i9. 2. The tri;;er counter ne.r the 
tested scintill.tor i. l~ x lS em in si.e, anlS the two tri9ger 
countu. ar. approx1mately 64 ern -.put to .t..nsuze that cosmic-ray muons 
enter .t a r.asonably norDIAl angle of incie1ence. Some preliminary 
data are .hown in fi9S. 3-' which display pul.e-height spectra 
from the .cintillator a ... function 01: di.tance from the phototube. 
The averaqe nUl'llber of det.cted phOtoelectrons <n> i. al.o .hown . 
(This vas d.eterm1nec1 by fitting Poi •• on diStri.bv.tions to the 
pul.e-heiqht sp.ctra with the con.traint of • connon overall scale 
f.ctor that conv.rts channel count to <n>. W. have r.cently made 
some diode c.libration runs which allow, in principle. a more 
precis. determination of this .cale factor .ince the lSio4e d.a.t.a 
do not exhibit the long tail of the LanCl&u distribution.) 
For th •• e me •• ur.ments, a RCA (Burl.) 8575 phototube wa •• ttached 
directly to one and of the .cintiUator. and the other end was 
.. sked with black tape to minimize reflection. from that end. 

Pr.liminary R.sults: 
Relative light yield/em 

5cint illator Attenuation Length (em) (est. error 10') 

1/2" Bicron BC40B 
1/4" Bicron BCtOB 

10 mm !turar.y SCSN-Bl 
6 mm !tur.ray SC5N-Bl 
3/8" Polycast PS10 

422 
390 
220 
160 

58 

0.'6 (different set-up) 
-1.00 
0.~6 
O.SO 
0.41 
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incre&5es dramatIcally abo\"~ :h15 pOint. 

We have made rnt'.a.suremenls .... ·ilh 5e\'er&l lues "nth and without the additIon 0:' 
..a.Icohol. In &I! cases the mdicated Alcohol was added by Bowing the gas through the 
'Alcohol .... ·bieh was at 3.5'e. Ta.blc I summarizes the gases tested and the operating 
ranges obseryed. 

Table 1 OperatiDS R..a.nse 

Gas .\flxture R.an .. (kV) 
o50,um 

A,·CH. 90JO 2.4 . 2.9 

"--L.hJ.. ~ Abo\"!! with eth.nol 2.' .• 0'. 3
6

'.55 
~ Ar·C.H 10 1:2 .i.,", M·CO, 90JO 2.6·2.9 3.1·3.. 3.6· 3.S 

',-- --",. ~A~bo:;v;r.,.:.:;·itr,h""i.,,$O,*p7r"f':p .. :;:o::..1 f.,2",.5~. *,3.~0+-.;3".0:-.",3;;.;.4'--11-i3;:;.5i-'..;3;:;.8i-1 
.~,·CH.·CO, 90,5,5 2.7·3.1 3.0·3.4 3.5· 3.S 

. Above wah Isopropanol 

We CODclude: 

• Tbe operating r&Jlge of the o50pm diameter wire is the largest among Ir.~ 
three kinds of ... mes tested. The differences &reo bo ..... ner. rather small. 

• The operational range depends strongly on tbe las mixturn. The opera! In! 
range we observed for AriCO: 90:10 is small, The stability is especlal!~ poo; 
for tbe ol53pm anode, (C0 2 is knov.'n Dot to be a sood quenching gas,) 

• Alcohol surpresses the secondary streamer pulses and. therefore. ma"e~ th~ 
tube operatlOQ more $~able. By adding eth&nol. the operation range of lh~ 
PIO gas is grellly e),"tend~ and the speed of the PIO gu is not af£t"(ted. The 
maximum dnft time in both cues is 800 ftS, EtbanoI also helps g&.l ma:tute~ 
containing CO~ The effect. however. IS leu prominent. Isopropa.nol alcohol 
has also b«n ttlC'd. The results are ver~' simila.r to that of theetbanol. Alcohol 
slows the drift speed down In lhe the &u mixtures conta.inin& CO: significanll~ 

We also tned ,-\r,CH. 50:50. ThIS &&5 is extremely fut in our tube. ThC' rna)') 
mum drift tIme IS only about 500 ns. Another gu mixture, Ar/C4H,o I :2. has C'\'C'n 
bener quenchmg properly. ThC' operating range is enremely large as gp'en In th~ 
abo"C'tahlC' 
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• Frame structure and assembly procedure: 
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S. Odaka (KEK) 
September 21. 1l)91 

To be presented at the SDC Collab. Meeting, OR~L 
Muon subgroup 

Status of the Short Test Chamber 

Type! (9 - 90°) 

Fe55 (5.9 keY X-ray) signal is seen. 

HRS gas: Ar/C02/Metilane (89{10/1) 
Vanode = Vguard = + 1.9 kY 

Vcathode = - 2.8 kY = - 105 gas-gain 

The voltages shown in my design repon are too high 
for 50 ~m~ sense wires. 

= No problem; 
Use a thicker wire (70 or 100 ~LIIl·). 

A study of gas-gain is in progress, using thill-tube 
chambers. 

will be ready by the end of September. 
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A ahort comment on the deseoping of the muon· ehamber 

C~:"ienbuee:i ec :.":!' 
muon ,roup m.eeing. SeF:. 15;: 

Abstract 

!fuzo Asa::lo 

Ins::.. eute of Applied Physics 

U.,iversi ty of Tsukuba 

The m'Jo:'! cahmbe: seerr.s := ::'e cr.e of t~e major ta:Qet c: :es:::;::.:".; 

almosc without l.:.mit. U:"1.~ess some standard is giver •. ':~e :':":.J~:-: 

chamber wli: become the ;;.':'."l:num set with which so:=-.e i(.:;.:::.. .• ": p::~·s.:.=s 

can be carely dor: •. cut 80me unpred.icted physics wil::' be :05': 

either by the poer resclu,::,oi: or by the insufficient ce:e;::::::-. 

e!flclency. or 'tj.' ::-.e p=:::: S/N ra:io. E· ... e:1, t~e it;lO· ... ";"". ;::":::5:':';; :"""=.:; 

b. lost ceeause of l!".S .... !::.:::.er.t luminosity (whicr. lS 'e: _:":e: 
dun.ng the hrs: fe:..> years I a:l.d poor effiCiency. 

The req:a:ement on the r..:';C:1 sys:em is eo~tinuous. tha,::.s '":-:.~ 

bette: the De;:.e:. C~0::r9;"r.; of! ....... ry :"look and cerne!" .~::.~~ :e!:'"v:: 

:':"1 a ~e:.e:or w!'".':'ch :'5 a:r.::!s<: e! no us. except for S:J~e s:a:-:~a::: 

p:-.eno:r..:-.a ·~:~a,:,:: ma:/ 0: ::Hl:..· :"Ie: o::':'u: in !'"Iature. 

I-:ere. a sNi: exa~;:l:e ':'5 5::'::"':": hcw :he t:acx·rr.a:c:--:.:.:-:; =:: 
~:xtra?ola":::"19 a mu~:-: era':'·", ":0 ::-.e ir.:'".e: ':!"acker :'s 7'?';v::';: 

7;-.e exarr.~le shc·.·.;: ~e:e .:..s ~5 :c:low5. 

poss':':::'::'":'! :.: :r.~":=:-.:.:'".; a :-.:..::: ?:. :":".'.JC:'! t!"ack .... ::.:: 

;':'::l~ t:ac··: ':Jy ~:.s:a;';'e :.5 exa:r::'".e:'. 7r.e :-eq:'.;lt".~e::: 

:':'"!depe:.'!ie:'".':. mo:c""e:,"!':.~.:.:T'. :rea! ... r.,..e:,:':. =:r' the toro:.o syste:-. ~:'".: :..v.~ 

:equire:ne:-:t D:"I t.he prec,:,slon of :~e tracK cSeterminatlO:: ~~·.:.~l be 

:ecognaize::! frDm :he resu:!.ts. 
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103 E((ItOt.. 
Sept. 23, 1991 

SDC Muon Simulation at University of Illinois 
D. Errede, S. ErTede, R. Gardner, M. BODey, I. Karliner D. Miller &< J. Wi .. 

Purpose/Goals: 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon subsystem design( s): 
- barrel & intermediate regions 

• Overall drift chamber design(s) - # layers, 
chamber orientation (9,<1>, stereo) 

• Drift chamber cell configurations, shaping fields, 
DCH gases, etc. 

• Projective vs. non-projective cell geometries ... 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon trigger design( s): 
- barrel & intermediate regions 

.. HDL Verilog & VHDL trigger simulation(s) 

• Scintillator & Cherenkov counter L1 triggers 

• Muon drift chamber L1 & L2 triggers 

• Evaluate trigger efficiencies, biases, failure modes ... 

• Evaluate on-line momentum resolution 

• Evaluate trigger rates 

• DACQ pipeline studies, etc. 
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MUON BEAM TESTS 

Lu81trT/ 
h] LL.'t:.4/fl 

105 
9-24-91 HJL 

Colorado/Boulder, Fermilab, Illinois/Champaign, 
Maryland, Osaka City U/Japan, Rochester. 

Temple, Tufts, Washington, Wisconsin/Madison 

GOALS 

• Study number, energy and angular distribution of charged 
particles accompanying a muon emerging from an absorber 
and dependence on: 

- muon energy 
- drift chamber wall material and thickness. 

• Determine efficiency of muon track reconstruction and 
smearing of resolution resulting from accompanying 
ch arged particles for some prototype cells. 

• Cerenkov counter trigger tests 

FIRST DATA RU:\T 
.3 

• October t, 1991 

• 490 GeV muons 
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Requirement 1010<1., A MO<Iel8 £)) aIloftd crack, <S 10", 
-0 l.511 hol~1 /'1/ < "",az 

1.5" 1.5" Total ef«tron acceptance > .9 > 1111 > 9TlI EMrs.v RftOJution 
1-l'20~/ffr E.\I ,loch.nic term 

12 13.5 EAI Coftsta!!t teem < 1 .. 2% 
01 ok HAD,loc.buticlerl1l ~{I.~5ttJffr 
IS 60 HAD conllut tern! <4" <4 2 Time Itabillt,. ... I ~ after COffee lion 

01 ok e/ft rnpon,,, < 1.3 < 1.2 1.0.1.05 Spatial uniformil.'" 

< 5%1011 
<2l\ 

EM 

< 2" 
HAll 

<5" < 5" 
Dynamic rUI" 

20 .\I"Y.2 TeV 30 M.V 
EM 

30 MeV H.'O 50 ~rf'\'·5 TeV so MeV 80 MeV Timp rnoiulion 
EM 

co ... ~ftJtc:. Er > 1~ 
< 23.C'c < 2 Dlec HAll 

fI - :'n,ec, £T > 100 
< 2Jl.1C'c <2 __ SiJDaI pe-uial lime < 200 atec 

- l(hyft - 10 IlRc B .... line tnl. hlODSl'c < r<61'1eC - :JO.a.ec -30 __ N .... 
< 5 G.\·, .l R=,3 

0 0 
PilC"up < ~ Gc'·,.l R=., 

ok ok 
table l:.~~crlorln&ncc Requiraa~" 
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Tile/Fiber Descope .) CalorImeter 

Tile/fiber Descope 2 Calorimeter 

FilUft 4.1 .)MODEL B Quadranl Crots leCt.ion, b) Ead Sedioa 

115 

,.. ... R <1.13 Cut lead ablOrber for EM Tell Module 1. 

rip" ".11 "Egcrate" lead reiDforCailcal concept 

SOC TILE/FIBER CALORIMETER 
Truncated EWe Wochde ror T .. tbeam 

Filur. ".12 TruDcaled EM T e,' Modue Daip 

114 

116 
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Fip" 3.2 • SciDt.illator tile CouDts u .. CWIoctioD oC lower DlIIDber ia tJae iroa caloriaetcr 
daip. The BAC2 tile couts hue beeD .. ,.erqed Ofti' .. to'ftrl to reIect the decreued 
.qmaat. .. t.iOD iD BAC2. Note that tbe majority or tiles are is tu EM 1Iedioa. 

Fip" 3.3 • Calorimeter lieptb ill ,watio. Ica&1u X. .... fwaelia. of tower DI&IIIDef. 
nc UtJd lor t.be d.eptb (or t.be EM calorimeter wu t.o .t.7 bctWftD. behrea 22 .. Ii 25 x.. 

Fil1U't 3.4 - Calorimeter depth in iDter.eliOD !eDltu 1, u .. factiOD of tower .amber. 
"1"''' ....... -t (~ thl' "nth (,...,. fh. (nil 1'1Il1...nmnft wu flat to depea .. d lU at 5.7 clepeeI. 

118 

FieuR 3.1( d) • Side -ne •• oC .. typiw barrel calorimeter .edlc, ,bowiD, pt.wa of 
Itagered .lots in tbe iroD calorimeter. P)fT., and source driYCI. 

t'1l:.':l" (l'IJ l:NO c."(,, 
OE:S\6,.) 

/ 

/ 

lNH R..i? 

""O"-~ c.,JE,''''EE<>-lN 10 

.. / 

120 

/' 

Ficure 3.17 • Vicw of tiles and fiben iude .. -;r.=a ,loa' sect.or or t.be bdcap EM 
calorilDeter. EadI. pu rcat.1IICI &II. op\iw cliJcou.ect :0 aid ill uacably. ~ot.c t.be -ai ..... 
til." ,aneta ill the outer illel. u.d t.be bip clUlisy of racloat fiber ia tbe iucr lila. 

The EM absorber is .. "ria or staiolclI.dad lead diu. nppcmeti by poIu at. 'be .. &er 

circamlcreace. 
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Super\ayer RadiUl(m) S""WllLayer ModuIcI l.a)oaIISupcr _em) SoawAqlc 
10_ (0) 

1 0.708 1112 84 6 2.80 0 
2 1.04 '640 124 6 3.20 +3 
3 1.35 2120 160 8 (!riner) 3.90 0 
4 1.48 2328 176 6 3.95 -3 
S 1.6' 2536 192 8 !riner) 3.95 0 

1.35 '" fCs 5in2.t.:.5 
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a.TlLEs at Z = ±4.0 m, ±4.OSm. 

RiDC 1 0.500' 0.700 m 
RiDC 2 0.700·0.900 m 
RiDC 3 0.900· 1.100 m 
RiDC 4 1.100· 1.300 m 
RiDe 5 1.300· 1.500 m 

32 til.. 10752.trips 
40 tile. 12600 .trips 
48 tile. 18144 strips 
56 tile. 18816 .trips 
64 til.. 21504 .trips 
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Pulse Attenuation 
Straw Tubes 

'(P(-az) where 

z is the length along the tube 
Ot is the attenuation constant 

, ! 

20 

20 

20 

in 

, 
25 

, 
25 

I 

25 

RI is the sum of the of the cathode and the 
anode resistance per unit length 

Zo is the characteristic impedance. 

ohms for a 25.4 IJ.III wire in a 4 mm tube 
" "38.0 " 
" "51.0 " 

ce of 25.4 IJ.III gold plated tungsten wire 
is 116±4 ohms/meter. 

ce of 51. IJ.III gold plated molybdenum wire 
is 30fl ohms/meter 

ty of 0.2-0.25 IJ.III aluminum coating f:,OS'-!t,. 
is about 0.3 ohms/square 

ty of 0.1 5 IJ.III copper coating 
is about 0.12 ohms/square 
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Skin depth at 160 MHz for W /Mo is 10 J.U1l: 
No correction to the cathode resistance 
-10% correction to RI for 25.4 J.U1l wire 
-50% " ,. It tI 51. tt It 

Measurements: 
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25.4 v.m wire, 0.25 v.m AI cathode, a=0.26/m(calc.) 
=O.26/m(meas.) ~ Io?~ 

51 J.U1l wire. 0.25 J.U1l Al cathode. a=O.14/m(calc) . 
=0. 14/m(meas) :!o I.a, 

Estimates: 

38 v.m wire, 0.15 v.m Cu cathode. a=O.14/m 

51 J.U1l wire, 0.15 v.m Cu cathode. a=O.I1/m. 

Amount of material: 

0.25 J.U1l aluminum = 2.8x 1 0-6 R.L. 
0.15 .. copper = 1O.5xl0-6 .. 
35. mylar = 122.xl0-6 .. 

For a total of 34 layers, copper = 0.1 % R.L. 

Conclusion: attenuation length is 7 m; a tolerable 
attenuation over 4 m. (44%) 

Momentum Resolution 
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Interaction rate in tube wall = IS/sec/em 
assume 1/4 pass into the gas and deposit 1(1. 
the ave kinetic energy: 

Integrated current = 1.2 mC/crn/yr from wall 

More than half the current in outer layers from 
neutrons. 

Limitations on the lifetime of straw tubes operated in a 
high radiation flux. 

No problem at wire using CF4 and isobutane. 
No whisker growth; but there is a small gain change 

at levels of -lmC/cm. 

Possible limits of the cathode: 

Ablation appears to occur at a rate not exceeding 
.1 j1m/C/em; or .01 j.UI1 in 10 years at 70 cm. 
Assumes no breakdown currents. 

Measured from resistance change of an irradiated 
strip. 

Alteration of an aluminum coating which causes 
breakdown. 
After an extended exposure to radiation, a tube 

with an aluminum coating will breakdown 
at high gain in a high radiation flux. 

Problems at the level of twice the dose, five 
times the gain and ten times the radiation 
level, for example, is a fair estimate. 

10< 

17J 

Straw Tube Operation in 
High Radiation 

1'70 

Charged Particle Induced Integrated Current in straw tube: 

Using £ = 1033/cm2/sec 
I yr= 107 sec 
tube length = 3m 
tube radius = 0.4 cm 
tube gain = 2xl04 
ionization in CF4 = 180 e/cm 

radius 
69cm 
82 
9S 
108 
122 
135 
148 
161 

Occupancy(SO 1lS) 
0.116 
0.088 

Integrated Charge 
13.3 mC/cm/yr 
10.1 

0.070 8.0 
0.052 6.0 
0.040 4.6 
0.024 2.8 
0.Ql8 2.1 
O.QlI 1.3 

Neutron Induced Intgrated Current in Straw Tube: 

Using: 
Neutron kinetic energy = IMeV 
Neutron fluence = 3xI011/cm2/yr 
20% isobutane in gas 
5% hydrogen in straw wall 
Neutron cross section = 4.5 barns on hydrogen 

Interaction rate = 1.2/cm/sec in gas 
Integrated current = 0.8 mC/cm/yr from gas collisions 
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Bypass the problem. Use copper coated tubes. 
No breakdowns. 

Besides better stability with respect to radiation 
they have better and more predictable 
conductivity. 

Minor drawback: .1 % R.L. vs .. 03% R.L. 
for 34 layers. 

Polycarbonate base material is inferior to mylar or 
kapton. Dimensional stability, adhesion. 

Conclusion: Straw tubes of mylar or kapton with copper 
coating will endure many times the radiation levels 
anticipated at the SSC. 
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Requirements Cor Trackinc 

(1) 1111 coverage out to 1111 ~ 2.5, implying JIG - 4 charged 
lepton geometrical efficiency ~ 60% for mH ~ 200 GeV. 

(2) Reconstruction efficiency ~ 90% (for 1111 < 2.5) for JIG -
4 charged leptonR, for each lepton having PJ. ~ 5 GeV, 
at design luminosity, but assuming twice the occupancy 
calculated by G~T (exclusive of lepton identification 
and trigger cuts). \0'. 

(3) Reconstruction efficiency for same as in (2) ~ 75% at (x j 
design luminosity. 

(4) Reconstructed (as opposed to par~etric) vertex constrained 
momentum resolution of t7PJ.IPl <"I5% (TeV-I) for 1111 ~ J' /.8'" 
(leaves room still for a contribution from misalignments) 
for HO - 4 cbarged leptons. "" ~~ ,'-'" \" II 7\." 

(5) Efficiency contribution from lepton identification of ~ 85% 
for electrons with PJ. ~ 10 GeV and ~ 95% for muons with 
PJ. ~ 10 GeV. 

(6) Position resolution at the calorimeter of ~ 2.5 mm in r - t/J 
or z (want error ~ u /2 of calorimeter position accuracy). 

(7) No special position I'esolution requirements at the muon} 
system. Achievable numbers ~ 1 em. '1 

-S'. 
(8) B single tagging efficiency ~ 30% for 125 GeV ~ m/., ~ 

250 GeV. ""'rit! 
(/3' ~ 't tA" ; ... ~ 

01.::::'i:le of St:C Trackl.nq Cas':'q:'l Req~ireme!\t5 

1. !I'ltrodl!.:tion (~rief) 
(Pu:'pos.- of this document) 

2. Overview 
IThis section should sur=.a::-ize t!-.~ conclusions of these tha~ £01:o::w. 
2.1 Brie! servey of physics pe:::c::::'~:,:ce conside~2.::'er:s 
2.2 E:lvironment tor the trackin; syste~ ... ithi:\ the SOC ce-:ectc= 
2.3 Sut:'::l.a:y of re~ ... i:e:\'le~:s; pa=a..~~t.e:- tables 
An,ula: coverage al"l.:i he=:r::'t.icit.y 
p_per? resolution 
phi resolut.ion 
-:::'e-:a ~esol';.;,tion 
':':'!'.?~c';. Fa:a:::e~e= re501u';.io::. 
F:-e-::!.sic:-: 0= pOi:,':.:!.n; ';.0 t.he ca!.~:-irr.ete: 

m~;g;g~m~;;~f~~~~~:m~~·~~~ false rate 

:r..!.:arial 

t":'::'e !O~low!.~q sec::.ions sho'o.llc loci{ e.t phySics and ot!':e:- issees. c.:a .... 
cc:-.::!.US:.O:1S abot:t pe:-!orrr.e.:".;;:e req::.:.i:e:::e:lt.s, and. just.:"=y ';.:"e:":' .. ) 

3. Isola-:ec. cl-.a=g-ec. t.:-acks 
;'.1 Physics prOOesses 

~:i:~ ~:~1:x ; 3.J.~ i' .... .L .. J.: 
3. 2 £lec:.=~~s 
3.2.! T=acke: mate:-ia! 
3.2.2 Ca!o:d.met.e: calibra';.f.o~. 
3.3 Meons 
3 . .Il !sola:!.on C:f.-:'er i" 
3.L1 t->l-X . 
3.~.2 c->:-X 

4. Jets 
4.1 Mult.ip!!.c~t.i' 
';.2 Shape pa:a~,.:,;en. QCJ 
';.3 lSola':.:'o:-:, 

S. Detac?'led. ve::iCes 
5.!. Hea'.lY ~a:ks 
5.2 Taus 

E. Trig-ger 
6.!. Leve!.!. 
€.2 Leval 2 

?rot:!.e:;.s s:;::e:::!.:.:: -:= i:-::e:-::-c::':.e.';.e a:-:c!.e reg:.or. 
!. Mcrr.e!':';.~~ :::eas-..;=e:":':~:-:':. -

7.2 T:-1q;e:-

9. 
9.1 
9.2 
9.3 
9.' 
9.5 
9.6 
9.7 

P:ac:tical COl"lside:-a';.io~s 
Radiat.ion harcr.ess 
Calibration 
Comput.ationa!. resource usace 
1'.==c== :-cquiretr.e:'lt.s -
Sa!e<;y 
Failure modes and t.heir rr.anage::.'le:'lt. 
Cos: 
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18r 

(9) First level trigger with momentum resolution t7PJ./1'? ~ 10 
(TeV-I) - implies a 10% error for a 10 GeV lepton.J. 

(10) Second-level trigger with momentum resolution t7p II'? 

2.5 (TeV-J). Gives a 10% error for a 40 GeV leptonJ.for 
triggering on Z - e+e-, W _ e/l- needed for calorimeter 
calibration. 

(11) Discovery potential - bard to quantify. In general want 
maximum capabilities from detector. Bnsed on history 
highest priority (other than isolated lepton of Higgs case 
above) would be reconstruction and impact parameter mea
surement of leptons within jets up to the largest jet PJ. 
possible (at least ~ 500 GeV). Desired reconstruction effi
ciency ~ 50%. 

(12) Measurement of jet fragmentation at modest luminosity 
for QeD studies and for modelling backgrounds from jets. 

(13) Survivability at standard C. for ~ 10 years. 

(14) Allows a natural path for upgrading to a system with sur
vivability of ~ 10 years at lOx standard C. with emphasis 
(e.g. momentum resolution, pattern recognition, isolated 
track efficiency) to be decided based on what is learned 
during initial running. 
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Calorimetry 182 

Impoct of EM Colorimeter Thickness 
on Resolution C. Heorty(LBL) 

R Weighty Question T. Hondler(Tenn.) 

Multigrooue us. Single Grooue 
Tile-Fiber Colorimeter U. Hogopion(FSU) 

LPBoutz: 10/14/91 



I mpact of EM Calorimeter Thickness on 
Resolution 

C. Hearty(LBL) 

183' 



Linearity Co.rrection. vs. Energy 
1.0150 , i , , , I Iii i "O:c :E en 0 ,Q:! -'r 

Q30 • ... CD 
, CD CD ::::r c: N Cf)p, 

Q.:!: ~ -<=t ... a.mCD / I '< a. ~. g6f / g.~ Q38 :::J '< Ui m s::o 
1.0125 I- P3 

~~ 
0 

~ 
_. - ~<O 

" ... 0 <O£CD OCD 
/ )<. .oV£ 8 ::::r - :::J_= :::J_ 

/ ~ m OOCD a ~ -. -. m 
1.0100 JIJ "'''' pb p10fe f411C./, / /' / :::J :!: Q!. s:: -::l. Sl 

3 CD (j) ::::!l3a. 
:1).)(. £~ l /' / m -.0 Cf) 

"':::J p, sn CilCDCD m I::l r /,,----No "'ACoff: s:: ::::rCf) CD 
0 <S 2-. 

...... "0 
s:: ..... /' / :I,)C. Cf) mil ...... ::::r~CD 

+' 1.0075 " a. S::II -< 0 0 ~"':::J 0 
() / 1/ : /, )(' 

, 
:::J P, 

~v 
, -.2:a. 

Q) ... 
~ OOCf) 0" 

I-. 0 m"O ::::r p, 
I-. :::J o· Q3 ~.9o ::l. 

s::0 o· 3 0 
10"'0 ~ " _ 

M" g ...... Q A oCD:::J 
u m (j) (j) ~m CD 

--/ ..... ""- -.--= -.CD CD Cf) ... 
0' p,-' s:: CD --- - < Cf) 2-. -. 

-II - - Gi ... ", pb -. ~.CD Cf) 
~r :!: 1.0025 -I- 0-- CD 0 P, .oV <=t CD I :::J 0 - .- ~ACI, J.'- EI1 a. --- Cf) g, "0 -. 

CD 0 - Cf) -- CD 0 :c "0 ~ CD Cf) :::J » :::J 
1.0000 

::;. P, P, 

10 50 100 500 CD -. .-.) :::J 0 Cf) 
a. ~. ~ ...... 

Electron Energy (GeV) ... 0 ... 
<III :::J CoO 
~ "" 

RMS of Leakage vs EM Thickness Leakage vs EM Thickness 
0.050 0.050 

(E ...... 
..... 'j , , 

'I, ,,', ", " , 
,'~, "j, , , ", ''kp G.eV '" ' , ", ~Ge.\I ")~ ", 

Q) , 1'0.0 ", 'to' " 
Ill) ~, ' "I" "1 
ttl 0., ,,~ 

:>, Gr;J/", . 
..!o: 'I " ", 

Ill) 
, , 

ttl ' ""'j I-. , , 1. 
Q) 0,010 ' "", 

Q) 0,010 , . , 
...l " '~', I::l , 

'''I ',,''I.. , 
'I ...... r£I \ 

ttl 
, 

\ , '. , 
I::l ..... , , , '1, 0 O.OOf, 0 0.005 "-

, 
..... . , 
+' I::l , 
() 0 "I, 

, 
I. ttl ..... , 

~ 
~. +' , , 

IZ. () 
'I "I t, ttl ..... I-. ' , 

0 IZ. , , , L 
CJ) \ 
~ \ 

\ 

r.t:: 0,001 0.001 
15 20 25 30 35 ... 15 20 25 30 35 ... 

EM Thickness (XO) <III EM Thickness (XO) 
<III ..., CI' 



\(1) 

:>-
Q) 

0 
0 
0 .... 
-0 
s:: 
a:s 

0 .... 
en en 
Q) 

s:: 
~ 
U ..... 

..c: 
E-
::;; 
r.:::I 
en 
> 
s:: 
0 

:;:; 
:::I 

(3 
fIl 
Q) 

0:: 

ISS 

EGSModel 

• 70 layers of 4mm lead + 4mm LAr (51 XO 
total) 

• EM section is first 22-48 layers (16-35 XO), 
HAC1 is the rest. 

• five HAC1 variations considered: 
- no HAC1 
- 8, 16, 20 or 32mm lead sampling 

(use every nth LAr gap, weight energy with 
value n, for n = 2, 4, 5, or 8) 

Weighting EM2 or HAC1 differently does not 
improve resolution significantly. 
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Application to SOC 

Three calorimeters under consideration: 

LAr: 26 XO EM, 14mm pb sampling HAC1 

Scintillator Model A: 
barrel: 1 inch Fe HAC1 (-8mm pb) 
endcap: 2 inch Fe HAC1 (-16mm pb) 

Scintillator Model B: 
barrel: 20mm pb HAC1 
endcap: 32mm pb HAC1 

Scintillator EM sections are 22XO in all cases. 

LAr HAC1 noise :::::560 MeV in 0.1 by 0.1 cell 
==> do not use HAC1 to measure e- energy. 

HAC1 of scintillator calorimeter::::: noiseless. 
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pegradation of Resolution 

a:=oEI Eine 

a.o == OE I Eine for 51 XO EM section 

l1a:= -.J a**2 - a.o**2 quadratic increase 
in resolution 

If HAC1 is not used, l1a::::: rms(Eleak) I Einc 



IIAD1 
Cons, E(G.V 

No IIADI 10 

.0 

100 

400 

Imm 10 

t.1..4 '0 

:>o.~,.. .. 1 100 

.00 

ISmm 10 

'0 

100 

'00 

21Imm 10 

~e.1 B <0 

baN'll.! ~'2-
400 

32mm 10 

<0 

100 

400 

Boxes t.nc.!oSe- thr-ee.. 
rpo.sed soc. ba.r-~I 

Tabl.1. Increue in .... Iulion (~EIE) u a runclion 01 EM calonmeter thielen.... c..c./otll'\e.1tr 
Cor varioul incident electron enerliea and five different 'HADlleClionl. co. ~'"S 

EM TIllct.. (X.) It: 211.' 21.1 23.3 24.1 21.2 29.2 10.1 

.01l7±.0012 .0011010 .0011 .0011 ± .0010 .0051* .0001 .0041* .000i .003SZ .OOOT .003,* .0001 .000SZ .0001 

.01211010 .0001 .0004 ± .0001 .0017010 .OOOT .0041010 .0001 .0030010 .0001 .0021 010 .0001 .00I7z.000iI .001OZ .0011 

.0130010 .0001 .000H .0004 ._010.0004 .0010% .OOOS .0034010 .0001 .0022 ± .0004 .0011Z .0004 .oooa .0011 

.020U .0010 .0131%.0001 .0001Z ._ .0071010 .(lOOT .CIIM~ 
.oo3U ._ .0010.,.0010 .0001 ± ._ 

.OII.IH 0015 .CIIMO% .0014 003H.OOII 0031010 .0010 0011010 0011 .001SZ .0001 0010010 .0021 OOIOZ 0015 

.0048± .0008 .0032010.0021 .0022'" .0010 .0011* .0010 .0001010 .0010 .0001010.0010 .0001'" .0010 .0001 010 .0010 

.0039%.0003 .0030 '" .0003 .0021 010 .0004 OOIH.OOO3 .0015%.0004 .001I0I0 .0003 .0011'" .0003 .0011010 .0003 

.0027± .0001 .0000z~ .001H .OOOT .0011'" ._ .0011'" ._ .oooU .0010 .oooa .0010 .0003010 .0004 

.0000 010 .0011 .000U.0013 .000H.0015 .0071010 .0011 .CIIM1Z.OO14 .0031Z .0010 .0022010 .0010 .0011 010 .0004 

.0071 "'.0001 .O~H.OOOI .000U .0011 .003U.ooot .0018,1: .0010 .001I0I0.001' .0011Z .0001 .01110010 .0001 

.0011 ",.0003 .0042010 .0001 .0044010 .0004 .000H .0004 .0029 ± .0003 .0012010 ._ .0023010 .0003 .0007± .0010 

.0011'" .OOOT .00.1%0001 .0022010 .0001 .0029 ± .0001 .0001010.0012 .ooIOZ ._ .0001010 ._ .0004 010 .0004 

.0121010 .0011 .0101Z .0011 .0011Z .0011 .0011Z .0013 .0070010 .0001 .000OZ .0013 .0021Z .0001 .0011 010 .oooe 

.0081Z .0009 .00I1Z .0010 .0055010 .0008 .000H .0001 .0021 010 .0007 .0032010 .oooe .0023% .000iI .0011* .0007 

~ 
.0081*.0lI04 .0039010 .0004 .0017010 .0004 .0029 010 .0001 0025% .0003 .00IH.000iI .0000010 .0005 

.0019010 . .0048:1: .0011 .0041'" .0008 .0029010.0007 .0001010 .0011 .oooU .0010 .0014010 .OOOT .0012010 .0007 

.0152010 .0015 .0IlTZ.0014 .007H.001I .005U.000I .000U .0010 .0041 ± .0001 .0011*.000iI .0015% .oooe 

.0100010 .0009 .0089010 .0010 .0010010 .0008 .0043 010 .0008 .000U.0001 .0029'" .0008 .0017010 .0010 .0007 010 .0008 

.0095± .ooo.t .0014010 0004 OOISZ .0004 0038± .0005 OO!Iz .0004 002H.OOOS .0027 010 .0003 .0011 010 .0010 

.0114::1: .0007 .0084 010 .0008 .0054010.0001 .0042010 .ooot .0027 010 .OOOT .001I0I0 .0008 .0001Z .0010 .0011010 .0004 

Leakage vs EM Thickness. 10 GeV e- and Gamma 
0.050 

~ " ... V -{ /",k"'l' 
>. ~J 
QD 
I-. 0.010 /() G~v e - ,.--J \ Q) 

~ l.eako.~. 
r.il 
..... 
0 0.005 

~ 
0 :;::; 
(.J 

co 
I-. 

rz.. 

0.001 
15 20 25 30 35 .... 

EM Thickness (XO) co 
til 

Increase in Res. at 100 GeV vs EM Tbickness 
0.050 

t 
f:,O( 

0.010 

0.005 

0.001 

0.012 

t 0.010 
~rx.. 

r.il 0.006 
'-... 
r.il 
co 0.006 

8 
QD ...... en 0.004 
co 

, 
" 

15 

Increase 

t" 

" 

20 

EM (XO) 

in Reso.lutio.n. "So En~rgy 

~ ~O"''''f,b HAcI 
~~)(o M 

""" 1- -'-. -. -. -+ -. -. 

..., 
a=~b~~:~)~'~l' V 

Q 0.002 

:;!~)(O 

0.000 
10 50 100 500 

Electron Energy (GeV) 

35 

.... 
co 
Co) 



Conclusions 196 

• nonlinearity due to leakage is small and 
correctable 

• Thickness (XO) required for increase in 
resolution to be less than: 

Case ~.003 ~.005 

------------------------------------------------------------
LAr (barrel & endcap) 28 26 

(HAC1 not used) 

Model A barrel (==8mm pb) 22 20 
endcap (-=16mm pb) 25 22 

ModeIB barrel (20mm pb) 26 23 
endcap (32mm pb) 28 24 

Table is applicable to more than just SDC. 

• Photons require slightly thicker EM 
calorimeter. 
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T. Handler(Tenn.) 
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Addnu )"OW' eOlDlDO.I. 10 SSCVXl ::FRY 

8.1 Overview 

L 

The oDiiDe compuliAs .,.tem is rapoIlIible lor lbe hi'" Ie.a coalrol, c:oDfipra-
tWa. uad IDOIlitoriqol. tbe DAQ, 'ricPr. Lnellll, ud llowo COlltroi.uo.,.nema 
of \he SDC dclect .... II ill 0110 _oible for i .. urillS lbel dala from 1_ ~ 
teIDI i. deliftreci OD. '0 perm.uaeal media aad i_wiDI thnnlch nriou moaitoriDc 
fUDCUOU of tbe d .... &ad. da1a·takiAl proceaI that data i.D.tqrit,. i. maiDtaiDed. 
We _lima'. that the oaliDe ',Item will aeed to be .hIe to maD •• COIItrol ud 
record a .v.tamed dala rate of up to 100 MB/ •. The oaIiae computiDs srst.em 
allO proYida aenices, raources. aad ,enenll,. aD CD~' lor \.ub yeo. 

a.ted witb d ...... takiq. Thae coui.t larseI, of .t.,..dud pacb&et ud tooIl, 
which are mcorporat.ed iato template In'OII'aIDIIO tbat the nnous proceua Dec
""'7 for data lUi .. baft a w:aiform .truciurc uad clifl'er mo.d,. ia tbe JUDd of 
\lie!' code they coatua within tbe n&lldard oDliDe aupaulalion. 

•• 2 Operalional CODeepl 

We focul OD lbe loa! of recoreliq dala OD permaa.eDl meelia ill a form in which 
• il caD be recon.tructed.. If data i.lost or corrupted in IIOIDC ..", then the onliDe 
• .,.tem h .. failed.. Thi. rDnZlI we mu.t a.chie"te a hiSb dCSrce of rdiahUt, aDd • eskoai"', moaitor Dol ODl, the data, but all relnaDt parameters aDd proccua 
.- which aft'ed tbe data taki .. proceu ud ultimalel, lbe pbJua raulu of the 

uperimeDt. i.e. if ofBiDe tecoutnaction of the data requires furtber ioformatioD 
tbaD tbat recorded. on pe:rm&Dent media du.riA& data-tUiq, tbe ODIine .,..tem i. 
iDcomplete. Care mud be takeD to record aU iDformatioa. Deceu&r7. 

The data.takiq procftS for the SOC detedor will be hiehl, automatecl. BU!D&II 
intctTeotioD aDd CODtroJ will be the uceptioa. ralber thaD tbe rule .. tbe on· 
lioe system responds to chaosiol accelerator coaditioD', pbysia dala.taki .. wiD 
proceed .. cODditioDs W&rT&Dt. Abnormal condition •• uch .. CaD be aDticipaled 
will rault iD .. arniDp to human operators uad. appropriate action. executed.. 
Tbnc actioo. ma, ranee !rom requatiol hUIDaD iolel'Yeolioa to ioYOkiol aa
tomatic correction proceclura. Other, leu automatic mod .. of operation. will 
be .upportecl for- deb .... callbratiDe, uad in poeraJ. takiDi of "ooD-phy.ic." 
data. 

•. S Requirements , 
9.3.10ver"f"iew 

220 

............. " 

c/,..,.hl of' Te.~. P'-p. 
I/Otl 10 JL 

~.// .. ~.,,.,.t"4 " 
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COST 

"'e je.( M~,e? .. 
-".~£,- (-..) 

IJ e..f. 

y,.. I obow. \be fwoctioool pi_ of lbe .... ,.\em _bicb an _pouible for 
ptbmas cl&la &om. nriou IOW'cea _d nUDI it to pel'lP&Deat media. TbeM: 
-piece." .lKndd be newed .. proce:aNI 01' poupa. of proc.Ml which an rumUas 
iuide tbe oaJiae .,.ru:m. CPU' •. Altboqb iD "'1 cuea .hich CPU a proc:e. 
nIDI OIl ma,. baft imponaDt operatioaal impact, it it DOt, iD ... enl, of OftI'I'idiq 
iIDpor1._ce. rae· 2 is • Icbematic of bow lbe coDtrol of lbe data-tUias ptoCCA 
i. acbined.. The ptoea. labelled. XPC it the primar)' I01II'Ce of u:perimaalal 
eoatrol. Tbe procelllCalabellecl XPM an tbe aourca 01. bUmaD coatrol .. well .. 
lbe primary proridcro of ';'uol dala .. ardi .. Ibe dal .. laIWas _ ... 

'.3.2 Dala Iogi •• 

The OaUDe .1deJll will be capable of recordiDI up to 100 MS,* per IeCODd 
of eveDt data. Thia colTapoDdl to tbe a muimum rate alter Ie'" III proc.a
i .. of 100 MBI of 1 MS,le nab. The data will be aeparatecl into aeYenJ 
dream. (on order 20) for recor-dins on pc:rm&Dcat media. The .lreama ma,. Dot 
be di.joint, iIowenr. there i. lOIDe COllcera .. to wbetber .ach Itte&IDI will be 
sufficieDtI,. diajoiot aDd wbether DOD-cliljoiat Itreams will iDtroduce clifBcultie. in 
tbe ph,.." ual,lil of tbe data. AD upreu liDe It ream will accept data at up 
to 1 Ba for immediate uaaJ1ai. uad. redudioo. We atimate tbat ailer reductioD 
it will be practical to aWlltain 100 GS of permaa.eDtiy raident data. Addition. 
&1.1,. &1.1 ot her parameten DeCeAary for ofIIiDe reconltruction will be recorded. u 
IICceaAI'Y to a 'iDcle .tNalll. Thil i. data on ...nou. uperimenlaJ "cooelitioaa" 
iDeludiDI tbe delCct.or- BV'I. tbe macnet, YViOUI temperatures &ad envirolllDeD~ 
tal nriabla. _d coafilW'&tion paramelen. We atimale tbat thi. It ream will be 
I ... tbaD 100 KByt .. /ICC. The mODitori .. of aperilDCDtal coadition. coatiDga 
iodepeDdea.tb of data-twq bolh iD the oaliD. ',Item and iD tbe dow coatrob 
,,.Item. 

It wiD be necca.". for the oaline .,.tem to record eYat. from sources other tbua 
JeveJ nl. Dot ODly (or experimental coodition data, but also (or tatios ftl'iOUI 
partl or the Ir,tnn. An alternate eTeot lOurce will be provided to lDUlace IUch 
data. enablinl routi .. or tal dala iDto Ina III (e.I' from a tapedrift), hypaniDI 
of Jevel III aDd other sucb t.esu as m.,. be Decal.".. OccasiODally, it will be 
IICce,sar,.. for tbe oalioe .,.tem to record calibration eTenl •. These eyeol. ma, 
be mucb Jarser tbaa pb,sics eftDb. The oalioe IYltem will be able to proceu 

~ neD" up to 20 MByta [quatioo: i. lbi. too hil! wbat i. the IDU Ii .. o( a 
sub detector sy.tem?] ill JeDeth corrnpoaeliDI to our Hat rva. as to ua "&1.1 
channels on" situatioa. . 

U.3 RUD CoDlroi 

RiCh Jevel run coatrol is tbe reapom.ibility of tbe oalioe .,.tem. Thi. will be 
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lIiPly au_eel perbapo emplori .. &II upon I)'IkID '" clecide l<>sic" -ai_. 
ne h ....... ia.mace for "'" .......... will be loc .. ioa iadopelUleD ..... h ...... cor-
........... will be permitteel .... y !rom opeci&ed locatiau. A hi&h ..... ICIaG 

__ • pocbse will be ...... '" ia .... '" "ith .be ......... opera .......... . 

daJ ~ d.,. adjuatJDeDt., additiou, &lUI otber moctificatiou ~ tbe blUD&ll iD,\et· 

lou will be ....... Iy codDeeI '" oimple .di .. el parliealar .......... cIobed uli .. 
.oc ..... /di.pl.yodi"". Sc ....... h .... d perionD .a. IuD .. ion el diop"y el oaIi .. 
or"em da •• ud iateradiOD wi'h hUlD&ll operaton aimuI""'-Oly. A oaliac 'yo
tem propu:IUDet .bould be .ble ~ implemeDt • DeW screeD. ia tbe ODliDe .,.,\em 
ia .. few boun I work. It .bould be pouible to iGlend -III ample COIDIDUld 
liD., paid u.d click, fllDdiOD U"" ud prob&hl,. YOicc. 

t.3.4 Operabili.y &lid Roli.bill.y 

The IJstem mu.t operate ia .. -DOnDalw mode at leut It out 0110 U,.. of dMa 
lakinS ud iG tohi. mode operation should require DO more t.han two pbyaici.t.. wbo 
do Dot. haft .pedal .kiJlI ill ODliDe operatiOD.. Failure ~ meet this requiremeot 
will ........ cat .. Dly ..... failure '" meet tho aut requirema. "hich is ..... 
the ,,.,tem DlUt. haft la ... han .. 5" failure rat.e .. meuwed. 8,. tbe r.tio of 
t.ime tbe accclerat.or pnnicle. be&IDI for ph1sic1 ~ .. be time tbe onliDe .,..tem 
i. recordiDI d..t.&. This of COW'K doea Dot iadude rate depclldeat deac!-time 
ialrodueeel by DAQ ud Tria.r .y.temo. From time '" lime. II will a. acc-.r)' 
~ .re-COAfisu.tett "be ooliDe ,,.Item. Tbi. should take DO more "baD 5 miaula. 
We rec:opiae tbat. tbere will be aD iDiuai "shak.dowa" 01 the eat.ire dod-ector 
ud dat.~DlI1IWm1 .here these requiremeat. ma,. DOt be met. Furtber to 
requiremeah or onliae .,..tem rudiaeu, we Deline tbat it .bould be able to 
be raW1ed ill I .. than 10 miJUlt.a aad a -cold- Itart requiriDc rehoctliq ud loadi., el DAQ. Trigor. ole. _ obould a. .bIe '" be occolDpllsbed ia 
I .. t.haD 30 miaut.el. 

1.3.5 D ••• Moaitori .. 

It wiD be aecesaur to molUt.or t.be dat.a .. it i. acquired aad wriUeD to t.be 
IDUI ,I.orate .,..t.em. Tbe ODliae .,.stem mu.t be capable of fOut.ial ,pecified 
killcli of dat.a 1.0 variou -al.a-JDOrAit.oriq- proceua. Tbae proceun wiD be 
capable of Iookiq at about. 1 H. or eYCDt. aDd tbe D1UDba of .uch proceua 
will comoopoad 10 .a. _ of ouHyalomo raqairiaa IDch maailoriq. Some 
adcIit.ioeal proceuet will he required. to IDODitor -DOIIaneat· data web u av's 
UMI eariroDmeDt.al CODdit.iou .. well .. tbe operatioa aad CODctitiOD or t.M oaIiae 
.,. ... em it._f. Thae proc..- will operate COIIliDuouI,., iadepeadeatly 01 t.be 
... te el dal ... oki .... howe .. r. fajlNfo _ ...... d -",. wi.hia .a. ...... 
CODI ..... 'yAOID. Some of lbeoe will ..,.,... at .... el up '" 50 HI. 

cIo.__.. procooda. Tbe paiats el ......... _ be apoci6ed .. &II euil date 
...... ~ will_I be beld up ODd _ wuW. 

W. brioIl nmmariM tho _ODWPO wi.h o&her ayatemo below: 

_ .... d Eloctroalca 

Tho oaIiDO ,y"tem will uchi ........... par ..... ten &lid be capable el aupplJial 
lhem '" tho _. ODd OD _d. It will a. ~bl. '" ........ '" __ ia 
the &0., ad from -OIdiae· compu'en. 

LnoII ud n ~ or ....... 
ne onliao 'l.tem will uchi .. rol .. ut par ........ &lid a. co ....... 01 aupplJial 
.hem ""a. lrigor '1'- OD demud. 11 will a. pouible.o ........ "' ___ 
ill tbe hi.r .,.. .... Cram. - ODline- comput.en. A 'riGa moait.or proceM wiD 
raa iD oanae CODtaiaiDl UMI' code from ,be 'riga croup. Tbe OAIiae .,..kID 
i. abo rapoDlible for hi'" luel 'riger coat.rol aad corafipratiOD. The oaIiDe 
.,.st.em call receift aDd los at.a direcUy from t.be triau lJ.tem .. aecreuar). 

Oat.a Acquisition 
Tho oDlia. 'l,tem will archi .. __ ten ud a. capable el oupplylq 
I.bem to t.he OAQ .YltemJ on clemaad. It will be pouible La -lociD- t.o ___ 
ill I.ile DAQ .,.s1.eml from ·onliDe- compul.en. A DAQ JDOrAitor proceu will nua 
ia ODliDe coataiailll UHr code from tbe DAQ poup. The ooline .,..kID is u.o 
rapoasibie for Wlb Ina DAQ conl.roI &lid CODfiprat.ioD. Tbe mWae I,..tem caD 

receiw ~~ 101 dat.a direcdy from t.be DAQ £Yltem ... aeceuary. 

Slow eoatfol 
The ooline .,..,cm wiD uchi~ releYaDt. paramet.en aDd be capable or Rpplriq 
tbem La slow coat.roI .,..t.eIDI 011 demaDd. It. will be poIIible La -I.a- to pJOCeI. 

IOn ia I.be slow eont.roIl"'l.~ from -oaline- computen. The oaIine .,..t.em will 
baYe a few coadiuoa moa.itorial procaHl which will primarily acc .. data from 
1I0w cootroJ, (oncenUft8' ftriou. eariroDlDCDUJ puameten. Tbe oaliDe ,),.tem 
will be able to bot.b mOlLit.or aDd coDtrol BV'. ia tbe slow coatrol.,..t.em. 

11ser Code 

Tbe onliae IYll.em mUit. be able t.o rue, eoatrol, aDd moDit.or ftlioal typel of 
user code. Tbese codes appear ia I.be data momt.orial proea .. , coadit.ion moa· 
iloriq procaICI, confil'U'at.ioa lDOIlit.orial &lid coat.rol proc .... &lid ot.ber aub 
,,.ll.em CODt.rol. proceues. Tbe oaliDe .YIl.em will proTide st&lld&rd \emplu_ 
1.0 encapsulate a.r code to t.bat e:Jl't.eraall,. it. b .. aa -ODliae- appearaDce ud 
fuDel.ioDaIity. 

0fIli •• Camputi ... 
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• t.3.1 Calibr",. 

It will be aeceu&I1 to premde lOft.ware to ...... calibratiOD data .. d calibnUOD 
.equcc. •. Sometimes it. will be aeceDU"J to los calibratioa ata £or o8Iiae 
............. &lid •• o&her lima calibr.tiODo will be p_ ia .h. oaliao/DAQ 
Q'stamaad oul,. tbe cieriftd cout .. " loaed to tbe ofIiDe ''''I.em. It will allG be 
DeCeII&r1 for C\llT'eDt calibratioaa to be determiaed u moYiq aYer&la for iDput. 
1.0 f'eCOutradion prop'UDI nmaiq botb o8liac &Ad ia leYel III. The DUval 
place for ..... 10 a. calcul.ted is pro"bly .. pari ella. I .... 111 proceaai ... 

9.3.7 Phyma ProcessiDI 

Uten will ha.e t.he eapablilit,. or d,.namicall,. defi.aiq selection criteria La ere· 
ale -poob- of eftau which call thea be tharecI. .". teYeral users who wi.b 1.0 

do phylies aual,..u. The online .,..tem .boald be capable of .upportiq up to 
10 -eYeat.·poo1- st.reamt wilb aD iadiridual rat.e or DO IIlOft t.baD 0.5 a. aDd 
&II int.qrated rat.e OYer all It reams or ao mOft tbaa 2 Hs. There.houId be 5 
workst.at.ioa. proYided for iat.endi'Ve anal,.sil , riewinl of eYeat·pooJ dat. .... d 
craphical di.play of neat. •. 

A ainlle .t.ream of fulJ,. ruoutrv.cted eYeat.. will be prowided 1.0 a coast.&IIt1,. 
raDDiD, .,.lI.em lhat caD d,.Damicall,. allow t.be UMI' to ialett hi. OWD aaalylis 
whrout.ia .. ialo aD aDaI,.sil framework. Thi •• tream will be proYide eftD,t.1 U 
accded by tbe anal,..i. roul.ina up to a muimum rate or I lb. 

8.5 Relal.io~hi,. wit.b aa.d. Impacl. oa ot.ber .,..t.ems 

The ODlioe q.t.em eOllt.acU directl,. aad indirectl,. with a DUmber or det.ector sub
.,.stema. Geaerall,., it. acts as a -hott- which prorides.mces to tIM IUbsydaDI, 

like crou·compilen, confipratiOD parameten, .. d file JD&DapmeDt aad .l.orI.p. 
The onliae .y.t.em bat direct .. d iat.imal.e coat.act witb DAQ, Triger, Slow 
Control., &lid LeYel III. It b .. coat.ad. witb nser code from all of t.be Moal 
det.ecl.or sub-sediou. 11W user code may be or ·olBiae- or otber Met,. It. hal 
&A additioDal formal o8liae coat.act t.hrou.cb I.be dal.a which it writes 1.0 I.be mu. 
stonee 'Ylt.em &lid I.be m ... lI.o"'le sydem it.seJ.f. 

Care mu.t. be t.&.kea 1.0 inlwe I.bal. compat.ible int.erfaca em.t. bet.ween t.bac .ab
IJstema. We mu.t. .t.rift to keep tbe poiat. or coatact mia.imaJ aad simple 10 that 

• parallel de~1opmeat. ... ,. proceed in each of t.be .ub-sy.t.eau wit.bout. aceai~ 
• illkrdependeau requirial all unrealilue dqree or coopuat.iOll ud OfJaaiuuon, 

on t.be ot.herhand it. willlOlDCuma be ad .... t.apou to sbue .tududl aclVA 
.,.ltems 10 tbat. efl'011 will DOt be duplicated. TIai. philoeopbJ" uteacls eYeD iude 
tile ODlioe IJll.eID eoftwue where iaterdepca.deeee of proc.Ml aad code .boald 
be miDimised. C ... nere effort see be u:auced are of\e:a ideaUSed lIat..,.u,. .. 

223 

225 

'I'M oali. ... sy.tem 1IIIId ,mwicle otBiDe witb -complele- data OD. penaaaea' ... 
Ilia. II io .be -abili'l el oaliao '" ............ tho dot. i. camplote ODd 
--..apW. H_. __ y p...w- will be _eel oIIIiao ... hich ro-
qairo oaIiDO _. Oali. will be capable el nooi ..... _ ""'" oIIIiao 
_. It will .... be copable el nooi<riac • "nom el_ruded ....... 
lor 0AIi .. IDOIlitori .. at rate ofap to 1 a •. 
t.1 Soroica ... d T ...... 

t.I.1 AI ...... ODd Limil. 

There will be a ., .. d.ard. error logia. aad detectioa -mce ... hich call welle 
10 H. el· ....... • _eo &lid 100 HI el10aed mar _. Aa ........ &lid 

limi .. pacbp will plOrid •• "&liard _'had el doIacIiaa .b ............... di.iou 
throu.cb compaftlOlUl of eunea' caa.ditioaa witb hi.torical coa.ditiODl. nu, pack. 
ace wiD be capable or t.nckial t.be Yalue or a ftriable ORr time aDd determi" 
.pificaat. ftriat.ioD iD a leacral "'y, wch u .". .". comparilOD or a hi.topa.m 
1.0 a st .. dud hist.ocram. 

t.I.2 D.,ahaoc 

Tbe ooliDe syltem will require a dat.abue t.o ston tbe details or reecat coDfic· 
watiODl, brief raa lulDlD&ria for I.be dwat.ion 01 t.be apenaimeat aad fvJ.I run 
IUJDIDU'iet for teCeat nIDI (OYer t.be put. lDODt.b). We aat.icipate t.bat t.his will 
require 100 CB of di.k lpace. 

8.'.3 Documeatatioa 

Eft'ott will be required 1.0 documeat. the oallae .)'Item code ud operat.iODal pro
cedW"CI. Tbe bUIDaD iIlterface will proride promptiq aad belp wbea tbe 1IMI' 

requests it.. Documeat.uioa from OAQ, TriUU, et.c., should u.o be a..uable t.o 
aad probabl, oflanind ia t.be II&IDC ... ,. .. t.be oaliDe documea.tatioD. It. wiD 
be difficult. t.o maiDt.ala uplodate documeatatioD iD a rapidl,. nolYiq 'Yltem. 
We will .... tdf'.docameat.iDI code 10 tbat. tome dOC1llDaltatioa caD be !CDCI'. 
ated aut.omaticalJ,. Docameatl should be lD&IlaIecl wiq ,be code maDacemeat 
'''ll.em. 

V.I.4 SoIl ...... Tool, &lid S .... dards 
The onliae sYI\em will require .l.aDdard IOll.ware packaps for cocle lD&Dapmeal., 
data maaapmeat., code de.elopmeDt, dal.a bues, arapbia, &lid bam&ll iaterfaces. 
Mere appropria1.e, the u.me ItaDdards Ihould be fouad ia t.he o8liae Iysl.em. 
Sbndatd iat.erfaces wiU be required bel.Wft:a onliDe p~, .. well .. betweea 
oaline proc:eua ud proc_ ia other .ub-,yslelDl. III panicalu I .t.&IIdud 
meanl or p.mas cont.rollDClApl &lid imonD&t.ioa, UMI 01 ,...a .. eYellt. aIld DOlI-

e'ftlll dat.a will be proorided. These .t. .. cl&rds will he iacorporated iato template 



procra.IDI .. lIicJa t.he uer wiD ue to aecat.e Jai, 0WIl uer code. Encuift 11K 01 
WAKE wiU ... un t.laat pieces of dae oaIiae I,.,tem are upkHlate wit.h oDe yot.her 
.... \IIa& .....-aI7 .......,olaIiou .. d Iiab are DOt perionDed. 
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tabl •• (this UlipU •• rOU9bly ]0-16-'0_ of -.,. .. 11e.- ht ..... Uabl. 
for c~:ri.on w.Ltb curHftC. cOftditiouJ 

Soft..are to autOlietically c~n cllie_ with hiatoeical cOftClitiona and 
U." c:U.c~nci •• w111 be .... ,U.bl •• 

A f_ .oditional ellita .an1tOl'ill9 proc ...... Ul be .... Uabl. fol' 
non-event uta. ".. .... y Med to r:1Ift at rat •• of up to SO H_. 

PaE_ter .act COftf i9Ucatioft _na.-ftt 
Confi9\U'atiOl'la will only be chaftged bet ...... run •• 

• NOdlAlly. it ia not ftec.s.,uy to clown.load all configuration 
.. c_c..c. bet. ... n runs. In situationa "ben HW par_tera 
an requ.i~ only the cba~ para.et.eu will be dowftloaded. 
COD ... no woc-dlii/channel, are ~i~ to st.ore a coaU9UraUon. 

C.Ubcation •• nices 
E.cZ'or detect.ion and al.nu 

Alazaa can be bandied at >10a. peak rate 
Errors can be 10fJged at >1 DOHI' 
'I'M aboYe w111 be handl.o cent.rally 10 t.bat it ia not n.c..any 
t.o con.ult .. ny .-onit.o~a in orde~ t.o find an .rror or .lana _aaa, •. 

Di.,nostic: •• rvic •• 
Dat.. bes./hi.tory .. r.ic •• 

an·Une data ba .. will include nc.nt COftf19U~.ticma. hri.f run 
• ..-.~i •• fo~ t.h •• nt.in •• per1_Rt •• nd full run • ..-.ei •• feCla the 
l •• t. .onth. Total apAc. 100 D. 

cl .hy.1c. peoc ••• in, 
Gr.phical cat. di.pl.y. 

ew.nt diaplays 
At l ••• t 5 st.t10n. foe int.ncb ... v.nt diaplay. 

Int.~.ctiv. data .n.lysis 
At. l.ast. 10 .t.at.ions fo~ int.~.ct.iv. dat.a .nalysis ,dyrtam.ic hist.09~_ 
defin1t.ion. _t.c.) 

.1'.pa~at.10n .nd .. na~nt. of .t.r .... of •• l.cted .... nt. , ... nt pools' 
us.rs w111 ha'" t.h. c.pability of definint event a.l.ction crit.ri. that. 

.ill autOlUtic.lly cl'.at.. Mpool." of •• l.ct.d .".nta foe .n.ly.is. 
Th ••• pool. can be .h.c.d by .o~. th.n 1 ua.r. 

ThUll can be up to 10 •• pa~.t .... nt .tl' ..... with .n intetc.t.ed I'at. 
ot <2"a, and no .-oc. than 0.5 "a in .ny .intl •• tl' .... 

"FuU- an.ly.ia of already .caconatZ'Ucted 
•• l.ctted .".at. in an oU·U,a. .naly.i. fl' __ ock 
Dynaatc 11l\kin, of U •• I' routines into. conatantly Z'Uftftin, full offline 
analysis fr .... ork "ill be .upPO~ted. It is •• a~d that a s.l.ct.ion of 
fully r.constl'uct.d .v.nts is available and that full analy.i,. r.quire. 
100 "1p· •• c/.vt., 100 M:a.p. ac. th"s c«qu1red to pro"id. 1"& capacit.y. 

Th.sa f~r.:,: ~?n. ""n be ia.pl ... nt.d by a c:oll.ction of host CPUS. 
"o~kst.at:;,on •• con.ol.,.. e"bey.t •• CPU •• c:~t ••• rv.l'e. di.ks ..... storav • 
• y.taJr'.I. n.t"ork. and oth.~ paciph.rals suff1c:i.nt to ... t the n .. ds. 

d, Soft.ar. Tools: The on-11n •• yst •• will r.qu11' •• tand.cd .oft •• r. p.ck.;as 
for code .. n.9 __ nt. data .. n.9_nt. code dev.lopment.. d.t. be •••• 9r.phics 
and huaan int.dac.s. The •• p.ck • .,.. should w cho •• n ao th.t th.y 
a~ •• ppropu.t. fo~ oUlin. " ...... 11. if pos.ibl •. 

The or.-hn •• y.t ... "ill provides .tandacd int..rfac.a to the alow conteol 
.y.t. ... t.o .aft1tor1Dg' p~oc: •••••• altd to dat.a .tc ...... a .. 11 aa th. wan,.t.y 
of .oft"ar. t.ools UllP11ed in the ~«qu1~ta h.ted abov. fol' ..ant 1099.Ln9. 

Iteq'J,l.~nt.s foe SDC o.·loia. CoaIputift9 
VecuOft 2 • D.caft. '1.01.24 

A.ddc.sa ~nt. to sscyx1:: ray 

a, ACClUicioq and cKoC'Clift9 ct.t.a 
Event. dat..: 

100 •• of 1 ~ •••• nt.s to ,..~nent. .t.oea.,. 
>20 st.r .... of _.t.ly cU..joint C<2Ot o ... dap' .".nt • 

'open quest.iOft: coebiniD9 non-disjOint. st.n ... fol' .nalysia) 
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bpr ••• hn. atn_: 1 Ha of .. leetH data Cwhich ia fully duplicat.ed 
',1n othee .te .... ' 90CS clirectly to oU-line analy.i •• y.t.... A 
funh.e l' C'eChlction ,.vent .. leetion/ ... nt c ..... ction' reduc.s t.hi. 
10 n/ye.&, atn_ to lDDGa/y.ar ,..~nently n.ident. data. 

• • •• i. 100 Ga .nou9h1 •••••••• 

-Non-... nt- C •. 9 .• n.i~_nta1) data 
All ct.t.a bncl\ldil'UJ calibution proce •• output ..... 11 •• MY. "lJMIt 

c"rc.nt •• en.iro,..nt •• tc' 9OC' to .t l ••• t a ... t.r .tc ... for 
paDUn.nt .toc.9. (look. ju.t like .n .... nt. at.n"'. <100 D/ •• c. 
It. .. y .1.0 90 to a dat.abe ••.• roc ••••• "hich .onitor .nviro .... nt.l 
condition. cgptiq:" MEUssi", ... n if data-tatint is atopped. 

C.libcat.Lon data 
Ms.i_ .v.nt. .i •• 20 tmyt. ,all ch.nn.l. on) 

• • ••• "h.t. i. th. corr.ct .ia.? 2DH111 , .. 1 •••••••••••••• 
Loc.l ,.ub.yat_) calibration EeqUi&'_nts (for bendwidth •• nd 

rroc •• '1n, power' Ar •• pacifi.d in DAQ and .ub.y.t_ r.quire-nu. 

Run Cont~ol 
Run control .ut.-t1cally .t.~t •• 11 EeqUirted on· lin. pI'Oc •••• s, It. 

can be I'"n by 2 phY.1Cl.t.. at. l ••• t 90' of the t1 •. 1'1'1 ••• 
a ptiyaicut. need not be "onhn." .pacialUts. 

Cold st.rt.: <3D II1n 
•• na stal't.: <10 ain 
st.ciIiI.t..I't. n.w r'Utl: <$ &l.n ,need to w.it fol' pipaline./l ••• l ] to fly.h) 

Le •• th.n $\ dotmtt.« 
C.n .cc.pt .nd 109 d.t. fl'CIa Othel' .0urC •• be.ide. level ], 1nclud1nV 

pl.yback frCla -t.peM of r •• l 01: '11D\11.t.d data, un •• l.cted dat.a 
pa •• in, thrOU9h l.vel ]. data fl'CIa DAQ and Tr1".1: 

and COnd.Lt10n .onltor1nv d.ta. 
'th ••• per1mental proc:.,.,. ftIOn1t.or cOlllpon.nt. of run contl'ol 1S 10cat.10n 

1nctepend.nt C.L .•. t.h. hwun .Lnt..rfac. can run .nywh.I'.' ' 
b) In.ul'ln, 0.\." .;.,.:..;uty 

Det.ctOI' parfOl'1llllnce .-on1t.O~11'UJ 
Th. proC.sse. below look .t. t.he data and 109 Cond1t10n. a. 
n.c •••• ry. Th.y c.n •• nd .laea and .rl'or -' •• 9 •• t.o eeque.t 
COI'I'.ct.10n of .tmonaal Condition •. 
At l.ast 1 data .n.Lt.ol'in, procc •• fol' .ach .ubdet.ctor '''y be f"rt.Me 

P09Uph1cal d.Lwiuona, 
• At 1 •• 1t 1 data .n1tOl'int peocc •• fol' the det.ctoe a. a whol., 

Each pl'oc.s. Z'Un. at 1 "a ,hi,hel' bandw.ldth .tutor. c.n Z'Un In level ] 
or 1n sub.yst.. CPU., 

Each proce •• w.Lll have 16 ... of data spac. to accuaulat. hi.t0ge ... or 
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2. Operati.onal Concepts 

2.1 Computing System Overview 

2.1.1 Functional Division 

2.1.1.1 On-lln. Computing 

2.1.1.2 Off-lin. Computing 

2.1.1.3 Dahl Managament 

2.1.1.4 Softw .... Development 

2.1.2 Geographic Distribution 

2.1.2.1 SOC Computing at the aSel 

2.1.2.2 SDC Raoionai Computing Centers 

2.1.2.3 Participating In.tltvtlons 

2.2 Interfaces 

2.2.1 Interllces with Other Systems, Facilities 

2.2.1.1 SSel Compute Syst.m 

I.n.ta~ 

FRO~: 

TO' 

2. s.bdetector(s) 

FRO:'l.{: 

TO' 

3. Deteaor 0pen.1ar 

FRO:l.f: 

TO: 

... ~ .... C.". Sy:stcm 

FRO:'l.I: 

TO, 

5. Calibnl_ System 

FRO:'l.I: 

TO 
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sac CCllllPUTlIIQ • ..c&. CaIIIput8 ....... lnIeofau. 

'.Ph~sicsll« 

FRO:\1. 

To 

7. SOC Rt&:ioaaJ ComPU1inC Ceal« 

FRO:\1: 

TO 

8. CoIiabOn;lion CQftlra fllftC'tiaR 

FRO,. 

TO 

9. S~scem .-\dministnlor 

FRO\I: 

TO 

10. Software Orrvefopcr 

FRO'. 

TO 

2.2.1.2 SOC Ragional Cemputlng Center 
I. Phylia L· ... 

FRO\1: 

TO, 

2. SSCL COMpatc S~'scnn 

FROM:: 

TO 

3.5yllanA ............. 

FROM: 

TO 

235 

l. OperallOftal ~ 2-2 

237 



238 
IDC COII"UlINQ • sac ........... c-t.r ........... 

240 

2.3 Operations Scenarios 

2.3.1 Softwl .. De.elopment 

2.3.2 Online Computing 

2.3.3 Offline Computing 

2.3.3.1 Production 

2.3.3.2 Anal,111 

r\ HIGH E~ERGy PHYS'CS A~ALYSIS 

A physicist sets out to conduct an analysis of sse data. Whether the physicist IS located at the sse labora
tory. one of the SOC tqiollll computinlcmtcn or at .. institution partiapalU\1 in the SOC. the scmuw 
... ill be esscntWiy the same. 

The aoal of the physiast"s analysis: To produce. for a sdected collider nan, a lUSIOSfam of the dntribution of 
iManant masses of psi meson and K .... caDdidatcs. He eqtCCts the distributioD 10 sho ... an mbanc:ement at 
the 8+" mass 

The stqn the ph).m:,.st foUo~ in performiDa the analy. &rl' summarized beIo .... 

The pbySicist 

lfUIlGI~S G seJSiDII ... ;,h ,Ite SOC Compulilrf SYSlml. 

• Stl«ts rtCDllwuc'~d dGlGfiks GIId:or tlNJiysis ptrotiue'frks /II' poSJibl~ SllUTCtS of dG/G for ,It~ analySIS 

• RrY'rws supponutg IUuG tWot:'Gltd wi'" dw C41tdkJG'~ rtCOfUlnIC,itHI Ilks GIld tlNJiysu producI fll~s. 

Mabs 'M fUI4J nkc"OfI of 1M dtll. '0 be -q%flJ. 
Ilera'fllely ... 

- Sp«ifi~s III\' 4Nliysis Sl'p sIt.4t applies Oftt or mtW CIU 10 dw d., •. 

- £:neuJ~s ,Iv IINIIysis st,p 

- RrYJrWS thlt "suits. 

Hist08'tUrU tM "mlu. 

The foUOW1l1I puqraphs address the1C SkpS in pwcr cktail. 
I Tiv pltyslCut UIi"G'~s 4' StJSIOtt wllh w SD CompIIlUW Syslmt. 

AcnOX! 

The phySIcist telects an .,·wbir: work .... 1IOn aacl initiates a 'lop. process. Dwinlthe loaon tho: 
phyumt utdicate~ lhat he wanu access 10 the sysacm Ind rnponds to I)·stem prompts by idcntd'YIlII 
hunself and SUPpl)1I11 informalJOo to authenticate his identity. 

RESll.T: 

The system detmninn whether access for the suppbed idcntific:atioo and autheaticatlllllDfonmtion 
has been authonzcd. If not. the system retwm an "ICCCSS demed M me5sqe 10 tbe user's workstation 
If s}stem accc~.s for this user bu been authonzed. a user session is lni.t~tcd. 

2. Opc1'al.lonal Contqlu 2·7 
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2.2.2 Human/System Interaction 

2.2.2.2 U.er c.,egorie. 

2. ~.lIonal Contltpu 2-6 
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AI Ihe inilJalion of a user SCSSlon. the system perfonns the following: 

• \Iakes the user s personal dala Slorqe area available 10 tbe sessioD. 

The user', personal data arca suppons a pnvalc database lhat provtdcs lhe YIYIC capabwltes as 
chose provided by the SOC Compullt1B S~",cm dat&base. It abo suppons a pm'ale fue system 
that pro~ldcs the IoIDJC capabilities as t.bc SOC Compu1ina System fde syslem 

• Presents an milia! SO Computinl System display to the user 

The wtial duplay complln With the user IIllcrface standards and convcntlOm adopted by the 
SO Computing S~tem and It suppbn the user W1lh the means to access the funcllorW capabili
tICS supp~ by the SOC ComputltlB System. 

• :-';owaes lhe user if any unackno~~sed meuaps await his aUeDtIOn. 

2. The pltysrcu' NI«u rtCOItS'rvc/~d IUuGflks AMiOt" tlNJiysu fI'Dd«,fiit!s IU possible SOUTe'!s 0/ dalafor 
IMtlltaiysil. 

The term r" is used hen: 1Jt a WI)' loose KDJe. In this c:onteltt, fw is synon)'mous wlIh ". callt!c'iofl of .'Ii'. Whether the output of the reconstruction process will utcraU)' be files witrun the Computlflg S~s· 
tem I file system or 50nte other type of data entity (e.I., tables -.ltbin a re"tlonal database. oblects 
W1tbm an obJcct-onented database) is not yet known. 

ACTIO': 

The phyUClst cnten a request to the sOC data manaacmcot sYSlCm fOI a ust of reconstruction rue~ 
and or eJJ5llllg aruiYSlS products to conSIder for usc as the basis for tus planned an.JJym He L~ Wed) 
to q\Uhfy tus requcst by speaf)'\D1 one or more COruhtlOOS that the rdcs must "tlsfy III order to be 
idenlifacd as analysis input andidates. 

The analySIS may be performed wana: 
• Selec1ed reconstnlc:ttoD iks (the immecbate product of the ReconstructLon and CI:U5Uicatlon 

""'"") . 
• Selected analySIs product fdcs (den ... ed from ~ous analysis of reconstruC:hon rale5> 

• A combUlatlon of the above types of riles. 

The SOC datab&sc c;:oD1a&n$ wonnatJOn about all collider nanl for ... tUCh reconmuaed data arc 
available. It &150 contllns mfonnallon about analySIS praduc;t fiJes derived from reconstructed data 
and available for usc in additIOnal anaIylil. 

RESL"LT: 

The system displays 10 tbe physicist a ult of qualiC)'ln1 recoDstruction flies and or analySIs product 
files. The: list identlflCs the flies and the nans with whlch they an: auoaatcd. The 1151 display .JJso 
provida a mc&ns to telec:1 for display available supponina iDfonnabOll about the candadate flies. 

The supportinl data as50QAled with candidate rcconstNaion files consdts of ana11ary data for the 
runs ... tuch produced tbe ra ... data from wtuch those faks ~ made. Tlw analIary data utdudcs 
detector status and performance data. detector c:alibration data. and accdcrator performance data 
SUpportinl data for the cand&date analY1lS product fiJes consists of product denvation data lllal der· 
ivatlon data de$Q\bes the analysis performed 10 produce the pvcn products, IIlCludutg. the Klcntlly of 
the data analyzed. the sequence of analySIs steps performed. and the analySIs soft ... are used 

J. The pltysu;ut ""intis suppo"MI dalG /ll'sociGwd with dw cGlldidatr rtCOIIStnlCtion filet tutd GNJiym 
product filet 

AcnO~: 

The physicist bro"'ses the candidate 115t(5) He identifys files fOr which a look at the aS5QCiated sup· 
ponU\g data .. ill help him to make the dea5l0n ... hether the 81\'en fak wtJl will not be used III th~ 
anal)·SIS. He then requests tbat supporutll data for ~'le ... utg. 
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RESlU, 

The systerD prt1I:nu the ~uesttd mpportanl information 10 the physicist (or \"Jewmg. 

4 TM pJtySICUI m4k~I 1M fW1i S~'UltOlf of 1M dala 'D ~ OMlyZN. 

ACTlO~: 

Hums \lC"'d the liSl(S) of reconslfUCttd data and analysis products available fot use JJ1 h15 planned 
analysis, and tbe assoQalcd SUWOr't1nS data. the physiast dcades \l-"hlch data 10 we (01 hu analysis 
and Uldlcales Ius sekction 10 Ihe system. 

RESlLT: 

The system acknowledges the data selectwn. 

j. Th~ pltysiciJI ;lmllrv~Iy ... 

• Specifies an GNllysis slep thai tJpp/ics OIW or mtWe CUll 10 ,Iv dala. 

~CWles 1M anGIysis slep. 

• Rwitws 1M nsuilS. 

ACTIOS 

The ph)'1icist protteds with Ihe anal)'!is by performinl • scquecce of data ·cuts- ( a ~CUI~ is m effect 
a niter whicb allows only data thai satisfies a specified condition 10 pus on 10 the nen step). 

The physicist may peri'onn a put or all of the uWysis intcrac1ivcly if that is practical gi\"en the data 
volumes and amount of ~ involved. or he can lay Oul what amounts 10 a joh 5a1pl (or part 
or all o( the analySIS, then submil1ha1 sc:npiIO be ruD in balch mode. 

A representative sample o( RICOIUtnICted data is available on hip-speed stotaF (or use 10 v~rify and 
refine the analyus procedure. p. In thas 1C'CIWlO, the (oUowinS scquellCC o( cuts is applied 

• Reject probable cosmic ray C\'aIts. 

The CUI paxs only those eYeDts (or which the 10tallrmsvcne eDerIY is less than a specified 
limil, say 1800 GeV 

• Reject events which do not have a primary vertel dose to the c:mtet·line of the detector 

The cut passes only those ew:nt.s for which the absolute vallJC o( ddta-z is as than a specifitd 
limil, say 6Ocm. 

Reject events lbat do DOt conlam at least two muon candidates, 

• Reject events (or whicb the total traD5vcne momentum is as 1han. a specifacd threshold value. 

• Reject events lbat do not have at ~t twO mUOQ candidates WIth difI'enDg eklctncal charge . 
Keep only those events for which the invariant mass o( the muon CUldidate p..u falls Wllrun a 
specified ran., 

For each C\'aIt remainiItI. look al all the cblqcd track c:mdidates: 

• Reject tracks for wbicb the tnDSVent mommlum is leu than a specified threshold vallJC. 

• Keep only those ewnts lbat s.tisfy detector pomctry- depcodan track qua1ily cuts. 

RESnT, 

The computed invarianl m&S5eS ~I the malysis results. They DOW have only to be 
histopammed (or prexDtation, 

6. TIv p/tysicislhisropams ,/w ~suJu. 

ACTIO,": 

2. Operatioft&l Concepu 2-9 
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3. SOC System Architecture Analysis 

The soc SYSIem. An::hilK'tun: malysis mullS described in this section were produced using 18:,\1 FSD's 
System An::lu1ectun: ~'clopmenl Process and Object Oncalcd Analysis tcdln.i.ques de5a1bed in Scccion 6. I 

3.1 Evaluation Criteria for System Architecture Selection 

The foUOWlD1 are proposed evaluation crileria (or I)'SleDl arcbiIccture .Ia:tion. Weights are 10 be suppued 

I Cost (Broken OUI for SSCL. Regional Centers ollnstilulioDs) 

a. Hardware Life C)'cle Cost 

b. Software Life Cycle Cost 

I) "Free" Soft~ " kquisition 4: ).laintenlDCe 

2) Professionally Developed· Acquisilion ol ~Iaintcnance 

3) COTS· Oannbuted I..ceoces .t ~1&&rl1enance Fees 

c. OperaIlOns Cosl 

d. T ramina Cosl 

2. Schedule Risk 

a Av.;ulabilily of Products to Meet Evohing StaDd.vds 

b. Development CompkKiIY AIoIl8 Cnllca! Path 

c EXlernal Depeud.cDcy IWk (e.l. free software when you Deed 11) 

d. Av&alabililY of CritICal SIU1Is 

J Performanc:e 

•. :'\olcets Data Production. Storqe. Reductton ... DistributioD Thtouahput Reqwmnenu 

b :'I.leeu t:scr Response Requwmaus 

c. Supports All Conaarrenl ActI\illn (uve, SIM. 2Dd Pan Recon, 

4. Environment 

a, -Free" Software :"ol&&nlawKZ DilflCuity Risk 

b. Suppons PortabililY Across ;\lulll-Vendor PIatIotIDJ 

c. Supports lnteroperability Between Lab, Data CcnlcB 4: lDstilutions 

d, Ease o( Operational t:se 

e. Data Base StructlftS Transpareftl to t.:scn 

L Ease o( ChaDJin. Physics ADalysis Software 

I. StabililY of System inCrastNC'lute 

b. Ease o( Hardware Techrtolol)' insenion 

I. Ae~bWIY to Grow ... Evolve 

j. TechnoloBY Risk 

J. SDC SYSiftn Architecture ,.\l\.Ilylll 3-1 

The ph~SlClst subrruls the computt'd uwanmt mass data 10 be hlstosnmmec! 

RESCLT: 

The hmoram(si represenllng the :ulalySis results. 

2.3.3.3 Simul.tion 

2.4 Programmatic Goals and Constraints 

2.5 Assumptions 
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3.2 Problem Domain Analysis 

Our ana1~'su orthe SOC Proposal Computlnl! Secllon ~wremenls led us to the -Problem Domaln- block 
diagram In Figure 3 2·1 The lenn -Problem Domaan' means lhalll is an anempl at problem defuutlon or 
",,·hal" the s~stem is Intended 10 do (a) opposed 10 "bo"'" the system. will be dcstped or buLlt) The Problem 
Domaan block diagram u then used as a basu for explonns candidale an::tuleclun:S ID Section 3 4 

Flgu~ 3.2-1 Block Daagram portra},s an SOC 'system boundary" as indlcaled by the bold hne "',Ih "exlemal 
Interfaces" O\-eriaYlllg Ihe system boundary Enema! UltetfOiCCS are: 

• The le\'el I and Le'·el 2 put of 0.11.13 AcqulSlllOn ",luch fccd.s Level 2 dala to the l.z1.·el J part of ~tOl 
AcqulSl1Ion 

• Detector Control Dc\"tCes ",tuch Ou1pul CRVU'Orunenl peri'0n'tWK:C dala and m;ave control Signals 
These Illierfaces an: with the Delector Conl~ &. :\Ionnonng functional componenl 

• Delector Operalon WI he enter control requests aDd receave performance dala from Ihe Delector Control 
A :"oloR:llonn, funcclonal component 

• Physacs t:sers who ha,"e a number of Interfaces as KlO'A"R with Data SIDtaF ol '-Ianqemenl, Sunuiatlon 
and AnaI)'US functIOnal componcnl) 

F uneuonal Components are 

Dala Ac:qulullon Level J tngermg wtucb provadcs Level 3 data to Data ProdUCtIOn &: CI;,usUlcatlon and 
to Data Siorage &. \Ianagemenl. Data AcqwSlllon Level 3 T riumna tettlves conlrol Signals from 
Detector OperalOn VI.I Detector Conlrol ... ~IOlUtOnng. 

Data Production &: Clauafacallon receives l.z1.'d J data from: 

- Data Acqwsiuon (rea1tune level J data) 

- Data Slorqe (playback of I'QJ level J data) 

- Data SIOrqe (playback 0( sunulatcd level 3 data) 

Data Production &. ClauUicauon n:caves conuol SIpS Iiom Detector Operaton \'1& DetectOr Conlrol 
&. ~Iorutonng 

• Data Storage &: :\Ianqemerll receives data ((or storaae) from a number nf SOWttS u shown on the 
block diap'am. Data SIOfaF ... ~Ianqemmt in lum provides data 10 a number of desunauons as 
mown 

SunulatlOn uuel1lccs wnh PhySICS l'sen and proVIdeS simulated data 10 Data StoflllC &. ~Ianagement 
and to Ihe AnalySIs funct10nal component. 

The AnalySis functIOnal componenl provide) analYSIS resulls 10 Physics C sen 1ft response to theu 
~ueSI mlena. Analyus results can also be stored via Data Slota. A ~I. Inputs 10 analysu 
are fCCOOSlfUcted dala. pnor anal)SIS data. and (more rarely) Ic\-el J data from Data StOl1lse &;. \lanase· 
menl. Sunulaltd reconslructed data or kvel J data ~ also available from the SlmulaUOD functional com· 
ponenl 

Fina1Jy a nurnbet' of maior catqones of dala are encapsulaled (owned) by the the Dala :,\Ianagemcnt &: 
SIOrap: funChonaJ componenl. These data caleJOries are hsttd ID the C)1inder icons on Ihe figure 

1. SOC S~lIan Arcnatecture "nal~"~ 3-2 
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~etwork Communications Pemrmancc Requirements 

- WAS I.Jmilcd 10 200 ~tbYl.eslteC (10.3.6) 

- ~C1work Pmonnance Data (Sec 10.4) 

- Optimal Respon.se for local/remote dala access (IO.J.I) 

Rcliabiht)", ~taintaulabibty. Availability Performance Requirements 
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- Cold Stan < 30 ~tin.: Warm Start < to ;\lln.; Stop,Start Sew Run < S ~lia.; < S ;\olin. Oo"'1ltimc 
(9.2.3) 

- Reliability; Detector Collectiol Data > 95"1. of Operatina Time; Detector CoUetbon Ability L nino 
tmupted Vo"ith 2O'Y. of CbaDneb Sot functioaal (9.2.e) 

- S)"stem Restan < S ~Iin. By I Penon (9.2.11:) 

- System Rec:onfipuaboa < S ~tin. (9.2.e) 

- Reliability; Fix Oftline Softwan: Sup Within 2 Weeks (10.2.6) 

J. SOC S)"JWm Architemare Anai)lis 3·5 
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3.3 System Perfonnance 

The: [ollo .. mg soc Proposal Computing Scaion requiremmu dcaI with S>"Slml perlonnance. The numbers 
an parenlhcSl.s m n:fc:rmtts to lhc 'lay 10, 1991 va»oa of the SOC Proposal Compw.~ SectIOn 

Calli Conlrol &. .\ionitoring Performance RcquimDents 

- 1(> hen! Strea.m.s: ~o more than 0 5 HZ per Stram. Intep-alcd Ra~ < 2HZ (9.:tC) 

- Concurrml Sub· Detector :'\loNlonng Proames at I HZ ac:h (9.2.b) 

- Son-Event :'>tcnitoMll.so HZ (9.~.b) 

- ElTOr DetectIOn Ii. AJanns :> 10 HZ; Log at :> 100 HZ (9.2.bl 

- Rea1wne ROI.1.lion on )·D bomt.t Det«tOr YC\\lDg (10.3.2.b) 

Da.ta Storage .t :\Ianagemmt Petformance Requiranctlt5 

- ~on·Evmt 0.1.ta < 100 KB~'e,src to permaaent ltotaF (9.1..) 

- 100 HZ or I ~18),e Evenuto Penn. Sta,.; :> 20 Streams (9.2 .. ) 

- Express Line Event Data (1HZ) DIrectly 10 0fI1iDe ADalysi5: IOTB)u.'~T. mluced to 100 GB:-T 
permment stol'a@e (9.2..a) 

- Raw Event Size is I ~Ibytc; Proc:cued b"mC SiIIe D 2 ~Ibytes: Reduced Subpk Size ror PhyUC5 
Analym D 100 .5 8}us (10.3.S) 

- Fan, ~Icdium. and Long Term Aa:eu (See 1O.3.S) 

- Raw.t RecoosU'UCled Data Available ror ADalysu iD < IO~. (10.2.1) 

- DST5 Av.Qlable Within 2 Wecb or L·KI' Request (10.3.6) 

- Optimal Response lOr local 'remote data KCCII (10.3.1) 

- Tape Playback of uvr or Sim Data (9.l.a) 

Reconmutbon PCl'formance Reqwremenu 

- Realtime Reconstruction of 100 HZ Realtime EVCDUi Tow WooS ~fq" (10.2.1, 10.3.2.&) Woo) 
:\1ips. Event TlIn1t5 100 Evenu (10.3.4) 

- 2nd Pass Reconstrucuon or 100 HZ Events: Total 1000S \tips (10.2.1, 10.3.2 ... 10.3.4) 

- Sam. ReconstructIOn: Tow of 2 tunes 10"5 ).bps (10.2.1, 10.3.4) '!'Why do you need 2nd Pass on 
SI:\I data? 

• Analyus Performance Requiremenu 

- Analysis Suppon for SO SunwtaoeOW t:lmal SSeL (10.3.3) 

- Loea1lnstitubOn; 100 ~tip ... 'Orkstatioll. ... 'ith 10 OR kM:aI daIa Rue or X·TmniDab with Data 
Scn-a- (10.23) 

- Rqiooal Cenler: 12 or JO t,.:sen Active; ) T8 Data Rue -.'ith < 1 ;\t.io. Acc:ess TUDC; 300 08 Fast 
Access; 5 Pusts RcqwriD& 10 004 ~Iips (10.2.2) 

- Typical Anai)·m Data SubpIc for One AnaJrsi5 Swioa D 10004 Events: 10"4 (100 people by 100 
'-lips) shoWd be pto\'ided acTOSS lhe SOC ror Pbysics ADal).,u (10.3.4) 

- Full Anal)"SlS Requites 100 ~ItPsec per Evan (9.l.c) 
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3.4 Candidate Architectures 

3.4.1 SDC Generic Computing Modol 

The SOC Generic Computing \Iode!. portrayed in FiIw'c J.4.J.I. is a seneral archuectun: candidate: model 
It fe:atlmS compute sen~. data storage SCI'\~. and 5)·stem tnanllIJC:QlCnt sen'ffS coupled together by a )ugh 
5peN data dWlII.d and low speed e:ontrol commUQlCalioD5 L\~. It offen lhe rollowUlI advantages. 

• 5eparallOn or data commwucations and conuol c:ommunication5. 

• Concurrenl hiP 5pecd data storaae and ~tncVal. For examp&e, Data rrom the ReconstructIOn .t ClasS\" 
fica.tlOn compute: server can be stored on the HCrvdUcaI Storqe server at the umc time the AnalySJs &. 
Sim server i5 R\ne'.·1IlI data. nus couki he accomplisbcd via an intelbgent HiPPI s .. mch (100 
;\lb)."lelteC), or a !unan: opl1on. 

Functionally coherent servers wtuch would expbl pmcnl a. future 5tandard components. e.g .. ISO 
5~'5tems manapmmt. 

• Scalability or servers. commUlUQboDJ devaca and sta,. dcricct. 

• Automatic IuervclUc:al data staling and stOrate. 

• .\Iuunizes we or commcn:ial off tbe $bel! bardwan: aod 5Oftwan:. 

). SOC System ArduleCtUre An.aI),sIS 3·6 
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• High speed switches (c.g_ HiPPJ chumels ~ 100 "byte-so; each) capable oftoutiq raw data &om the 
helical tape drives to lhe smalJ dusters ~ meludcd in this opcioD. These: switches. UDder control of 
Synam ,laDqtmtm. would allow for biIb spce4 switc:biDa in case _&ape drive or duster failed. 

• A data Slorap: system c:onsistin. of 2 disk mays. Each disk may is capable of receirin • .so Mb)'tcs sec 
for an aurePlc of 100 ).lb)1n;sec to b.aDcUc the 100 :Iolbyles of recoDS1NCted data s&oraac. 

• Hcheal sP;an &ape l}"1tmlS to RCCivc the ftCOn1lrUcled data. 

• An IEEE mass storqe rcferencc model staDdanI ...... Imu" which has kDowlcdae of fiJe names and 
dim;lones as meta data. An object oricnced or tdatiooal da!a base manaau is co·midmt with the name 
server. The data base manaaer hu local SIORF of IDCIa data which facilit..les sdectcd rettie,'&! of data 
from the data stofa@t I)'stem. 'The meta dllta II dewnniDed from the Objm Oriented Analysis of E\'Cnl 
Topology m Sc¢tion 42.1. The u.mc lCn'U,data base manapr ter\'C'I' ~ COftDeC\edonly to the low 
speed c:ommwUcaboD LA':'..: bec:awc their job is primarily to ctim:t lbe U'&DSIcr of data to the analySis 
womtabOn. 

A set of.so atWysis work saations for local SSCL u.n. E.:b aaalysis worbaation is 100 ).lips. 

• A ~ ~ ta\'Cr wbitb wouW comply witb the ISO uadud.. 

• A set of low cost staDdard tape drives, wbicb would be used 10 mail aaalysis data to extemal iruluwions. 
Eldemal wen would DOl have to purchase biIb cost D02 driws. 

SummatY of Pros,Cons 

Pnu 

- Low cost helical. scan t..pe drives (002 COli is 0.5 CCDls per mapbytc) 

- Reliability via hiab speed switch out of. failed &ape drive or cluster. 

- Scalable 

- AddCPt:stoaduster 

- l:se more powerfuU CPL.:s 

- L'paradc HiPPI to ful~ optKm 

- ExplOllS Induscry Standards 

• Cons 

- About JO minute delay to ~rd and playback ~I 1 data 

- 10 second latency 10 do producuon ~svuctioa 

- Tape venus optical hu less diRct access cap.bilities 

]. SDC Sy~ Ardliteeture An.I)·sis 3-9 

..: 
c 
0 ;: 
Go 
0 
! 
G • ! 
G = 

251 

3.4.2 H.rdw.re Architecture C.ndid.tes 

3.4.2.1 Option 1 

Hardware . .vdulectun: ~tc optIOn liS portr.ayed 1ft Fipae 3.4.2.1·1. 

A.numpuons 

.. 1991 Tcc~~' 

.. A 10 5eCOnd lalency in production ~nsttw=lion is aa:eptabk 

• AnalySIS computing resources for .so local SSCL uscn musc be provKkd. A 1)-ptcal analysl Vr"Quld 
rt:qu&rt 1 10 3 lobs lurned around dW'ina pnrDt shift and 1 ovcmi.lbl . 

.. A lYpicai anaI~'ii.s data tetne\-al for a smale user will be about half of lhe 10tal sample me of 10 
Gip.~tes (10"" reconslructed elnlS g I ~Ibytn CVCIllJ. i.c., S GipbytCl. Tbu IS due 10 data 5eICCllOn 
cnteria (metad&ta) and use of a data manaaemen1 sysaem such as object oriented or RIaUOnai. Tlus IS 10 
say that the enure "Osr wiU nol bave 10 be ttaI:I.Ifand. from lhe da!a base to the analySis Vr"QrkstallOn 
for processing 

Key Feal~S 

l! 
0 
0 

• 0 . 
i 
! 

1 
! 

Raw dat •• 1 a rue of 100 :\IB)usISCl; is routed from the l.nel 3 Farm via a twitdli.a.a and buffenna 
system 10 a ICftCS of bdicaI scan &ape systems. 1bt f\l.itch (C.I. HiPPO Vr"Quld allow rulh speed 
f\l.ilcbUlJ 10 • backup drive if me CUlTCDI dn\'e failed. Swit.cbina would be UDder colltrol of the Srstems 
:\Ianaaeznml function. 1bt belicaJ scan tape drives ~ hiah perfonnance. biIb capacity emerPnJ 
standard dltatal dal. (DO) &ape drives which OftIipated in me video _uslt)·. The number of dnves 
depends upon lhe capacity of the drives sdcctcd. For caampie •• 001 Drive cu. record or read 40 
:\1b)'tCl!5eC. with • &ape cap«ity of up to 100 Gipbytn. A 002 Drive tcCOrds ! reads al IS \lb)'tCi 5eC 
wilh a &ape capKUy of 2S to 165 Gipbytes. Tberr: is abo • .s MbytellCC drive available from :\Iuimum 
Stratqics Helical SCoIII. lechaoioJY hu the ad,\"IIllqc of iow cost storq:. Total cost (media and 
recordinJ equipment) is estimated at 0.5 cenu per mepb)'U: venus 12 to 14 ceau per mepb)te for 
optical. Howewr. c..pes bave the diJlldvantqe of requi.rillJ ~ucnlial. ac:c:ess for mncvai versuI dftct 
acceu 10 data 011 1ft 09'tica1 platttt. 

In this Opuoa the LneZ 3 Farm would haw 10 provjde driftr lOf\ware to keep da!a Oo'ina in • contlll' 
UOW stream to the hdial scan drives (which do DOl wort weD with spondic da!a). Abo, dcpc:DdinJ on 
lhe vettdor, the Sys&ems MIDapdlCftI sottw.re would participetc in manqiDa which dnv'tS ~ used for 
n:ad.&Ila (from the Levd 3 farm), tcWindUl&. and wrillDllO the m::oasttUClion clusms. Tape s&orq: in 
the archive could either be automated yj,a robotics or maaual. 

A poup of small dusten handle the rec:onsttuCtlOI processiDl' Each tmaIl clUSlct contains • small 
number oflJlhdy c:oupkd Cpt;'s. c ... 32 cPt;s coaacctcd via. bitb speed backplane. Assume for 1992 
each CPt.' can do 100 MIPs. A dUSter IDIftaI'Cf sdlcdules mel controb routine of IeYd 3 da!a to each 
CPt:. 'I'hcR is no da!a c:ommUDicalion$bctweat. CPUs in the cNst.er. A Uak CPt.: ptoCt$3IP>a smp 
event. Sm, by reqwmaen.l. 1000 MiPs ~ needed to piOCCU an CVCIlI il will take 10 secodds to com· 
p1ete C\'eDl proc:cssanflD a CPt:. 

There ~ CDOUJtl small clwIcn to make • total of 1000 CPt:s. SiDcc tbcre ~ 1000 CPt:s the 100 HZ 
eval1s will be tcbcduled SO thai all pnx:euiDa wiD occur in "rahime" but with. 10 teCOod IaIcncy per 
eveDl. As N1UJC proc:esson bccorDc more povmful Ibis lateDCy would padually deaase. 

There ~ IWO subopUons for coruaectinl the CPt:'s in ..... dURer. Oae subopUon is 10 bave lhe 
CPt;s loo5ely coupled \1a. nnJ DCtWOrk (Sec Fipan 3.4.21·2). Another subopbon is 10 bave the 
CPt:s tipdy coupled ria a hiab speed lVritc:b (See Fi&we 3.4~1·3). These subopUoDS may nol be the 
most cost effective or use &hc 1Ieasc amounl of Ooor tpICC. 

l. SDC s,.m ~ AnalyJis 3-8 
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3.4.2.2 OptJon 2 

Hard .... ~ Atdutecture candtdate opllon :: is ponn.)-ed in Fipu'l: 3.01.2.2-1. 

AssumptIOns 

• Same as OpUOD I 

Key Features 

• "The pnly difference betwem option:: and Option I IS the we of. sm,Je duster for reconstrucuon llus 
SUlgie cluster would ba\'t 10 provide 100.000 :\-IIPs (1000 ~hpi for 100 e\'eQU sec) Tlus sinfle cluster 
rrugtu be soDlC1hana like tht Sipna ToucbstODC from Inlel which is to ddi.\"tT between ISO and 240 
GFlops sometimC's in the 2Dd quamr of 1992. 'The equh-umt ~IIP5 of tht Sipna for recon5tNCUon 15 
unknown .1.1 tNS tUM. The Sigma ~ill probabl), we Aft eaeuon to tht i860 proceuar chip wtuch can 
peak at 60 :\IFLOPS doub~ PftCISlOn. 

Another optIOn iJ the Vulcan tnc&tCh mach&Des &om 18\1. 

All of the above (iDc:Iudin& optIOn I) are :'\.11\10 tedmololin (mwtiple instNc:boa5 'mulhplc data) "llh 
ather sh.amI Or dinnbuted memor)". 51\10 (SUlIk instruction, sinfle data) is DOt approprulc for event 
reconstructIOn because it is noc a synchrol'tOw kd: step type of applicatIOn. For this talOn, lhe 51\10 
1lunlo.ng :'\.iacbinn Corp's COMectJon \1achines are aot COIUidrmI to be a viabk option. Also, th~ 
is a poSSIbility that tht I"tC'ODStruCtIOD clusters could be load balaDCed 10 do malyas procewDl dunng 
tunes when no reconstruction is beuia: doDe. 

Summary of ProSICoos 

- .... , 
- Cost compa.ri.son TBO . 

- Geneta.I purpose RISC proccllOn may bt more appmpriate than special purpose noalltll ro\Jl1 

..-'''''' 
- Cons 

- Pushina state of art tec:hnolol)· 

3.4.2.3 Option 3 

Hardw~ Arducectun: cand&dalc option 3 15 ponrayed in Figure 3.4.2.3-1 

A5SumpllOns 

• Same as option I 

Key Fc:aeutes 
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• The onl)' ddf"erenct between option 3 and optIOn I is che use or che disk array as a buffer ItIput to recon· 
stNCtlOn. In Uu.s optIOn lhe level 3 data IS sene to BOTH the helical scan tape system and (he dls~ 
ana)". The level 3 data on che disk arra~· IS then routed co lhe recollStruclion dUS1en \U che tugh. speed 
sv.1Ieh. Lewl3 data 15 never routed from the tape system CO che reconltructlOn du.sten ucept ItI a 

conun8'mcy ft'lOCh. Hena. ttus option W the advanlaF or no 30 minute delay ItI rllhna: and te\\ IZldlllg 
tape5 btf~ the Ie\-el 3 ct.ta ps co the ftCOIlstructaoa system. Abo. recolUtNCUOn proceUlftiiS not 
afl«ted by tape dn\"C £ailu.res. 

Summary or Pros. Cons 

- .... , 
- :-\030 minute delay 1ft gtuinllc\'el 3 data to reconstruction ciusten ReconstNctlon nOI 

affected by tape dnvc Wlun:s. 

- Con5 

- TOO cose tradeoff 
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3.4.2.4 Option 4 

Assumptlon~ 

• Same as option I 

l(e~ Fe.atu~s 

• OptIOn J ~s the disk array as In opllon 3 and the sangie recoDStn,lCttOn ciwter as in option :! 

Summary of Pros Cons 

- Pros 

- Cons 

3. SDC S)HCnI .... rdlllccture Anal)""s 3-12 

3.4.2.5 Option 5 

Hardware: Atcrulec!llJ'e candidate opuon j n ponrayed Ul Figure 34.2.5-1. 

AHumplions 

• Same as option I 

KeyFe.tI~$ 

• OptIon j uses dtstnbuled duJra altached to each chuter Ul beu of disk arrays. 

Summary of Pros. Cons 

- Pro~ 

- Cons 
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4. SOC Software Architecture Analysis 

The soc SoftWaR Atr:blCC1ure analysis results deM:ribed in this section wert produced wins Obj«1 Ori
ented An.I.IysU techniques dncribed in Sec:l1on 6.1. 

The major IOftWaR archatecture desisn goals aR as fo1Iow~: 

• Software Ln aeoeral should be nwnwnablc. efticiml. reliable. undcnl&ndable, reuseablt: and eltlen~ible. 

• Software ponabWlf and ialcroperabililY should support lechaololY uppadcs and multi· vendor distrib
uted mvironmenh 

• The U!eJ' mtcrfacc .i.th the software should be SUDd.vd and easy 10 use. 

• The IOft~ architecture should provide for I soft~ bus or infra.suucIure of SlIDdud KrolctS utilizing 
utdusU'Y standard componenls where feasiIM. l"he toal is 10 iDcur &he cost of common smi.ces 'glue 
eodt- only once and 10 promote system UlIeariry. 

The 5OftWan: :archnCClun: thould provide an environment or &amework which makes it cuy for physisis 
10 add or modify anaJysu code without reliDk of &he fntnewotk. Access to data by such anal) sis eodt 
should be via UI easy to use objecl quny lanlJ\lAF. i.e .• knowlcdg£ of mtcmal data stNcnms should be 
transparcnl. 

• The software udUttttUft shall meet all performance requirl:mmts. 

• Software shall be desipd Wllhin budgel and scbedule. 

The overall softwan: archittttW! model is viewed as a thRc layer stack Ln FiguR 4-1. 

! A~:'::;'nsttuC1JOn " ClassifICation 
·Data \-loniianDl 
·AnaI)'JIs 
,SlmulatlOn 

! Common Applacal101l Scmces 
·Ibd 

!S~~:= 
I -Systems ~1anqcmml 
I ·:"e1work Services 
I -Data StOnlge ).lanqemenl 
I ·0pera.tlt&1 System Semc:cs I ______________________ ~ 

Fil'Jl"C4-1 

4.1 Software Infrastructure 

The bottom two layen ohhe stack portrayed in Fiaure 4-1 eomprise lbe SO(IWan: irdrastructUft. The 50(1' 
""are infrasU'Uc1ure provides lbe software '''ue' which binds the S)"1lm110gclher into a ",-orltabie enuI> 

~ 

" ).: 

.r-. 

::'-
ll. 
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3.5 Potential Architecture Selection(s) 

265 

4.1.1 Services 
The appucatlon's ,-jew of the infrastructure is via Appliealion ProiP'&ID Inll:rl'ac:es (API) as ponraved graph
lCall~' Ln Figure 4.1-1. The anliapated lise of theiIC API's b)' the applic:aIIODI15 shown in FIJUft -l 1·2 

". SOC Soft.-ue ArchllCClure Anal)\ls 4·2 
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4.1_2 Standards 

.a. SOC Soft'f.·are ArchitKIUre An.al~sls 4-5 
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4.2 Object Oriented Analysis 

4.2.1 Data Storage Management (Event Topology Modet) 

4.2.1.1 Event TopoloOY Oblect Hierarchy 
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4.2.1.1.1 owenn.w: The E\-ent TopoiolY Object Hierarchy is the rcsultUlI model produced b~· .ppl~Ulg 
Object Oncnted Anal}stS to the problem domam of1he Data Storage \I~~t SubsYItem. II can be 
CJ;pmdcd to become a full Kale data base scbcm.a dunn, the desip phase of the Oala :\latYgemenl Sub
system 

~ 

•. ,;.-

r-. 
.\ 

fj 
"-

In order to effectively manasc the massive amount of data and timely deliver them to the end·users. the Data 
SIO", ;l.lanapmcnt subsystem becomes the key c:omponent of the whole system. SnpUaly. flcX1bwi~· and 
CJ;puulabililyare the key dri\'en for the OOA model which wiD be: euricd over to tbe: Oat. Storage :"I.I~ .. ~· 
ment Subsystem deSign phase. 

I{),I-( 
TMn: are twO major inter-obJect relUiomhlps to IDterconnect and amal~ obJcc1s IDIO .. rueruchy. the 
'\Vbole-Panl and the "Gcneralizauon-Spcc:ification- relatiooships (See FiI :1'). The ~Vbole·Pan- relationship 
is shown ""'lth a whole objea althe lOp. ~d then a p.vt obJea below. with a line drawn belween Ihem ... \ 
tnangle marku:lg dis1in,wshes obJCC1.S as fomunl a Whole· Pan relationship. Each end of a \\-'hole-Part 
nela110nslup 1me is marked ""'lth an amount Or range. indicatlll8 the number of I*"s that a '4 hole mas M\'e 
~d VK(: VffY. at ~y IJven moment ID time. In the Other hand. the "GcneralizattOll-Spc:cuhzallon- relation· 
slup is shown with a Generalization object at the top and SpccWizauon obrcc1 bc:low. with bncs drawn 
between them. A semi-Oleic marking distinJWshcd obJects u fomung • GeneraJizalJOn.Speaahzallon 
reiallomhip 

4.2.1.1.2 Bask: oat. SIOrwIt' ~ S .. ,...,.. Accessing ScanMios: The lUef of Ihe s~slem 
should be .ble to store and retrieve the even1 data by qUC.YUllthe I'oUo""ing ob)CCts (Flg.2f ...... 

• Event· All dat. related to • colliSIOn '{ . }..\ ~ 

Tracks - Data related to a eh.arJe paniele travenin, the tracbna chamber 

Ousl.en - Data rdated to EnersY depoSited on calorimeter 

Venues - Origin of uaclts Cither from eoillsion or particle decay 

Panicle Candidate· Tracks and clusten nwIe up of sipature of a pattidc: 

- Electron· one track and one E:'.I eluster 

- Photon·:-":o track and one E:'.t OUSler 

- Jet (Hadroruc Panicle)· 0+ tracks and one: b.adroruc cluster 

- :-":eutMo - -'liuang mc:rg)' 

- .\Ioon· Single muon track 
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, 1 - ~ 
4.2.1.1.3 NII.,..tlng Through ate Moctet(' .. .Jf1..{ ,.. 

" 2 1 , 3' fv.", OO}Kt' The Event ob;ect is the biJbeR k\d object whicb contaiDs all other (:olliSlOn 
related obJecu. The E\'mt ob)«t 15 also the srnallat unit which distinguish onc coUWon from the othen. 
The Event obJect contain attributes such as Event_~um.ber, RUII_~umber. Triuer_'wnber. elc. 10 
uniquely idtnlUy itself. It as also an aarepte ofTndt. Vertex. Cmdidatc_Particlc_Buckcl and 
Clustet_Aurepte objects. An E\'eD1 object is created wben the fint piece oftbe raw data IS collected and is 
updated dunn, the Later anal)'sU phase when more infonlLltioa. about the event IS pthem1. 

" 2.'.' 3.2 TopOlogy Ob}«ts· The topology objects 1ft those c:raIed by the reconstruction and classifica· 
lion alaonlhms. Tbcsc objects aft related to data which IS output by the detector, or in another ,,·ord. ltun,S 
thai can be !!em by the dclccl0r. There aft three !Urad oftopolo!Y objects in our cumnt model, they are 
Cluster, Track ud Vertex object. 

• Clwter 

The Clwtcr objed is an qreple of Eye Ouster ud Hadtonic_ OUSleI' objects. This object is used to 
classify data "'hich is produced by the detector calonmeter. The data tdated 10 lhis obJect is energy 
infonnatlOn. The attributes or this object aft Tota'-Eaeqy (sum or EM_cluster eDeI"JY and 
HadroTUC_Ousta Enerzy). Sumber_oCTowen ('i or lOwer bit by the dusler), Shape (shape of the 
c1u:lter) and Position (poSltion vector oflhe chaseer). The E:'\.,-Ouster ud Hadronic_Ousler objects are 
parts or the Ouster object because the E:'\.t Ouster LS the eDCrJ)' detected by the Sirip Chamber wtulc 
Ihe HadroTUC_Clwter IS the eacrlY detected by the outer pu'l or the Calonmetet. 10ICther the) make up 
the Chwer 

• Track 

The Track object is used 10 classify dala in the Tnckita. chamber. Tracks In the detector could be 
muon tracks or Ofd&nary lncks. A U"Kk m.y consist or aevaal xpnenu. Since the track wpnenu ma} 
not be of Interests 10 the wen who aft queryina the data hue. we do not include them in the model 
The Track object has attnbutes such as Alp;mthm_ Vcnioalt, Poiatcd_ To_Tower ( the Calorime1er 
tower addreu which the lnck IS pomtUll to), PoUbOO ( position vector of the track). ~mentum ( 
momentum vectOr of the u.:k) and Track_Type (e.,. a mUOD u.:k) 

Vettcx 

The Venn obJect is the kind or ob)ut lbal records the point where tracks aft oriJinatcd. ThCf'C are two 
kmd or verteus. The primary and the secondary "W:ttcx. The primary ooe is ercarcd by a p&rtlCle colli· 
Slon wbile the KCODdary is crcaIed by ".nidc decay. The Vettex object bal the foUoWUllauributes' 
XYZ (coonlinllte In spK'C), fI_Tracks (,. of track CODDCICtcd to thas ve-rtex) and Is_Pnmary_ Venu (tNe 
Ii thas \·ettn iI a pnmary vmex). 

" 2 1 1 3 J ArxI'tgatlon Ob}«tS: Agreption ObjcctJ 1ft wed to pup the tamc Iype: or obtect instances 
~"}UCh have SUJUJat chanacristics toFlber. In our tunall modd, there is only One agreption obJect· 
Clustet_Agreptc. A TrKk_Agrqalc rnay also be needed. but il is not clear at thas POlDt thc useful.neu of 
it The Clwtet_Agreptc object IS used in this model to poup aU clusten which aft classified by thc same 
al80 rilhm 

" 2. 1 1 J" Pamc;l. Conn«:tlon Object. The only t)-pe or pvtick connection object in our model is 
Candidate_Partack_Buckct. It LS wed to pup all topoJoty abjccts "'b,icb haw: signalure of a certain lund of 
particle. For c:wn.pk, aD dccuon in the dctcc&or may haw: ODe trKk. ud one E~t Owter. An electron 
rmdm8 algorithm found the track and the E~t cluster, bmcc a Candidatc_Panicle _Buckctlnstance is crealed 
10 aroup lhe lrack and the clwtertoFlherand 1l\'C a value ~D· to the atlnbutc Patticle_T)-pe. 

4.2.1.1.4 SUI'ftlftlry: The OOA modelina process is &II c\"D1vina ODe. After 1C\'Cf&l itmtlOn \\"C havc sun· 
phfy II do\\n from aboul :zo objccu m the lint an to the CUlftQI OQC \\'hich has only eiJht objects. Alons 
the way, \\"C have Jeam a kn about how a ph)"Sic:ist do lbcir "'wi.. A conunuinl perfection of the model IS 
expec:ted 

4. SOC Sofill'&re Archll«ll,Uc Ana')sos 4-7 
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5. Performance Modeling Results 

5.1 Model Topology 

5.2 SOC/SSC Computing Node 

5.3 Remote Centers 
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6. Miscellaneous Support Materials 

6.1 Analysis Methodologies 

The Soc System Atdutccture analysIS results described in SectiOD 3 wett produced WUI.& 18~1 FSO"s 
System ArdutectUTe Dc\"CloprDmt Process as p-aptucall)' ponra:-"ed III Fi~ 6.1-1. FIf'St, ~hztK1u~ euJu· 
alion ctl.lma""~ de\-eloped (See Sectwn 31). :'\1::11. the s~slem ~uutmentl. in the SOC Proposal Com
put1Jl8 SectIOn. ,,~ analyzed and catqorizcd inlo the (oUo".,in,. 

• System le\'cl components (see Section 6.1.1) 

• System pcrfOrm.ulC'C requimnenu (see SecttoR ).J). 

Fmall). candidate ardutectures "~developed (see Section J . .al and uadc-ofl' b&Jcd architecture selections 
"-ere made lsec ScctJon 3.5) usUal the C\'aluauon cntena. 

The S)'ltcm An:biteclure provides. top level view of the ovenll SOC online and offline system. X\'Ctal 
other \-it"'! of the ardutecture are needed to complete the aoal!!sU. The5c an: pro\idcd in Sec1lOn 4. Soft
ware Atdutecture AnalyslS. The soft.-are infrastrucnu~ IC1'Vices and standards Ul Section 4.1 pro\"idcl a side· 
ways VIeW of standard sen'ices ~uftd by aD application CODlpoDCllls of the SOC t:Omputin, model. 
Section 4.2 proVMb an object oriented view of lbc Data Slorap :\Ianqnnm.t Domain (Event Topolog)o') 
This model was developed usinSihe method described in the book. Objea Orimted ADaI)'1is. by Peter Co~d 
and Edward Yourdon, and usina the OOATool (T:\') aaalysis 1001. 

6. .\Iiscellaneous 5upporI .\la1eriab 6-1 
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6.1.1 System Level Components 

'.1.1.1 Function •• Dom.lna .nd Sr .. em Bound8ry 

The foUowing ate proposed £unctional domains. ComPODCDIS of each fwtctionaI domain are listed with I'd· 
erences to the SOC Proposal Computing Section in pucnthesis. 

Data Rewnstruction a. ClasaticatiDn 

- Run Control (9.u) 

- Run SetUP. Coniia. Chanp Between Runs (9.2.b) 

- Rewrdinc Level 3 Output; 20 Streams + cxpressline (9.2 .. ) 

- Ca.libraUoo Semces (9.2.b) 

- Record Run Coniia., Conditions a. Summary (9.2.b) 

- Prepan.tion" ~.JDI1. of Event Sucams, Poob (9.2.c) 

- Realtime Fun Reconsuuction. a. 2nd Pass Rccon (10.2.1) 

Data ~Ionitonna 

- Detector Performance ;\Ionitonna (9.2.b) 

- El'TOr Detection" Alarms (9.2.b) 

- D1aJPOstic Services (9.2.b) 

- Evmt Displays; Quick Look at Espress Sttum (9.2.c) 

- 3-D Evan .. Deteetot- Viewinl With RT Rotat"='n (10.3.2) 

Dala Storage ;\Iaaapmcftt 

- Raw" Reconstucted Data Archive (10.2.1) 

- Random AI=c:css to SOC Data £Or Analysis (10.3.1) 

- Data Base Access via Keywords, Query Procedures (10.).1) 

..,. Sequcatial. Ac:c:eu to Any Put of Raw Dr PnxeuecI Data (10 . .3.1) 

- Distributed Data Base (10.3.1) 

- Fast, ;\'tedium a.1..ona Term Oala Storage Acceu (l0.3.S) 

- Dtstribut"='n of DST Docummwion to Users (10.3.6) 

- Fun Time Data Base AdmiDisIrabon (10 . .3.7) 

- 0.... ............. ( •. 2.<1. IO.S.4.1) 

- Storqe Hierarchy (IO.S.1.2) 

- FiIe.t Modia ;\Iaaapmcftt (IO.S.4.8) 

ADalysis 

- Intcrac:tive Oau. Ana)'1sis DispIIys (9.2.c) 

- Desktop ADaI)'sis WorkstatioDS (10.3.3) 

Reduced Sample £Or Repeated Anal)'sis (10.2.1) 

- Fun AnaI~ Framcv."'Od: (9.2.c) 

- Add Cset AnaI)'sU ~Iodules Without Rc·1...ink (10 . .3.2.b) 
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- Rqaooal CtJUtt :\nalysis (10.2.2) 

- Loc:aI. ~[utIOD Anal)"SlS (IO.:!.J) 

- Gun1 RoutlMS (l0.S.3 .•. 1.2.5) 

- FunctIOn Filtml (10.501.6) 

System Servicn 

- StaDd&rd l"ser Interface. X·Window, Oll (9.l.d, 10.5.42. 10.3.3. 10.5.01.2) 

- Recoven.bwl)· (9.2.e} 

- Expert Systems (or Error AnalystS, Rcco\-cr,' (10.3.7, 10.5.2.3.3) 

- LA:o.: Suppan.. Standard Prolocois (10.4) 

- \VA:'\" Suppan (10.4) 

- CommunM;ations Aids (10.4) 

- FUr: TwWer (10.4) 

- Ylachine lnckpendena: (10.5.2.4) 

- Parallel Processinl (10.5.4.7) 

- Kernel OS (10.5.4.3) 

- Interactive A Batcb (10.5.01.4) 

- Rnounz ;\1anaprncnt (10.10.4.5) 

• Simulation 

- Tape Playback (9.2.&) 

- Sim Data Generation (lO.2.1), Geanl Routines (10.5.3. ... 1.2.5) 

• Software Development Environment 

- Code: &; Library ~1 (9.2.d. 10.3.7, 10.S.3.c) 

- Sy5lem. :\Iamwnabilily (9.2.e. IOJ.6) 

- Software Distribution (10.3.6) 

- 10 Yean or Software Vmiom (10.3.6) 

- Onhne Help (10.3.6.10.3.7) 

- CASE Tools (l0.5.3..a.1.2.4) 

- Software Devdopmcnl Process (10.5.3) 

The foUowinl SOC Proposal ComputiDa 5cctJOD mruiMDents bdp to dc6ne thc system bouocLary. 

• Online task env. (9.1) 

• 0rWnc data 0\IlpII\ to otnmc aDah"1is (92.a) 

.. Can accept and toa: data £rom sounz other lhan Iv3 (9.2.a) 

• ComputinJ at $SCL (10.2.1) 

• SOCSSCL analysis facilities· 4 rqionaI centres (10.2.1) 

• SOC relPOnaI c:en~s (7) for 1IW)'sis (10.2.2) 

6. \liKdlaneous Support \Ialenall 6--4 

1.1.1.3 EJlt.mal and U .. , Interfaces 

The follo \Io"UlJ SOC Proposal Computtnl Section requimnents identify encrnal interfaces. 

• Acquuml and Im)nbnl eveDt cilia (9.2.a) 

• AcquinnJ and ~. non-n-eat data (9.2.&) 

• Acquinnj: and rccordml calibration data (9.2a) 

• Tape play back of ruJ and SI:\f data (9.2.1) 

.. Expenmcnt process momtor is localion indepenIimt (9.2.a) 

• AI Icasl one data morutorina: for each sub-deteclor (9.2.b) 

• Interface A ~latlOnship with other subsystem (9J) 

• SOC ~lIonai centcn (7) uuetfaa:s. (10.2.2) 

• Loc:aI. &nstltUtlOlU UlteftaceS (10.1.3) 

.. 0fIhne software distributJd to user commun.ity (10.3.6) 

.. HDST \VA:'" diSiribwion Wn.ttabon (10.3.6) 

• sw distnbution centralized and coordmated by SSCL (10.3.6) 

• Remote X-term or workstation access to otnmc sy11CIf1 (10.4) 

The foUoWlni SOC Proposal Computing Sccbon requirements Klentify uxr interfaces. 

• Run control can be run by two semi·skilled pby1icist.s 90"_ (9.2.&) 

Experiment process manito!" is 1ac:ation indepeadau (9.2.&) 
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SW auto com~ data WI historical conditions and flq ~s wiD be available (9.2.bJ 

~Ion: than 5 SlallOlU for iPtcrac1iw event display (9.2.c::) 

:vIcre than 10 stations (or intcrKtive data dUplIy (9.2.c) 

• t.:scn dew cvmt sclccboo critena to create pools (9.2.c) 

• Pools shared by > I user (9.2.c) 

• Oynamac linkinl of wet roUDbnes into nlllanc sysaem (9.2.c) 

• Code manaaenxnt, data ~t, Gt:1 (9.2.d) 

• Rcco\"ef"bibty, Operability, ~tainability (9.21:) 

• 2nd pass reconstrUCtIon (10.2.1) 

• SDCSSClmalysisfacilitits(IO.2.I) 

.. SOC n:ponal centen (10.22) 

Loc:aI. lDSbtutions (10.2.3) 

• Query proeedure (10.3.1) 

• Suppon 3·0 tvmt detector ftYicvoinl with rnI. time rotatioa (10.3.2 

Standard t·1 for all plufotms (10.).)) 

• Standard Gel (10.3.3) 

• OnIctop Wi Mlcast X·tcnn functiorWjly (10.3.3) 

• Oriline help and docl,lnmuation (10.3.6) 
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• loc3.llllsllIullOnS" 10 .... ·10 mid· r.ltlF .... otUtaliOlU (IO~) 

• Software for ol1hne computtag will be wstnbuted 10 wer COmmWUI) (10.36) 

• (·)OSTs will not be a\·.ulabh: \u WA:" unkss ... (10.3.6) 

• SW dIStribution crnualized &; COOrdinaled by SSCl.(I0.3.6) 

• .-\lJ documert~uon for DSTs &. ofl4m SW a\·wble on HEP \VA:". 

• Offhne networlanl Indude ESSET and ~FS'SET (10·1) 

• O~e nelworking 10 fomgn countn!:s. (lOA) 

• Remote X-term or worbtallOo access for interacti\"C file xfer ... 

6.1.1.2 System Data Seta 

The {OUowUlg SOC Proposal Computln8 Secuon JeqwrtmenlS idcn~· 'rstem data SC1s. 

.. > 20 Streams of htDt Data (100 HZ of I ~lb)1C events) 10 pmnanuU sto ... (9.2.a) 

Express Line Event Data (1HZ) Dlrectly to Of!bnc Anai)sis; 10 TBrtt·yr. mtuctd to 100 GB H. pmn.a:. 
nent storage: (9.2.a) . 

'Son-EvtDl Data < 100 KB~u sec to permanent Slorqe (9.2.1) 

CalibratIOn Data 20 ~IB)1e + Local Cab in OAQ A Subsystems (9.~.a, 10.3.5) 

Sill!. Dala (9.2.1) 

Simulated Data (10.2.1) 

• Detector Performance Data (9.2.b) 

ConfipuaUOn Data.; 400 :viR (10 \Vords:ChanntI) (9.2.b) 

Error Detection &; A1ann Lol (9.2.b) 

History of Recent Contil. A Run Summanes (9.2.b) 

Raw Data Arduve 10" IS BYles·yr. (10.2.1,10.3 1,10.3.5) 

Reconstructed Data Attiuve IO"IS Brtnl)T. (10.2.1. 10.3.1, 10.3.5) 

2nd Pass Recorutruclcd Data (10.2.1) 

• Reduced Sample for Repeated Analysis (10.2.1,10.3.1) 

Regional Center Data Base (10.2.2) 

• Loc:aI. Institution Data Base (10.2.3) 

• Code ~lanqcment Data Sue (9.~.d, 9.2.e, 10.3.6, 10.3.7) 

• Onltm: Help for Software (10.3.6, 10.3.7) 

• ~ttonforOSTs(IOJ.6) 

Sto .... \Iodel (10.5,2.2) 

• Ten Editing, Gnpbics.t:. Sprcadsbeet Data (10.5.2.3.4) 

• Central BuUetin Board A ~tail Semce (10.5.23.5) 

CASE Tool RepoSl.tory 00.S.3.a.I.2.4) 

File A \Iedi.a .\Ianqemenl (10.501.8) 

Resourtt' .\Ianqement Data (10.10.4.5) 

Penodic rtVlswns released (10.3.6) 

Otstnbultd to wer commwuty (IOJ.6) 

All documentations for DSTs A Ofthne SW available on \VA~ (10.3.6) 

• Online help for SW (10.3.6) 

• FuU time OBadminttamal SOC (10.3.7) 

• Onhm help and docummtallon fOr aU part nfolfhDc (10.3.7) 

• Help &: conswl&nt on call plus possable expm s)'1lem.( 10.3.7) 

• CommurucallOD .,ds (lOA) 

• Remote access for Interactive fde xftt .... (10.4) 

• Gt'l and conunand lane Intmaces (10.5.1) 
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• Gl'l, Ultenctivt I·F. t:Apert system, teXl ediung, $prAd.sbcct and caural bulJe1iD (10.5.2.3) 

.. Provide IIVV with IoIXCSS to dem. tools (IO.S.3.a.I.2) 

Cast tools mruimncnts (10.5.3.1.1.2) 

• t·tWI)" SW (10.5.3.a.l2) 

• File &: rntd&a rJ'Ian&gemmt System (10.5.4.8) 

• Resource management (10.10.01.5) 
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Tbe SDC DAQ i, part. of aD intecra\ed detec"or IYltem comprised of •• lMys"eml "bat 
provide detectian elem~all, front ~nd electronic:a. tric~r. DAQ. online computin,. 
aDd tknr cOll"ro1. Fi«.~ 1 Ihenrl a bkM:k diap&m of th" fua.cUonal comPOOeD.tl of 
tbe DAQ and bow th~y are ("onn~c"rd to the triller. FEE. onliM computin~. and 
alow controllub'Ylteml. BefoH' d"rribia~ tbe functianality of "b~ DAQ rompon~nu 
(Iection 5). it I~ uleful 1(\ fin-I des("rib!' tbe assumptiDnl m&de by the DAQ ~,oup 
relardin! the funcllonalny I ",("lIons 3.1-3.4., and ICDpe \Ie"ction 4, of th~ lublYltem~ 
cannertrd to the DAQ. la addiliDn. we p,ewnl A preliminary tet of delip par .. met~'~ 
,~I~vant 10 DAQ desi@::n In $,,("Ilon 3 .. =' 

3.1, TR1GGtR 

Tbe primll::' fU:lrllar. 0: ::'e ~::g;~~ t~ 10 ,eie("1 t't'er.t, ior perma."t'r.: re("or~::; ~ha1 
are nmed far ~hc offline pr.~·slr~ anai~'sis of tbe experiment. In addition. tho: tnUer 
s~l"n~ t"'e:tt1 !o~ le'l;n;. ("a.:;~~a· lor .. alld mon:l(\rin~ rHl~~O""" ant: ?:-(l"idt', t::'e ~alin; 
lopr nmed 1(. throttle tht' -:'!S~~:- 1(1 preyen' -:lalli 1M! 

Trigler knl! 

1. Tbe :riuer seiff~ior. i~ :::ad'!';t 3 Le'·ei~. 

2, A Lr,.ell aecept' reJect tn!.!er decision lS m&d~ for each be&m crossin~ fouowin; 
a fixed latenry tim'!'. 

.... A Lt"',d 2 accept ,e~ecr :::.!!"r cierilion if made fDr ~ach L~,'~! 1 acc~I fo:u?"o\":n; 
a YariabJ~ Jatenr~' I:':::~. L'!'Ye!"2 acr~t rejec: dec:sionf a!,~ t!'!'ued in t!!'" ~l.::l" 

oruO!r a~ L""'!j ;. arceot ~ . 

.\ :'~':'!:., 6..:-~e::· :-~:~:' .::::!~; 6.e~:!:~:::! :-::Aci~ :~~ '!a,:: !.. ... :~: ~ a~r~:-' c.: 01.:' 
v: :.ie aa:a ?ro("'!"!I'!::t. ::e~:c·:mea on daTa now;r;., ::lrou~r. ::.O! -:'AC:' 5C::"'··~:~;:·. 
ir,: ""'e::', lIr- .. O"·~·: 
':'t':-:::ane-=:' "tJ:a::'" 

:!':I.r.~~ Innut! 

5. Lf>",!,! 1 :n,~e:-! c,:,·!.::-. ::-.0::: :&?~; c. .. :a ciJ:-~c~:: .. ::-?r.. Ine fEE ;ntiepe::c-en: 0; 
:h" DAC; 

6. L""~i 2 lri~!en ca:. e::.;;e~ 0:1.6.::', :ne::- ;:r.?u: ·.ia:e l:.ce?e:-.c.t'!'.: 0'- i!le :. ~,.:{ o~ 

u, ... ~he DAQ lftte:ia("t' " .. :~:. Ine fEE tc. co1ie<:~ dala. 

Tn,,"!'r Outpl.l:! 

8. Tne Inue! and f)!' a!~"c:t!e~ Kalinr 101i=1f "'ill ~ ... ool~· all fa~I t:iU"e~. ciClr!..lI.Qc 
cor,::ol·!;~nal' la :::~ :-E;: "-
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1. Introduction 

Th~ lOaI of tlUi don,men" i. "0 apcecify "h~ paetal ,"".Ift of "h~ SOC D.". ·Acqui.i. 
"ion (DAQ' lub"Yltftll. d~fine "he relatiDn,hlp be'Wft'n DAQ and oth~r subsysteml. 
and chart the eoutse for future d~nlopment of "h~ DAQ .uh.Yltem. In dnelopln, 
thil docume~~ ... " hu" tried to focus on the broadn de.ilD "quinm~nh and fun("
tionalsp~rifi("ation$ . .-hile a'"oidin~ detail~d discussiDn of tb" implem~atation of thelt' 
requiremen~~ and ,pecifi,caliDn~. The detaHrd dni,n of tDe DAQ i" to be compieled 
at a later s:a~" In the DAQ d~!'i,:n cycle lS~ aectioll ; '. 

DHi[tn r~(I':;remenli for the DAQ lore described in section ~. Th~se ~quiremenu are 
t'er~·l"ene!'a.: ::. nalur" ana 'lII,t" the ellefttlal requiH'r:t"n~' {or th" SDC OAQ .. ·!thout 
r,,@:arci 1(\ I::::.?:ementauor... Toe next tWO "enions aelc!'lo" tit" iuncuanality i~eC:lOn 
~ I and sc,,!'- ~"'CT1(\n ~'&!'l'umrd for th" sub,ysteml' W'hich are interiacrd to tbe DAQ 
Fronl En': ~''''~~:C':::C1 i fEE. T:'1I"cer. Oniin" ('om't'''.1UIlI. and SloW' Conlrol. .\ ~". 
of prehnur:i.:-'· ci.,,~i~n param,,'f't!' i~r the DAQ il m~luaeci In I~rtlOn 3.5. funrtlonal 
~p"rifir.tlo:,! fo:" :he YC;Ob.! I'AQ componentl anc ::lte!'iac~ la otn~r .ub!~·'Iem~ 
are cie!crl:;oeo: 1ft lertlon:. 7:1e junctional specifi,ca!ior.! .... hi;" Itii.: qWle ,enera;. 
Ipecify arc!L;tectural chaice! a."ci DAQ functionality CnMeD. by tbe OAQ ,:rDup to 
:ttlDiemer:' '~.~ ae!l(ft reqUlrern~r:u in "erllan 2. 3Ylle::-: i.,u~! tbat apply to th ... 
D.~Q a$ It. ·,\·~-:.i" a:-e ciiscuu~ci in lection 6, includin~ da~6. inte;:-ity and pa:t::lor.:n~ 
reqwremel:~; 5ectioa;- ~!-cribe~ the functiouality requind fa!' th~ portabie DAQ. 
a smal! su.:'" DAO ~\'''em I., be nled for ~I~ctronl("~ ~~"nem lestl, I~St beart;, and 
detector !-:':~';::"$Ie;' ~omtIm,:onin~ Ftnaii:,'. the DAQ <iell,n c:"cie If de!'rribec I!' 

.eCllon ~ 
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4. Data blocks will be WIlt t.o "be DAQ i. "It~ Mate .... n.Ctr .. Lnel 2 a.c«'Pu 
are ftCei.ed 10 "bat dat.a hlock. in "h~ DAQ are ordered accordia.I "0 cronins 
Dumber. 

S. Each data block will hav" a common format lor all det«tor laba,..t~ml. Th" 
formal will incJud~ t&f:' tbal allo'" ch~ckin,: if the data II cDrrectly .... ocialrd 
with lhe f>'"ent, Data hlock~ will hue a bed chaDncl ord~rin,. 

6. rnQ~r normal runninJt rondillom. tn" ~1Z"," oj a data block hu a .... "U defi.n~d 

,. Th" FEE may ule the DAQ dala path to ~end data to the Lev~1 Z tt1~r:"'~ 
pro"Ided standard DAQ p,otf)~oi!' aN' uf"ci;. 

~. A d"'fftDr ("omponenl ma~' !lend """,,r pa,tla.: or compi"I'" e,'"nt InfotlUallOr, 
I'" tn" Inl,er suo!'~·"em~. Fo; ~.rlla! ,,"'!'1'1 ::-ansfeu. lht' FEE mu" ~"nd ~n. 
~':'!'!l' nata I" tht' DA~. For rortl:-:ele e"~~' ':-an~fen, tne trtQer fub.y~l"''' 
may pas~ the e"en~ daill. fo: lha: ':(,Oll)oCe!''" '0 tht' DAQ These rule~ all,., .... 
F!:£ ci~"l;:t. 1hA' 1ra:H:'~· a:: ""~!".' -.:a ... :·.'::~\l".n&; a L""e: : a("r~p' anc 6.-, ;," 
r'~'="'la~ L~\"~: Z buff~n:'1: 

9. Th,,:,~ W'ill b~ a ftandardlud ~ ... C't cantrol 'i!!!!'!al! pro"ided 1(\ th" FEE ny Tn" 
['AQ and ~ri~~!' fUo,:$1~.l' 

10. Earn FEE "'ill pro\'loe :ne t.'ACt compi"t" e'·ent data for each k"e! 2 .. rrep· 
:' ... ("~:,·"d h~' th~ FEE .. ~mtu£'u:lIe~ IhaT .·auld relult £rom mar~ than on" tn@:,e~ 
.......::~In Ifle H',oh'm~ '::llt' of a aele("lor rom~onenl ....... it; be r~!'oh'ed D~ elln~: 

~upprl!'lIin.@: rio."jy 'paced Inl!,eH anc Dr re$olnn~ surr. amilt@:ume! Ir: ::.-
FEE: :.~ .. n(\ m!l!'rl~c ",\·,,:tu 

::-.'" '":::.::e ,".;,:.~~.,,~::: "'::': :-'"' ~a:,a·:·:e ,,': a:~~?·;:,,~ e"e:::! ::-or.; it -:!.~:~.: 

!c·..:~reL i:-.ciutii:;., tn~ r-A·~. ~:"nl:~ :n~;a. a:.,: netwcrit <:,o=-,nertlon~ 

: :-.e ?n.:!1t' 'UOf~·"e= ....... ::: ~~ ca?a::."i" oi .lDI;'::'; ,,'·enB ~o II ?ermano:nt l:oru'"' 
::-.~~;G a: ~nt' mL'U!:".".U:. :',!,'·e. ~ :::Cl!'!'~ ~a'e. 

J •• : a:'ora:lon. mor-IIO;. ("on::-o;. anc '!':"ro: :~;(':::.c.:10:: \\":~ OO! :1Os;:~ea :0 perman.~· 
!:0~a.C~ a! ne"cec: 

~,. T:." nt-i!!!_ '::O.'~·!'I'!'::;'; w.':..: ,,~n:':~" :.:I:!. : .. ,~: :-''':;. r('t.:~n: ~', ... ~ .. '!'x:,":;:n":;' ,,:-'~ 

a.·'·· .. '1'· "X:>-"'=:::l~:.·~' .... r,,::·:(,. :'~ ..... ''';',~''''1' :(lra::"~, 
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R.vilion History 

This i. thr firttt 'fenion of the Data Aequitition Ofliln RequiRmeDtl aDd FUDc
tional Specification. Doeumcnt to be p.-en feDeral circulation within SOc. Several 
earlier druu were eirculalt'd to members of the data acqwli\ioD. tril!@:er. and front 
end electronics ~rou'Pl and discuued at "anaus data acquisition and coU.boration 
m~tiD@:5. Thi~ rather extensj\"f' reV1~~: hu allowed m&D~' helpfulsu,reltlons 10 ~ 
incorporated a.nd led to a document .... -hlch v .. ~ Delie,-@' repre!lent! the broad ('on'enlu~ 
o(the data aequi,ition croup. rndouhtedl~. ,here ale ItilllD&DY ateas where further 
improvements could be lDade. It is our in'eDtion to update aDd ammend thil doc
umen' &1' nff'ded to refl~1 OD@:OID!f protE-r"' in desi@:D and connrUC~lon of the SDC' 
dA.l& acqwlilion lubl~·lJtelD. Pleate tend comments or su,@:f'st10as ia: impro"emellt 

10 PARTRIDG1ItBROW!'1Y~I. 
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D. The triQer nMYSHm i. a detector COIDpoMat that seneralel data ulOCialed 

witb each neDt. FQrthef1D01'e, deteclor nMYS"'" that tald clicitised "ut 
data. to lbe trilcer may rflIuirt' tbe triller \0 fonrud the cla&a lo tile DAQ. 

10. The triQer lubl,.tem wiD Hnd alI.uch ~at data. lo the DAQ uliDlllaDclard 
DAQ formall and prolocols. 

TnCII!'r Galinl LoJic 

11. The Ia.tine lo@:jc SUppl'f'!"~ In~~en when tht'~ i, a DAQ or FEE condition 
tbat may lead tD data IDIS. sUl:b as imDUoeat buffln Oyerilow. 

'., The ,atin~ lo~ic pUI".!I L""f'i I ac",ept ud iA-vel ~ aceeptr~j«t lipa.ll 10 Ihl!' 
FEE when the expenmt"nT I' aJin·. D~adllme i, introduced h~' either ,upp~sin' 
th~ Lnel I accepl li~nal or con"erhu~ Lnel 2 accept IIpalS LO Level 2 reje('~ 
"~nal,. 

..... The IF.tin~ jO~l( mea.lurf'!. ~he Qf'aC~l:ne for thf' expenmefl.1 aDd no Dlher com· 
ponf'nt 1s perr.":l1ed 10 ind .. penoentl:· in::od.uce deadlime 

• "1 The I:allnl: Inr:( .. :ill ... ·orK "'·lIi. :he i~:l!.!ual""" Dlonlio: H, pro"'ide th~ tn· .. · 
time ~ated luuunOlity. ;\Ote Ula: ~hl!' lUIDlDosilY .-ill nr~' amon!- the macbine 
bun chef a.no m.~· nffd to toe rI"CCt:-de,; ,<!'?aratej~· ~or eaC'h bunch. 

:"). The DAC( will lupply Ih. ,atln~ io~.:- .:-ith bu,y li~na.1~ u nH'Ci~a to oele(" 
conditioDs lhat may lead to data i~,. Once a iA-yd :2 accept il illued 10 tile 
FEE. the eye!U data will De .!Ier.·:co ~h~ seieC'Ieel Le"el3 prol:nlor nodej~ and. 
if acC'epled by ~he Len~ 3 Ifl~''!':. ~~ io,,~ed to permanent slora.~e. 

Tn'!' ~atiD;: iOt:lc may Ulm: In!" :-.. :.;.:-::-:-er 0: tri~~I!':-f iuul!'d in a p.rticula~ :lJn~ 
!nte:-"I.l o~ ~ne n'.lmb~: oi L.\·e. : .:,:~;e:,~ ?enci1D~ a Leye:? oeollor. ta ~reYl!'n~ 
ouf.c: o,·~:f.o"" :n tile t:'ar.· '"'n-.: ~'~"'-:"!l''''.' 

Th~ Ila::~~ :-:.=:- :nTe:-ac'~ .... ::~ .. ~ .. ~,:!!:,=-:a='l in'~!iac~ ~o Slat! .nr:! c:,,-= 0':. 
"ucnc 

:.-.'!' FroTi~ Ene. Eiec:ronln fEE p':'0';:6~! !he DAq 't1~h ciJ~J1ized OI!'!eC10r 'lp.:a 
~~'?on'~ :0 :!'1,~e, a{"epl! 

De~l!'ctot ca.:. :~i~\· .. !:~ :c ill. ~i,"~!: ~ .. a~ c!,0~.!I1fI~ :~ .!lIMed b~: .hf' FEE I.::.::i t!l~ 
Lf'"e: : ::;:;'"'= <;.ec:.!'i,,:. :t:= ~ha' -~c..::-. ''':',:,!~ml; :~ !,~"''':\'~d 

~;~:~~~~;~~I~:~Ci~I:~C~P~~~~~e~~E 1l";: C'onti::::e ,co' Hor~ JUC'h data u~~;1 a 

.'3. Fal101l"lD~ a Le"el ~ accept. Ihe FEE. w::.. ~enO b.ock~ Ct: cia.ta. to the DAq Ihat 
cO:::&ln~; cia~a ~ei~\·.r.: 'r. th~ t:>'!'iI.:':.. -:-:'<:"~!IfIS; ~ta.: ~ene:-a.tec toe Le\'e!:: accep:. 

2. DAQ Design Requirements 

The asenUaJ function o( the DAQ i. LO mon ciau. &om the frenal aad eI~LtoAica to 
permanefl.l stora,:e in response to U t'\'eDl mf'f:llDI tnuer coadltions. 1n addition. 
the DAQ desi,n musl I&tisr~' a number or more IpKific desiln rflIui~meDts: 

1. The D.o\Q mu~t maintain tbe inlet:rily or the data. 

_. ["eats must nOI ~ jOlt or rejened b~' thf' D.o\Q uc-ept as a mult oCa tri~,enn~ 
dec-islon. 

3. the DAQ mu~~ not lo~e e\'ent dala ucept (or occasional dala lo,~ in certain 
FEE channe;~ W'1.0 exn'pll"nall~ hi,:h occupuci~ or a~ the rnull or .. ~.~ .. t 

... The DAQ n1U'; employ a 5exlDIe pa:tlllouln~ scneme Ie. ~lio\\" testin~. cal:bril 
tlon. data ta.iur.~. &ric. OeH'rtor comnusllon.:n~ In PU~!' ..... ·lIb muumai !nler· 
ference . 

. ). RobuJt cor-Iro: and monllo:-:n~ 0: D . .l,,::" o~rauon muST t,.~ pro\'ldl!'d 

6. The DAQ mu~~ pro\·jQI!' ia, ~rocnsinJ; 0: thl!' e"ent data a: well dl!'fineci pCt:DI~ 
in the data path. 

The DAQ :t:.u~~ ?:'o\'icf" r.:~h.;~\"<!': nu::-;a:: :nte:-face wi::: 2. \·enatile. unlfo:m. 
and ea.s~· 10 use ellnronme:\: ior contro; and monltonu, of DAQ operalia:. 

S. The DAQ m1:.!7 be r.loouia: and h"'e we!.: deftol!'d interface! aad fUnClionL.:\lef 

p. Pro"i:,ion mu,: De made 10: sut:o~:it;;::~n; Im~ro"ed dl!'si,m ud or new :ech. 
noio~ll!'~ u ap?!opna~e 

.0. Smooth up!:aci~ pathf tIl":'!' LiC> ..... :.:>: • !'.~ a.caItIor. of cr.a~neu. aelecto, cam· 
p"n~:\tL t~III;~~~ ·.:n:a. an"'; ?r('-:-~!::-.<; ".~::!~:.:! 

!'~~ DAQ r::-.:.~' :"~ Ka:a:,,~ ..... , '- ••.. : .. ":'a;.t'~ ,,~' !:I2.;'':w:'::~' ~='IC :"~f',.:o:! .. ! Co ""'D' 

~O~ :r,c:eas;':-,I: .:: .. !'.:A':. =.":.:'r.::'- ., -~ .. ~, ':: .. ~X~~C'!,,: ::-a~~~.,:: :.a:~·.'·2.:" 

__ . Tne DAQ :r.~!' :-~ ;e~:a.t-;· ,eua:>.e. ::-... :::a.:::la":>.~. a.r,c ::.co:porate :al.::· . ~i~~ 
anCI!' . 

..... DAQ sub~~'sle!!:: m~~1 , .. 2.·.·.ila'i:lie &! =-:~e'.:~C o~· 5D,:' !o: eiect!'oruc a::le. o'!""-:o: 
!:-,~em le!:~. :e!: oeam eX?'!':1rr:~r.:;. 1'.:.': -:-c::::::--.:!!:ar.l~; ': ~h!" ~!(pe::m'!'":'.· 

14. The DAQ mu!: Ol!' effine!l' ana "('1<' '!'~""~:\"e 

6. Moaitoriq,.a.,. will be pnmded \0 IIIOaitor the enol d&1a. cer\aia. DOD
~eDt data I.eh u BV I ud lbe operaliOD of dlle woe SQblrstem. 

I. Thl!' online IUbt.Yllm'l will pr01"ick a. nrit'ty of IOnw ...... tooll. includiq; yw· 
01,11 data.hues (Dr calibra.tion Conltanu ud ddeclor para.mt'ters, pa.phin a.nd 
hiltoJrammin, pac:ka«es, code manarment aDd development sDnware. and a 
conlistent human inlerface to lbe experiment. 

3.";. 51.o\, CO:\TROL 

The 110. conlrol lubsy.ltml pro"'idel a unified IDOwlorin~ uo ('lntrol en,'1ronfllent 
ror the Gett'cl.,: 

1. The control subiYltem __ ill emolo~' front-end InStrumentallt:..r,. proces,OU. conL· 
mUPlralion~. and contrDI ~oh""ar~ H· monllor and conlro; :.nose oa:H rf ·h .. 
ol!'tf't"lor not undn ciirl!'<'l con~rol of The onilne or DAq ~l.:o.··:Hem~· 
C;u,,"rn~u":'~· con~oie~ \1:;1: be ;>:(,;·ioe·.:! fo:' direct a.cce~: :,-. ,. :.~:,alJf'd ~~.~,~~ • 

TiL" rOr.ao; n:n!~·S!er.. ",ill pn"'LOf' lnf' onbne DAO tne ~:<:. •• , of an" C/)f:'rC>llf'C 
or monitored parameter on dema.nd. . . 

.. .. .l"n lfIle::nr:-k ~y,lem t>alf"d or. calculaled pernUIII\'e! \1,':1: r<" ~mpio"ed 1(. allol> 
Ine online DAQ sub~~'Slem acces, to seiecleo contra; ,ut,~~'!:ePl fu'nctlons 

3.~ PR!L1~fl:-;,RY DAQ DES1G" P"'P,A.MET!:P.~ 

Ta.blf'l sur.lmarizf" the currently ac"eptf'd eltJmatel or S[H: oe!l~n p&famet!":'~ ~~:

e\·a.nl ,., :nl!' L'AQ 'UOfYHen .. h \~ ~xDeC'1ed tha~ the DAC: ae"I::. ~nDujd "oe ~ca.iar<il!' 

o,'er a !"='I,. t)f lu:n:.n05itl'" 'A'pn ('r..y m:nor u9~radf's reQUI!'''!'_ 1a.oie: mciud~! 
?ara!!!'"':'!'~ ~ .. '; :C'r ::1." :n::L2.. 'leU': .. ·~:ll.n,~'j:y ~.c for.:: . .:.:>:::!.:~c. D . .\Q opera:;:-.::: 
a~ ::.:~:~ .::~.::.':'~:-~: ~,,~~ '::2.' ~b~~'!' :>2.~'~.'I!'!'! r.a'·e nn' ~"," ... , ... : car'!'iul !~ua ... ar.c 
~n(">':]'~ ......... ':'.~:-:i~~'"'2 ~ •. ;:: .. ".,",. ~a~·"· :!'La:. !~~c!8;calic::' 
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T&b1e 1. SDC DAQ PrclimiDary Daip. Parameten 

L Dnip' Hi~h , 
Maximum LumiIloOlit~· I 10" 1014 

Bum Crollift~ Ratl' 62.5 62.5 ~Hz 

Maximum interaction Ral~ 10' 10' 

Le-v~il Tria:~r R.ejf'ction Factor 10:: - 104 104 
- 10' 

10' 10' 

10: 105 

:t': - !f!~ :G: - ." 
10' 10' 

1O~ l(l~ H: 

10' - 10~ 10' - 10: 

10' 10] 

10: 10' 

< 10 ~ :", 

< .s < ; 

~ . 4 .2 " .; 

:% !l)l' 

:C :l' 
Tl!l!'!"'O F:oc~!~ ar. ':"':"!':-.' ........ '(,,, - :UUU :')(, - :00(1 

;0' - !O~ 10' - lO~ 

);u:r.!)~! oi Proc~so:~ in Fa:-!r. .jOO - .:;000 ·,00 - .;000 

0.: - : 0.: - :'lIE 

4.3. ONLIJit COWPt'TINC 

1. An intetfac~ b~tweoen th~ DAQ ud online .ubf~·ncmf will be de\'eioped that 
conform~ 10 the nl"t'd~ of hrtlh tUb!'y!U~m5. 

'l lhe D.~Q su.b,~·u~m 15 responlible fot the data path up to tht' D:~Q online 
InterfacfO 

.1 The onlln .. ~uo':,,~lem I~ r"~ronsibIO!' iN :O~@:1R~ ey'!'nu and any p:o':'~!lnll[ Inal 
IS tiont' a!lt'r the Le\'e; :> pron'!sor farm. 

4 The oniln" ~IJb!~'5Iem will prnqdO!' hlll:h Ic\''!': run (aRlro! for Ihl' '!x;>e::";.:nen: 

An InT'!ri .... ~ Del"f"!':'; n:'" IJ.~c.: I.nti cor.:r,,: ~"..:.:'~y~tI'r..1! ~ .. i!l [.O!' C .. ··'!.~·?~ci Ina! 
fonfor:7l~ 1() l!Je n~~ I); 001,: ~u.in:HIf'nu. 

.1. uanoa~Q1zed pantar:'" nf iura,.-arO!'. ('omm\!n!o:'aIlOnL anc H'IfTwa!'"' ~:L DO!' nt'· 
. "I(lr"': :n:~'~" t-' 'r:" -:- ; ... : lIr:C rO;'\·~'J. ~:,ouF< . :,a' wi;'; Loe U5ec. ;; :."!':" !'!asibi'!. 
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4. Seopf of tb. DAQ Subsystem 
287 

The ICOpl' of the DAQ subsyuem II p~rhaps bf'st spec:ifi~ b~' de6ftib~ iu boullodann 
'tl'l1h Iht' ~Ub'~'51f'm~ il (Onn"'CB 10. In thl' ~I'CTlon. belo ... "I' dl'finf' tbl! boundu)~ 
bt'T'tl·l"t'n lh~ D.4.Q 'Ub~y5:'1':n ancllht' 1f1~@:I'r. fronl ebd electrOftlCl'. onliftf' COmpu.lltt~. 
and slow control 5uh!-~'~!":m 

..... TRIGGEF. 

TnfO LI'H"j j Inl!!l"~~ oiua::-. TnO!'lt ID!'U' oata dlft'ctl~· itl')ttl th ... FEE and ar'" 
lno ... ;>t'nde;'\l oi ::- .. :"ACoi. 

ThfO Le\'I!: ~ :!'u:.'t'~, r~c-fO:··" :1:1':: :;-;;1':.:' (.Ol.ta ~lIne: CI:'!'C11.\· (rom 101' FEE ,~~ 
!hrDU,h ·n ... D .\(: 

Tn .. L. .. ,.~: . ~a;OWA~" i..nc ~1':·:W~.·" '!":-~.:;, nmO!'nl :~ !. r· . .!,'_: !0!'!?oMib1il1~. LfO·:". 

:> ::IIl[I"!': ai£t:t!':~r,~.' a:"':" ~"'C?Oml"::t,::··. (Ii 1\ r."\1':.1 onfllrarO!' Ir;l!!,er ,ro':.:;" 

At.: :tllg~l': If'''~;! ;'~""',afO ,:a:a 1(' .::'" LAC: anc .. 11' f:I.r.OI.:': VAQ proloc-"l' 
anc dati.. ::>at •• s 

.:,.:, :nl'!::af"!' "' .... " ..... "!':-. ·n .. ?I.;:: P'::w : ~._. ~::O~:--!'~::" ;r:_ ~ ... C~\'~JOp~~ ::.<' 
"-(1:'.:-:0:::: < " .:- .. :- .... : < " ••• ~. <:: ':',.: ..... :-: . 

::...:.. a:-.,:. _ .... _ . 

_"';~.'::? Co :: .... :,i\,:.:~;;. ;v~ ::::?II'::'I'!:.·::,.: 
_ w'" .::;::'!~; ::-.20:' ~"!'~:.:.:~~ !?~o:':c.: :.a::.c:..:..::u;: ~:' :: .. 

:. :. .. :; F('I= '!xa:=:1."!' ?'!':i'!~' <:. ........ ~ •• , ::.: .. ::C\: .::!':e··~·'::;:-~'!H~"'; I:!C. ::-.ex '!'xrt''!': 
:-.,·:-:na.i :1!!~nC:0n' or. o:a:i.. "o1C\(! !:~.. !...:.ori..tlo::: '!'\.'!:::< ml.y a.;.SC' Ol! prOCe5~~1. 
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5. DAQ FuDetioDal SpecifiatioDS 

Thi.1 Iftlion proridcs fUflctional lpec:ific.'ioDI 'hat dftcri~ U'chil«'ural choic:. u.d 
OAQ functiona.lity chosen by the OAQ stoup to implement the deli~n reqwnmentl in 
fection 2, Thf' (uftctioaa.l lpec:ifiutiOOI si't'en beloW' aft I,ill qw,e leftfera.l in DAtlare 
and c.n be m~ in TariOU5 waYI: de1.iI~d impleml'nt.tion of 'he f~rifical.ions wiU 

occur 1.1 a 1.1" ,'a,e tn Ih~ dnifCn cyd~. 

Thl' DAQ functiona.l rompon~nts. pnncipie communication paths. and C'nnMCtlOn~ 
.. ith other fubs~'l1rllu ar~ Ihown in 6gun- 1. A data colifftioD network fu.nn~1s dala 
(rom alar~~ nUmbf'rs of FEE and lri~~et inputl 10 a small number of high,spH'd dau 
palhs. Thif. data is ord~:,ed intn C'ompiO!'tf' f'\·entf. b~' tbe f','O!'n1 buiid~t and s~nt 10 InfO 
procl!'Ssor fam: wner'" e L ... \"~I 3 1111::t:er o"'n!loll i, maar. AC'certif"d f'\'~nu are Ih~n 
Iranderrl'd 1{' lile onlin ... fub"~·"lell. for rermanent 11or~e ud further proc"unc. 
D.~Q conlro! 1~ :!'~poDfiDj,!" for ronnollJnll[ aala fio .... · 1n lflfO V.~Q and inler&cU wl:h 

lnf' trt~t:~r lfaHnc. 101fiC :0 suppres. ~tl.~f':~ .. her. a DU~y C'omiItlott o!'::QSlS. Inle!fa("e~ 
a:,e Dro"lofOC io~ lne iron~ '!nd eieClronln. Irll!.r:e:. ~:-.~!M compu~ing, and ~i{"l'" f'J!1troJ 
.'l..!)n·~IO!':':' :i'!" ~O!'f~lOr:' ')eio ..... Qenn'" :n ... ··;r.r:lt"na. ~~ecliicallon~ for ean, 0: ,!le~'" 

coruponenu . 

C'rnniulion of the 01.11. Coneclior. )leI worK 

Group. oi FEE cnanneif arO!' fo!'mec :ha: OU:?''':' !n~:r call. InlO -dala funn~if .. 
The FEE channel! ano cua cO!i~c:lon ~i~~:I'::,:! :na, !t.l.rl' a conl:no:. ;·ur.:'!.~: 

fo!'~ a "DAQ !'er::=:'!'n: -

A tUftIlIe; nu vn"!' .~: mar~ iay~:: 0: 01:1. <:o:J~":;o: .. Eae.::. !looe 1ft lne I':.!'!: ,ay,!,~ 

rc.;;e(':< c'2o"a ::-:0:-:-. '~\'O!'!'a! FI~ ;,'.:.'-:-';'< a::-.:: TC'~':ci'!~ e 5iDr:10!' OU~9\.:' 'r I."lf' 
n"!'x' .e·· .. • \,~c,!,.'::: $UC(,~H:'"'' ip.:; .. ~, "o:.~~· :a'" :~Ol: ......... 1'11' ..• UU:9U" .... : '~ .. 
-:-~ ..... ::::-,.: .f.·:'!':' !.:-.: :l:n\';c'" r. ;~: C.- _':-." ':-, .. ~,!,:.;' ,It.:,.~:- :~." ,f.,' 

!ne~~ ('i..:- :'I" ::tu:::~:t' s~;-men:~ ?~: <:!'!'I"!''':'~':'': (C'::-.?on'!'~~. Se~rr.en: ~ co !le,' ~?a.n 

Qe.<!'(':or (at:".?one:-.· O{"lUI;Ci..:IO!'!. :ne ~::t;I:'!~:! a 'l~:O!'r:0~ camponO!'n1 ·.n::. O!'lt' 

Tr.'!' "~'n'l' 0:' l!. C1:.:11 {"oli<!'ClIOI. noot':' !. ;'!'''''''::-. n: ci":a :,i(l('k~ ..... ,In'' ::o:"lal 

'" O'!" oer.nt'c. 

"" Th~ FEE or cii..tG foil"'(,!IOn nO!'I ..... o:'K \01'1:': I'O'::C 2or. :ci~l:iicallon IlLI!: 10 !n'" 01.11. 
bkJrK :na' ':lnlqu'!.·. lo~nlifi~~ :h~ "\.":.' ~.:.: :" cc.mm(l:J :0 loll da';!' biofk" for 
~r." ......... ::. w:~:·.:,. a 6a.~a coliO!'cllot; c"'::::~'!'::' 



6. The datil coU~ctioa D~t.ork will check th~ iDtepit1 of th~ datil ud report nrotl 
.. pllrt of th!' datil block 

•. Th~ data roUection n~HlI"'}rk .. ill pro\""id~ a fi:nd orderin,.: of the data block to 

... ist palt~ra rerotEaltlarl ~~onthms and aid error di~nosttCJ. 

S. Ever:,' data collection nod .. ..-iU be able to det!'Ct the be~nnIn~ and !'nd of dala 

transfer into tht noot ror '!'ach even\. 

!-I Uilla bjoc&s mu~' b .. ~~;:·-:onta.ined lone un&:niu,uou, E. io~ '!':umpl'!. Int 
bunch crosnn, numD!'r l! :::~d!'d to camputt & <iri!l umt. Ihl! number mun b .. 
included In th!' dala bioo: 

10 Tht d&ta collect lOr. ntl,.·:.:,. ,.,·m pronat buf:'!'":ln, a, !If'"ftieG 10 aer&ncionu:!" 

tht 0&11 fio,.,-. ml:Unuz'!' >;:'!'aat\me. lone a,'Olc ouff!'r ove:fiow 

.• All dala wiltctl<:':- :'uf." .. :, ..... ill bt catHtoit './ aC"('e~1I"::: ·iown., .... lIci~c Qau. iC" 
leUln1t and c:iJunv! .r O __ :-;II'fe~ 

._ Tn .. -JU1PU: ouf. .. : .:' ~ _,"'" "'l>li'!'C"lhl~. :1~r;r,": ..... ;:; r," lI!)lt' <'0~" il.\:.j:;:l." 

"\'''r.'' J' 9;"111 a:,,... ... W:< -~"':ru ... tl\·" :-taO(.'J· c/ a:". t\'e::: an': :>: .... ·:lCt a. meli-r.' 
fa~ nu!ning. e\'eo:! Llan .. :-. the buffe~ <M·.!lc "::Ie anul&ble io~ : .. r cila.!-"no~;;c 

ano !'!wDltC'rin~ p':~~I"1~'" ... ~ u. lDOUC~-:' ~:a:.dard au' 

...... A o .. :a collec:i..;.:. ;J'-::- ct.:. ::~o ... e!~ ar.~ c;.a;.~,!, cia.a a.;.C: !l.a~r.~~· ::itad'!'~ lnfc.~ 

mallon ca.n be aori~c Ie :~.~ data anc ;edunca.nl he&cie~! ::or: ca,a C"oiJecIIO: 

inpuu can h!' eb:::.:~a;tC: 

.,. Tnt oatil coij~<:":or ;: .. ···'::t: ""iil p~0':jci~ D . .!.,':: ('or:~:; \1."" .;," l:-;!O-;-:"na:lo: 
n~'!'ceri to p~e,·e!'.~ :-::::'!' ... "''!:"fia'n ir. It'!'! :EE~: Coe:c -,:-::,!,,:"':-::- :;.tl·.,: .... ~j.; 

E,'e~l~ &("("e~te-c =-:: ;~ .. ~-\'~! 3 :::~~'!': a~t a!~e- ... :l:~: .:-.;C· ,!,'.~:;.' :'!'cC':c~ c-::·~. 

-:a.:::.:::.; a!.! a: ~r.'!' :'c.:c.': : ... ?e:':::la.ne!'.<:: :!'(":::-:'~:: 

Til. ·\·'!:tl "ouiia·: ::-.l;:' r7·.o:tal;~· ::'~(""I\':~" a i..'!H':': ?:oC"~~~o~ \1.".':. a ~UOC,!' 

~:-,~ c.a;a a\·a..i~a::'.~ .:--. :~.~ ';.a: .. C0::e'C":.V:. ',\.i.:;:';: .~:.;:: .. :: ::-.:, :-.;.a:; :.'!' ;.!~e::·~. 

::: ca~e~ ,.,-h~!'t ::::::T'!<: :::.:· .... :matlC'r: :~ :.~atc !C': <-: ... :.. .. \.'!': ':'!'{"l!!l)n o~ !<:': 

ProCSKn' Farm Soft ... ," Specific.tioul 

9. The Leoni 3 .eD~raJ purpose pro«'llOn wiD be< abl~ to roll. most ofBiDe RCOD' 
Itru-:tlon ('ode wuhout modification. 

10. AI,anthms dn~loped for th!' Le"el 3 tril.~r .hould ,eaer&lly be able to run 
on 11&ndard offline- protHSOr' tC' IItrammodat!' developm~nl and lelttn~ or th~ 
cod~ AU parts or tht Lnel :l tflR.~r code thai cannot run on offline prOtessor,. 
""i!'; :.a,"~ roullne! supputd Ihl!.I ~mujale Ihf' actIOn or ~'F:. ,OCt. 

11 Th .. prncpssor farm IS nOI requlno 10 perform offline pr')("~UInI. ~e,·enheles~. 

1\ n-.~.~- h~ u!ltful Ir, pro\'ide tht~ ("anlloilit:'·. 

l'2 \e' ..... ork I!.C("f'!I~ ..... ill h~ ?r(\\""Iutc: ~,. :n~ pr()('~for farm n9ci .. ~ W"llit apprOprlal1" 
~tr::.:.": r: .... 11"("\;-:.;, I., All("l\\ (J(,w~ .. (.li-cilnf;.. conao;. anc. '::::::~oi" dtbuggln~ 0: 

Drot":am< ~ur:nm£" :r. '::t ill.:'n: 

Jr" :.. .. \· .. 1 ~ AI!:C't:"nm< ~II\ IIOt: "la"A 101h .. !'\'ent bl(\''-

r .~" .. ~Oll~!"c': '.".'.. :n:t~hr' \";'!-- ': .• <:t.:a coiie("!j(·1. ~t".,,~:;,: '!'\·"n· bui:c.:'!'~. a:.~ 

prO"'~Hor :-&r;11 Iv cie'lt:" ill "bu!:'" -,:,~ci!~IOn ___ nert fun;,'!': ::"l~!,ef! may le&c :'. 

cia:;-. IO~!. 

r .. .l.~. COr:1tO; ~a::nah w::.! "rot ?~""\';"~~ 10 th'! :rl~'e'~ n·:!".!: joltlC n· 1.1;<:"1"" ~h .. 
~uO:::'!'!~IOr: 0: fu:";ne~ ';'l~t::e,:,~ \\"::~:'. a cusy tondi~loI' ,!,::.:,.~ 

::." F"E:!: ;,.:.-: '~:I!!:'!: .: .• ~~:~.~ .. , ... ~ r'l.· .... \l."i:':"o .. Ic~~ ... rQ. and (nc.'J ..... ":i:.'i:. 

:::'-':. '<;,.~::-.:. ;\~... "-n,vaa:~H:: ca~)I1u::::"'"; 

T~~ C'n:::,~ ::-:!e':-:Ht w:".: ::--.".:';'." -: .:~~r!lona: t\·'!:::: ::"a~.' .~ oe,,';e~r. :ht On::~.t 
ar.!: ~ ~OC~HO~ fa:::. a,:, .. ~ :~!~·-:.C.:. : .. :'r,: r(.::_~;:nc <:~"";"'<. rll~IO£":-a:l';. a:.ci 
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lnterDal [ .. rm bUI or Det .... ork uled to acca. lbe dat ... AlterDatlyely. tbe- eyeDt 

bui:lder ma~' b~ a I~paratt tompon~nt tbat outpDU eYeDti to tbt appropriate
prC'cpuC'rl~1 

Tht t\'~n: bUlld~r ..... :!.l bt an ... 10 route t\'enu to ::tIulllple deslm"uC'n~ 

;, R",w·:"t c.:' r1;\li1 Ih~ .... uc!- " .... \ ... :t.' r.uilder nll\ ot~end or. trll:.l:e~ 1\, .. IIn~: 

prC'rtHO: a\auJl.clliu~ T:l~ .. ·.·'!'~l QUlicie: m&\' u~'!' ':it IcienllnC"&tlor. :I!.I:.! :r. :fl" 
data pad~1 10 deIerU1II1!' tnt proper rouun~' 
Ittt "~~1!m"oiec. t\·er.: rtCl>r-.:· .... ·It ma.ln1a.ln the O;'le-r:.nlt that eXJSI! :n :nt ~tc 
.•.• !1. l"I'.llpUl ~uffer. I: ft\1I\ n .. u~~fui 1(-. n&\"e' a f:xed orcien:u: 01 ~ucr. Oa.l" 
r·.<"'CI\.~ :r: In~ aH~m"oI!,Q ~\"t:-· r~t(\rc 

l. .. :;"';), :liOCK~ ~~r:' 1\ 'r" "\'''r:' ~'.!IJC'!'~ ..... ::.. " .. rr-ul~O 1(. tnt a!"or .... t)rll!.' .. 
':':"~""'<:"I~' "·1·~. nC' iC'~.- ,>." '."':" 

Th'" !.'!',·t." ':' ::--:I;!='!'~ .~,,.~ ~"";"""a~t a:~C':-:tht:"!~ :-.:::::-.:!"!I; u": a ia:,!,!' .... -- ;->: .... r ... '.:: 
"(lC,!,' :( ~t:t~' t\·tr.~! fC'~ io;:::::.s:: ~C' ?e:::nanenl r~::-al:~ mecha 

5-,,;:,~ :-:"·'''~51:-.t: ;-,00"· :'lla: ...... :'.!:;',:l.ln!: !:.t)n:~07 ·L.lb~a.!lor .. C'7 $p' . 1:.! 

-:~,:" ... .,,! ~f.~;-: (H\':-, C"op~ C': :j- .. '"\'!'l".: c..:2t.a. 

:- ... :-- ~","' <.:-~ :'a.:-::-: 'J'::': ..... 1" Co' • : .... ~~ .... ; a;:: .. \·tr.' C!.· Co ::0..-: ~ r:t io:~C''''':::!: 

':-." """c.: ~t.:ll':'!':. ::-t -:;":. I:t'":. li-:-Ie n""""<:'~:, rC:':-.~C:IOr:; 1( :~ .. :':-... ~" ',~:: 

5. Tb!' ,IC' .. (oatrol inleriact...w allo .. OAQ '0 monitor uy CC'DUOUed p&J"amtt~ 
allo .. act~U to 1!'1~(t!'d cOUro~ fUDctlonl 
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6. DAQ System Issues 

In ,hi, Irdion wr identify fUD(\ioaaJi\y &Ild .p«incationl that «-lale 10 tbe DAQ 
lubsYI\~m u a ,,·hole. 

6.1. PARTJTIO~;I~G A~D DY:-;:A!.IIC 5rGM[~T StU:c'TIO~ 

Partlliomnr: l~ Ih'" ae' of i02lcali'" a:\'lIhnt !h .. attertD:' lniO t ..... t·,...~ :tIar" :r.oC'penrient 
5ubdc-teclO;! v;1~h !odependent ·("ontra!. DAQ. tn~'l!'nn~. ana aeadume. D~'n&ml(" 
u'~:nent ~t:If'r110n a.l.lo· .... ~ partial rf'ad(lul 0: a putllian oepe-ndinr on tfl~r:~~ f~'pe 

ParfltlOmn~ ~nould {"cllln.tC' lenIn£ ana cQmmiuioninl; 0; tne aeteetpr ("om PC" 

f1.nu. FE£. ~:'I~~e:' ... nC ['A'~ by L.Jo,'.mF- ~roups 10 worK 0:. d!f.~~'!:::: cil!'lf't;C·~ 

rC't::pC'nenl~ v:'llr, nurumal Jnl~riC'r~n<:e 

F'a~·:·j·:·::;!!£ !-:."·.lic a:jr.\·· 1"2.:::>:-8·; .... :-.. cia~np~lI(" '''Hint. mpr.llC':-::.£. a.nC CIl:l!. 

'ct;::.:: :11<,:" ·ilj.; .. ~;", ..... ;:::-,OJ.le:-.""'·';;;\" eni :!!c"':)t'na~:-.·.·: c·: r.:::" ano~h~:,:: . . 
!t'pafafr pa:~:~lan~. It should also ot' pouibit' 10 comblDr ~nrst' :a~A~ Wlln::-. i\ 

Fat::·lor.ltr <:.0:':10 r!'c:.:C'!' ~na~I.::t rt'tp'!:'t'mt'nB :-..~. J':,:?oU~J':n!; !,,, .. oo:;· c.: 

l!'!~iC"·Ilr.1 C:"'" ~iocb. Thl' ma~' bl!' pa.rticuia:!~· u~ef\llin OOtallllr.t. iu~n ralt'~ 
fn: e .. ::'='!,~·:'.:·:-. ani :nor.:'():-::.!; .. ,.t'::.'~. 
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6.2. DATA INTECIlTY 

Main\amio@: data iatep1ty il oae of tbl!' mOlt Imponut rrqwremC'Du far thr DAQ 
sub,~ .. stem. 

Data lmrlnlv Specification~ 

1. Th~ DAQ will pro"ldr mnn' for rrrOf d~tl!'ttion. ,mooth C'rror freovl!'fy pro('~· 
durrs. anc a hlt:h i""ri of rrLabloty tn .h~ [lAQ ~ub"y~lrn:. 

.., Error drtrclion and rrco~l!'r:r ~houid not aaa li~DificantJ~' to tn~ ovrrali upl!'ri· 
nlrnl deadtlntt'. 

Th .. D:\(~ "'ill b .. "hi .. Jr. ri"'I"'r" anc nanc:" SIn,if' ~:ror! tn I. dala blocK. :r.· 

cluulnlE 1"0!'ruplrQ pOlD1~n or .... orD ('ouna 

\\'ncr. I!','''':'.: dafa 1~ 'Urrr~f~\"c :'':'" ., ... :~r~~. ~!'rC': :niorrr.a~:or. ~m h ... lUid .. c 

tv :h .. da:;" blocK 

n"'I.1i\I>\;':·· :,,-~,; _. ....:':;;-.o~\"r.·· r,rll.l_'.;: 1.:l!'a~ r.C'.· !'a.!;::. '('C'~~lbl\" -.J.'~: Di 

l'ufficl~n~.:.- hJ,r. a.! :0 no! IIl:nl!iea:l~:" ci~lt!a.oC' tnl!' p'!rformanrr aj lnC' rirlrno: 
\\ .,~:t' !I:";" C'omp"!l~:",' ia:;'''::-\" .;:.:.:.. . .: ~~:-:o:.a::; n'!'s;:-aci'!' a~'!":o~ p~rj,,:-::· ... ~r .. 
r .. ..::.:.=.c.a!',,:. wi!: ~,. ~::·.";)."~·~C 7.- ,....::-.:~i: .. :n~ ::5h 

~'!'!::r.~!!':f:·)on and V.~~ TorOIO~:; wli: £.'!' rho,~n 'UCi! ~na' rr,mo: :6.l.:i..~~' 0: 
":-7'C'~' or nt't St~31f.ca,.· . c.~s:::-ac" :n(' p:':fI('~ ca~aC'i:::le$. ioJ'-~ 7~C' '!!7:::~:",r' 

(.:' :~:t.;:(': . 0: ha:r.";)C': r..'-:-.;' -:-::-.: 
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9. Each panilion wiD uquiH clio'. iDdeopeaecaliy of o\ber pu\i\toDI. lD PU\IC,ua.r. 
ncb p.r\itiofl will hur iDdC'pC'Ddnt ,.8 COD\rol. 'Dd~DdC'Dt Opu.\iOD of \hr 

!!a'in@: l~c. and iDd~Ddrnl clndtime. • 

10. A par\iaion .;11 opc-ra\. in C'ltber nand.aloae or t:OmblnC'd modr. ID It&nd·aloDe 

modr, th~ p&rtition ... ill do i" o.·n .. '·ent builcUD~. procC'SlIn~. and riatalo~"ID". 
In comb,nf'G modC'. the p&nillon ",.il ff't'd data to thC' nrnt build~f uSln,. thl!' 

u,ua.l data ilni.~ 

11. For a call1DlDrd'Dloae partlllor •. II a arurabir to D'!' abiC' to ulI,n ~uo~ra 01 ~n" 
tvrnl builder. pfocnsin, farn:. and Qa1a io,!!rr to thC' partition 1(\ thC'y oprratf' 
independenliy of other pan:tl(l:t~ Tn'!' l!':<1enf t(l "nler. th"H' cotl:?on'!'nt, ('I.I" 

bC' d".,ciea amon~ paftt!l(':".c !!~C~ ~r: , .. '!'l'lablisn"d. 

._ Each maio! drfe('tOr fubf\·!<tt'm ",n: 011' c&pab1t' of beJ.nl oprratt'd a.! oat' D~ morC' 
!ltand.a,j~nC' pa:,utlon~ 'll'1:i: lnnepe!1cien:' lEatin!; i~l~. iocL 1t1 .... C': :mt'rta('e. 
t'\'C'nl prOI"f'Hln!;. hum .. :-. lr.lt'!'fl.ct' . ..r.c aa~a 10~Jla£ camoonl!'nu. Su('r. II "ana 
iLiCln~ parlj~lLlr. I~ n,~: !'('c,I.i::'C'~ :c· C,"J~:'fI't' 3.: InC' l:l'S:::'!'~ :att'! ~t\·I!'!'. ::. !o"nlor. 

13. ThC' confi!!,uratlon of se~ml!'nt ~ IDta pa:ti lion! ma~' Dt' chan led by sof:wafC' bl!' 
Iw~n aata. rum. Se,me:"~,, r.<:'" :D"C'!"I!'C 1:. l\l£h a ucanfiS;>1ra~lo!'. \~:i:. nN b" 
Slf.nifitl.lu:y Qu~u:beci o~ reC'('I:on~I.i~G.~:C';. 

!4. Thl!' partilloning ~chrmt' v:'ilJ t.1!' sml?it' and uiiablr. 

D"namlc Srcm~c~ 5ei~c~ 10~ 

... D~·na1T.tC' ~I!'s::::nl!'~: ~C';I!'~:to:. w::" .. EC"'· ~'.;.:'.e:. of thl!' ciata r(\U~('tior. ~r~D1enu In 

a !'arl!::o: :( :-.. reac:: ~-;;:l.l"~~: ,'~:'i;;:. ::I~t:~~ ;:-::I~~. 

:,; Th~ II.bii.:*'- Tn ci\'narnlca;':~' c"':\"r: .~£::tC'!'.:> o~· Inl!' ot'1t'elor :~ mot:~·I.:'!'c. =: ::: .. 

::i;~e: ~y?C'! a:;c ~t't:r::e:.·.'· :- !.~.: :(.,!,~ ~c: ~!'i.a::.!;~ ~'..::::-.S::: I. ~'.!: 

T~'!' ;-a:;::'1: :o~:( n~a~ :=-.?!~:::~::. C:··:-.t~.;·· ~C';-:neQI ~el~C~IO[.::Iy se::.c..::.; :'I!'\e:: 
:".~ec~ 51;-::a.~ ~o :nolt' fl!'£:n'!','! 1 r.a· a:!' ~N ?afl 0: tn~ reaaout .. \.:ernaf1\"ei~. 
lnr un ....... r.:rc. 5e~mC'm! C'0\l.c. 6(' C..:!,'a:-':'!'"; ::. 'n~ ~,.I!':;: ~·o:.;;ae: a: ~~"e:::: iar::. 
if ~::ffic:e:.· ~I.::c\'qd~:: a iI."<'.:;a~:":: .:: .. ..::~ta. fd.!~I"!l(l~ n\"I.·or~ &DC I!'\'"n: 

\\'hii~ !ft'!' :,C',.t'. ::: ~~c,'J~:'.(''!' ::r.le:. : .. ':';::":~:.' !Il: c.:1t'frn: ces;me:-.:~. a:) Oata. 
withm a se,mC'n: snouici r,a\'- a:o Ic~:-.:;ce: L~· .. el '2 't'quC'nct' :Jumbe~ Tnt'r'AQ 
.... ill ace. a 1!nu~u'!' t"'~n~ aum~~:" I" t'aC':-. ~I!'~m~n"~ dalil. blOCK lha! car. ~C' u5C'd 
In a!fO('lIl:~ !:II:'" f:C'':"!. citii'!'~"r.: ~r£~~-:-.:.' W;::-. a Itl,·t'r, r"t'r,: 
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•. The Portahl. DAQ 

TbC' partable OAQil to be- Uled for Imall uw Gfl«\or ud elertroDic IYltem \all. It 
n &nttClpalrd that a minimal portablr OAQ ml~ht bt' contalDed In a IID~r crate. yrt 
pro,.,de much of I hI!' functionality of tbl!' SOC' DAQ. The DAQ .fchite('turt' alIO"tll" th ... 
nperaajon of nand.alonr panitloD!. "'it h t hI!' partitIon eoo!lntn, af at Ira~t onr dat II 
coll~1"1ion ~rs:::m~n' Th .. portabll!' [)~Q "(luld con!tltutl!' sud] a ~tand·alont' partlll(\n . 
With thl" \o(,lI.l triKKt'r IDlrrfa('C' sm:uiaunc Ih\" anIon of t:l~ HllEler and aa" Of mor\" 
pfocrUOU a('ceUIn@: thr data In tnt' o';J.tpu~ buft'trs of the data rollt'C'hoa ~C'~rnB 
Thr partabll!' D.~Q .·ill also Incluc~ I. ~:.:.:nan Intl!'rfaC'e. a ;ocal ,atlo~ 10~C'. and Iht' 
abilll.'· lo iot: cia:a. 

"!';,!' portabi ... [J~(: I~ &J~(l an lmpo!'tar.' too) ior a~le('IO~ In1e~ra1Iol'. By pr(l"loln~ 
tn- "anou~ Ol"lertof ('OIt~pOI)en:~ \10':::' ;,o!':ahir [',H •. ~ ~~'!~~mL tn .. Q'!'It'C'·.C': I:f<:'Ur" 

w::.1 !-- pt~par"'r. lor int~ltraT:C'r ':,,".' .~_ ~r,c DAC: .u~*::-ct~!r. ~h",:,,, Ih ... · w;[ u~ .. 

~ h .. ,amC' hard'-art' and 'IIof~ "'M" :'''''K'' • :'11.' "'orit~c ~11:: . r:t' ~I(l':'~ .. hie D.\·: 



6. DAQ D.sign Cycl. 

Thr: DAQ d"i~tI (ycil': lI'ill))foctotG In a sr:rtes o! E:lr:ul~' iden:;f\able ,tales: 

Prepa.rallon of the present document defnunK the SL,e DAQ cie'l~n requm', 
ment~ anc :"'!n('tlon~ 'pecinratlom 

Prepara\]or. ofa DuebnO!' D . .\Q de5Ir::. H'heouie. (Ofl "~I;=.a.le. and othet malte: 
&.~ neerlec :0: InCH.'l,)'. 1.'1 1M' SD( :ecnmca; ?rc'!>o~a. 

Prepau,!jC'~ of cieaul"c rlJj~ d('("ument5 Ina.: pra\'ICI" ~.~lJiec! ~peClfl('auon 0: 
~h. :n'er:i!.,'e< belwe~:; ::'e DAr.:: ~IJL'~yste ... atlC the r::=:.. t~II~~:. onhmo (on· 
p'''::!':!:". 11.::.: !'j"'\l rf)::'~'< ~uo.~·ner.:! 

~.'e;;E::. ; _:.e, 0: a..:e:.,a:j\'e DAQ cesl!f:1.< ;nCJu6n~ ~.= . .i..a:ior. ~tudte~ 0:' ';a: 
·O\.:' : -\'':' '(''',O'C::'"':::! a.nc a,cr.::.~: ... ra, ','a::la::Of:!'. ,·ao:::ra: ,r: ~O!'je('lIon 0: ~. 

:,,1 .• , ': .. ~::: :'1 .. ': '.!"!;rr. C~C!~:":' .... ::.: :,~ .,~~('O!'oO!'<_ ;, l"r:.:.:n,: :-'!'n~ ... c' 

.... I .. ~n~;"~ r::O!'~u:::' .', II.~ ap:";l':>~;i>:" - ... \, ....... ('1):wtIU1· ... ue~l£'r. OO!'('ll"lon~ .... -::.. 
,,,.0·""0;::.-:::' .:-.~' .. ~.,. '-;"'-::10'''-< 1:-. !,:","-:. 'r '~.C'o ... ,. ... ~, \I'.'~. in!:.£: ;"II.C,'::':'" 
.... !::.~ ~."""::.E: ,r.':~;~'J.'_ .• , .: .. ca. :'~{Js:t ... <, a.l.e. (nr..::.·~c:.a.::fi·:r_; \I;l"'r'" :1" 

['O!'~·e;o~:: ... :-.· 0: ~ ?c::a::. ... : )..:.. ~::!:O!'::. :::~ '':~~ :: ..... -·~o:.::, L.:-.6 c"'~e~::-' 

cy~t e:;: . O!';C:< 
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SDC Data Acquisition System 
Conceptual Design. 

September 24, 1991 
Ed Barsotti 

The September 4, 1991 first draft of this document was 
reviewed by the SDC Data Acquisition Working Group at 
a September 5, 1991 meeting at Fermilab. Comments 
received at that meeting are incorporated into this 
document. Additional sections not yet completed have 
been added both as a result of the meeting and for 
document completeness. Drafts of these sections will be 
completed within a few weeks. 
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912t191 SDC DAQ Conceptu.al Dellfi!l 

,--
The (elleWln& Mctien. eontain • reneral d..cription of th~ eonceptual d .. irn .f the SDC 

Data Acquisition System and brief dHcnptions af th~ syatem's m';ar (""etional ~lement.s. The 
major functional elementa described here do not. represent what will aeweliy be builL. or nen what 
will be described in th~ data acquisition HCbon oHhe technical proposal. Rather, this writeup is 
merely a fint attempt at a more detailed .nd be)j~",abl~ Data Acquisition SYltem for the SDC. 
Certain technical ehoic~1 must be made In this delim te aile.., the full Syltem to be mated, but it il 
expected th.t these choicel will .U be 1'"Hxamined in the Itcht af the Data Acquilitien SysLem 
requ.inmenta documents th.t are cunently bemC prepanci. 

The major (and mOlt obvaoUI' JOb af the Data Acquilition SyeLem II ta collect. the digital 
data that represents each event .. Iec&ed by th~ Triaer S"ltem and record thll data an lOme 
permanent lLora,t' medium far later omine anal"lil. Somewhat Ie" obvious but no len 
Important, th~ Data Acqullition Sytt.em mull. allO InlUTe the 'nteent)' sf the event o.tII Itr~am 
Thll Ihvolvel a ..,hale unel e( usk. ranlPne (rom pra'lidinl' ealibration and moniUrlne 
services, Lo enar handling and al.rm Systems. Lo .-.cordinl' "'a1'"l0US '·non·event ,.laLed~ data 
streams lm-cn.t cunents. hien vol&aps, accelerator parameLen. etc.), to eontrallinr the ",anous 
proeessars and modules In the sYItem, to deli",.nn. evenh to eonlumer procelles fer 
miscellaneous en·line moni.torinc purpeMS. Interfaces mUlt .110 be provi.ded ta the Front·End 
SYlteml. to t.M Tncpr' SYltemS, to the Conb'Ol System, and to th~ Onlin. ComPUtmc System. 

Until it il known which pans of th~ (J'Ont-end aiect.ronici can be non·funct.ioninc and ltill 
have acceptable phyllCS. additional required reliability/redundancy h.rd ..... re and software for 
different components of the Data Acquisition SYltem, specifically those on or near the d~LeCLor, can 
not be COlted i.n thIS document 
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SDC DAQ Conceptual Deal§j'n 

The reneral Nquirements of th~ SDC Data AequlsitNm System .Te g1ven in Version 0.99 of 
the "SDC Data f.cquiaition Dnirn Requiremenu And Funcuonal Requlrem~ntl~ doc:u.m~nt dated 
September 5, 1991. Thil document wu wriu.en by SDC o.t.a acquilitien collaboraten and hal been 
distributed ta the SDC collaboration. 

Fiew'e 1 il the data fla.., diqn.m (or the SDC det.ector submitted as p.rt of the SOC Eol Tht' 
UP" iIIustratel a typical .nd • maximum DaLe Acquieition SysLem bandWldth requlI'ement to 
the online procnsor Iublyl .. m (Level 3) of one and ten ppbytn/aecond, Tespectively. It appears 
that both a deaeoped detector and more detailed ltudies of ..... t size will result in a smaller event 
lize and redue~d data rate requir~ments P~rhaps &00 megabytes/second tYPical .nd !> 
lPgabytea/secand maximum aTe mOTe appropnate bandwidths Lo the online proceslOr subsystem 
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9iW91 soc DA9 ConuptUAI Deslp' 

Fieure 2 is • WBS item-bliNd: block daacram of the SOC Data AcquIsItion Syst.em showan,' 
b.t.h ita intemal (VIBS hem 5.2) intanonnectJoftS and _ajor (unetlonal components and IU 
at.ernal connection, to oth.,. SDC ')'SUms. The Electranies JWck PNtect.ior. Subsystem Inclu.des 
.11 coolin, and rack protection equipment (0' Front.EndfI'riael" 5yst.em De ... Acquisition 
Syltem interface cn.t.es. "the Event Build.,. Subsyltem. the Event Dau Flow ContJ"OJ Subsystem. the 
Online Proceuor Subiyltem and the Onbne Analylia Int.eri'ace SubSYltem. 

The SOC Da ... AcqUISition System ~'iIl provide crates, power supplies. readout devIce!
mAQ CPTJSJ. etc. to Front-E.nd and Tt1erer Systems to enSure uniform and SDC standard 
Interfaces to the Data AcquISitiOn System. For .ach SDC Front·End and TnO'er System. Table 1 
h"s the number of CraLes needlne direct connecuon ~ the Data AcquISition System, 
downloadin,. monitoring, etc. (oAQ 510"· ControlS) lank. the number o( event data sources to tfie 
D.ta AcquiSition SYStem·s Event Builder Su.bsystem. whether the crate! ..... iIi probably bE: SDC DAQ 
Stand.rd Interf.ce crates or speci.1 Front·End Sylte'm.specific crates and the location o( the 
crates. 

To date. all erate! except those o( the Inner Tracktng Sibcon Strips and Silleon Pixels have 
oeen casted In their respective Front·Ena or Tn~r System costs. Th~ Quanlltles in Table 1 are 
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OWl' the ~ Re.dylSead £wat lJak (with addit::ioaal GeRioatioo ~ticm) 10 Utton:a it 
that _ eoveat CUI be .... t throoP ita awitdaiD.. aetwork (Me SeetioD 8) aad OIIto the ODliDe 
Procea.or SubIy ..... The ........ MIlt over the Sent EYeDt UnQ may be Incorporated into one of 
the hiP·speed triaer cables to .n front-end .nd trlaer C"f"Mes. 

A link &am the Ewnt 81lild ... Subqstem lE8S) to the Ewwnt Da ... Flow Control Subsyst.em 
(EDFCS) notifies the EDFCS that the EBS is running 10 .. on input bufFer space and th.t tnlP" 
may nNd to be thl'OWod or even inhibited (or. short ... hile. The Evant Request Linitis) perfonns a 
aimilar (unction (OJ' the Online Praeessor Sllbsyltem. 

A __ tar........u.. ... ~~ ... _oIDAQCPtJ ... ...-_uIe 
buff ... ..,.1De a.co.u .. fall ia aIao iac1"'d ill the Da&a A.cqu.biUon S,.. .. m. Detaila aft Dot ........ OUI:,.. A.....-,J;-..IIta.DAQCPU ................. 1DDIl.over_Ewatllrllu ua ... __ tar __ __ 

..... _-
~3 

SDC DaQl AaquisiPoD Syscem 
EveD: DaQl F1mI;. Block Dia~ 
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~deteoctor-deKoped·· quantltlel resultlne from the lalt SOC Collaboration mHtlne and subsequent 
dlKUssions. The cn.te types 1ft Tab" I .re ."...umed .nd thus not actually decided upon yet.. A 
recent ch.nl'! in the Cent-ral Calorimewr 'SCAs) .nd Shower Max sytteml resulted In "~OV1n& 
an their countini! room cra.s and the crates buffer module in&erf.cas to the Data AcqUisitIOn 
SYltem in (avor o( includin, DAQ CPU modulel in all their ~on-deteC"tOr~ cr.teos. Intennedl.te 
~coWJt.i:ne room~ cn.tes.re no Ion,.r n ..... ". .. the ~on-det.ect.or- cratel now interf.ce directly 
to the D .... Acquisition System ... in other front .... nd syac.em •. 

Emr'#EndTrincr smcm 

Inner Tr.cking Sihcon Strips It 
Inner TYacking Silicon Pixell 

u:ara t.'iIIum:a ~ ~ 
10 10 SOC DAQ Std. Counting Room 

Outer TTackinc Straw Tubes 16 16 

Oute'r Tracking Scintillatln& Fiber. 14 14 
Int.ennechat.e TYacking Santillaung FIDer 

CenU'.l C.lorimeter (SeAs) • .. .. 
Central C.lonmete'r Shower Mu 

ConU'al Calorimeter (Flash ADCI)· .. .. 
FOTW.rd C.lorim~r 

Muon (Wires) 46 48 
Muon (Counten) 16 16 

Level I Triger k= I KB/cn.te) «> «> 
Level 2 Triaer (c'" I KB/cn.te) 3D 3D 

Totals: 2'12 2'12 

Central Calonmeter (Fl.sh ADCS) not caunt.ed 1ft Latals 

Tab" 1 

'--

SOCDAQSod On DetecUlr 

Special OnDetec\Ol'" 

SOCDAQ&d . On DeWCto!' 

Special On DeWC\or 

SOCDAQSod. Countinc Room 

SOC DAQSod. On DetecUlr 
SOCDAQSod On OH.c\or 

SOCDAQ&d. Countmr Room 
SOC DAQSod. Countlnc Room 

CrateS With DAQ CPUs & Froat~EDdfI'riCp:r SyaeID Ewat Ilata Sources 

Figure 3 15 a Simplified block dlagTam of the event daLa ,..doul components o( the Oala 
Acqulliuon Systeom Crate's are used to lRte'rface .11 the Frant·End and Tn"er Systeoms to th. 
Data Acquisition Svste'm. With the Centnl Calorimeter 'SeA) .nd Shower Mu Implementation 
ch.nge described .·bove. all event da ... IS re.d out ~. the D.ta AcquisitIOn System CPt.: module 
(OAQ CPU) over the (Tate·s bus and then lent to the Event Builder Subsystem 

Event data fla.- 15 as (ollows The Triaer Sylt.em inlu.t.eli front ... nd scannln~ \,Ia • 
Level 2 tnaer .ec:ept mellage sent to front .. nd deVicel .nd DAQ CPU Ii over Ianin not ShO""""tl an 
Figure 3 The Event Data FIOVo· Control Subsystem recelVU \"neT accept and other event 
anfonnauon (rom ,he Tn"er System and event requests from proceuors an th. Onhr.. Procnsor 
Subsystem Vlia the Event Request LlRk151 At the .ppropn.t.e times, th. Ev.n\ Oat.a Fla.- Control 
Subsvste'm initl.tes event data tran.mlSSlon from DAQ CPU. or buff.r modules ViS a me"a,. 
sent~erthe Send Event Linklsl. This mesaap CUI be lleat eYeD .-itftoutaD)' requestalorneDu 
from the Olll.iDe Prooeuor SUHytleID becaUR of the .ddidoaal iaput buften.ae ill the EveDt 
Builder Sublyswm. This fea~ allows IDOft efl'icieat URoft.he &yae1D·S bufre:riaK m,pabilit __ 
aDd thus lee. 1)"I1ettJ. deadrime. The- E~al Builder Sub~celD alM) ftCeives a simi..,.. meua~ 
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S DaIo ___ ~t_ 

This item inelud .. lpeciflcation. procurament,. ei.e. of software and h.rdw ..... items luch 
.s CASE .nd CAE workatations, ICll'ie ute .... I)'UrI • .,.r&tine sylCems, sof\w.re licenses. etc 
which .nI not II*iflc to any particular Data AcquisiUon Syiltem component or aub.~~ but.rt 
pne1'.l development infnaU\lct.Ure itaml uNd in ~.ny .,.. •• or. D.ta ~UISluon System 
developmant. Addition.1 softw.re .nd h.rdw.re ItemS needed 1ft .ddltlon to the .bove 
inf1'as&ructure item. for the davelopment o( specific Data Acquiliuen System components or 
mbayttema were co.ted al part .ru.e component or aubIytitIIm COM.I. 

Inf1'.ltnacture costin, .uumed th.t. coUectively. inlUtutions wmine an the SDC Da ... 
AcquisiUon System .Ira.dy had J"O\lChly one h.l( the infralt~~Urt requtred for development • 
inheration , inltaU.tion .nd checlr.out o( the D.ta AcqUiSlUon Syat.am. Ea.mpl ... o( 
infrut.ru.c\lIre it.em. and their unit cut .re ,wen below: 

I.,nr-r;mpp 
_ CASE workatauons " soI\w.re for soI\ware development 
• CAE workataUons 4: IOAware for h.rdw.re develop,....t 
· PC-like woritl&aUOns &: softw.re (or hudw.re development 
· T.st equipment 

• Locic ilia" an.lyzer 
. Dilital oscilloscope 

• Networkin, equipment I: software 
· Addition.1 arehival eqwpmant I: software 
• Hardcopy .cauJpment &: 1Oft .... re 

IIIIiUOaIL 
$70.01\ 
lDO.OK 
12.0K 

35.0K 
12.0K 
IS.OK 
IS.OK 
IS.0K 

30!> 
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" twa AaqaUidoa Syaem Slow CoaiInaU Network 

The detector h .. an overall Cantrol Computar System with an IRtef('onneC'Un, network to \. 
various .,.at.em.a such as the Data Acquisition System The network, called the 510"'" Contro" 
Network. is used fOT downloadml. mGnitorinl, alarms 6: limits, et.c, for the enure detector. This 
network is utended inta the Data Acq\aisition System where it becomeli &he Data Acquisition (or 
DAQ) Slow Controls NetwOTk. Databues in vanou.s Control Computer System ~putera and the 
network bridce' shown in FlJUTe • .....-nent the DAQ 510.' Concrol Network by Front·End System 
and Tnuer S:ntem. This sepentat.ton allows parallelism durin, Data Acquisition System 
downloadin" etc, for inereued thnuchput, allaws commqslOnlnc. debuGPna:. etc. of each Fronl· 
End or Triger Syat.em independent af any ather system. Far example, by addin, the worutationli 
as MOwn in Fll:Ure 4 or a .. icninc a Control Computer System computer to a Front-End or Tn&:gtr 
Sy.tam's ~HemenC of the DAQ Slow Controlli "etwork. that part of tht' DAQ 510.' Concrols 
Network funetiens independentl." of th. rest of tht' network. A secondaT'" method for event data 
readout IS also provtdee Dy ti,. DAQ 510.' Controls l'etwork. Section 7 ciescribes an alt.ematt
apprOileh for H.rmentina: Front·End or Tncger Systems for bo&h commlsslonlne and event data 
readout functions. DAQ Sla. Controli se~entat.ton and tht workltaLJon on tht' secment.ed 
netwark approaeh removes the need to have a crate throuch whleh an of a particular Front-End or 
Tnatr Syaem's e\ cnt data panes as described 1h SectIon. 

An Etbemettnunwtre Et.hemet DAQ Slow Controls Network was coated but the "netwOTk 
of choiee~ at &he time ef production ordenna: would aetually be used in the Data Aequiliition 
Syaum. A aeriaUI coneem yet unresolved il whather the network has hic;:h enoueh bandwidth such 
&hat, for example, the time It takes to download the Data AequlSitlon S.,·stem IS not exceSSive 
Further Itudies are reqwred ta answer this question. 

The Data A.eqwsibon System reqUires that every' front.-end or t1'l"er nate or component 
needinr downloadine. monitorina:. etc:. be Int.erfaeed to the DAQ 510.' Controls Network vta one of 
the foUewinr two methods The first and most preferred me&hod, reqWTeS the following: 

. Eleetrornel to be pac:kaged In eratel 
- These erates house a SDC Standard DAQ CPt: module. 
. The DAQ Cpt; module tan aeeen any other madule in t.he erue requinne downloadine, 

moniterina:, et.c 
- If no special (to the Front·End!Jr TnRer System I Deekplane .,th an Interiaee t.o the bus of:ne 

DAQ CPt; module u used, al! mociules In tnt: erau reqUlTlhe do,,' .. nioacilne, momtonne. ecc 
adhere to the SDC DAQ Event Data Ru.dout &; 510.' Cancrolslnterfaet: speeificatlons \see Sectl!Jn 
6.3, 

The second method IS I!eneral!~' used fo:- eonneetlne Front-End or Trieger System 
eomponentli .·hleh are on the deteetor and not houled In r:1'ates to tht: DAQ 510"" Control,. Network. 
Over the last few years, Induatry has emphaSIzed USlhe a standard sue;' as IEEE PIlI. (Test Sean: 
ior downioaGtne, diarnosine, monitoring, etc. ASICs. If such a standarci mt:ets our requirements 
It:.g., thrournpu:J, thiS ar anotner slmila:- stanaarei Mnal hnk would bt' prOVIded by the Dua 
AequIsitlon System for eonnectlng this non·erate·haused eleetTomes to the DAQ 510.' Cantrols 
Setwork. Details r. thiS remate hnk to the DAQ 510.' Controls Setwark an gwen In Seetlon 6.6 

Na other methads othe~ than the t""o aforementioned methods for connectmg to the DAQ 
Sio. Cantrols ~et""ork would bt' pro\'lded 
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1.1 era..aAPoww~ 

The Data A.eqaiai~ SyMam implemenlan would pro¥icIe Standard SOC DAQ Interface 
Crala'. power auppliea. a atandard methed to eoftneel power to a crate and various ather simple 
hardware Htoals H aueh as module eatanden, etc. All Front-End and Triner System 
implementen will be atroncly ureed to UN this equipment If at all poaaible. Fer uample, if 
VMEbus .al the bus of chaiee when produetion arderine eeeurred. powved, and tested 9U x 400 
natea land/or 6U x 160 natea) would be provided. Pawer auppliaa and their _hnoloey (a.,., 
a.,it.chine. linaar, 400 eyel .. , etc.) aft dictated by the needs of each Front·End and Trig'er 
Syaem. Te date, all Front·End and 1'ricPr System cratas and their powar. other than those far &h. 
Sihcon Strips and Silicon Pu~els Front·End Systems, have not been coated by the Data Acquieiban 
System. 

Jua as fir crates and power xupphes, the Data Acqul.itien Syatem Implementers would 
proVIde atandard backplanes fer the Standard SOC DAQ Int.eriace Cratas. 

Alternative b.dtplane approaehes net co.tad and nHdinc further diaeuuien could be 
provided to intrnse reliability and redund.ncy andler ta provide a Front-End ar Triau Syatem 
Implemenlar with men UHr space at the back ef the crate fer special in&.erconnectiens and lJO 
raqwrementl, Two data acquisitien componenta to be described in detail in Seebon 6, DAQ CPC 
medwas and DAQ Cr.ta Adapt.erllnterfaee Medules, are mentIOned belaw In &reler ta help axplair. 
the alternative baekplanes. The reader may WIsh to read .t»out theae components befare 
eontlnuina:. 

Firure 5 iIIuStratei I VMEbw 9U x 400 crate WIth two hieh·denllty eennect.or backplanes, 
cwo DAQ CPU modules and two DAQ Crate Adaptarllntarfaee Modules. Each baekplane would 
Implement the full SOC S'*IIdard bus prec.oc:ol (DAQ CPt; bus Interfaee'. The twO DAQ Crate 
Adapterllnterface Modul.s would allaw remete cantrol eanneaion of aither DAQ CPU (J I and J2 
conneetors) to either high-denSity connector baekplane A dual or backup power lupply System I~ 
also pen. of &hIS ImplementaLJon. The "user area" mdlea~ an tht: firure iii appheation spetitic 
and used ,enerall~' iar 110 andror madule to mcereonneetlon requirements. A sina:le hleh
cienlilty eonneetor baekpJane used only for Incr.ased "user area" when no additional redundanc.\ 
15 reqwred wauld also be pr'OVlded. 

VMEbus was used above for example purposes anly The industry-suppon.ed bu! mosl 
"'·Idej~· used andror most cast efl'eetlve at the bme of prociuetlon orcienne '\I.·ilI be used in tile SDC 
Data AtqwSltlon System 
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Online Computer System 

c::..t: -:=- .. __ 
___ 131<:-... _.'_ 

___ ThulIlOftElnarctcablr. ~CtIIe=Ipn'onrem&IU_(](l_).II'_lOI.IIlenfIIIlna.Illl&lm 

__ .. Eu=nacablc. IOOl'lClldGpcrwm:mu.IIIIIIIn,500_lOI.I.llalptIIU.IlIIIIIn 

F\cUft4 
DAQ_CoaIl'OlaNetworl< 
~ Imp\eIDeD.taQoD 

F\cUft1 _-Deuityeoa-__ 

soc DAQ Coneeptu.al Dear 

Far ReduDcIaDey AllldIOr Additioaal Veer Free Ala 
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In order to simplify th@ commillioninc. operatian and maintenance of the SDC DaLl 
Acquisition S)'It.em, the .,Item prcMdes a ac.andard method by which .n Front-End and Tnger 
Systems inteTface to the Data Acquisition Sy.~ far both event data readout and lie .... controls 
fundionl. DAQ Slow Controls functions include down&oaclin,. control and monltonne ef Front· 
End. Trian and Dota A.equ'litien System components. The ltandard SDC DAQ Event Dau 
Readout A DAQ Slow Control. InteTfaee tomponenu aft described in the felloWln.: lubsections. 

A commercially·available mieroproc ... or moduh •• c.nod the "DAQ en-, will exist in 
.. ch Front·End Ir Triaer System crate tMt eonneeta directly to the DAQ Slow Cont1'Ols Network 
and/or hall IU event data read into the Event Builder Sl.lbsyltem. The DAQ CPt: UTVes trll. duai 
role of int.erfe0"l' front-end and triper' modul •• to both the DAQ Event Data Readoul Interface 
and the DAQ Slow Control. Network 

Event data readout and. .10.' control, commwncation each hsvc then' o.'n separate lInk, A 
mixWft' of Ethernet and Thinwir@ Ethemet was coated for th@ DAQ Slo ..... Controls Not .... ork. A one 
lipbitlsecond link was eou.d for the Event Data Link, The network and link actually ued in 
the final Data Aequisition SYltem depends upon what is available eomme1'Cial1y and COlt effective 
et the time of production quantities of theN n.ms a1"e beina procured, 

Bw standards of today and even tomOTTO.' I .. va 1ftany options fer nad and write aeeelles, 
To eliminate module incompatibilities. the Deta Acquisition Sy.um implementers will provic@ a 
detailed design and a simulation model (jncludina timing specmeations) of th@ Standard SDC 
Event Data Readout &: Slow Centrols Slav@ Interfaee to th@ bus used in an Front·EndfI'rieg@r 
System interfec@ CTatel, A simulation model of a bus master will also be provided to aid in 
complete module Simulations. 

AU Front·End and TriBer Syst@ms .... ould be reqwnd to build modules USIng this Ilave 
Interfac@. Thil guarantees both that tn@ DAQ CPt; ean acc@ss these modules and that It can use 
SDC.standard protocols (or thes@ aeceas@s, Th@ only exeeption to tn15 rule is th@ use o( a Ipecial 
backplane bus for th@ Front·End or Triger System CTate's modules and an interfac@ tc the SDC 
Standard DAQ bus to which the DAQ Cpt; interfaces, The use o( a speCial bus is highly 
rilsceurared 

uSing VMEbus as an e.ampl@, most Front·End and Tncger System modules will pJ'obab!y 
be built wing a fonn factor laf'Jt'r than that ofth@ DAQ CPl". For example, the most popular "Iaree 
VMEbus" module fonn (actOJ' IS SID <15.75 inchexi x "00 mililmeters. The DAQ CPU form fanor IS 
that of the "offici,1 VMEbus" or 6t: (10,5 inches! x 160 millimeten. Comm@rclal "adapter' 
modules are availablc providing mechanics to allow 6t: x 160 modules to fit lnto 91.7 x "o0 crales. 
The data acquiSition impl@mcnters .·iII deslQn and devclop SDC DAQ Standud C,..te 
.lu::!apterl1nterface !dodules to both oro,",de thi! mechanical convenlon and to house eiectromcs for 
the follov.-Ing Oato AcqUIsition System SUlndarci Interfaces 

II 

912<191 soc DAQ Conc»ptual Duitm 

DAO Send EMnI: Unk 
, ...... E_ Ooto __ ConIroI_..-l 

Event Data AucIouIlnlertace 
(10 Event Builder Subay81ern) 

DAO CPU MocIu .. 

DAQ Stow Contrail Network 

DAO Slow ControIe 
RemcMa Lir* ...... ace 

DAQ er.t. Aapterllntertllce Modu .. 

.......... 
DAQc..r.eAda_ ................ 

DAQ 
S_ 
ContrDt. 
Network 

'-

AwllkeryC.rd 
lalllM rear el crISe) 

Fiprei 

Event Data A_doUtlnlertace 
(10 Evenl Builder Subs, • ..".) 

DAO SkM' Contro .. 
Aemot. Link tnl.rtSce 

Alternate lmplemenUltion L~sinl!' Auxiliary Card 
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• Event Deta Readout Interface 

• DAQ Slow Control. Interface: 
• DAQ Slow Controls Remote Link Interfact: 

SOC DAQ Conf:e;ltual DeSlt:!'" 

Int.fffecea to both Event Data Link. to th. Event 
Builder Sublvstem and Send Event Llnk. from 
th. Event Oau. F1_ ConU'OI Subsysum 
Intarface to th. DAQ 51_ Control. N.lwork 
Int.eri'ae. to a .. rial link to fJ'Ont-end deY1c.l on 
or n_r the detectoT Int.fffae. not abko to be 
aeeessed directly by a DAQ CPU. 

Th@ Send Event port of the Event Data Readout Interface includes a fiber optIC cabl. 
receiver and a conneetor, serial to paral1@1 decoder IGgic and pro\DCol standards. The Even~ Data 
port includes a fiber optic cable tnnsmitter and a eonnector, p .... llel to Nrial eneader Ictelc and 
protocol .tan~nis, 

The DAQ Slow Controls Inten.c. include, • net_ork reeeiv.r and a eonnector, net .... ork 
tranSHiver and eontrolleJ' IOCIC and network protocol standards . 

The DAQ Slow Centrols Remote Link Interfa« provides. pon to a unal hnk to be uted to 
download, menitor, control, etc. fJ'Ont·end d.Vlces on or near the detector .. hi~h art' BOt 
.-iI;y ...... iaawa.. If'tbe ..... are ...... iacn.-. ... ~would1lOtboueDA.Q 
CPU 1DOCl1ll ... This interfa« Ihcluder; a urial link transmitt.e'l' and a connectOr, link contron.,. 
loric and link protocol standardr;, ItrI IEEE .. rial link ltandard., such as IEEE PUI' CTe.st ~~an! 
miCht be UHd for the 1"emete Nrial link if it meeu nee .... ". requirementa lspeed. rehab,hty. 
etc,). The Test Scan standard was specified to provid@ a standard method to download, test and 
diqneae ASICs, 

TheN interfaees and protocols would be the enly methods provided to Front·End and 
'I'riger Syltems to int.eri'aee to the Data Acquititien System's event data readeut system and DAQ 
Slow Centrols net .... ork. 

Fieure 6 ilIultrates th@ DAQ Crate Adapterllnterfac@ module foJ' th@ VMEbul esemple 
The two connectoTS on th@ DAQ CPt: modul@ ar@ wired to the top t .... o connectora on th@ 
Adapt.e'l'llnt.eri'aee module. I( any FJ"OfIt·End or Tnft'l!'r Srstems u .. a standard VMEbua 6U x 160 
e1'ar.e, an alternative solution (or int.eri'aang thelr electronica to the nat of th@ DAQ l)'IU'm .... ould 
UH an auxma,), card as shewn in FtBUr@ ... 

Fieuns 6 and 7 beth contain a DAQ Send Event Link origlnatmg from th@ Ev@nt Data Fie'" 
Control Subsystem, .... hich In tum cetJ ItS inputs from th@ lAvell and Level 2 T"lPr Syst@mr; and 
the Online Proeeasor Sublrltem. Th@ 1'ngcu Systems lend tngeer Informabon to front·@nd 
crates VIa a lmall number of hieh'lpeed fiber OptiC cable$. A possible alt@mauve method (0' 
tran.mittinc the information contalned in the Send Event Link is VIa ane o( the thue hleh·~peed 
IibeJ' wles. A DAQ CPU weuld be ,..qulred to 'poll~ a Tna@r Srst.em module contained 1ft IU 
erate to kno.' .... hen to Nnd a paniculaJ' event 

91'2419t 

Fieure 8 iIIultrates twe acceptable SDC·standard .... thods fer Intarfaclng Front·End or 
T'ria'er S)'Item electronics to the Data AequisitMn System. In the erate on the left.. modules an\, 
r .. dout by the DAQ CPU ever th. erat,e's SDC standard bus and transmitt.Ht to the Event Builder 
Sw.ystern VII the DAQ CPU. 

The era ... on the ript iIIutnteS a case where, for Hample, ,..ading the module sever th@ 
cnta's bus would not lI'I .. t .,..tam thf'OQChput requirements. Qriclnany, the buff'er modules wert 
used in the Switched Capacitor Amy Calonmetry Ie Shower Mas Front·End Systems to interfac@ 
to the Data Acqui.ition Syatem. Prelefttiy, bofl'er modules are net planned to be used by any front· 
end or tricP1' system butnnWn a viable alt.ematiw for nentdata ,..adout ifth. need anN ... Th@ 
ports shown on thue modules must adhere to the Event Data a.adout tnwrle« lpecifieation, 
£""t data enters theN butr.,. modules via a Hri.a;) link from non·SDC ltandard uetes on th@ 
detector, Th. DAQ CPU in this second Cftte il only uled fer the DAQ Slo .... Controls Netwerk 

1E_IDa.LlnU 
1'0 .. 11_1 ........... ,.-1 

,.,' .. 

Event Data Links orig;nate (rom OAQ CpU modules or event data buff@r modules and 
tenmnate at thc inputs tc the Data Acqulsiuon System's Event BUild@rSubsystem. Of the 272 Event 
Data Links er sources (see Tabl. 1J, 178 an"nate from CTate$ 1ft the countln/i: room and the 
nmlUnlng &4 ori"nete from erates on th@ detector Regardless of th@ amount o( event data pcr 
lOW'ce or the dlstanee belween th@sourn and th@ Event BuUder Subsystem, th@ Ev@ntData LInks 
will be identlcalltransmislion lpeed, cabl@ typ@. etc.J. If st an possible, th@se ilnks, except for 
transmiasion protocols, would be idenucal to those transmitting data from Front·End Syst@ms to 
Trigger SYltems. 

Th@ Event Data Links .... ould be fiber eptic links operating ot approxlmat@iv one glgablt p@r 
second. Th@ dl5tanc@5 (rom detector· mounted crates to the cOuntlftg room is approxlmateh 300 
meters. This speed may r@quHe the use of 1300 nanom@t@r laser diodes and relatweh' hIgh. 
freou@nc~' fiberoptlc cable Thl~ relatlv@l~' short dlStonce (for f1bf'r OptIC hnk~1 reciuce~ tht" 
:ransmltt@d pow@r r@qulr@m@nts and tht- eomplexlty of tnc optIcal recel\'@n and ma'" reQuct- the 
:mpi@mentation COSt of these cie\'lct'~ . .; unK.. Inclucilng' tht- cablt, conne-cton. transmlltt'f~ anc 

U3 
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rlleelYen and encochnc and decodin, lor1c hal been coned in the low hundreds of dollau ThIS 
UlU.ates • IJCIlifacant NducbOn in eoata OYer thOH &.oday by the time production ordenI\&' occurs. 

Then an. few possibilities rOT lUin, IEEElANSt atandard and induury-aupport.ed linlts 
rOT the Event Data Links. Two atandard. croups are M .. lopin, fiber optic ene IiPblt per second 
fiaDdard., the Scalabl. Cohet-ent Interface (SCI) rroup and the fI'OUp ""hich developed the eopper 
IOPPl atandard. The SCI croup h .. jUt orpnized • eommittee to look into .tandardWne- • point 
to point.. memory to memory fiber optic link stand.rd based on the SCI prot.oeo1. 1n the yean to 
COIOe, the hiP eneJ'I:Y pbyaics commW\ity ~n upe« aicnirtc:ant indu&t.ry support (or both of the •• 
fiber opUc link standard_ (or uae primaril), In the computer induK'l' and vatt indl,lStfy support (or 
the hicha,·.,..d fiber optic link ...... dard. BONET. rer UN in the &.e1ecommunieations industry. 

What ia used for both Data Acquisition S:yuem Eftnt. Data Link. and Front-End to Tn.r 
$ytwm link. at productien onlerinC time and .h.ther the lin'" aN builL by the collaboration from 
commercial paru er boUlht. a. a complete pt"Oduct wiU depend on availability and cosu at. that 
time. 

The Dab Acquilition Sy.tem implementer! will pl'OVlde a .. l(-contalnad module and 
toftw.,.e whicb anows simple testinl e( Event Dat.l Lanks. Item. sueh as these are extremely 
import.ant durine eemmissionine and maintenance of tbe varieus Front·End and Triaer 
Systems as .. n as the Data Acquisitien System. 

SectIOns'" and 6.6 ducribe the DAQ Slo'A' Contrel. Remote Link and its UH in the Date 
Acquilition Sys\Un. This HCtion describe. the physical characterl.tics of the lin ... and • repeater 
Iysurn for connectine thfle links to detector·mounted components not havine direct accns (vis 
DAQ CPU modulesl to the DAQ SIp' Contl'OlI network 

DAQ Slow Controls Remote (serial) Links are .imple shielded twisted.paar cable. DAQ 
51 .. · Con"ols Remo&.e Link Repeaten are .. If·contained and po.ered fanouts of an ineomine 
remote link oripnaunc from a DAQ CPU module. The.e repeaters are required beeause. for 
example, the Silicon Stnp. and Silieon PUlels Front·End Sy.tem has only ten Dau Aequisltlon 
Systoem interface cra&.el and thus only ten OAQ Cpt; modules and DAQ Crate Aaapterllnterfaces 
For cable loadin" cable routine. etc. reason. this Fl'Oh\·End System eould require man)' more 
than ten lources of the DAQ Slow Controls Remotoe Lin ks. 

The complexny of the OAQ Slow Controls RemOt.e Link Repeatoer depends upon .... bether 
mes..,e. only enrmatt from tbe DAQ CPL' modules or if me •••• can on".nate from detector. 
mounted electroniCS as well. It IS not known at this ume whether the repeater 'Aill be a commercial 
proQl,lCt or need te be develeped by Data AcqwSluon System Implementoers 
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a-..lIulIoIor_ 
The prepoMd Event Buildar Subsy .... m il baNd on a commercial I.itchine net.werk 

appreaeh limilar &.e network. bainC" used in and heine dnt1o.,.d for both the telecommunications 
iDdustry for hi,h •• peed paranel .wiUhine and the HlDputer industry for interconnectin, 
eompaten and periphtnt. at hiJlHpeed. 

Two additional altemat.ive event builder lub.YI&.em. are discu •• ed in .ubsections 
foUawiae details of the propoMd commercial s.it.ehinC network.bued Event. Builder Sub.ystem. 
The fint. al&.emati .. i. identical to the propoNd Ewent. Bui"" Sublytt.em except that the lwit.ehinc 
network is dewloped "in·house" by the SDC collaboration. The second alternative implementa the 
Evt:nt. Builder Subeyatem with dual.ported memories rather than a ''A'itcbinc network. This 
technique ha. practical throUlhpat limitations which make it diflieu.lt to m"L data acqulliuen 
s~&.em throuPPut requirementa. 

a.1 c--doI __ ._SuIoo)o-.. 

Fip" 9 illustrate. the components ef the Event Builder Subsystem This aubseetien and 
Sectien .. 8.1.1 throu.ch 6.1.5 describe tbe .. eomponenu. This aubayatem provides a hiply. 
parallel. hiply·eflieient evt:nt data flow, hiP'speed and COlt affective Method for buildinC 
phyaics eventa and tranamitanr the .. events to an Onhne PrOCflSOr Subayatem. The Event 
Builder Subayttem is medula, and scalable for fuLure expansion. Note that Fip,re 9 doe. not. Ibow 
the (Online Proc.uor Ready) Send Event. Link input described in Section 2 and ilhutraLed In 

Flp" 3. 

The Input Interface I: Data Salandne J..octc receives the event date fragments oyer fiber· 
opuc cables USlne detector.specific pnltocols and perfonnl .Imple .tatic balanelDC (multip1exinll 
of .mall evt:nt frarments to reduee the reqwrements of the next. .tq"es of the Event Builder 
Subsystem. Table 1 ofSeC\kllll2 is ali.t of the 272 inpuute the Event Builder Subtyltcm. The Input 
Intoerface &: nata Salaneine Loric would prevlde Ilmple mUltipluine of the 272 inputs into, (or 
example, aPPTOXlmately 128 inputs for tran.ml •• ion through the ether ac.qes of the Event Builder 
Subay.toem 

The SWlt.cil1nr Network II pnteeded ~. an Input Queuein, Network. etc. to make elate flow 
thro\lG'h the SWltchmr Network hlrhly efficient. The funcuon of the Input Queueinr Set"WOTk is "to 
buffer and time multiplex the incemina: data Into fI.ed.len~h packets fer Iynchronous 
tranml11110n tbrou¢l the SWItch. With thll el1'eUltry wben paekeu are belne sent frem an inpuu 
througb the s'A'Itch .Imultaneously. no twO paekets have the same de.tlnauon. This feature. the 
Iftput data balanane loeic and the muluple event bWfenng' cuarant.ee hlehlY·effieient u.e o( the 
tbrouehput capabihty of the SWItch. Althou,h both t.he telecommwucations and mulu.proceuor 
Industries are presently heavil:,,' Into R&D on sWltchlne networks. the Input Interface" Data 
Balananll..oglc ant tbe Input Queuelnc Setwork may be too pbYSlcs.specific to buy commercially 
and thus needs to be developed b~' the SOC collaboration The (uncuens of both the Input lnterfact- & 
Date Balanane LogIc and the Input Queuelftc !\et .... ork may be combined mto One 1000C block for 
eas1t~r Implementation 
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Sendine events to mere than one Online Proceasor Subsy.tem proce.sor II ea'lly 
aecomodated with the switch·band Event Builder Subsystem althou,tl it is felt that thiS and 
'Imilar fut"".s .hould be the task of the Onhne Proc:euor Subsystem 

A prototype project demonstrating' the use of input queutlne and a IWltchlne network for 
parallel event buildin, has been ,uccessfully demonstrated at Fennilab [llJ21.13J 

The input interf.ee meludes fiber OPtic receivers and seri.l to paraliel eneoder IOglc The 
bit rate capaeity on each Iftput II approximately one rapblt per second. An '"Input module"" would 
eonwn at l .... t IfiCht mputs and thus 128 to 152 inputs (8. 16·19 [slots)) could be boused In a crst.e 
Two erates are needed to house the 272 Inputs from fnmt~nd and tnaer systems. 

. Event data frarment lizes from vanous front-cnd .nd tnfter systems ranre frem • few 
nundred ~s to several kilobytes. Event Builder Subaystem throughput II Inereased by prOVIding 
IImple ~ data balanelng 1000C pnor to the Input Queueme Network. ThIS IGg'lc multiplexes 
FlFOs.conwn.ine small event date frapenu Into. laraer ··.vent frapenC for Input to the Input 
Queueln, LoElc. Averared over seven I events, the data throurhput on all Inputs of succeedihg 
.ta,es of the Event Builder SubsYltem IS fairly balaneed in size ThIS balanCing' reduce~ the 
compleXity and alze of the Event BUilder Subsystem 5 Input Queueing' and SWitching f\Oet .... ork~ 
and increases the subsystem s throughpul. 

8.1.2 _Quouem._ 
Tb", Input Ql.leu",ma: ~etwork ~r""'& ti1r"'t- purposes as follow& 
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_ Bulre,. event fraarmenu over ... veral events 50 that variationS In event frapent alZe" .·hlch 
averapod. over Lime a" "Iatively conlUnt, have a necliCible effect on SWluhlng Network and 
thus Event Builder Subsystem \hrouchpuL 

- Puu \he event frarme",u in faxed-siaed packeu fof' tranlmiaaion throueh the Switching loOetwork 
• Time ordera the tnansmilsion of' \he p8ckets luch that no twO packets have the ... me Switching

Network output al their deAination 

U is primarily thll last f .. tu" of'the Input Queueing Network that allow. the Switching 
Network and \hus the Event Builder SubSYI\em to opera\e at very' tugh bandWidth,. TIU5 feature 15 

expwned in Section 8.2. 

If built by the Data Acquilition SYltem implementers, a channel of the lnput Queueing 
Network is limply I Imall input FIFO faat RAM, DMA hardware and an embedded proceaaoT 
which ilshared aCJ"OlI aa many channeh as fit on I module. 

Eyent builden, the deVlcea used to readOUt event data. hive evolved from Simple Imgie 
channel 'funnels' through a mlftu:omputer bus. to mulbple parallel ch.nnela lelch with their own 
'funnel" ar bottleneek ch.ractenlticI; feeding .lTaya {f.nnsl af procu.ors. Ma" and more 
bl)IInmenU .re implementlnl event buildan W1th incre.aed parallali.m for hllher throughput 
When one conlide" p.rtiele baam cros.inl time. of' 16 nanoseconds and lubsequent .. ry hlfh 
tricPr rates, it i. clear that the SDC detector dau .cquiliuon sYI\em will "quire the use of a 
tataliy p8r.Uel event builder with no inherent bottlenecks In addibon to much larter amounts of 
pre-event builder bufferinl in order to achieve its one Mepbyt.e per Hcond typical .nd ten 
Mepbytel per second capanty thf'O\tlhput .,.qwrement.&.. 

Initi.1 dilculsianl with indultry inckcate that switchine networks having- the IIze 
(number of inpuu and outpuu) and throughput needed fOf' the SDC Data AcquIlltion System will be 
both commerci.lly available and cast effective at the time of Produetlon ordenne of data 
acquisition componenb. lnterfaces to leyeral induatry-Iundard links (e.g .. VMEbw, SONET, 
Fiber Channel, Fiber HIPPI. etc.) from the Iwitchine- netwark will also be cammeretall~' 
avaliable inluring a simple Interface between the Event Builder Subsystem and the Online 
Procelsor SubsYltem. 

8.1." m"flerlWle To '!be 0nliDe Prooeuor S~ 

Several optIOns exist for the interface to the Online Procesaor Subsystem depending upon 
what industry provides In both hardware and software for aendine dau Into tnelr laree a1'Tay~ of 
p!"OCellOrs. Iffor oample VMEbus IS used and the Swn.clllne Network ha5 128 outpUts .. ch capable 
of transmittine d.ta at 80 to 100 meeabytes per second. the interface to tne Onhne Processor 
Subsystem cowd be a (Imali) buft"erllpiltter such that the 80 to 100 mep-bytes per 5econd of data I~ 
"split"" inta a few autputs. Events fTOm each SWluhlftg !'\etwork OUtput would be FlFO-buffef'ed 
and tran.mitted VIa VME to V"ME links at slower speeds to the V"MEbus Interface. of tne Onhne 
Procesaor Subsystem. If Industry supports tran.miUlon rates of 80 to 100 megabytes per second 
IntO large p!"OCHsor alTays le.g .. V1a atandard one IrIpbltlsecond fibeT hnks). the Interface 10 tht 
Onbne Pracassof' Subaystem is Simply an Interface to the Indust~'-Iuppof'ted hnk. DISCUSSions 
with mdustry regarding link options to large processOT a1T8ys are ongoing Most likely. the 
interface to the Online Processor Subsystem Will be an industrY-5tandard hl~"n·speec fiber optiC 
link such as those mentlonecln the pn ...... ous subseCtion 

9124191 SOC DAQ Conceptual Delif" 

TIme Slot TI .... Slot Time Slot TIme Slot 

§~®~ 
_'0 ___ ~_A'X'SwiId> 

Figure 11 iIIustnates how events .re built using a barTel-shift switch Note the different 
rotation Mel_nee of the ..... switch. Arty rotaban HqUeJlae that sequentially rotates all inputs ta 
all autpuu il allowad. Far .a .. of explanatian, \his .... mple a .. ume. equal Ii.ed-lized eVent 
f'racmets from every event da&a eouree- and that the packet Iize throuch the Iwitch is equal to the 
event fTacment IIze. The fundian of' the Input Queueine Network in this IImple o.mple ia 
mcbcated by the fixecl·p8cket delays (packet ahift rq;lten} at the inputs of' \he IWJteh. 

tocethe:nco~~:~m:.!:~~r:!=~ ~B~~ in~12~m::n=~:'e!:~:~ ~ ~ ~e -:!!~ 
rot.atal throueh ~eh position, .n frallllentl of a sincle event are uansmiued throueh the lwitch to 
\he 181M outpUt 1ft. definite time sequence. By the aeeond rotatlan af the switch, a second event IS 
belnc built and ... nt to a~ather output: A. the lwi1£h routes, four eventl .re belftl built 
IImuh,aneously .t anyone time and .re heine sent to the four different outpuu. 

Thll example is very effiaent fOf' flXed·1en1lh eveftta but doe. not e .. ily lupport vanable 
~vent fraement and full event ainl, .utomatic data reuc.inl or systeml with diffe"nt numbars of 
mput5 and outpUts. All ofth ... featuru can be provided by the addiUon oflnputQueuainC NHWOrk 
(In place of the f1X~- p.cket delaya). Implementation Oetails of Queuelne Networks at both the 
Input and output of the Switching Network .re lrlven in the References Section. 

In the actu..l SWJt.ehlft( ~etwork. there II no restnction that the number of'inpuu equal the 
number of ~utputs. ~ither can be larpr th.n the other. For muimum throuehput throUlh a 
SWltchlnc Netwark With non--equal Inpuu .nd outpuu, the number of mputs (OUtpuu) times the 
Input (outpUt) bandWidth should equal the number af OUtputs hnpuUI times the output (input) 
bandwidth 
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Concatenabon of event frarrnent packets 1Rto full evenu can elwr octur m \he mtkrface I.l 
\he Online ProceUOr Subsystem or WJthln t.ht Onbne Proceuor SubsYltem proc:euon. 

Se-veral !IM\hodl a" possible for aermentine (p8rtitianinc) the Event Builder SUbsystem 
for u .. durine Front·End and Triaer SYltem independent commi,sloninc efron.a, dunnc 
calibratlans or during- a physics run. Some methodl .re as foliowI: 

- Because the Event Builder SubaYlt.em can operate with leverai independent tngers. loCJcally 
~divide~ the switeh by the desi"d sermenution (e.I., by Front-End and TricPr SYltema). 
Several barnl·shift switehe. operate independently of one another in thl5 mode. FTont·End or 
~r System destinatian ~uon anl.v receive data from deVIces in their system 

• Simply aeeept all the t.rigerl .t various ratea .nd transmit only a system'a data ta destlftatlon 
p!"OCeuors for that sYltem. The Switchine- Network rotate. \hrouch all pelmona 

. All devicea recelye all maen, sending null event fracmenu for tnpen not mtend~ for that 
system P!"OCeSlora pt all the dau and UH onl~' what they "quire The SWItching Network 
roUtel throuch all POIIUonS. 

- PhYllca)ly separa\e the Event Builder Sub.yatem Into several independent and Imaller Event 
Builder Subsystems. 

The Switching- Network may be built ~. Data AcqUllitlon SYltem Implementers or 
pureha .. d commernally Althoueh the propel ... 1 is to bu~' a commercial lwitchlnl netwOf'k, if built 
the Switching Network would be bas~ on a simple ""barrel· Ihin" .witeh as deuiled in the 
follOwing two Iubaed.tions. The .. two subsections should aHiIt the reader In Wlcienundme how a 
commercial aWltchine network IS used ta build events 

The operabon of a bartel-Shift IWJtch and a descnption of a Data Acquialbon System based 
on the use of such a s", ... tch for parallel event buildlne haVe been described In detail in ether 
documents (see References SeCtIon). Briefly. a barTel-shift lwitch of Size ~ So !'\ has N cbrre"nt 
states.. atate 1 connects mput 1 to output 1. mput 2 to output 2. e1£. State 2 connects Input 1 to output 2. 
Input 2 to output 3. etc This ··shifb.ng~ contlnuea until the ltate flO" whleh connecu input 1 to OUtput 
S. input 2 to output 1. etc. At thu point the s_"itch has ~Ihift.ed- through alllu}li SUtes and "turns 
to state 1 Figure 10 illustrate5 the states of a 4 x 4 bernllhift SWluh Ihnput queue1Rg loKic (bmc 
diVlsion multlplelOng) IS used and equal paekeu of event dau .re Hnt through the switch at each 
switeh state. event building- at all outpuu occurs In parallel prodUCing a truely parallel event 
builder which IS Simple but capable of Yer:'>' hl(!h data rates 
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An in-depth conceptual deli II' of an Event Builcler Subsyaum bated on a 1witchina: 
network i, pftMntly beine prepared rOT diltribGtion at the November SOC eonaboration meetin, 
'4]. Thi. doeument will describe both an Eytnt Builder SuboylU!m usinC a eomm~mal switching 
nat..ork and one \lSin, • lwitehin, network developed by DaW Acquisition SYllem Impiemente!'5 

If the Event Builder Subaystem is built by data acquisition implementen and the Input 
Interface" Data Bel.neine Network reduces the nu.mbel' of inputs to Ute Input Queueinl and 
SwtkhiDe NetwOrk ~ 128 input&. the followinc crate implementatiOn mieht be built. 

Twa crates .ach hevine 18 odal medulel for. muimu.m of 288 inputs would hOUH the 
Input InU!rface tit Data BalaJlcifti Network. Two staps of one crate each would be needed to house 
toM lnput Queueinc Network and SwiLctnnl NetWG1"k locic. The first stap crate would con,ilt or 
llilht t6 x 16 (dual 8 .. 8) barrel·shift. ,witch modul.,. The second .t.qe would consilt of sixteen 8 II 
8 barrel-nih IW1tch medulu. Both medule GUIll'S would be lIientical With only simple 
inWtcOnnections different. Aaaumin, larp proeessor array ports capable of receiVing data at 80 
to 100 mepbyte. per second. the inwrface to the Online Proceuor SuboysU!m would consilt of one 
crate of Iideen ocu.llink interface modul... Thus. the total Event Builder would be hoUMd in five 
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10.1~ 

An Online Proee .. Or Suboy.wm wiUt a proc.Isin, POwer of 105 MIPS (VAX 780 
equivalents> i. allumed. Pronuo".re a la,.e e.penM i&.em but are rapidly pwinl: in 
com~uti~ power and ahrinkine in price. The vast majonty of the 105 MIPS of p1'Oeftun, power 
nqw ... d In the Ontine Processor Sublylt.em ean be oJ'deM late in the devektpment of Ute Data 
Acquilition System. Several eompani.s are produdne andlor developine larp an-.YI of 
interconnected proce,sorl and workstationl. 

The Event bqueat Llnkl from the Online Proeel"r Subsvstem to th. Event nata FlO'4W 
Control Subsyltem need only request new evenu at a typical and ~mum rates of 103 and 104 
evenu per Meond. r~etively. Several evanu can be feClueRed at • time in • lincle m ..... on 
an Evant B,.quell Link. Thw. a lIDan number of ltandard links .uch lIS Ethernet. linka cou.ld be 
u.Md for Event Requelt Lmks 

10.3 LiDksTo1beo.w.e __ _ 

The interf.ce from the Online Procenor Subiyttem to the Onbne Storqe Suboystem bl$ 
been costed by the Online Computine ,,"aup a. a c1ustor of workstations and nelwork link. wilh 
SCSIIbau coaaecda,. the workdatiODI co.con.p meclia. The network linkl from the Online 
Proceuor $ubqatem ta the duster ofworkstabonl an thus ltandard linlu such as Ethernet. 
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The Event Data Flo .... · Centrol Subsystem is Ute non-evtnt dau Interface of the T'TiCrer 
System to the Data Aequisition Syliem. Its funetion is to Itee:p n'ent data flowlIlI eftictently from 
Front·End and Triaer Systems to tape. The features the Event D.ta Flo .... · Control Unit of thiS 
syatem are as follows: 

- Accepts Tripe)'" SY5tem "trierer .cceptfrejec:t~ information 
· Ac:cepU requests for event. from the Online Processor Sublystem 
· Possibly transmits .... nd hent" menace. to DAQ CPU modules and event data buffer module. 

(See Sec:tion 9.2 for another method to tranamit -leftd event" m .. ..,..) 
• Transmiu ~desunatJon nllCi.,·; send event" menages to the Eytnt Builder Sw.ystem 
· Aee.pu from the Event Builder SubsYllUm and transmits "throttle tn"e'" information La thl: 

Trileer System when buffers in either the Event Builder Subsystem. the Onhne P"oeessor 
Subsystem. DAQ CPU Moduleli or eveDt data but'ren an almou full 

The Send Event Links are identical in hardware to the Event Data Links lIM Seetion 6.") 
Send Event Reputen are self-contained and powered fanouu of an InC01Rln, Send Event Unk 
onrtn.t.m, from the Event Oata Flo ..... Control Subsystem. Only one Front·End or 1'ricrtr System 
connects ~ a "ven Send Event Reputer. Sever.l ofthe .. linu ongmau at the Event Data Flo'll," 
Control Subsystem .• t lust one per Front-End and Triger System. Another method which 
appears to be more co.t efTectlYe i5 use one of the Tnaer System 5 hlP'5peed I1nks to front·end 
and triaer "ate. for the transmission of menaps ..... hich wouk!. have been tran5mitted over the 
Send Event Link! ThiS Implement.tion needs further study but i~ included hen for 
completeness 
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The .oftw .... fot the data acquisition system. rep1'e..nU a complex interplay ef system~ and 
applicationl Ptoeraml written by the data acquiaiUon ".-oup. the on·line computinc ,,"ouP. the 
tonuoh croup. and by .ubaystam phylidlta. 1n pne"al, the on-line and conuols croups will 
provide a:yat.etn software. tools and templates to .... ppor1. applit*tiona p,.-ams; the DAQ rouP will 
proftde further tools and templates (parttculerly nl.tlne to n.l-tlme applicationI') .s we1l .f 
certain reneric applicatlonl pfOJ1'8ft'lS lauch as SI.8r1-up and run conlrol for lhe DAQ lyStem .nd 
alarms and efT'Or IODIne applications); while the subsystem physicisu will wnte most of the 
aclu.al subiystem spee;ific applit*tion P"GI"'8ml for calibration. monitorinc. and control, usin, lhe 
tools pnMded by the other three croups. The .... noua software componenu that the DAQ crouP will 
provide .... deaeribed hen. 

11.1 RuDtiIIR UeerlD.~ 

The Runtime User 1nterf.ce which Includes soft ... re profesl1on.1 lime to desil", eede and 
telt runtime apphcationl sof\ware ia cosuc!. for this won.. Most of the appbeatlonl softw.re ltema 
included. in the Runtime U .. r Interface are luted below 

- Run Ttme Control 
- Control of the Online Proeeasor " Online Storace Subsystem~ 
· Hinocrammln, 
- Event Diaplays 
· Calibntion Database 
· Consumer Proees .. s 

Many of these tool. ChistoC"am5, evenl dlSp1.ys. database Interfaee, user I:'!'".phlc Interface. 
hOOk~ for uso~ consumer processe., ..... m be provloed b~' the on·hne group The OAQ group V,'Il! 
prOV"lde additional tools specific La the real·tlme envlronmenl runnlftg cioser to lhe front.end 
syuem •. In addillon, the DAQ ,,"oup will be responsible for applicaUon progr.ms lhat start·up and 
eonlrol the DAQ and front-end systems hncludinl boou.n,. downloading. syatem checkout. 
performance monllorlng. and error detection) as well as control of lhe on·llne processor 
.ubsystem. 

Control, monitoring and downloodlng .re !nugr.] functions of • O.ta AcqUISItion 
SY5tem. A partial Iial of 5ubsystems needing control andtor mOnltormg .pphcatlons softwart- I~ 
(lven belo .... ·; 

· Power &:. Grounding 
· Go. 
· High-Voll.,e 
· EnVironmental Monitoring 
· Mal"et MoniLarlng 
· C.libratlon Pulsers 
· Cryogenic Control S.ntems 

Accelerator Controls In;.enact" 
Lumlnoslt)· Monnors 
;l.lanlpulators 
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soc DAQ Conceptual D.IIF 

The low-a.vel routines th.t actually interact with h.rdware componenu to perform theu 
amtrol function. will be provided by the control. I'I'OIlP, while Iu.bsYI~m rrollPS will write the 
hich~~l routines th.,t llYn will interact with. The DAQ ITOUP will provide both IYltems and 
application level wpport •• described In the folloWlne lubseeuon.: 

11'%.1 _-......F ... _n..u..Ot_AIa __ 

Some 0( the re.sonl for requirinC thll application. soft ...... are as follows: 

- Downlo.dine 
. I/O (file) .y.tem tervicel 
- Terminal connections for debuccine 
- Network connections 

The 0. ... ~wslt.lon System .-m eom .. ln • WIde v.nety of' embedded' pro«uor. that 
perl'orm ... nOUI fu.nrtIO~S requirine varyinc dereel of intelhpnee. The D.ta Acquiliuon 
System mu.tt provide servJees t.o these proceSlOrs that en.ble. them to be booted .nd downl .. ded. 
.Uow. them a~1 to n.etwork .nd other 110 aervu:es, and .1I0w. propam. runnme in thesE' 
proctilSCll'l te be Interaeuvely debuged. A Ilser must be able te 101 in ta these pro«llOrs to run 
debucliD. or diqnOltiC code. Control c.pabilities mu.st be prosent to start IIp the vanou~ 
procauon. download them with appJ'Opriate code .nd data for the taU. .t hand, detect en"1)rs, restart 
when necessary, etc 

11.2.2 _SoItWIIftFor_"SIow"(NOIl-Ewut)n.t&ADqw.itioc 

Some 0( the ft.son. f01' J'eqUlMne thIS applications soft ..... re are al foliowl: 

· Detector p.r.meter monitonne .nd loccing 
• Calibr.tion data .equisition 
· D.ta bate .«ess 

Aside from ~e hieh·bandwidth event d.ta acquiSition, the system must also support the 
collection and "cor~n~ 0( oth~r types of data not specifically associated With, sincle Interaction. 
Thlle Ifteiude .penodlc monltonng of en\·lronment,1. acceierator and aetector parameten 
(temperature. hleh voltaees, magnet cun-ents, lumlftolity, etc.) 

· A va.nety of different frequencies for thu 510.' data .cquilition must be lupported 
V.nance. WIth normal conditions should be d~eted and Teported. In addition, the SVltem must 
IUpport v.nous typel of calibTatlon date acquiSItion at a sublYI~m level where, f~r example. 
events a" -recorded without sp.rsificatlon or pedestal lubtraez.ion, and must provide the processing 
power necessary to mllce thIS calibT.tion data to physically meanineful quantities. Finally, thE' 
s~ltem mllSt provide access to a data base that recores thE' time hiatoTY 0( both calibrauon~ and 
other detector paratneteTS. 

The actual slow data acquisition will be done by low-level routines pro\-:ided tn· thE' controls 
rrOUpl, but the DAQ &roup will nHd to provide sunoard slow-d.q processes and tempiaus that will 
allo.· subsystem phYSICists to asHmble such apphcations ouickly and easily. 

0i24I91 SOC DAQ Conceptu.sl Design 

Thc amine An.lysi. In ... rface provid.s .n .utomated method fOT tr.nsferring online 
.vantl from the Online Storace Subsy .... m ... the I .... aMine computine .y .... m .t the sse 
Laboratory far di.tribution and further analysis. It II .ssumed th.t this interr.ce conti,u of a 
toIDlIIemal net.work such .s FDDI or the HIPPI Fiber Channel. Detaill of the network are not 
bawn .t this time. 
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9'24:'91 soc OAQ Con~Ptual DrSlt;n 

Some of the rea .. ns for requirin, thll apphcations .. ftware are .1 foliowi' 

• (Front-End'" Triecer Syltem) diqnoatle link 
(Telt Scan-like hnk) 

- Online diqnoitici 
. Alannl " limits 

Gi .. en the complexity 0( the D.tI Acqullition SYI~m, faulu and other e1'TOr condiuMs 
must be detected automaticallv. This win reqUire. di ..... oltic eonnecbon to variOUI .Iertronlc 
componenU, a _t·o( test proeeduft' that eXfl'Clie system funrtlOna at ltart-UP and penodically 
thereaf'ur, monitorine procedurel that check for e1'T01'I In nonn.1 data takinC condit.lons. and • 
comprehensive alarm and hmit sYltem which record, .Ianns 0( ... ryinc prioritlel .nd bnnCI 
thole alannl requirinc human int.el'Vention to the Immecbate attention of operatars 

There will be a WIde ... net\· of devices an the detectoT th.t need to be set, aciju.ted 01' 

manipllI.ted ftmo~ly. ranl"ln, f~ voltaps to pul.ars. A uniform. .. ftwa,.. Interf.ce to thelE' 
ly.lemS mUlt be provided that allows the expenmenters to Nt, reatore to standard conditIOn •. 
record .nd .Iljust. theH devices 

Mo.t of thiS software IS proVided by the control~ group, but the DAQ eroup WIll proVid. 
softwaft to present a standard USllT Interface for these control and monitonnc funct.ion •. 

9124.'91 soc DAQ Conceptual Oesl£fl 

The ElectTonicl Rack Protection Subsystem includes. control Ch.SIIS and the r.ck 
cooline and rack protection infra.t.rudure (he~t uchaneers, piumblftC, sensor~, etc.) Only 
T.cks containine F'ntnt-End or T~ System Interf.ce cratel to the Data Acquillt.lon Sy.tem 
and raeb for the Event Builder SUbsYltem, Online Procelsor Subsystem and the Event Dati Flow 
Control Subsystem were costed. 

No development of the Eleeuonlcs Rack Prot.edIan Subsyltem wa. costed. It is planned to 
usa elKtronics rack protection dneloped by the sse laboral.Ory rOT use 1ft other sse lyUems 

:li.. 
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9.'24.191 soc DAQ ConCf'Dtua! DfoSl~ 

33t 9'24:'91 
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9124191 SDC OAQ Concef)t.ual o.<"It;n 
9.-.uI'91 SDC DAQ Conet'otual DeSign 
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9'24.'91 SDC DAQ Con~ptu.:J: o.S11!Jl "_ Ul E Banotti et. al.. A Proposed. Scalable PaTallel Open Architectu" Dau Acquisition System 
For Low to Hi~-Rate Expenments. Tell Beams and All sse Detect.ors, IEEE Transaeuons 
On NudearSaeru:e. Vol. 37, No. 3. June 1990, pp. 121.1221 

f2l M. Bowden, System Overv1ew of the Scalable Parallel Open Architecture Data Acquisition 
Sys&em, not pubbshed, M.y 1990, pp. 16·25. 

t3l Mark Bowden et. aI., Scalable Parallel ()pen An:hitecture DAQ Prototype ProJ.ct Report. not 
pubbshed. ~pt.ember, 1991. 

r4l E. Barsotti. M. Bowden & Masaharu Nomac:hl. Event Bwlder SubsYIt.em Coneept.ual Design. 
to be diltribu&ed.t the Sovember. 1991 SOC Collaboration meetin&: 

Note: Additional reference. re ..... inl other R£D aeth"itiel ahou1d be put here with 
~rextlrithia the~dthia~ 
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SDC Data Acquisition System 
Conceptual Design 

• Requirements 

• Functional Overview 

• Components 

• Interfaces with other Subsystems 

• CosUSchedule 

• MilestoneslI'echnology Choices 

Irwin Gaines 
Sept 27. 1991 

Table 1. SDC DAQ Prelimiaary Dooip P ........... 
339 

P &I'&Ine'er Deoip' HiP , tain 

Muimum Lamu,oaily 10" IoU cm:.- I 

Bcam CroNIn, Ratc 62.5 62.5 ~IB. 

\tt.XImum Intcrac\ion Rate 10" 10' Sz 

Lcvel 1 Trigcr R.cjectlon FaclOr 10l - 10" 10" - lOS 

Expected lnc! 1 Tri,~r Ratc 10' 10' a, 
:'I,!uimum Lpyel 1 Tril~er R .. le 10' 10' E: 

:"~\-ei 2 trincr Re~cuon facto: !(li _ 103 10' _ !O3 

up«ted l,.,.e1 2 Tripr.' Ra1.e 10' 10' !: 

:'.lL'tZmum L,.,·,.i 2 Tn,.,,:" Ral~ 10' 10' E.: 

le"~1 3. Jriun RejtK,joft F &e1:or lD'-lD' 10
' 

- 1D' , 
!xpec~d Lncl :} T nne: Ralc 10

' 
10

' 
a, 

Mu:imbm. Lnel 3 Triger Ra\c 10' 10' l!: 
Deadllme at Ma.ximum Triner Ratft < 10 " 15 

Deachim.e from DAQ Errors anD Downn" ~ <5 <5 -; 

le1:"ei 1 tIi"Fe: Lalcnq' z· '" :: - 4 

~Ju:im\lm leTel 2 Latenc::- 100 100 

.\ \'~II.~~ le"el 2 Procftl1!!., time <. 1(. .< 10 

Time 10 F:ocns &Il [TetlT in le1o·Ci. 3 106 - :000 100 - 1000 ~!F:'-,e~ 

F&r.:D Processin! Powcr lOS - 10' 
, 

10' -10' ~IIPS 

~umDer of Proc ... on in Farm I 500 - 5000 i 500 - 5000 I 

AVe'ra,e E'f"eQt Siu for Full EvenT 0.1- i 0.1-1 ~IB 

2. DAQ Design Requirements 

Tb~ elleDtla! fUD(\10D of ,bl: DAQ i. \0 mon Ga'. from ,b~ {zollo' ad ae<UolUCi \0 

p~rm&oet\' Jtora~e 1ft r"J>ODle to &D e'tent meetllll tnllef (ollocUtioDS. 1n aDdition. 
lhe DAQ dell~n must laUlf~' .. numDer of more speafic ci.e'l,n reqwremeDU· 

1. The DAQ must maintlJn the inte@::1t~· of the data. 

') r,"enu mUll no~ O( io!t 0: rejKleo. c~· :De DAQ excep~ &! .. result of .. tn~,enn~ 

Oeaslon. 

v. The DAQ mu!! not lOte e"ent ciA-I" ~x(e?t fo::, <.'cca!lor."; ciat .. io,! !n (fl'tall'1 

FEE cnaoneis .... nn e:tcepllonali~· h:.~:. occup&::c:e~ (>~ &! the ~uh of .. re!e" 

operation. 

-to The DAQ aUlSt empio~ a fleJtiilie p&.ttiliOIUD~ t.:heme 10 "':'!O'- lenin,. niibra 
tlor •. ci.ata lalt.l::l.~. ano. c.'!t~10r CD:n::WISIOruD~ 1::1. ~,,:L..e •• "un. :nullmai Inler

ierence 

F.OOU~1 conl:'o; a:'le ~"!Utonnl: 0: r:'A~ Dpoerat:':-:I mu,' :~ ?ro,-,c.ed_ 

ti T~~ :UAQ mu!: pro'·,c.~ ior pro<::"Sln~ 0: the ~\'etl: c.at& a: weu cl~:\neri pOlnu 

ic'"the data pad!.. 

,. 7h~ DAO m~5: pro'·,ac & lur:n-ie"e: ~~an i!l.1~riacc V"l~:' & '·c!utiic. uniiorrr .. 
&1\0. eu~' "\0 use eD\1.ranmeD1:"ior conlro~ and mOIlltonns of DAQ operatIon. 

The DAQ must ~ modular uad han w~ll deftn~ci intcrflcn and fun<::tionalhie'f 

!? Pronslor. trout: be madc fa: .ub.:::".!!::!!; im:":':)"~c. deli;::! and 0: n~" te<::h· 

noiDgie! &.! a??r~ria:c. 

10. Smooth. t:.?,=ac.c paths mUll &lio.- !-:-:- 7:1;e acic.:.::ot. 0: .:::'C.D.CU. ci.CI~lO!" com· 

:-::~ DAQ :r.~~7 oe s<::&laD.i~ OTcr • .-~o:.~ ~an.e oi :a.nC"-lC::! a::l.e ?!O'-lc.e • me .. !!.! 
:'=: :r.C":"'!L!:::';- :!I~ [IA'~ ~&IlO'tC"lc.!: •• -: "o~: ':'~ ~:t?~!"'~': :-a::.~!' ~: ~ca ... a:~ 

!3. DAQ suosyuc:es mc!: oe anil .. blc.! n~ed 0:: :'DC io: ~;!'c~rQI11C a.:u:! det«to! 
!yste%U te!u. ICSt ilca:. expenme:1>!. anG coc:.:.;n,o:-..:::.; :Ii" ;:"e Cr.:lc:-..mcnt. 

H .. T~~ DAq ::':1UH oe efficittt a:lCi CO!l ~:!~t;''f"e. 

• ,.-
10 t.IV bHm CIOiUIIIg". 

-. laIIIU 
F"1Ud decI&IOft 11m. 
-1.5 u.c. IIII-.cy 
16nHC.JOCIaIOn 

_Fu.E.....m0.. __ Tnggero.. 

--""""" 
o..n.m.: c 1% 

--.,-
l00tUto 1 KHz 

l00KIQ,M 
VAX·no eQUfV .... 
("'KVAX~1 

lAwIl'~: 
lK.,OK 

~ 
, 0 UHC.1decIaIOn I~aoe) 

10 to 50 UMC. lIIIency 
(uync:ftI'OftOUl) 

"'"-'2 ......... : 
10.'00 

~ 
-lK.-v.nI-....aono .. -11OKewntSlMCDnd~1 

IAwI3 RllteclllOn: 
1010100 



~r-~--~------------------~~ 
~'r----.----------r-----r--~.-J 
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DAQ Components 

f'nmt.!ijpdCI'rSytdwp JU:a:ataUilmmla ~ ~ 
Inner Tracking Silicon Strips & W W SDC DAQ Std. Counting Room 
Inner Tracking Silicon PL.els 

Outer TracIriJ>g Straw Tubes 16 

Outer Traclring Scintillating Fiber & 14 
Intermediate Tracking Scintillating Fiber 

Central Calorimeter (SCAs) & 96 
Central Calorimeter Shower Max 

Central Calorimeter mash ADCs)· 96 

FOJ"Ward! Calorimeter 2 .,. 
Muon (Wires) ..a 
Muon (Cbunten) 16 

Level I Trigger «_ 1 KBlcrate) 4) 
Level 2 Triqer «_ 1 KBlcratel 3) 

T.-I8: m 

16 

14 

96 

96 

48 
16 

4) 
3) 

m 

SDCDAQStd. QnDetector 

Special On Detector 

SDC DAQ Std. OnDelector 

Special On Detector 

SDC DAQ Std. Counting Room 

SDCDAQStd. On Detector 
SDC DAQ Std. On Detector 

SDC DAQ Std. Counting Room 
SDC DAQ Std. Counting Room 

• CeDtral Calorimeter (Flub ADCe) not counted in totals 
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SOC OAQ: Major Components 

Den~lopment Tools (S.!.!) 

Slow Controls interrace (5.2.:) 

Read-out Subsystem (5.2.3 and 5.2.-1) 
Readout neno.'ork for 10 .... 6 iront-end channels 

Front End and Trigger System Interfaces (S.2.S and 5.2.6) 

• Event Builder Subsystem (5.2.7) 
Switching network with 256 inputs, 256 outputs, aggregate 
bandwidth of 1 Gigabyte/sec 

Timing & Clock Dtstnbuhon Subsystem 
High-speed dedIcated links tor 60Mhz clock and trigger 
distribution 

Data Flow Control Subsystem (5.2.8) 
Dedicated poinHo-point message links to control event data 
flow. With message distributed to >620 destinations 

Online Processor SubsYstem (5.2.9) 
Processing System With computmg power of >10··5 MIPS 

• Online Storage Subsystem (S.2.10) 
Mass Storage System Wlth 100 MBytes/sec capacity 

• ES&H Subsystem (5.2.10 

OAQ Control Software (:;.2.12) 
Software for control. monitoring. downloading and user 
interface Wlth the DAQ system 

• Offline AnalVSIS Interface (5.2.13) 
High Performance network link (1 Gigabit/sec or greater) to 
offline computing system 

• System Integratton and ProteCt Management (5.2.14 and 5.2.15) 

-- _ ..... - -------....,... ..... -----
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Functionality Provided By The DAQ System 
At The DAQ & Front-End/l'rigger System Interface 

In General: 
"SDC Standard" interface to the Slow Controls Network for 
downloading. initialization. monitoring. diagnostics. etc. 
"SDC Standard" interface to the Event Builder Subsystem & Event Data 
Flow Control Subsystem for event data readout 
"SDC Standard" interface to an Electronics Rack Protection chassis 
"SDC Standard" interface (module) to an industry-standard Slow 
Controls serial link to on·detector (non-crate·housed) PC boards 

Additional IrA SDC DAQ Interface Crate Is Used: 
Non-redundant (single bus) & redundant (two identical busses) crate 
options 
Large "user" area at crate rear for special backplane or I/O needs 
Uniform method for power supply input to the crate 
Additional & substantial software & hardware development. testing & 
installation support (e.g., test modules, extenders, diagnostics, etc,) 
Leu dilrerent ''tbinp'' in the SDC and all the short '" long-term 
benefits this brinp 
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Figure 3 
WBS-Be.ed Deta Acqu,.,tlon System 

Block Diagram 
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52 Outer Tracking Straw Tube-DAO Standard Crates • 8 Inner Tracking Silicon Strlp-DAO ~>tandard r:rates 

32 Outer Tracking Scintillating Flber-DAO Special Crates. 8 Inner Tracking Silicon Plxel-DAO Standard Crates 

26 Central calorimeter (SCA)-DAO Special Crates • 10 Central Calorimeter (SCA)-DAO Standard Cr ates 
78 Central Calorimeter (Flash ADO-DAO Special Crates. 2 Forward Calorlmeter'DAO 5tandard Crates 

64 Central Calorimeter Shower Max-DAO Special Crates ·30 Level I Trigger (," IKB/Crate)-DAO Standard Crates 
2 Forward Calorlmeter-DAO Special Cr~tes • 30 Level 2 Trigger (,< IKB/Crate) DAO Standard f:rat.s • 54 Muon (Wlres)-DAO Standard Crates. Event Builder Subsystem 

1611uon (Counters)-DAO Standard Crates. Data Flow Control Subsystem 

20 Intermediate Tracking Scintillating • On line Processor Subsystem 
Flber-DAO Special Crates • EStH SUbsystem 

• orr line Analysis Subsystem 

Phy;; ical Locat ion 
of Costed Data Acquisition System Architecture' 

'" U'I 
W 

w 
U'I ... 
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Completion of DAO requirements 

Completion of DAO system design. incl. technical 
choices 

Completion of DAO component design 

Portable DAO for use in test beams/labs 

Prototypes of all DAO components 

Delivery of partial DAO systems for subsystems 

Installation of complete DAO system 

Certification of full. working DAO system 

c-... 
ea. ...... 5_ 1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 
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SDC DAQ Timeline 



Electronics 

From the Front End to the Euent Builder 

The ShowermoH Electronics 

UCLR Cosmic-R·oy Test 

Electron Trigger Bockgrounds 

SOC Trigger Design Documents 

P. Le Du(LBL&Secley) 

P. Le Du(LBL&Socloy) 

M. Rtoc(UCLR) 

M. Miller(Chicogo) 

W. Smith(Wisconsin) 

LPBoutz: 10/29/91 
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From the Front End to the Euent Builder 

P. Le Du(LBL&Saclay) 
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From the front end 10 ihe event builder 

t.MROOUCllON : 

NowIdIyI ...... IntlJlng .. I now oi>ocrt whlclt Is tho •• of oommu_tiOns" _,. tho • 
mat,r,slave- relationship is replaced by the mora democratic concept of "'Ierver • client'" . 
ThuS •• modom dIIa_1yI1Im Is I>uil<I around I largo .lIIOdutar tII1d ovotving netwo<1< 
of dislributed microprocessors embedded in a mutliJev.1 alructure with a high degr .. of 
paralHtIism and dynamic routing . Standard commercial buses. poinllO poinl connection and 
con1rcM network links allow lhe complete inlegration of all inteatgenl proousing eMlmenlS. 

The architecture (figure 1) presents the diff.rent elements ef the SOC data collectiOn syl1em. 
The FRONT END ELECTRONICS digilizers close to the detector are organized in logical or 

topological per1itions like subdellClor branches. Local data are coIectad using optimizad DATA 
LINKS 10 the EVENT BUILDER through a LOCAL OAT A NODE pertonnlng the necessary harOw'are 
standlrdization and trigger synchronization. Then a series of dedicalad ptOCeSSing FARMS 
performs lhe phy$iCI analysis from the .. vel 3 trigger 10 the mAlI SlOrage • The baCkbone 01 a 
such distributed concept consists of a dual bus conn.clion system, one tor the low speed 
control communicalton (EUlemeVCheapemel), one for the high speed data exchanges . 

The conceptual design is based on few simple rules and melhodology in ordar 10 build and 
assemble a coherenl and COSI effective DAQ ayslem • 
SucIt concept allOws to: 
• SAVE money and manpower 
, AVOID duplicatton of tasks, efforts and delays 
, INCREASE the reliability and ftexibility. 
So , kteu like STANDARDlZATlON of elemenlS and MODULARITY of Ihe architecture based on 
we_ accepted commerCial standards which has already be.n succesfuUy experienced In some 
Large detectors and also In aerospaceiaeronautlC industry • should be strongly considered as a 
guideline lor the basic conceptual design. 

a) Standardization 
The SOC OAQ aystem is panilllned in a cenain number 01 -subdelectors- branches whICh 

have lhe same common logICal components and buikiing bloCks like front end and raid out 
crales, inlerconnection dala and control links • pIOC8ssors . interfaces. Ingger 
synchroniZlliOn •.•.. OveraU slandardlZation ot auch baSic elements is Ihe only way 10 
minimize COSI . maintenence and evolution problems along the 15 yelrs of the life of Ihe 
.xperlment. EHon shouki be made at the beginning to deUne standard common fealures for .ad'1 
logICal lunction. 
The flOure 2 ts atentabve 10 idenllfy the dlfferentelernents of the read out chain and 10 make a 
setec:llon between -dedlCatecr' ( build, IeSI . maintain and document) and -commerciar ( select 
and buy) devic:es 

b) ModUlarity 
The apprOCh ts to build a scalable MODULAR syslem Wllh hardware and software elemeMls 

corrbnlng lOp 01 rlnge performance together WIth I user Inendly IntegratIOn. A COherenl global 
deSign specirlCatlln View mUSI provide a smooln integrahon from the early lest prolOtype 10 the 
runmng modi with a minimum lroubl. for lulure extensions . 

2. THE FRONT END electrOniCS 
ThIS IS the ,"Ierface between the delector and Ihe digitizer. There are approxlmatlVely 300 
crales Iocaled either inside tne detector (central tracker, showermax. electromagnetic and 
hadron cakmmeler ) . outSIde (muon Chambers and SCfntdlator) or on surface (sibcon. 
lrigger ... ). 
Even il the fronl end electroniCs have different designs ,some common leatures eIIn be 
identlhed among the crall tormat , the Levelt and 21tigQer OsInbu160n Signals.!he cIoc:k 
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Funhermore. during the compel! phase of data taking , it permits In cue 01 nonfllal lallures 

10 remove and add dynamically a component withoul modifying the data eoquisition 
SlrUCfUre . This ia atIo an.-genl manner 10 IPV data In a .... non datruclive Wily. 
· EYoIutIori lot tho ...... _III be -.y oldflpoloWd • h ...... be _by tiling 
c:ommerdal NardWare/ SOftwar •. ,. mUCh as posable, ftext)te :.apIe to eoqui,. any ~ of 
lrontend dala bus or links , ICaIab&8 : as the IICMOIogy BYOIv8 (processor, memory •.• ) • 
pctIIbIe : 110m tho ... t IIbOrIIOIy Of bum to tho IInIt trnpIomtnlltiOn .. me olOpOfimant • Tho 
main faalUre -ino to be directly integrated (hardware and IOftware) r. the DAO IlruCture 
alowlng 10 each detector greups to wrill • _I and debug their own -.mbedded -softwara inlO 
the DAO "skIMlton'" Ind 10 be femi6ar as soon as possible with Ihe selected experiment 
ltandards. 

This is the piaoe where the -standardizalion- Ihouki be cornP'eted and fully oomm8fCialy 
sUPPOr1ed. Today. n seems thai the VME standard and its probable evolution toward the 
FUTUREBUS shOukl ulisty mosl of the requirements. 
A bri.f ~ion of the IOIe 01 the dinerenl -logical - componentS 1$ pr .... nted in the neX1 
paragraph baled on today emating deYiCel but which can be very easily extr~ in speed and 
power in the future. 

I) Tho CRATE : 
A Standard 20 "1 6U WE crata with J1 and J2 eX1ension bus (VSB) . 
b) Tha ACQUISITION is made via. pIOC8ssor which pertonns tn parall.1 the reed out of each 
fronl and branch or crate, the data IIow being nerrnaly driven over the VSB extensiOn bus . 
e) The -Scheduler or mutar - prooeslOf organizes the job of ~ion orienled proc:euors 
Ilk. Clown-line loading of dati leqUisl!ion programs. synchronization 01 aU prooesSOfi and 
remota startlSlOp commands. Funhermore ,upon receptton of an evenl ac:ceptad by the 
atquisttion processors, 1he SCheduler processor can take Ihe dec&sion 10 proceed to an on.line 
sophisticated malhemalical Inalylis Invoking a duSler of number crunching processors . 
This two first ealagones 01 ptOCtS5OrS may be the same (like MC68030140) equipped with 
VME and VSB interfaces. high speed b60ek movers, communICation FIFO's and 
Elh.meVChe~" Interfaces.!n addlllOn .. the ·SCheduler- prooessor may be equipped with a 
DMA .sCSI dnvar lor local data dump lacillly an lik. hard disk or mass storage atowng the lull 
autonomy and portability dunng the firsl stage 01 operation (from the prolOtype 10 Ihe 
ilnstaliabOn) . 
d) ~he PROCeSSING ts made by one or more dedicated mathemaUcal orienled processor . The 
mlln task is mainty to reduce Ind tormallhe data Siream. These pIOC8ssor ahouki be equipped 
with limilar(. ~ENSB interlaces. communlCltion FIFO, over the VME bus, dual port memory) 
as lhe 8OQUiSrtlOn pr0C8SSOf ,but.re using RiSe based architecture and large gtobal m.mories 
In order 10 delrver. very large number crunching power. especially for fIoaling poinllofmat 
when running large mathemallCal programs 
The Interconnection mechanisms between the dlfferenl processors occur through communlCallOn 
FIFO's OYer the VME bus. 
d)The TrlQger and galtng logIC have the same lunctlOnalllles described lor the Ironlend crate 
bul rn addition should be responSIble lor the lYenl number. Ihe dead lime measurement ..... 
f) The crall interconnectIOn S)'SlIm IS the backbone ot a dlstribuled concept. It IS the dala bus 
In the same sense as Elhernet IS Ihe COMirol bus. II has Ihree mapr appIcallons areas: 
• It Interconnecls Ihe dlSlnbuled VME crates 
· itlfllerconneets the EvENT BUILDER 
· il inlerconnecls Ihe different on bne contrOl worskstatlOn 
The so caUed slandard IEC821 VenlCill bus (VICbuS) shouki be laken leday IS an enloent 
exampMl 01 $UCh connectIOn it provides a hlQn speed Irlnsparent connectIOn (20 times 
Ethernet) OYer' 00 meters with the &vantage 01 haYlftg no packe1llrame notlln. ThiS means 
optimal performance lor stngie word translers U well as tor ong DMA block translers. 
Funhermore . nice technical extra leatures COuld also be Introduced ilkethe COnceplol 
reflective memory or ~roaQcast- develOpped lor application where large dala butters muSI be 
snared by several processors distributed over several VME crales. which is to creale a common 

synchronizatIOn. the gatIng IoOIC ,the high speed data bus • the read out contfOler , the data hnk. 363 
interface , ... Follow. brie' oeJa1)tlOn orlhese different components: 
I)ThoCRATE: . •.. .. . " 

··/I·fiisl.IIidy-.n'IhO -Iotinat _thOt I 2O .... ·JUMIIO EURO·I\'PO ..... _ 9Uhigh' 
and 400 mm deepth COUk3 fit mos1 of the subdelector front end "** requirements. This crate 
mul1 be equipped with an -high spead -csata bus tor ~. dati read out, ayl"lClVOniZlUon and 
liming distribution I¥lIam which can be eitha' • buS or special ;IOinllO point wiring. 
Reliability and remote control of such device sometime nollocessible during lhe runnino 
operahon is one 01 the imponant deSign goal of this crate. 
b)The DIGITIZER board: 
This board contains the bue react oul chain from the II'lapIrJpreampii • the analog/digital 
pipeline. the'lime or amplitude converter 10 the firsllev,' digital butler, Data input are 
leneivad through. front or rear panel conneaor . The packaging depends on the subdllector 
electronics but. muttipte of 16 t 32.64,128 .... is strongly rec::ommanded . R •• r 
conneclors have also the grealavanlloe to avoid disconnecting cables when changing I card but 
can be limited in number 01 paints f maximum 192 to 256?). Level 1 data sample are 
eX1raclad at thatlavel . Data output is carried out Ihrough the high speed bus connector. An 
-eX1ensiOn - bus couki be useful in some case 10 eX1rect digitized dala "mple to the '-vel 2 
lrigger. 
c)The -toeal- TRIGGER modules associated witn the topok)gy of Ihe crall whk:h process Ihe 
level 1 (and may be 2 ?) algorilhms and send out the resulls 10 Ihe surface Ihrough optiCal 
fbras . 
d) The SYNCHRONIZA TlON and GATING logic which diSlribule and conlrol the different timing 
signal like the 63 MHz clock • the level 1 & 2 trigger ACCEPTIREJECT, the -.ocar BUSY ... 
e) Tne READ OUT CONTROLLER which performs the enlire crate data colieclion and firsl 
reduction 
f)The INTERCONNECTION which IS an interface between the -.oc.at- high speed data bus and the 
standard read out branch to the -Local dat Node'. 
g)The -dedicated'" subdeledor modules like monlloring and -sbw conlrol- (HV ... ) . 

3. THE LOCAL DATA NODE (or subsyslem crate) 
SOC is 1og1Ca\ty but elso ·soCiologiCally· dIVided into a cenain number ( ~ 10 1) 01 
Independenl-Subdelector" elements (silicon, contraitracker.lf'liermedialeiracker, 
snowermax . electromagnllc and hadron calorimelers, muon sontillalOrs and chambers. 
forward deI8C1Or ...• tc.) With Inelr own front end electronICS and monnoring features. 
Therefore there is a need for AUTONOMY during Ihe different stages of Ihe life 01 the .. elemenls 
from Ihe earty concept)Qn 10 Ihe norm.1 running operation whiCh represents more than 10 
years period. Testing full scale prototypes, beam celibrallOns • dabuggltlQ during lhe assembly 
• cosmiC tesl. on·hne monilonng and control musl be earned oul and supponed in parallel by 
each 'subdeteclor" group 

Then the conceplol LOCAl DATA NODE appears . Thl$ ·subsystem crate" IS an AUTONOMOUS 
and PO~TABLE dala aCQUlsnlon Syslem (one per subdelector lor e.amP'e) which Inhents trom 
the glObal DAQ the same pnnctples 
They are able 10 per10rm a complete sel 01 dala cell.alOn lasks Including : 
a. Fronl end crates dala read OUI and buttenng tor each deleCior subsysl.m 
b. Local subevent data tormathng and proceSSlng 
c. Forwarding collecled data to the event builder 
c. T ngger synchronlZlllln which provide an IIller1ace capable 01 supptYlng Ir;gger slQnats 
eilher In lOCal mode or tanning outlhe Signals from Ihe giobaitnoger and dlSlnbulion 10 the 
lront end crates 
d. Gate synchronlzallon whICh providing an Inler1aee With DAQ control and IrlQger gating logiC to 
tnrollie Ihe tngoer when DAQ 1$ busy and Introduce event roullng (dead lime measurmenl) 
I. ConnectIOn 10 a work.Slalion tor conltOl. moMllonng. and sland·elone operatIOn otthe 
subsyslem (hlSlogrammlng . subevenl viewing. slow contrOl (HV ... ), software developmenl 
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area shared between various pans of the system withoul any software manipulation. ThIS m.ans 
writing inlO a special on-board memory automaIicaly updates the inIonnation in the memories 
of the other moduIeI OOMeaed to Ihe. bus at tbeipMd of 10 MtWHc. When a CPU .wlft to a 
..-. ....".,y ..... oro troiIspotanily_ ...... rtho ... _ wrt.on II tho ..... · 

• time k\ evecy memory. When a CPU re.ss data lrom Ihe retlective memory, the cydH.e kepi 
lOCal 10 the intlrlaoe and do not creale any IICIM1y oy.r the link. Hence only the wrhe cydlS .,. 

transtarecl over the bus. saving a big deal of ~. 
g) The "ConlrcM WORKSTATION is the place tooperale an the necessary human inllrf.ce wilh lhe 
lubdeteclOr ilsBlI from progrem mantpulalion and s1Ora0l, -.ocat"run control and 
configuration,oGata calibration. histogram presentaliOn • ptOCIsaors lerminal windows 
emulation. elC ........ This workstaion can alSO work IS and lueligenl spy during the da1a taking 
allowing 10 pertonn on·line me monitoring. Itlhouki be part of the sysl.m and directly 
conneded to 1he Local Data Node crate wltn the slandard crate InI.rconnectiOn syssem. 
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Electronics: topological layout 
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2 

The _ rar an SSC detectDr .... uires aood enefIY resolution. rut time response. 

fine se_nwion. and a hip de_ or bermeDcity [41. The ...... u.menlS ore such tIw 11 a 

luminosity or l()lltheto ore 1.6 miIlimum biu .... 1S per bcamcrossin, (every 16 nI) doe 10 IQI 

in_lee. For the _ section or the _ the nwWDaI Ii .... or any eIeanInic 

elwUlel is stlII5 TeV (lSSumin, equal shariDI or enefIY between the fiant and back sections). 

The miDimII .i .... or inteftst in an electronic clwmel is determined from 01_ isolation and 

muon detection. and is defiJted u 30 MeV. Thus the dynamic 111110 or this section should be 

20-10,3& ~:v -104 dB. For the electromaJ1letic =- or the _ the maximaJ si,na1 

is set 115 TeV. while me minimal sianal isdefmed u 30 MeV. thus iudynamic nnp is also 

104 dB. The reader i.refemd 10[21. [111.1141. and [211. fer ..... expllllllion ""ardin, the 

mercy bounds. The fmnl end elec1I'Onics has 10 be Ible 10 process the PMT outpUt sipal which 

has I minimum 16 ns duration and 104 dB dynamic nnle (in order to cover the demands of 

both sections). For enC1J1es of S TeV and 30 MeV the output current of the PMY is SO mA and 

300 nA respectively. Durinlme time required 10 make I ai,aer decision « 4~) the sipal has 

to be stared in an uWol memory III samplin, period of 16 ns .. 1t was found. [10]. that much 

of the electronicS development for other type of systems (e.,. ZEUS calorimeler system) was 

inappropriale for the very fut sianaJs with I very hilh dynamic nnle from • scintillalor 

calorimc:ler. Indeed. as presenled in (3]. Ind (8]. new equipment and devices have 10 be used. A 

companson belween the performance of ZEUS calorimeserll HERA. (13]. and. calorimeter for 

an SSC detector is liven in table I. In addition to die much hilher d)'lWl'li,; ranlC and frequenq 

spectrUm of the input sipal the fmnl end elearonM:s has to deal with 10 times lower ampbrude 

Plnals. This implies I benet noise 6rure for the input Implifier. which liso has to have an 

An sse Photomultiplier Tube Preamplifier Circuit 
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soc SOle SOC-9I·00086 
DRAFT 

September ~. 1991 

Wesley H. Srwth. l"mversuy of Wisconsin. ~ladison. PhYSICS Dep:uuncnt. Chamberlin Hall. 

1150 l"niversity A\lenue, ~Iadison. \\1 S3i06 

Abstract 

thiS study presents the design of Ihe from end amplifier for I calonmeler planned for the 

Supen;ondu!;ung Supercollider I SSC). The design tS based on analytical computations and 

SPICE simulanons. and is checked IglJ.nsl teSIS performed on I proIOI~-ped drcull. We ",·ere 

loolun, to a!;hle\"e II) a \"ery 10'" droop "'lIhm the 4 ns after the Integration of the 

photomulnpher tube IP~ln signal "'J,S !;Ompleled. (.2) I '·ery 10"" noISe figure for the "'hole 

amplifier In I 100 ~IHz bJ.nd .... ldth. (~) an mput Impedan!;e opurtuzed for the P~1T .... h"h IS 

actuall,. used. (-') bJ.seline reSlorallon as qUI!;k as posstble 11 the OUtpUI of the: !;lIp amps. (5) no 

loss of mfonn.lllon 0"'1n110 Ihe satur:ltIon al U1termed.lary st3{!es te.g. U1terr:l.lor). and (6) an 

output cln'lrmg 100 n 1 .... lsled pm !;ables. or 50 ncoaxlal cables. in order to Il'ansmit the signa] 

to the s"'tlched c3pa!;nor arr.:Iys. 
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acceprable sianaJ 10 noise ratio (S!\'R) for the lowesl enelJY level. Fipre I presents lhe bl~k 

diapam or the frontelld cirelIit which SIlisfocs the lenenI .... uimnl:nlS derived above. In order 

lOachicve thedesircd d)'llllDic nnle and noise performance the IIDSt feasible solution is 10 splil 

the sienal into I hi&h lain path and • low lain path. The ratio between &he lains of lhese palhs 

is chosen 10 be equal 10 32. The PMT output current is condirioncd by the currenl amplifien. 

shown U (I) and (2) in fi,. I. and is inocJr.locd by the rUt and low noise intc:_ (3) and (4). 

Table I. 
Comparison between slgniOrant parameters or the alorimeters ror 

the ZEUS detertor at HERA and ror an SSC deterto r 
P""""eter Calorimeter of ZEUS Calorimeter for SSC 

detector at HERA detector 
Minimal enen:v 300 MeV 30 MeV 
Maximal enOr2V 400GeV STeV 
Minimal PMT output 7SI1A 300nA 
current 
Maximal PMT output lOOmA SOmA 
current 
Dvnamic ranee 62 dB 104 dB 
!nte",al between beam 96n. 16 n' 
collisions 
Sampling frequency 96n, l6ns 
in thellii)eline 

The lain of the IRlegr.nion IS sel In ac!;ordan!;e ..... th Ihe overall ga.m of the 1 .... 0 paths. After the 

lDlC'graCon IS compleled the baseline of the signal IS restored 1ft order to aVOid the loss of 

infonnanon. thiS rtulhl occur If a hilh energy aoSSlR,lS lQunedialely follo .... ·ed b)l a ... ery 10 .... · 

energy one. and subsequenlly one of the CU'Cuil components IS close 10 Ihe UlW"3l1on potnt. 

.... here non·hneannes are liJ.:ely 10 appear. CSlng passive delay hnes. clap amps. shown as (7) 

and (8) in ftl. I. reSlOre the baseline. and nnsmil the Signa110 the cable dnver stages (9) and 
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Ii .... f ... dIe whole amplifier in. 100 MHz bandwid"" (3) an input impedance optirDimI for 

die PMT whidl is actually &Ued, (4) bucIinc _ uquid< u possible aldleOlllpU' of die 

clip.....,.. (5) no loss 01 inf_ owinl'" die salUrllion at intermediary ...... (e·l· 

in .. puor). and (6) anOlllpuldrivinl 1000 IWisted poir_ .... 50o_eable .. inorder 

10 D"InIIDit me sipallO dac switched capacilOf amys. 

D. ne DeIipI 01 lite Inpu. AmpUner 

Wc consider me input amplifier lO be conneaed 10 I PMT which has fISt time ~sponse 

and low boeItJlOUlld noisc.th .. bcin,.uitable f ... bi,h enerJY pIIysiCJ oppIicalions. Reference 

[20) describes die f ....... of R58().15 which wms to be proper for Ihese kind oIapplic:aliOlls. 

A«ordin, to [5). and [121 the silJlOl supplied by die PMT has uponenli.all y shaped cdles. 

beinl dose 10 a trian&le. thus within our SPICE Slmulations we used a piecewise linear siJlW 

whieh had a D'WIJUlar shape. The faliinl and risinl times ,,·ere chosen lO be 6 ns and 10 ns. 

respectively. addin, to form I 16 ns overall duration pulse. The mu.imal OUrpUI current, 

c:orresponding to S TcV. for this tube is 50 mAo while the minimal level. c:orrcspondinl to 30 

MeV. is 300 nA.ln ordcr to hive properraisinl and fallinl times at the PMT OUtpUt. when the 

fron, end input amplifier is connected. Ilow inpul impc4ance for this sta,c is desired. A low 

value for thiS impedance also implies less additional noise tn the tnput cin;uit, thus a beller 

noise performance for the equipment. Acc:ordinllO these requU"CmCnls we chose the input 

impedance equal 10 SO.o. 

A. TM clllffm amp/;fiers 

Because the P~fT outpUt CUl'1'l'nllS split between the high and low pin paths. me actual 

level 01 the lowest CW"R'nt which has to be inteJratcd by the high pin path is 10"'er than 300 
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5 

(lOt The cables. sho .... " as (11) and (12) in fi,. I, are eonnecu~:d to the line receivcn (13) 

andCl4) .... 'ruth serve as buffen (or the swilChed capacitor amys (IS) and (16). The swilChed 

capacitor unys (SeA) are TUdout after a biller decision and digitized .... ;th a 12·bi, ADC in 

the digital block. shev.'n as (17) in fig. 1. StORIe oCthe dau. is performed On the SCA card until 

the Diller determines that data should be ft:ad OUL A detailed SCA PR5entation is provided by 

Kleinfeldcr c, aI .• [18J. The primary function of the SCA card is to receive. process. and diptize 

the sienal from 2S6 analog channels. II is physically composed of 16 SCA in,egr.lled circuits. 

cach of them having 16 inpu, and outpu, channcls. The SCA in'Cgr.lled c:ircuil can sample and 

Store the level of analog mputs a' a 62 MHz nte. It can simubancousl y s'ore and retricvc analog 

samples from the different cells.To avoid large time jincr error, the imcgta,ed signal vanaoon 

dunng the sampling process. "-ithin a ~ ns penod after the lIuegntion IS completed. has to be 

less then I LSB. This also means that the droop of signal al the outpUt of the baseline 

restoraoon CirCUli has 10 be less than I LSB over ~ ns after the Integration IS completed. L"nde:

certain condioons the accomplishment of thiS task can bnng the Integrators mto saturaoon Th~~ 

the Integrators ha\'e [0 t'II! protected agamst the loss of mfotTTlJ,lIon In the VICinity of the 

satunaon poln[ by prolecnon Circulls. sho"'n as IS) and (6) In fig. I. "'hlch reslore the baseline 

at the ourpU! of [he Imep-:Hors JUS! before they can SOIlur:ue. The functions of the dlgttal block 

we descnbed In IISI. ~.,d [161 

The !o.l.i of th:s s::J':~ IS 10 desli" the Input 3mphfier '0\ hlCh cornpnscs the curnnl 

ampiifiers II) .1..,d (;1, the .0'0\ nOl~ and fasllmcgr.l1ors t3l J.nd \~l. the prolC~ctlon against 

saruranon cU"Cuns 151 and 'bl.lhe clip amps (7) and is} and the cable dnvas (9) and (10). The 

design IS based on an:llyn;;al ,ompuLlDons and PSPICE.119J. slmulaDOI'Is. and IS checked 

a,amsi the teslS P«fonned On the real cU"CuU. We .... ·ere iooklng to achieve (I) a very low droop 

.... ·Ithin the 4 ns ,uter the Inlegraaon of the P~1T signal ',\"3,$ completed. (2) a very low nOISC 
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nA.1n order to avoid a tOO low S~"R. at the output of the intepator for this case. we chose '0 
boost me PMT cwren, before h is imcJl"1.,ed. The c~m amplifien.ihown as (I) and (2) In fil. 

I. are designed for this wk. The~ are three main l"CIquirements which have lO be satisfied by 

thcse two Sta,cs: (~) the overall input impedance has 10 be. 50 n. (b) a proper ratio ber"':een 

dlecumnlS loin, into die low ,ain path and inro ~ilh pin path ha.", be provided. and (e) 

dteir C1.U'ft:n, ,l.In has 10 be chosen such that wan, inlO aceoun, Ihe ,ain of Ihe ncxt scales. the 

outpUt ofthc fronl end amplificr swin, need lO be equal tot 2.S V. Thcdiapam of me current 

amplifiers used for these purposes is pven in fil' 2. The nnsislOl'S Q I and Q2 make up the 

invertinl C1.U'ft:nl amplifier. whilc the feedback c:octf"tc:ienJ is mainly liven by R4 and R6. RS is 

used to fix the ope:ratin, poinl of the ClJ'tuU. and the diodes 01. 02limil its lain if the tnpul 

Currenl exceec:1s -~ . The Input unpcc1ance. as it is proved below. IS mainly liven by R I 

The capacitors C~ and C3 compensate the tranSistors frequcncy charac:'Cnsnc:s. in order to aVOid 

OSCillations or underdm'lped responscs. 

....... --....,..--4V 
RZ 

CZ="-'--'" 

R, eml 

0, 

C~'6 
02 .. U1 OUT 

RS 

·8V 

Fie. 2 Thf' input currf'nl amplifit'r 
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The circuit has a $Crles·shunt type of feedback. lhus the lain of the amplifier .. ithout feedback 

is (c;onsideringlhe hybrid paramc:ocrs model for !he transislorS): 
(1+h2IC.,).R2.h1t31 . R4+RSIlR6 

OJ- Rl+(l+h21clHR411 IIR6) R4+R5I1R6+hll" 
(1) 

The fecdba<;k ccef!lci.n~ 8,. is given by (2): 

8,- R4~r3\~6 (2) 

Thus the circuit current pin whh feedback is: 

G·-e-~ (3) 

This lain has to be adjusted in order to find OUI how much of the Q2 cminer current. lc2 .IOCS 

through R6 into the integrator. Bccause the impedance in the base of Q1 is very low. owing to 

die cunenl feedback. the adjusting factor is: 
!om RSIIR4 

k-Ia-~ (4) 

Hence the aCtUal current lain is: 

G-G.·k (S) 

1be impedance in the base of Ql may be computed as: 
Z' In ,. (R4+~:J:'@:lh! Jc1 (6) 

And the circuit inPUt impedance is: 

Itn" Rl+Z' 1R (7) 

In the caJculabons presented above the c3.~itors were considered to be large enough In order 

to be neglected. ChOOSing the operating collector currems for the nnsiston to be -1.5 rnA for 

Ql and -2 mA for Q2. and taking uno accoum that the voltage developed across R1ls -sv-
2·0.6V • 6.8V. and across RS is -8V. we obtain R2 ,., 5.1 Kn and RS 'lIE 3.9 KO. We selecled 

R4 and R6 as low as possible. thus it is reasonable to assume that RS~R6 and RS.R.l, .... ·hlch 

implies RSIIR6 .. R6 and RSIIR4 • R4. In order to have a reasonable S~"R at the output of the 

integr.uor for the lowest PMT output cum:nt. and taking into account th:u lhe estim:ued 
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bandwidth prodU<t (GBWP) of !he "I'"amp WIS not high eJlOUlh. an ovcnhoot o<cumd at the 

end of me lntelJ"Uion. In order to account more exactly for this requirement on the ~amp 

f ......... we _ SPICE ., simulate two diff .......... : (I) die op.amp had • _ 2.6 . loB Hz 

GBWP. and (2) the "1'"_ bad. - 2.6 . 1()9 Hz GBWP. Fil. 3 shows !he .ffects of the GBWP 

upon me integraDon. It can be ncxiced that for alar&er GBWP the ovcnhoot is ancnt.Wed. 

Accordinl to Ihese SPICE pIOdiaiOlls we <bose !he AD 129 IS an inte_. taking into 

account its 7.so MHz trlllsition frequency and its low noise performance. In order to compensate 

for the overshoot. noc entirely eliminaled. we used an AD 848 connected in a feedback ncrwork 

which also subihz.ed lite cLc. ourput eon1pOftenL The outline of chis integratOr is pn:sented in 

fil. 4, while the actU&l sc:hematic is sh0v011 within the lenen.! diapam in Appendix A. 

Cint 

IN 

R2 

Fie ... The rUI. 10" noise intqralor 

integrator output not~ voltage is· 0.2 mV rmJ. we chose the ratio beN,"ecn me current through 

the high gain pa~ and the cut'tl:nt throulh the low lain path to be • 5.5. and me lain of the 

current amplifiers equal to 3. Thus we obtain R4 - 330 Q and R6 -100 Q (for mese values and . 
an infinite Gt we would ha ... ·e a gain of 3.3). The nnsiStors employed ..... ere 8FR 92. for "'hich 

the databook gives h21e· 20. hence htlc - h2te·1t-- 390 n. Gl- ·167. ~ .. -0.23. k _ 0.77 and 

G - 3.2. according to the above given fannulas. The simulations by SPICE indicated a lain of 

2.7. where the diffmnce is due to neglccnn, the frequency characteristic of the transiston In 

the analytical computations presented above. Substinning the values above into eq. (6) we 

obtain Z'jn • S n. thus z.n • R 1. Hence. the input impedance of me ,,"'hole circuit (considering 

both hiBh and low gam paths) "'ilI be approximately RIHJlRIL (the parallel combination of the 

inpul impedances of the 1\\'0 paths). This means that RIHIIRIL -.so n. and also we have~_ 

'Ii: C 'as it .. as found above!. We conclude that RIH" 560 and RIL ~ 330 n. The resulting Input 

impedance (consldenng Z'ln) IS - 51 O. In order to avoid phase shift bet"'ecn channels. me 

mput time conSWltS should be equ.:ll. CIH·RIH = CIL·Rll ..... hlch means CIH" 100 nF. and 

Cll = 18 nF. The diodes DI and D::::lTe 'tBAL 99 ultra·b.st s\\l1chtng diodes and they hmH the 

g11n and the outpUt s ..... lng of the curren! amplifier. In order to avoid the h:u-d 5a.tur3.tion of the 

high gain path dunng IlTge P~tT pulses. 1bese diodes are nOI used ID the 10 ..... illn pinh. and 

they hmn Ihe hl£h illn .... hen the P:\1T OutpUI CUrrent uceeds.a rnA 

8 Tht jllll. 10 .... flOUt In:~r.'aw' 

For the deSign of lhe faSt. low nOise Inte~tor .. e conSidered scvenJ a.ltemao\'es: 

cuslOmtzea Ie. hybnd Cl!tUIt. and the use of high speed. 10 ..... nOise commercial aVaJlable op. 

amps. II turned that the qUickest and most cost effccllve solueon was 10 employ high speed, 

and low nOIse op·amps ...... hlch also Yielded bener pc:rforrr'Wlce. We found thai tf the gam. 
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Because the minimum level oCme integrator output voltage is about 0.4 mV, we have to 

check the noise level., the integrator output in order to have it under the above mentioned 

value. Fil' 5 presents the basic diagram of an op-amp connected to an intep-ator configuration 

which avoids the op-amp satunuion by using the bleeder resistor R. It ~an be dcmonstnllcd that 

the voltage noise RMS value at the integrator output is given by (8), [22]: 

(8) 

Where Von is the noise R.\1S value at the integrator ourput. en ts the op-amp voltage noise 

spectral densiry. in is the op-amp CWTC'nt noise spectr.Ll density, k is Boltzman constaRl. T is the 

operatinc temperature in Kelvin. and B is the operating frequency range. which in this case are 

300 K and 100 MHz.. respectively. Considcrinc en:E 2 nVl\fu and in" 1.5 pAl..JHZforan AD 

829. according 10 [I]. we theoretically prediCt Von 10 be about 0.13 mVnns , hence the nOise 

performance satisfies I~ dB dynamic range requirements. This value corresponds 10 C = 10 

pF. and R • 300 Kfl. a value which Simulates the d.c. compensation network behaVior. 

c 

R 

Fic. 5 Th~ conngufation ror noist pt'rformanct computation 
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For the ~onti,uracon in Fig. "' no bleeder resislOr 15 nceded because the d.c. and 10\\ 

frequency beha\"lor 15 stabilized by the feedback netVt10rk comprising R 1. R2. Ccomp. and L':. 

The ncrv.'ork was designed such mal R:! can also compensate the ovenhool which appean at the 

end of the imegration. due 10 the limhed GBVw"P of the op-amp. This solution makes the 

compensation easy to Implement. but It h.u the drawback that it generates a damped low 

frequenc)' oscillation 11 the iRlcgralor ourput. This oiClIlation does not affect the pcrfonnance of 

the whole circuil because It is cancelled by the baseline restoration circult.lf the PMT ourpul 

CWTC'nt pulse amplitude is equal to 300 nA. its minimal level. then. accoroinc to section A .• 

about 154 nA will emer mlO the high !alR path. The high gain path CWTC'nt amplifier amplifies 

this cu.r.-cnl up 10 aboul :-61 nA. Consldenng a typlc3.l16 ns PMT output pulse. as il was 

descnbed before. thiS Implies thJ.t the mjected charge mlO the high ,ain p,uh imegT3lor tS aboul 

6 fC. For the InlegrJ.con C;!.j)3CItOr equa..llo 10 pF thiS means an mtegrator OUtpUI voll.lgc of 

about 6CX) jJ. v. Hence. IhlS IS the numma..l \ oh3ge le\·el al the tnlegralor OUrpUI. As was reqUlre") 

It tS higher than the \·oltage nOlie R..\IS \a..Iue .... hlch .... as escm.l1ed 10 be 3boul 130 IJ,V In order 

to h3\"e the romo be!~een the pins or" t!"le high and 10 .... g:un paths equal 10 311he tnlegr.l!lon 

C3pJCllOr of the 10""· g:un Plth hls to sltlSiy \5.5 IS the romo between Ihe currents nowmg InlO 

the h:g~ g:un and lo~ pon PJths. res~e'::I\elyJ 

C1nIJg '" Cr.:J\~ ~ >; iO ~F f, = 58 pF 

For Pi.1cuca..l :,elson~ \Ae ,:':"lose 10 u~e 16 pF for Ihe high p.ln pJ.th. and. subsequent!~. 91 pF fcor 

the 10 .... g:un p;ilh. For th~se \J..i:.;es lhe nuRlmaJ \oilJ.ge le\d II the mtegr3.lor OUtpUllS about 

375 jJ.V ..... hlch IS suil higher thln the esumJ.ted \'olll{:e nOise R~IS \·aJue. FiB. 6 preienls the 

SPlCE'slmullled re~pon5-e oi the }me&:!'J!or to a IyplCa..I 16 ns P\1T OUlpUt pulse. The droop. 

..... uhl1l 4 ns lfler the IRlep-J.uon IS compleled. ts about o.lre from lhe peak level and 11 IS 

e'tpecled to be poSSible 10 It.;r.her Impro\ed II on the PCB by properly J.djusung the value of ~ 
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C. The btJsc/iM rcSlOralitJlI circuil 

If a very high energy dePOSit IS followed by a very low enel1Y one. the accuracy of the 

front end elec:aonics mly be affected because some of lhe devices between inteerator and 

digitaJ block .., .. ill oper3lC close to the Silluration poinl.lh.us lhe Infonnation about the low energy 

crossing can be disloned or lost. It rums to be useful 10 jnse" a stice which has thc property 10 

restore the signal baseline. renderinB the dynamic ranae of the tircuit unaffected follo ..... lng a 

larce pulse. The diagram of this ctrcuit IS presented in Fig. 7. 

R 

IN OUT 

Fi;. 7 The- b.lse-line I"Csloration circuit 

The slgna..l l[ :he non·ln\e:-:.:~g mpulIs deiJ.yed ::0 r.~ by Ihe deJJ~ hne. The- delJ~ ca,,, IX 

reduced. uSing ItS 10 t..:;:s ·.,\,hlch.l!"e ~ ns lplrl If l shoner dellY \AoulJ hJ.\e been u3Cd lhe 

OiJtpUI signal. after the mzegTJuon .... J.s completed ..... ould ROt hJ\c been 11.31 enough 10 l\Old 

uns.3usflclory lime Jitter e:-ror. A) It CJ.tl be ~en (rom lhe l!:agTlm. the slgnll It the outPUt of [he 

st.lge tS equal to the tn\ened Input sl~na..l dunng the tirst':O ns. II returns 10 zero In the nexl':O 

os. and IS zero :liler thJt Consldenng thc P\1T ourput pulse IlslIng 16 ns. lhls me!ltls thll the 
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lhc diacnm of intepator protection a,ainst AIWUion circuiL The performance of this circuit 

michl be affected when. rulh <nerIY sipal. which lriqm!he CI discharze. is immcdialtly 

followed by. very low <nerIY Ofte. If !he infomwion aboul!he low encrJY _I can IlOl be 

......s in !he low pin i"'bed capo<:itOn amy IIId iI oa:lIB UlCdy durinl!he time Cl i. 

C2 RI .5V 

C3 

OUT 

111- 9 ProIec:tion ... inSl saturation circuit 

discharging. then the information is lost. However. the probability of an event like this is very 

low.The threshold which determines the trinerinl of the inlCgration capaciwr discharge is fixed 

by R2. R3 and is equal 10' 

V!hr. _$V . (R2~kl) (9) 

This an:uil has to saDsf!, twO majorrequU'el'nCJlts: (1) to S .. ilCh within 40 n.s after the threshold 

is exceeded. (2) to generate very low extra-noise at the integrator output. To satisfy the fasl 

switdung requtrement we employed a very fastswilChing pnp transistor (2!'i577I ) and a ulD'3· 

fast comparator (AD 966&5). The comparalor propagation ume 15 about 2.5 ns ..... hiJe the 

D"lnsiscor Switching time is aboul IS ns. RI and C2 nclWork adjust the delay to 40 ns. To check 

the second requirement we poinl OUt thal most of the time the transistor Q1 is off. In the cut-off 
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baseline IS restored after 36 ns. For this application we employed CLC 400 currenI-feedback op

amp. There are three major reasons v .. hich justify this choice: (I) for currenI-feedback op-unps 

..... e have no ,ain bandwidth trade-off. (2) the slew rate is no longer .limitin, factOr. (3) and the 

a..C 400 has a very shon propagation time and recoverinl quickly from saluration. (7). For this 

op-amp the feedback resistor is required to be le~ or equal to 2SO Q.lhcrefCR we used R - 250 

n. Because the pulse width is very shon and the signal frequency spectrum very wide. in order 

10 avoid the reflections ..... hich may appear 11 the ends of the delay line Vie lemUnated it with 

resistors. Reh ...... hich match the line characterisec impedance at both ends. For the paniculat 

line w. used (IP20. manufactw<d by ESC Electronics Corp.) these resiston had 100 O. Fig. g 

prescnts the SPJCE-simuiated response of the cirruil10 a typical integrator output SIgnal. 

D. The Jnt~g1'ato' prortcnon against s.Jtw'arion 

E"en If the basellne IS restored by the baselme resloraoon circult. the pde-up of the 

signal at the output of the l:,uegr.l1or C:lll saturate IL causmg loss of infonnauon dunng the act;.;a.l 

n::co\'ery from saturation. L'nfonunate!~ this ume mlerval may be vel)' long due 10 the faCt thaI a 

... ery 10 ..... droop at iR1e~r.lIor output ..... as requued to rruninuze orne jitter error. The cucun 

pn::sented belo ..... IS deSigned to dls.chJ:~e the lntcgr:Laon capacuor Cl .... hen the output of the 

lntcgr.nor l'l relChes ;\'. 1.!'1US J.youimg the loss of mformanon v.hich might occur If L'I ,"CIS 

S.J.lurJled. The (tISl pulse for .... hlch the:!V Ihreshold IS e:\ceeaed .... ·ill be norrnaJ.ly processed. 

and the dl:tCh:1tge proctss IS delayed J.~ut.ao ns In order 10 permu the bJ.sehne to be reslored 

After thiS delay. the dlSchJ:gmg of CI IS D'lUered and takes .ao-SO ns to restCft the baschne at 

the Integntor output In order to avoid the salUntlon of the SC.\, .... hlch may occur dunng the 

U':ltlslrion genen.ted by the discharge of C I. the output Stage IS provided ..... uh ulO'a-rast 

sVtuchmg and clampIng diodes (MBAl 99) .... hlch hmn the output s .... mg to 5V. Fig. 9 presents 
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re(ion the transistor gene~s a shot-noise due to the fluctuations which appear in the collector 

eutoff cunenL The speanJ density of thiS noise is (iven by. (22): 

(10) 

where q is the elcctrOn chlrle. and 1cBo is the collector cutoff current. For the 2~5771 lCBO is 

pYCllIO be equal 10 10 nA. Subslirulinl lhese values in (10) we '.1 ~n - 6.4· 10-27 .v{f{i In 

the wont case we have to add iu effecu upon the ourput voltage noise RMS value. to those or 

lhe op-amp cunent noise. Going back ro (8) this means that we have 10 add i~ . (RJ4 . C) 10 the 

already cotnpuled squared outpUt voltage-noise RMS. However. comparing the values of Isn and 

in "'C found the effccts of the shor;·noisc to be negligible compared to those of the op-amp 

current nOise. Fig. 10 presents the SPICE simulations for the curuit behavior afler the thres.hold 

was exceeded. We can see thai It needs about 40 ns to recover aller the capacuor ..... as 

discharged. and thIS can cause loss or information if a very low energy crossing occurs dunng 

this penod of arne. 

E. The cable em'us 

The OUtpUl stage has to be able 10 dri"e either 50 n coax cables or 100 n t ..... lsted·pall' 

cables. The out;lut s ..... lng. In roth cases has 10 be equal 10 :: 2.5 V and In order 10 proteci the 

input of the s ..... lIched capacucm UTJ),' thiS s.tage output has to be pronded .... Ith clamping diodes 

(\tBAL 99 J .... hlch ..... Iil not ailov. the ou:pUt 10 exceed Ihe menuoncd sV'lng For Ihls purpose 

.... e em?lo~'ed CLC -l::!0 .... hlch IS an 1100 \'I~S slew rale. J nv/, .. :·FiZ vohJ.gc nOI~ and 2 pN·.Hz 

CC:Tent :'lOlse \·ohJ.ge reedback op·amp. H,e CLC 4~0 IS able 10 dnvc 50 (1 cables. and In ord~r 

to a\"Old rtllccuons .... e Ulsened SO (1 res:!-tors at the OUtpUIIO m;uch thc cable Chltaclcnsllc 

Impedancc. The dJagrun or the cablc dnyer IS presented In Fig. 11. The 6S0 pF C3pacllors 

compensale the cablc frequency chaDctensuc. The stage has a g;un of 1.2 such thai togethcr 
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""th the previous stages it provides the ourput "'1th a :t 2.S V, .. ing. 

3XMBAL.99 

OUT" 

IN G------I 

OUT ... 

3 X MBAl 99 

Fig. 11 The cable dri\ er 

In o!'Oe~ 10 ,hec;.: ti'::s asseroon \I.e .:on~hler the P\tT ourput CUrTtnt pulse :unplnude 10 be eq\.O.ll 

1050 r.t..\.ln this .:l.!oC:.r:C peak Cl.!!":"C'l1 :~o~mg Into the 10 ..... ~J.ln path IS about 7 7 m .. \. AJler 11 

gun pat;} :megrllor F0r J 91 pF m:e~tlon cJpacllor ll'l.S means J:! V Integrator output 

\oluge CIJrmdc:-.r.g the 1 ~ l:JIn of the cable dnver Stlg.: the ironl end :unphfJer ourpUt s ..... lng 

...... 111 be il~UI ~.g Vr-;:-. ~hlch 15 clo!oc 10 the required ourput S\\tng. Similarly 10 eq.IS) II CJ1l be 

found thallhls suge 3d':s about ~O U\'rms \'ohJge nOise 10 cach of the from end amplifier 

ourputs Fig. 11 sho~s the SPICE slmul3110n ~suhs for Ihe c3ble dm .. er response. II C:Llt be 
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concluded that. ac:c:on:ilnlto these s&mulations. the eireuit meets the previously presented 

requittmenu. 

DLResul1i 

In order 10 test the previously presented design. we built the hilh gain path on a 

brudboard circuit. To have the current amplifier and the integrator workinl in the linear region 

for all the ranee of input currents we Iotscd ± 8 V vohale RJIllaton as power supplies for thiS 

pan of the amplifier. The basehnc restoration stale. the protection againsl saturation Cu"cUIl. and 

the cable driver were supplled from ± S V voltaic reJlllaton. The tnput sllna! was lencraled by 

a Hewlea Packard plotlse lenenlOr' which .... ·as convened tnw a cunent source by a voltage to 

current COR"·cner 'o1oe built on the same breadboard. We used rectangular pulses tn order 10 more 

easily eSbtnate the injected charge. The results of the tests of Ihe main parameters are 

summanzed in table n. The measuremenls of the lInearilY .... ·tth respect to the pulse Width ..... ere 

affec~d by the erron mD'Odlotced by the pulse lener-nor ..... hlch could not mountain the 

recungular shape of the pulses for lo .... er .... ·tdth. To test the nOlSC pert'ormance we used a Le 

Croy ~10 dipt31 scope together ...... lth a low nOise. ~8.S gain. and· 100 ~1Hz bandwidth \'Oll3ge 

amplifier. The OUrpU1 "'oha~e st:Lltda:d deViation .... uhtn a.200 ms ...... lRdow ...... as 11 mV, .... hlCh 

corresponds. for the cm:uliliseif. 10 111~S 5 .. 0 . .2:6 mVrms. ThtS figure 15 conStSlent .... llh the 

Table 11. 
Results of th~ tests fur thr brradboard circuit 

- 0.01 G: from the oe.lk \'3Iue 
Lmeanlr '010 Ith respect 10 the PUlse .... Iat,' 

- 1 ~ from the pe.lk \'3.lue 
I Ourput "o!tage nOI~e R)'IS "3.lue 

- 0 23 mV 
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cbeorctical cxpec:wion. wan, into account me noise in1:rOC!uted by the clip-amp. and the input 

SIIle. and die tact tIw die test was performed on a breadbout! timrit. 

The front end amplifit:rwill be built on a6Iayer6".4" PCB. usin, mostly_ace 

JDOUQC devices. In order to avoid cbc: undesired effecu of the n::flec:tions which may ~ It the 

ends of die delay lines. die PCB wu desianed such tIw the chan<:teristic impedance. for die 

II1COS which connet< die delay lines to dIe .. st of the cin:ui~ matches die 100 II delay line 

iJnpedance. We estimate an impmvement of the droop for chis venion of cbe front end amplifier 

due to the attenuated effects of cbc: reflections. 

IV.Cond ....... 

As is custamII"Y.lhis desien involves I trade-off between che noise performance. circuil 

speed. and dynomic: ran,e has been made. Earlier work on front end ampli/lers, (61. (91. and 

(l7J. ilIusaue: that is difficuh to achieve very lood noise perfonnance with very good speed 

performance for an. 100 dB dynamic ranac. Because of the low level of the minimum InpUI 

sianaJ it is fwd to achieve the needed dynamic range usinS only one integrator. since the noise 

performance IS Jiven mainly by ws stalc. Usina: only one uuegraror would imply I very low 

outpUt volraae IlOise RMS value (about 30 ",V). TryinllO achieve I very low noise level II the 

OUtpUI rrua:ht have an undesired effect upon the CUQlII speed. and would make the ciKuir unable 

to dncnluish crossin,s that are close to,ccber. Integrated VeJ'Slons of che front end Imphfier. (9) 

and II7J. show thai a low outpUI vohale noise level was aehieved when cbc response time of Ihe 

cucuu was not fasl enoulh 10 achieve a.ood droop performance for a typicaJ 16 ns PMT output 

puJse. Also none of me IOlubons presented in (6], [9]. and [17], reached such a low output 

voltale noise level to make il suitable forprocessins an -ioodS dynamic ranle inpul slgnaJ. 

Based on uns reasonin& we used • solution where one inlegralOl' was employed for each of the 
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Respooaein a CIIorimetcr: in PTOCftl/jJtl'D/'M WOIlbhop"" CfliDrilrwrrylo"M 
Sup<",oUideT. Tuscaloosa. AIahama. R. DonaIdaon and M. G. D. Gilchri .... £4.. World 
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low and hIgh ,ain P3thS. The results of the leslS of the breadboard CircUli show thai the solution 

is feasible and achieves the needed requirements. The solution tS also COSI effective because aU 

of the devices employed ",-jthin the fronl end amplifier can be ordered IS sWldatd productS. The 

CircUli we presemed has a droop <wer 4 ns. aflet the integration is completed. of. 0.07 ~. a 

linearity of - I ~ and an output voltage noise R.\iS value of • 0.23 m V nns for an inPUI silnaJ 

dynazruc r3nge of- loodB. 
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1 Introduction 

A major r~quir~ment of the SDC first Le\-el Trigcer is the detection of electrons (rom 
indush-e \\" and Z production with 50~ efficiency (or triuering on the e"ents tba.t ~nter 
the detector fiducial ,'olume_ Th~ anlicipaled rat~ o( electrons (rom these sources is 3 KHz 
at Ihe nominal sse d~5isn luminosity of :0]] Howe\·er. Ihese mUlt be det~cted againsl 
a badt!!:round ral~ of an a'-era!e u{ 1.6 e·.ents occuring al the beam cronins frequency CJ{ 
16 ns~c. This inpul rate o( 10' interaClior.s e\'er~' second must be reduced b~' a (actor of 
al Inn lu] to 104 b)' the fint :e\"ellrigger This repo.rt is a conceptual desi!!:n fCJr digita.l 
?a',~eru ICJ~lc to trigger on isolatea elecltor.s and photons in the SOC .. aiorimeler_ ThiS iogic 
:s fully p:j.lelir:ed wilo 16 nsec C;l'CKID~. T:.:i documenl ou:i::les Ihe de':gn of this logiC and 
?~e~C'n1s Ilml.Oiation ~esuhs on i:5 perio:orr.a:lce. 

Th~ lSolatC'd e!ec:rc·n pattrr:l iv~:c I~ ?a:: of a calorur.e:er Hisger based on se'-rrai 
quar.:it;es. Amon§ these a:e_ :/Le Ivlal e:ler~y deposited b :ne calorimeler. the sum o{ 
!ranHe:~e f'ne!'~y. r.lIssin§ ?r- aior.1J '.nlh :!'le number and er.e!'gles of je!f and electrons 2 
The lrl@gC'~ de~lI;n presen:ed ht"~t" :C'qui:C's :'UI sigr.al detec:lOn. The phl:",sophy o{ IhlS 
In~!l:"r IS to culll:"c: m{ormatiCJn 1.1 Ihe ra!1:" oi the crossing frequency in oroer 10 minimize 
Lhl:" probabd:L~ v{ e"enl o"erlap lunf:J.s:r.! :he 1ri~!er_ This does nol Im?i~' that the full 
ca,vr:me:er daLa .cquuillon s.n:ems c,':;f'c :r.forrnalion at :hLs rate. Thi~ dof's mean thai 
::";1:" !u=>sel of In{orma:inn uled !:,~. I r.1:" trlgjll:e~ :! acquired at the crolSin~ ::equer:c~ 

The caior:meler desi§n a55urr.e~ ~cin·.:;"a:o: readuut by some Iype ,,! f)hc.t vr.1.u!l:pl:er 
del Ice The caiculatic.ns r~qui:t"d j,)r :he calc..r;mel~r Irig~e! Include summ:r:g ail of the 
f"T'.f"rt;I~S from pujsehe'lshu rC'cordeo :n !hl:" .,l'Il.!omultlpiletf C',·erJ.· 16 n!l:"c. In addill,")n. 
ca:cuiatlOn oi thl" Ir&nl"erS~ eJ:er~.\" and mlSfin§ Pr requites energies fl-.:,m ?ulsehelghts. 
muhlpil~d b~· !~umetnc faclors_ T!'!e calor:me:~r lrigger stans wilh th~ aUi!nmer.1 ur E-'IC 
and HAC secll()ns to tn&ger toweu . .\:1 anaiv!!: sum is made o{ &II o( a. trl!!Sf'r tower's L\IC 
,C'cllons and a sl"cond sum is made of loa :ls H_\C sections. Thes~ are Ihen fiash.di§l1ized 
Tbe tng!!:er must Corm Ihe tra.nl\-f"rsc I:"n~r!~· and missing Pr sums. Gi'-en a:l E-'IC or HAC 
trigger to"""~r sunl o{ ener!:,- E, localed at polar anIle I, and azimuth&! angl~ Q" the sums 
ma~· be {orm~d from lh~ quanl:1ie' E. (total enern), E,sinl, (trann'f'rsf' energy) and the 
compunellt~ E,sinl,cosQ, (mlssl:.g l .. ) and [,slnl,sinQ, ("lisslng E,). The digiliz~d HAC 
and E~IC pubehel!!:ht from uch of !he IrlUer 10W~rs IS stored. n-.uhiphed b~· bokup lablel 
cunlalDins the~C' gC'om~l;lc fa.c:o~s aT.d 1:':jf"cled Into sumrnir.§ :letworM5. 

446 

coc~s can he programmed to indiral~ Ih.l Ihe tow~r are either el«tromalnetic or qui~t jo 
naturf'. 1.1 dlfrf'r~nt energy le\~ls. This c.pability ailowl for different definition of th~ qui~t 
to"-~rs used m trannene isolation ""·lth ditfer~nt enerlY Ihresboldl (or electron to ... ·en. Ihe 
uample ETT cod~s belo'" and Ibe followlnS discuuion Ihow a full 6·Electron tbrnhold 
confi~urallon Cur the ETI code. ,-\l lhe end of this Gtneral OumeUf I«tion. an aJternate 
namp:e configutatlon is Iho,,·n. "'11 h a s~cond quiet tbrelhold iUHrted at cod~ 4_ 

ETT cod~ d~finHlons (or 6·[lectron thre,hold confiluration: 

• Qui~t. (Code 0.) Tbis 51al~ indical~s that tbe enerl" deposition in the to .. er is 
beiow all elecuon energy thr~sholds. " 

• EI Electron" (Code 1.) Thil state indicates an ena'" deposition ,,'U de!«!ed 
correlPonding to tbe pusal!ie uf an electron a! or &bo,'e ener&y threshold 1-

• El Eleetron. (Code 2.) This state indicates an enerc deposit inn "1.1 detected 
correspondinl!i 10 th~ pusa!!:e of an el~clton at or abon ener!y tbreshold 2. 

• EJ Eleeteon. (Code 3.) This SUI~ indicates an ner,,' depolitinn "'1.1 detected 
corresponding to the pusage vf an el~ctron a! or abo,-~ enerlY tbresbold 3. 

• E. Electron. (Code~.) ThIS slaTe indicates an enern deposition was d~t~ctf'd 
currespundln! to the pUSl.se of an ~!f'ctron at or abo"e ~nergy !hresbold 4_ 

• E; Elreteon. (Code 5.) Thi~ Slate :r!dicaJes an eneC!,y depoli!ion was det~cted 
rO~~f'~pondin~ to Ih~ pasS&~C' "j a:\ e;~c::on al or abo"e en~rgy thr~shold ,j. 

• E~ Elrclron. ,Code 6.1 "!'hl~ ~U:e :lIdicat~s an ene!'gy deposition was dete'Cled 
cc,:re!?<-nou'.1: 10 the pauagC' ,..j an f'iec::on at or aho"e ~nersy thr~.hold 6 

• ~on.Electron .. ('vde 7 , TillS ~Iat~ :ndlcat~s an en~rgy dlnributian correspCJnding 
l.:. ~.:..:::el hlr:~ .:.1 ner than an f'!C'r: ~O:l vt GU;el tower f hadron). 

\n [T T cc..c!e e~;,a:s for each ttl;;f'r lC!wl:"~ T~~ lize of th~ Ir:gg~r tower and lhe resultins 
~ranaj2.~ :~. vf-:~.e 'I:"arcn grld.:.{ :!.e :.v;a:ec ,..:C'c\!'vn det~cllon. in terms of ,,·a coordinales. 
depf'r:c~ ';?u!'l the ~:;mmjng of :hl:" P'IT .. :.;~re:\:s ,uppiied :,) Ihe fADC. A tri§!!er lower 
iLZf" ,-f .. j.,( 05 I! achlC'\"~d i( thC' [:\1(" ar.c H.\C P-'IT currf'nu o{ each tOWf'r are di!;ilized 

~f'f'~~;: ';.-~;: .1;4 ~ ;~~r. ~~ ~:~,n~ ~!:~;~:~~.~ ~:.f'~t ~~!~~':::;I~~~ ~. ::2 ~ato~~ Jei~;C';~:~;.f'tdh:;;~: h:~ 
f'nf'c:':";-: ::-.1:" ~:~IJCI·Jre f.lf Inf' ETT ,·('cC'. ~,: '~C' ;OSlC which ope~at~s upon jl 

Thl:" :":tX~ .:f'jll:l :io;alC'Q f'if'c::"r. ctC'tC'cl.:r.:~ 10 organize the !(.wen in:a ~:d' rf'~lous. fc..r 
Ine a?p.:ca::f.I:l (.j lr:~1f ETT dau to a pal:r~:'1 recognlltun .\SIC. Each ~x~ re~lon. hereafter 
rdC'HC'c:,:, a~ a ·-!r,c··. has a J·bl! [TT cofit j'·r nch of in 6-1 triuer to"·en. fc.r a total of 
192 b:a ui ETT data. ThiS da.ta :~ aPtlilf'c \la a common b .. s :0 6 instances of a Pattern 
Rtco!T'.:~:on .\'51(" i PR.\ ..\11 PRAs ,-·pf":a~e on lh~ sarT.e ETT data simuilan~oush': each 
at a d~f.t~e:l: e!tca·:on Ihre!hold If"'t"!. F·-·r C'ach PR_-\. Jhe e~~ct~on threshold is det~~mined 
b:. a n:ec: ~4~k. l\ !;;c~ IS unrie~ com pUler cc.nLroi. The sf'I~CI :r.uk identinn the threshold 
1f'\·~1 a: "~.:c!-t ::1C' PR.\ .. ili1denl::.\ a :'.Wf'r as Cor.taln:n~ an e;tctran. Towf':s .... ·ith ETT 

·3 

The (ormalion of jet. isolated muon and isolated electron tripen in a pipelined fashion 
is considerably more complicated lb .. n mu.ing sums. the detection of jeu requires pmer· 
valioa of tOll~r information tb&t wouid be lost in a ,loballum. The detection of an electron 
requires e,idence of el~tromaPletic energ~·. Tbis is done by (Ompa.rlDI enerlY deposited 
in the nrst ieteraetion 1ensth of Ihe calorimeter with that deposiled Jater on a to"'er by 
to"'er basis. The delermiD&lion oC the i501&lion of an eieClron requites theekins the lo"-ers 
bOfdenDS on the declron -candidate-lower (or energy below some minimum threshold 
("'quiet-). 

Ibe proposed' design u.es t&bles to maJu: local lelU on lbe &mount of ener&~' in aD 
indi"idual trig!!:er to ...... er. The ratio of HAC to E~IC enerlY i. also tested. Tbe results o( 
these testl are encod~d and pus~d (or"'ard with th~ ~nerlY luml to a I~arch tabl~ that 
looks for matches witb de.ired patt~rns. Local enersr suml and tean are also made. 

Ib~ id~ntificalion of an. el~ctron in"oh-c:s corr~lating information from the uackin!!: and 
calorimet~r systems. Identification of an el~ctron in the calorimet~r requires detectin!!: iso-. 
lated ele<:lromagnetic eneriY' The first step is to find a calorimeter I riner to"-c:r with enerlY 
in the eleclromagnetic computment and i.iule or no enerl)' in ita hadronic compartment 
(i.e. trpicallJ.· EHAC < 0.1 .. E£.\tc). Xext the towen adjacent to th.is to"'er ar~ checked 
(or ha"in!!: little or no energ~' in bOlh ele<:lromagnetic and hadron.ic cnmpartments. Tbis 
elta.blilbes eleClromagnetic en~rgy that is uans"erseir and lonsitudinally isnlated. Since 
electrons ma~' share enerlY among lowers. and lhe crit~ria for elecuon isolation npeds to 
be relaxed (or more enersetic electrons. the desisn allows (or the ratio o( HAC tn E~lC 
ener!!:f to identif~' an electron tow~r to chanse' with ene'rgY, allo,,'s (or dift'erent definition 
o{ Ihe quiel 10w~rs used in aanHe'rse isolalion with difl'erenl enerlY electron to,,'en, and 
has pro"ision for up to six en~rgy thresholds. The latt~r :5 necessar~' in ord~r to allow (or 
different energy Ihresnolds for singie. dilepton, and multilepton nenu. 

2 General Overview 

Figure 1 sho .. ·s a hardware block dia~ra.DI for Ihe lsolated Electron Triner. Pholomuhiplier 
Tube' (PlIT) rurrents for the ElIC and HAC sectionl or each ulger tow~r are digitIZed In 
a FADC 10 produce a "aiue for the current. These dilitized ,·alues are lupplied &5 address 
to a :'\Iemor)- Lookup Tables IlILl's 1 which bolh conHrl th~ ener!!:)" to a 12·bil linur sc&le 
{or the prCJQucllon of jet and tOlal ml$Slnl! ener§y suml, and &Iso determine a sla.le for Ihe 
tnn~r luwer. known u an Encode TuwC'r Type tETTI cod~. Ihil cod~ clusifi~s a tower 
1.1 el~ctroma.gnetlc. qUiet or badronlc. The fADC and llLes are orga.niled in a pipeline 
architeclure. so as lo be able 10 .ample nf'W P:\IT curr~nts and produce a nev .. ETT cod~ 
for each 16ns bunch crossins- Ihf' plpehne length will be approximately 3 crossin!!: clocks. 

The EIT codes are uled 10 refl«t Ih~ stale' of the triWr tower u it pertain I to isoJated 
electron Ingering. Ihe cod~ is 3·bits ",,·idC'. and lhus can r~fl~ct 8 dift'erent sta.tel for Ih~ 
triner tower. All of the states are proln.mmable throu!!:h the \·~fE downloa.dable m~mory 
lookup tables. Two o( the code ,·alues, U and 7. are relened to Ipecific states. Code 0 is 
resef\·ed to indicale lo,,·ers which ar~ below all pertinenl ~nergy threlhoJds (i_e-, "qUIf'l··). 
Code j is r~s~f\'f'd to tndicat~ towers which ar~ hadronic in energy content. Ih~ olher 6 

coda below tbal threshold level .. iU appear .. quiet to the PRA (or pattern reeolnition 
purpose •. 

~ach P RA. searcbes (or isolated electron electronl at its respective threshold level in 49 
pos~lhle locations within the gri~. Th~ rules for this learch are described in a lubsequent 
I«tIOO, Ib.e a.utput_ o( the PRA I,S & Sal word which indica!" lbe pmence o( any ilolated 
el~!tons ",thlQ r~~tons o( .th~ Ind. T~es~ rqions con.tlt of 2x2 triner tower leometries 
wblch are (ully confined wnhin the !nd. and Ix2 or lxl triner tower geometriel which 
occupy tbe edg~ or eorners of the g~d. Th~re are a !otaJ of 25 rqions in an 8d grid: 9 
confined 2x2 t'el10ns. 12 Ix2 edge reSions. and 4 lxl corner rqionl. 

~ote that the Insic ";thin the PR.\ for decoding !he EIT coda is desilned in luch 
way !bat ~wo PRAs operat~nl at different threshold. eannot each find an i.olah: 
electro~ In tbe same location: tbe hilher !hnsholds hne priority. Each PRA can accep! 
a new I.nd of EIT data ne.r)· Uns bunch crolSin!!:. Tbe la!ency thzough the PRA to the 
production of the Sal .. ord IS approximately 3 crollin! docks. 

.In addition to th~ PRAs, the EIT data bus il monilored b~'lhe quiet detect losic. Tbis 
lopc ch~d:s the raw ETI codes for Ihe grid to d~teC! resions whicb are compl~tely quiet 
(all. to,,'~rs a~ EII code 0). and produces a resul!inl ftaa: word iOdic.tinl which o( the 25 

:;:co~~;; ~~::~. Th~ resion leometnes ex&Ctl~- correspond to those used hy the PRAI as 

The fla! "·ords irom all oftbe.6 PRAs a.nd the quiet deJect logic are (~d to the electron 
threshold decoder losic. This 10gLC exammes Ih ilal words. and produces a 3.bit Isolated 
e~«tron cod.~ for eac~ cesion. Ihis c<.)de rdecl5 the threshold al "'hich an ilolated ~Iectron 
\\~ found. If th~ re!}on w .. completelJ.· qUlel. or if no isolaled electron "'1.1 found in the 
reSlon. 

For Ib~ 6·Eleclron threshold case. th~se codes are defined al (oliowl: 

• Re.lion Completely Quiet, iCCJd~ 0_) This code indicatel that all to"'~rs ID th~ 
crllon "'ere'compieteJ:' qUiet ,aU had an [TT code o( 0 .. _ 

• EI Isolated Elutron. (Code L) This cad~ indicat~s Ihat an isolated ~lecHon al 
threlhold 1 W&I laca!ed in the rellvn. 

• E1 Isolat~d Elrctron, f Cvdf' 2; ThiS cod~ indicates :hat an isola!ed electron at 
threshold 2 \\ as localed in the region, 

• £] Isolated Electrnn .. (Cvde 3.) This code indicates thai &n isolal~d ~Ieclron at 
threshald 3 1\ a, locat~d In t hC' rf'~lon 

• E4 :Uolat~ Elretron,. (Cc..df' ..j t ThIS code indicalC's thal an ilolat~d eJeClron at 
!hrelhold 4 was located In th~ reSlun. 

• Es Isolated Eleetron. (C{"Ide 5 ) This code jndicales Ihat an isolated electron a.t 
thr~shald .5 ""-as locat~d ia the rf'Slon 

• Es Isolated Electron. (Corie 6.) Tha code Indicates that an isoJat~d ~Ieclron at 
thr~lhaJd 6 wu located In Ih~ region. 
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• ="ot bol.tcd, :-iot Quiet. ,Curi~ 7.) Thls ecc.e indicalES lhat lI'.~ r~gion did not 
con lain &n isolated electron. z:,:d WAS LSO not car:;.?lcteJ~· GWCl. 

Despite the appara •. t tir.;:iia;i.t~·. Ihe~e ]Soiatea elect ran ceaes shauld nat be ca;<fufed with 
the Ell COGef. Wherus the Ell codes :tier ta tht raw .tate of ir.dh;olJal !riner tOwe:-f. 
the isolated electron codes re:er to re~ions of ':'Igger towen after ao isolation cut hu h~n 
perfarmcd. Code value -: pro\'idef ... gooa e."<ample of the differencr ~tween thr two defi· 
nitions. Whe:-ea, £11 code';" refe!'s to a tri~!er tower ""hich if hadronic, isolated electron 
code 1 refers to a repon which is not completei~' quiet, and did oot contaio an isaiated 
rlectron. :"~s it turns OUt. howe,·er. a ruion with a tower at £IT code i (hacironic tower) 
dor. inderd map to isolated eleclra:l corie :- Ir.an-quiet. non·isolated region)., 

Ihe threshold encoder lolic alsa contains a seif-test feature, in which all PRA. are set to 
the fame threshold. and their Bal words sabjected to a hit..nse comparison, As the PR.-\.s 
are identical. their output Bass snould also be identical. Ihis feature will identify a lack of 
total alreement httween thc six PRAI, 

Once the isolated e!tt:tron cades I.e !!!tnerated, the fioal step heforr matching ,,;ith the 
track and showermu data tn the It,'el 1 tnger is the combination of edse. corner plrtial 
upons of Idjlce:1t !rids into 2x2 tri!!er tower composite repon. ",bich fall acrou srid 
houndaries, Ih;t it pe:-formed b~' thc tn~e cO:'ner resion checitinllosic described in I later 
ftction, Ihe rt!uit !Jrnaucrci b~· this log:c it a map of uniform 2x2 tower :-egions for the 
entire calo:'lmC~er, ncn ''''jth a 3·blt :soia!tn tltctron codt, 

.-\f suttd ?~~I'lo'Jsl~'. IhC' Ell ,oaC's :·6 ma~' b~ confi!c.rrd ta be addilianal quirt statC's 
instead of e:ect;ar::a!r:e:.:c thrtsno!6 T::':!:s accamplished merrly be reprogramm:n! thC' 
seiect~d £IT C0c!~S :n the dOI\r.;' .. ari.;,b,~ .\iLt" via the \',\IE interface to reBect thC' drii· 
nlhan cha!".!e iur t!:e ad.c!itlv:-.a: GUI ... · .:a.~t'~ Ih~~r addil:ona.l quiet ,lattS will bC' \'isibie 
as to aii ~:C'cl:"n !r.:C'!~olcs r.nin! h:!~,C': EIT code ,·alues. and ",·i.il not be "ifihiC' 10 th~ 
~hrefh,,:cs ":!n lo\\ ... r EIT coae la;:..:C's, In adai:.i.:.n. those PR.h 'III'hich prel'ioully mon:· 
tortd thC-fC' In~t~:lo:r.s arC' duaoieci ,\ ·'.e con::oiiln! ?roceuor, The resuit is that toWt'rs 
with 51lnlfic;a!l! enC':(~' conttnt can bC' cor:slci~red u quitt under certain circumstances fur 
IhC' pu:,?ose of d~!C'Ct:r:1 aoiatC'd e:tc::-.:.::s At thC' hl!iher ener,!.'~· thresholcs 

In Ihe txar:;;>:~ DC'iow. C'!~c:ron ;:-,~~~~,,:d .. ;s rt?:aced wit~ a second quiet thC'~holci, 
rt'fl.lltln§:n ::.~ :UIIV'\':nl aite:ta [TT codC' ce:l;<it;on, Tn~ !a? crea~td h~' the loss vf a 
Ihre,~.o:", ,s ~::ed ;)'. !:.~ 't?rO~ar..;..::,~ ;,r 0 ..... ur ::O.urt of :;';C' ~C'ma::-.:n~ ~ltctron t!.:e,h, 
(~,cil T~t rt~u.1 :~ a cor.:ll@:a~a:lon II:::. a tir.tit q'J:tt :~.:e!hcid lor Ihe b"~lom J C'iC'C::l~;'I 
th:-esho:.::s. &r,C: 1\\1) q"'!:~: ~nrt~r.o:d. :'('r :r.~ to? 2 elC'c!:("'n :i::-es~,{.lds 

• Fit'.t Quict. ,CocC' v) Tha f:a'C' lr.d:c;attf that InC' ene:,g~' dC'?OSllian lD thC' tOW~r 
IS :,t:vw ;a:. r!l'nron rMr!y thrf'~nl·;c5 ThIS :hresh~~:d;s 'J:lchanged from IhC' origInal 
d~F.n:llon 

• El EI.ttron. (C"de LITh!> sU:t' Indicates an ~ntrsy dtpafihon 'lll."U dC'ttct~d 
corr~s?undin§ to the puniC' of an tleclr<.n at or abCo\'C' cnerl~' threfhold 1 

• E~ Elrett'on. ;Codr 2,) Ihn stalt' Indlc;a:es an enC'r!~' d~posjtion was dC'tf'cted 
corrC',pond,n~ tn the pusast of In elC'c:ran at or abo"e ener!~' thrC'shold 2, 
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3 Memory Lookup Tables 

Filure 2 sho"..1 a black diasram of :he memoty lookup table arehitecture for a single 
logical tower, It shO'lll'1 a pipeline ('onmting of the Fluh ADCI (FADCs) that diptin 
tbe ra'lll' P;\1T or summed P~lT sl!nals. a fiber·optie interface to transfer the taw data 
off tht dttector. and a group of memory lookup table •. operating at the 16n. crouins 
clock rate, Ihe pipeline begins wllh j)holo-multiplier tube currents of the to,,'er [:\IC 
aad HAC sectionf connected to ;a pair of F.-\.OCs. (~ote that if tbe triCler tower size 
in "'0 ('oordinatel is to be .0,sx.05. !hrn this corr"pond. to a linSll' phYlical tower. If 
the triserr to.-er sile correlponds to .1x.1. then tbil corresponds to 4 ph)'sical towen 
in a 2x2 arran!ement, .-ith thtir currenlf lummed ta thl' analoa domain.) 

Ihe output of the FADCf is a raw dilital "alue which refiecll tbe enefIY content 
in that lection of tbe to"'er, These \'alues are represented tn the filure as Ininl 8 
bill ('omprelled on a nanlir:ear sc&.ie. althouSh it could In rcpreaented using other 
formats. indudins ",hitl mantina with -l·biu exponent or a·bits mantilla "'ith l·bit 
r&n~e and I·bit o\~rflo ... , Tht £:\IC aod HAC disital "alues are tran.mitted tOlether 
on a linSle optical fiber off' the detec!or. where they are rec~Ted and Rparated asain 
!or application to the :\tL1:I. 

There are three ~tL( block. in Iht aesl~n, Ihe first :\{L( compares the raw [~!C and 
H.-\.C enerpes to produce the Ell codC'. Ibi. code is used for the isolated electron 
deteetion which is lubsequent:," r;esc:ibtd in thil document. The other two :\tU: 
con'"tct th t raw E;\IC and HAC en~:~ies to a 12-bit linea.r Icale. 10 that they can be 
applted to a lurnmation tett for ule ID the jet threshold and total 'missins tran ... ·erse 
entr!~' t rlg!en 

4 Pattern Recognition ASIC (PRA) 

The PRA pC'riorms tht task c,f e:-;i!.mlD~ng tne EIT codef for 8xS Insger towC'r rC'· 
Sic-ns '~grids") !Q detect ~holC' 1:'I!!t: towers containinl ilOlated electrons. A PRA il 
cor.filured wllh a static thre,ho:ci iei~ct u:::.der compu!er cantrol to felect the dC'sired 
tltct;on f'nC'rcI' tr.;C',hold. 11m .~;t'CI cont~oh hoW' Ihe £IT data is decoQC'd within 
thC' PR.\ D\,;~;n~ ::vr:-r.a! ope:-a::r.;'I, ~:x PRA!. one for !"lcn tlectron Ihr~fho!d. simul. 
taneous:y '~j)era:e ')n :ht sa:n ... ETT c!;ata for each I!:id i:1 tbc calor::ne~er, Durin! 
se::'ltl! rr"Hit. a:1 PRAs D?era;C',,:::. :; .... !a",'" Inrr!nc-!d. a:1d should prODUce idf'ntical 

f:!~rt J sholls a :,i0ca cia~~.~ .:.:':i' .... PR.-\.. PcocC'nJn~ ·",'itiU:I the PR.l. occuu.n th:,f'C' 
maJl)r fU!!!tt, EIT decodin~ h) Q [ :'IU. finding Ifolattd electrons in thr ifoiated 
elC'rlron dt'It'Cllon blocks. ana rr.aDp:n~ tbr reniu of thf' isolatioa dttection into fixed 
phYllcal rt;10nf. 

Iht nrH stagr of proceuing i~ lhe EIT decodin!. ThC' tap thrC'e C'dges of FiSure 3 
show the J·blt Ell codtf of 6 .. :r:ggC'r towen f 192 bits total) entenns the ChIP, Ihc 
ETT codC' fl'r nch aiucr ICo"t'r It compared to the threshold felectrd for th~ PRA 
Ihe result of thIS comparison i$- Ihe Q ar.t! £ bitl, Ihe Q bit il activC' if tht Ell 
cndC' is Itss than the thtethold-tr.t :o,)WC'f ;s considered quiet. 1 he £ bit il actll'C' if th~ 

• E3 Elee-tron. (Code 3.) This state iome.tel an ent'rsy deposition 'III ..... del~cled 
corrHponding to the pU5a~e of an electron at or aba.,'e eoerlY threshold 3. . 

• Second Quit't Threshold (Code.l. \ This state prO.,;dH u additional quiet thresh
old which if vitibie to to eleclron lhresholds 5 a.nd 6. but DOt to electron thresholds 1 
throush 3. This threshold it for lawen which h.,'e siSnifica.nt enerS)" deposition but 
may nonetbeieu he considered quiet for detectins elect rODS at hisher eDers~' tlatsh· 
oIds. 

• E. Electro'n. (Code 5.) This stale jndie.tet an energy deposition was detected 
correspondiag to the pU5asr of an rlrctron at or abo"r rnrrSy thre.hold 3. 

• E, E1retron. (Codr 6.) Thif ftate indicatrs an rnrrSy drpotition was drtected 
correfpondial to the pusase of an rlectron at at aha\'e enerlY threshold 5. 

• Non-Electron. (Codr i.) This state lndicatef an ene~' diftribution correspondins 
to somethtnl other than an electron or quiet tower lhadron). 

Continuing. the rumple. the following isoiattd electron codes refult·. ~ote that code 0, 
Region Complettly QUiet. is formulated exduti\'ely Crom the first quiet threshold. £1'1 
code 0, Code 5. prtnoush' occupied h, 150iattd electrons at £11 code 4, no".' becomes an 
empty undefintd .tate. 

• Region Comp1etely Quiet. ,Coo~ '),1 Ihis codr indIcates that all towtrs In tht 
rrglon were compiC'tel~' quiet! ali han an Ell codr of O\. 

• EI Isolated E1eetron, (Cod ... 1, T!-::i cod~ IndlcattS that an isolated tlec!ron ;at 
thrC'snold l \\&5 iocatrd:n thC' r~lO:: 

• E~ Isolated E1eetron. (Coot' 2 ' T:-'.ls cod~ lDdicates that an ilolattd tiectron al 
thr~snaid :? wal iocatC'd In tnC' rt't:on 

• E3 holated Electron. (Cod~ J Thl5 cod~ tndlcatrl that an 1I0latt'd rl~Clron al 
thr~lnoid J was locattd In thC' r ... ~:un 

• Empty/l:ndefined. ICode.. Th:. (vll~ IS ~mp:~' undefined. EIT code ~ has nt'en 
reasslpC'O 10 a fC'cond qUltt. a:lo In~ PRA o?tratln~ at threshnld ~ has bten dlsanita 
ThC' t'ncoOt': I(.!IC 11111 nvl I!"t'ne~a:t' :r.;, coat' for an' rC'!IOn, 

• E~ holated Ele('tron. ICua ... ~ T~,:) codf' InOlcate, that an isolat~d f'ienrlln .: 
!hrewuiJ j "a) localC'd ill Iht' rf'~:VI, 

• E, Isolated Eleetran, l CUlit' b" ThIS cod~ l:ldlc~tes that an i,olatC'd f'1C'Clron al 
thrf'shold 6 "as locattd in I ht' rt'lp('In 

• ;';ot bolated. ~ot Quiet. I Cod ... :- , Tim codt indicates that thC' re~lon dId nut 
contalD an Isola.lC'd elC'clfnn, and lias ;a:so nut completel~' qUIC't. 

tower exactly matches the threshold-the tOlll'er i. conlidel'e'd electromasnetic. Ibe Q 
and E btts are merely a rl'pacl(aSlns of the ta,,'er state into a format "'bich tS more 
con"eruent to tbe pattern recosnillon lo"c. Ihe comparilOnl are performed an an 
indi ,;dual tower basis. 

Ia the next la~-er into tbe PRA. the Q, E bits are bufl'ered !or distribution into 49 
isolated electron detKtion blockf, Each of the,e blocks examinef a lingle 4x4 to'lll."C'r 
zone on the grid kno"'n as a "templalC'.~ to dete ... mine if an ilO1ated electron il prennt, 
Tbe template. are placed on tbe Itld in a ';"xi array, luch tbat tbey are off'let ane tower 
borizontally and/or '-ertica.lly £rom theIr n~shbon, Tbil pOlitioninl co\'ers all of the 
arcu on the grid wbere &ft ilOlated dtctron may occur, AI stated prc\'iousl)', one 
isolated electron detection block is anl~ned to eacb template, for a total of "9, Each 
block produces binary ftass jndicatin! which nf the triCler to,,-ers within its template 
contained an ilOlated electron. 

Tbe 1ut Ilep of processinl in the PRA if to map the ilOlated e1eetron Bass fnr indio 
\.,dual trieser towen from the detC'ctiOn block. iato 25 fixed resians. These resions 
correspond to 9 fuUy coafined 2x2 trinrr to'lll'er rqions. 12 edle l.x2 or 2xl triuer 
tower rqians. and 4 ('orner lxl tnuer lower repans. Ihe result of tbe mappin! is 
cal1ed tbe "resion Bas word". a 25·blt "'ord that contaias a binary Sal for eacb resion. 
indicatinl if tbat rqion containC'd an ISolated electron or not. 

The tbr~ major ftaSes of prOreltllD! are described in sreater detail in .ubstquent 
subsection" To fummarize. the EIT codel for an 8.xS group of 64 triuC'r towC'cs 
are tested alamst the selected threshold, Ihe results of the comparisoa arC' pauC'd 
into the artl\ of 49 l,oIated electron detection bloch. each located at one of the 
p05ltble fites' of aa tlOlated electron. and each of which examines the statC' of the 
towen in one ixi template area to de~ect uolated electrons within that area. Each 
block produces binary Bass for Ihos~ T:tuer taw~s "'ithin its template ",'hlcn ml~' 
contain an ifolated electron, All of the indh'idual tnuer to .. 'rr fl.a~f from Ihe ~9 
isolated ejectron drtection blocks are t hen mapped into 25 find reSions nn the snd 
and deii"t'red 10 the aut put pinf of Ihr PR.-\., 

In terms of technolos~·. tbil preliminary desisn aslumes a BiC:\I05 Gate .~rra~' tech· 
oolog~'. uttlilin! 1.0. l.,s-micron C:\105 features. witb a 1.5·mieron bipolar commetclai 
proce ... ThC' drsign "'ould rC'qui:,C' approxlmatel~' 220 ITL I 0 pins, IhC' ChIP would 
run at .. l6ns clock rate. \\'t havt' C'1'aiUalC'd implementing thil delign wilh onC' ,·C'ndor 
and have I rrsuitinllate COlOnt of ,p!lroximatei~' 19.000 gAtC'S, 

4.1 ETT Decoding to Q/E Bits 

Fi!ure ./, shOll, the decoding oi lo\\'~, £TT codC's 10 Q E bih al all fiX eiecltun 
threfholds. In order la be ufahit h,' I r.~ Isolated electron blocks. the EIT cod~ muS\ 
fiut be cun"C'rtt'd into a Q and E :'11 !"r C'&ch towC'r. Thi, is performtd b~' ((1m parIng 
the alue of euh Ell codc to tht' Ihre~hold selectC'd for the PR.-\., If tht' ETT code 
if < thC' thr~shold. then the Q bll If anl\'~. and the tower is con.iderC'd qUltt. If tht' 
Ell code exactly matches Ihe thrC'shvld. thC'n thr E bit IS acti"t. and th~ lo"'~r IS 
C'1C'ctromagn ... tic al the corrtct llirt)nuld for dC'tC'clion b~' the PRA. If thC' [TT .::udC' 
if> tht' IhrC'lhold. then nellht'r blt :~ aCII\·e. and the lowtr appear. af a ;<on.eleClron. 
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non· quiet tower to the PR.\. T~.:s ~i:u.hc.n (0\'e:5 the cases where the tower CDntain! 
a h~dron or an f'J.eclron at a hl~Mr tnreshold. in wnich casc the isolaliDn cut ""1;1 he 

:::~O:~~:e h~~'xat~lr::~:~~s~RA c.pe:atmg at a nil5her thrcshDld. One PRA operates at 

f:gure .; cDnta:ns ... b!ock dia~ri:.m 0: the EIT decoding sect:Dn in the PR...\.. The 64 
EIT COd~5 .~e !ecen'e~ as TTL oCt.:a b ... • Ihc input buffers. They a:e then COnycrled 

t~ Q E btts b:.- the mel Dod de~cr.beci aOD"c ir. 6~ identical decoding o:ocks. The Q E 
bits are Ihe~ p~ssed 1~ the first 5ta~e :6n5 pipeiine resiner at time "II" in the design. 
from the plpelJne resISters, they a:e sent to fanout buffers. 

4.2 Isolated Electron Detection Blocks 

As !lated .b~'-e. there are a total oj ",9 isalated el~ctron detection blocks in each 
PR.\. Each blOck ~p~rates on a .j:"(-t sect ian o( towers known .s a template. The 
~u~pose of the bJ.ock IS to ex~m:ne :r.e Q E biu of the 16 towecs ta determine i( an 

~s:;a:;:.e:l:ctron IS present wuh:n !ht bounds of the template. cente:ed on the inner 

The t~m~l.tes are placed on the grid in in a :.~i arr.y. such that the,' are Dffset Dn 
IDwer honlon~alJ~' and, Dr \'~rtica:~:-- :-;;,m thei~ nelghhors. The tempia;es Dn the edl5e: 
of.~.he I5rid are ?laced SD that vr.e ~~':\' or cDiumn of the lemplate IS actualh- off tht 
!r~~. TD~·ers ~·.n~ch. DCCUpy an v:i-~~:c :ocaliDn are assurr.ed tD be q ... :et h.Y I'he lvglc 
T ... s ;na.\ res~ .• in .he de:ectlo:: ~.: e.rc::o:!s:n edse la\\'CfS_ which are Isolaled Dn :h~ 
c'Jr:ent ~~d. ~ut ha\'e f:Dt as )'et ?aHed i!Olation ch~cklDl5 WIth ad;acer.t towers on 
c.~her, gfld~. Tn.ese. ~iect:ons ~!e .:Tla?~ed :nto edl5e corne; ~eglOns "h;c!l will uncierl50 
fi."al .. sa!atlon c::cck:ng w.lth Sl:;.:.:a, ~~I;\ins.:n sahs~quent lOl5ic. Wi:h :ha ?;acement. 
tt:e .e:n?lates exar.lme a.! 49 P"S!::I.e ."cat''''r.s for an :soiated e:ec~:on 

.\n :!Dta1ed e;ect:on is p~e'en: :-: :!.e :'!'~?:a:e:i hOlh of :he !ailaw.;-_~ c,,;;dilior:s are 

One or mDre E hils IS .Cl1\·e In :he ironer 2x2 :-egian .. \nv re:r:a:r.u:.s 10werc lD 
the mner "!x'! ha\e tr.elr Q :,:! aC:j\·e. . . 

§~~I:~;~[~;f:f:~:~~~~i;,~::~:"~~~~:H:~,;h~~;::~:~::,;,::';:C:::::.~d~,:t;:~ 
~:':e:h:~1 /h .. ~e:~~:~I~~~n Df an Hv.i:c>C e:ec::c.~ aJjc.ws fo: cues wne!'e :.;p 10 -4 [.bla 

TO,cete:mir:e:i an .Isolated .rlec·;o~, :s ;l~esent in • :e::o_plate. !he detectlDn blvck~ 
U:;.:l~ a rDmbl~alDrlal fl.:!:cllon ;e:e::eo :c. as .n E"alua:I·:·n Func!io::. This funrllon 
prD\;Ces a b:t. callf'd the F·\-abe. wr.:ch is aCli"e If an i~"lated eler-r:>n is pre!ent In 

Ihe tem?II.If'~ The gene~al case \.f Ine E\-aJul.tl~n Functlar, 15 shDwn il". Fil5ure i. The 
C I IhrDul5h (. subfunctlons cnec" Iha: .n .... [ bits set In the inner tDv,ers art adj.cent 
~a Q bIts In rthe Duter tD\I,ers In Ihe -I cornen of tht template. The D subfunctlon 
IS uSf'd 10 de.er e\ .. luatlo~ of .. n i~.D;a:ed eJectr~n candidate to the nut templale ta 
the r:l5ht or below ThIS IS tD a'Dld :he candltlDn wh~:e Ih~ same' i,olated elenran 
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electron ill asslsned to C2. Blls tne next to.,..~r in priorit~-•• nd finally Cl. The 
intent IS to make lur~ that the t:t'ctron is fint usisned to a riSht edse resian if 
possible. and then ta a top edge rC'l5ion if the t~mplate is on the tap edse. and 
Ihen finaii}' ta the fully cDnfined electrDn C1. 

Bottom. Rilht Edl~ Template. Thi, templat~ is the lp~cial cue at th~ lower 
ril5ht corner of the Srid. The priarity is Ih~ sam~ all for the S:oup jmmrd.i.te!~· 
abo,·e. with tbe ueeptlon that Ihe priority for B1 and Cl ha"e been re\·~rsrd.. 
ThUll. this template first attemp15 to auisn the electron to the risht edse. and 
then to the bottom cdse. hefore assignins It to the confined ~lectron B1. 

The examples demonl'rat~ ho"- isoiated electron. aui,nm~nt to indh'idual tOo,\-en 
varies with ,h~ templat~ t)'pe. Th~ prioritr is alway. to ulisn isol .. t~d ~l~ctron. to 
to""en on th~ edle of the Irid. if possible. sa th.t tbey will un.derso furth~r eh~ckinl 
"'jlh resions from adjac~u' Irid,. 

A tDtal of 112 to"-er [·Rass are produced by the ",9 d~t«tion blocks. Thi, includes 2 
8&l5s each from the ",2 non-ril5ht f'dse tf'mplates (54). and ~ each from th~ j risht·edse 
t~mplat~s (25). These 112 bits are ,ent ta the next Itase 1601 pipeline resister. at 
time "T2- in th~ dnisn_ frDm there. they ,,-ill he used far r~sion 8al "'ord I~neration, 

4.3 Region Flag Word Generation 

As ilat~d pre\"1ou~jr. the PR.\ !er,e~l.:es a r~l5iDn flas ward for each grid of ETT data. 
F:I5-.:re 10 showi the bil definllion ~.~ :r.e word and the mappins of tbe 25 rf'§ion~ onlo 
the ~x' I5nd Df tn~!er towecs. :'\o~e I:-:at fDr each rel5lDn. an [-ftag is df'fined. An 
E-ft.15 II aCI:.,·e 1f an~' of Ihe lowe!! :!l ;;s :e~lon contains an. lIolohd e:«lron. ;';ole 
that ciu~ to the natu~e of isol.tlon .• =r:aXlmuc vf one 1S01al~d ~lectron wowd be faund 
In ar,." rf'§lon. :'\ote a:1O the piarf'~e~' ·)f :he te§lon boundaries. Tho!e towers "-hich 
.re completeh' confined W'nhln I~.e t:::c are plac~d in 2x2 re~ion.s. E:ectrons fDund 
wi:~,.n Ihese re~ions ha'·e aireach ~ee:; de~ermlDed to be properly ISolated. ThDse 
tD"e~, "hich &fe Dn th~ edl5e of II.e ;rid a~e !)!aced in lx2 edse or lxl CDrnf'r panial 
re~:Qr.f [!~C1:pns found 1ft ~ne~e re~:f',ns h.ve been. determined tD be Isolated with 
:e!?ect to other ~owers on thn ~::c, ::::r :-equ;re!urther :salatiDn checkn:1 ,,:th towers 
In acjacent 15:-lds. Th.is d:eck:nl; :s r.C'~r~:!)eci ;n a subs~qt:.ent !~ctl~'n. -

The 15 :-t'I5:,'n [·fta~s are pr('lc!ucl'c :':'.:7\ I~.e 112 to"·e: [.t!.~~ prDc::'ctd oy :r.e de· 
If'r:~{)n blocks ;:Hn~ OR l"!lt. F.;::·..:~e :: c"r.lalns a bl"cK diagram of :he rt'~IO:l flal5 
wor...i gt':!erl.:wn ~enlon In the PR \ r::e~e a~e:!; indepencient OR aa:es. one rer each 
of :!,:e 25 re~IDn!. EAch OR ';3H' ::as : h. :" !r.puu Dn 11. de?enri;ng c.r: the re!IDn 
T~,e n::':::1ber of InpuJS ~o a Sa!e CDr:e~:l(,r.cs ~D I:.e lotal n~mber af tawer [·RAIS from 
o\e::'??lnl5 templales which mI.!) In: ... : ;:at ~e~iDn. Each of th~ II::? tower E-B;~s .ClS 
as I.n ir.p'Jt to the OR sate f"r tht' :?x"! ~e!"ion which contains that to"er. The DUtpUl 
o( eacn OR I5lte is.n E-flaS ;\~:' :r:e fe~:c.n. which IDdica:es If any t"wer "'!Ibn that 
re!lC'n conta.lntd an isol.ted elect: ... :. 

~Fr(;:Tl the OR IOl5lc. the [.lta!;s a~e ?aHeoi 10 A 16nsec plpeiine re~lS:er at chi? time 
·-rl·· ~Fr"m Ihere. the slgnai, If" ~~.~.'.~!!l the OUlpUI b~fers of ~ht' rh.~? and dr"'en 
as TTL cat a :" :r.t 25 out?U', ?Ir:~ 

is detectrd in mare than one template. (The D luhfunction hu special cues.which 
appl~' for ril5ht-rd.l5e. bottom-edl5e. and bonom-risht¥comer templates. u indicaied hy 
the &Ctive-rulh sisnals BOTTO.\J a.nd RIGHT in the definition.) Tbe .V subfunctiDn 
is used to detect :'\on·Electran t~'pe tDwers or to .... ·en aho,"e the ,electrd. threlhold In 
tbe inner 2x2 resion. 

Fisure 9 contains a block diaSram of the isolated electron detection section in the 
PR.\. The Q [ hits am"e from the Tl pipeline resister at the fanout huffen. Tbese 
huffers distrihute tht Q 'E btu to the ~9 det«tion blocks. As the ~9 templates o\'erlap 
each other:. si"en tower m.~· reside in up to 16 indi"idual templates. As. result. a 
l5i"en Q E bit m.y hue 30 to ",0 indi"idu.lloads. Tbe purpose of the buffers is to 
distribute thisloadinSln the moSt efficient met hod possible. In spite Df the presence Df 
a si"en tower in many templates. an electron can onh' satisfy tbe isalation conditions 
in a single template. 

Each detection block hu boolean DutpUts. known u toWtr E.flass. for 2 or", of its inner 
2x2 towers. These flass correspond to triger tower locations in the template where 
.n isolated electran m.y be .ssigned. Whtn the detection hlock hu an active F-"alue, 
it examines the [ bits on the c.ndidate towers to determine which to"o'er cnntained 
the electron. The tower for ,,:hich the [ bit is acth'e bu its E-fl .. set acti"e. while 
all Dtber E·fI.gs in the template are set inuti,·e. For cases where multiple E bits are 
acti,"e In the template. the assl~nment is still Dnly made tD one tDwer. The [bits are 
examined accDrning te. set priority. dependinl5 on the location of the template In the 
Srid 

There art (our templ.te t~"pes. hued on their 10catiDn on the Srid. Examples of these 
types are shDwn lD Fil5ure 8. In the e."(ample5. the tower tD which the electron will be 
aUll5ned IS Incicated with a bDid outbne. The templale types are described belD" 

='ion-Right. ='ion-Bottom Edge Templates. This I5rDuP is cDmprised Df the 36 
upper-je!1 templates on the gnd. FDr Ihese tempiates. isolated electrons 'IInll 
Dr.b· be assl!ned to the left tWD tDwers of the inner 2x2 \indicle5 Bl and Cl 
in fil5ure:- Th:s follo\\ s from the facl th.t any isolated electron withIn the 
ten-.piate which does not ha,~ an [ bit set in at leut one of these two tDwers 
wiil be deferred tD the tempiate tD the riSh!. The rule for m.pplDS In tilese 
templates 15 that if the [ bit 15 set at IDcatlDn Bl in the template. then the 
eiec;rDn 15 a5Sl~ned to the tower at B1. OtherWIse. If the [ bl\ 15 set al location 
Ci. Ihen the electron is asSIgned ta the IDWer at Cl. 

Bottom. :"\on·Risht Edge Templ.t~s. ThIS I5raup IS cDmprised Df the leflmDst 6 
templates on the bottom ecl~e of the I5rid Far Ihe same reasDn as abD\·e. th~ 

aSSI~nr.lent can again Dniy he r.lade to Bl and Cl. Ho.·e,·er. In thIS case. the 
prlDrlIy 15 re\·ened. such that Cl has higher prianty o"er B1. ThIS l5uarantees 
that I.n ISolated electron Dn Ihe edl5e "f the Srid Ihat lS detected in Iheie templales 
Will be mapped tD a.n edge reglDn In the c~l5lon flal5 "·Drd. 

Rilht. :"iion-Bottam Edl~ T~mpl.tes. This I5rDuP IS cDmprlSed of the upper 6 
templat~s Dn Ihe nsht edge FDr these templalel, iSDlat~d ~1~ctrDn~ can be as 
sil5ned ID any of the inner :!K2 regIons. accDrdiag ta the fDlID'KlnS priorilY. 1£ Ihe 
E bit at IDcatlon 82 (upper rl,:ht In the lOner 2x2) III acti\'C, then the electrDn 
ill uSllned to th~ to.·er at B2. OtherWIse. i( the [ hIt at C2 is acti"e, then the 

10 
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4.4 PRA Summary 

Tbe PRA coo"itues a 3-lt&&e. 16as pipelin~. wrueb accepts a aew lrid Df ETT data 
and produces a new rqion SaS '!I;ord on each c10ck cycle. witb .. latency of 2 c1ackl 
between input and output. It is optlmlZM (or SIX thresholds. ulins a l-bit [TT code. 
It requires approximately 220 TTL 1 0 pins. plus power and sround. It wiU operate 
on a 'iosle ... 5V souree. It will be fahricated usinS BiC~10S Gate·Array technalos),. 
Power conlumption will b~ dependent in part on the density o( non-quiet towers. u 
th~ more often nch ETT code chanS~l state. th~ more teluitins l'KitchinS and thus 
pO'Ker eonlumption tb~r~ will b~ inlide the ASIC. ~lonte Carlo studiel ar~ in pfOlress 
to det~rmine the nritcmns rates which will be leen. by th~ ASIC. It il anticipated. 
bo.·ever. that the I.Hchinl rales .... ·m be IDw enoush (below IO~) sueh that pa"'er 
conlumption in tbe ASIC 'Kill be manaseable. 

5 Quiet Detect Logic 

ASlbown in Filur~ 1. the quiet d~tectlo,ic monitors the ETT data bUI in parallel ""ith 
the lix PRAll. Its purpo.e il to detett 2x2 resions (ulinS th~ I&m~ reSlon l5eomttr), 
al5 is used by the PR.\s u defined In Filure 10) which are completely qUIet. LIke 
the PRAs. It delinrs its 25 fta155 (-Q-ftaIS") ID the tbreshald encader 10Sic 3 crolllnl5 
elackl after samplins the ETT data. Th~le fta§s will be used to help determine the 
ilOlatrd. eleetran cDde for the r~Slan. an.d indir~cth·. throu~h th~ code. can be used by 
the muon tri"~r IUbs~·stem because Ihe~' id~ntif:v quiet .2S~taz.2Sp"ll rrp;ions in Ihe 
ea1orlmet~r. 

The quiet detect JDSIC occupies 3 pipeline 5Ial5es. The first pip~line 15tal5e of the 10~IC 
makes a Q-flal5 far each to.·~r b~' XORinl the 3 ETT code bilS together. The result 
will be acti\'~ Q-ftass for thOle towecs which had .n ETT code of O. The next stage 
A:';Os tosether Ihe 1. 2. oc" tower Q·ftal5s (d~pendjnl5 on the resian) tD fDrm reSIDn 
Q-B.ls. Tbes~ Q·Bal5s ,,'ill be .cti,'C onl~' if all tou'tr, In the region are complrltly 
9tUft. Th~ final na!e of the pip~lin~ is merely for timins compatibilit~· wtth the PR.\I. 
10 that th~ r~'lon Q-ftal51 are delh'ered to the threshold ~ncod~r 10Sic Dn the samt 
c1Dck c~'d~ u the resion [.Sass from the PR.·h. 

6 Threshold Encoding 

..\S ,ilDwn in FIgure 1. the elect ran !hreihoid encoder jOl5lc aperates an the reS:lon 
ftag words prDduced b~' the six PR:h and the qUIet detect IDSIC. its funcllon l~ 10 

~ncDde the [-ttags and Q·ftal5s on a reI5IDn·by·reI5IDn basis :D produce a 3.bll ISvlaled 
elf'c1rDn code for each regian. The liolated electron codes are described In the Cuurai 
Orrrt"leU' section. 

Tht' i,olated electron cDde il5 defined 'D that each SJate cDrresponds to one of lhe 
le"en 8a~s belng actlYe. State u correspDnds ta the Q.ftaS (rom the quiet detect loglc 
being aell'·e. Slalf'S 1·6 carrespDnd 10 an E·B_15 from the PR:\s at threshold le\"ei~ 1.6 
respeeti"~ly beln~ active. and sUte code -: is the exceptiDn. cDrrespDnding ID none 

i2 

453 

455 



456 

of the Bil!5 bein~ ~cti\·e. (~ote that i:\ pro!rarnmed cO:lfigurations whe!C' additiona.l 
quiet states iI:~e cenned. there w:il be e:npt~· isolAted eiect:on codes. This is due to 
the fact tbat il gin~n PRA is disab:ed when ils cor~eEponciinl!!: EIT code is defined &5 
quiet. and ~::ete:ore ....-;;\ not ~eM;ate i!.~y actin! E·eag~.1 The coae is ptaciuced fror.J. 
the Q E-Sags using a \"ilfliltion of a common ~·to-3 pnori!~' encoder. This encoder wlll 
be impiemented using commercial Progu.rn.miloie Logic Del'ice (PLO] arcrutedure. 
such as a l6R4. 22\':0. or limillu de\"ice, wbicb are commonly a\'&iia~ie in 2D Of 

24-pin packages. A total of 25 identical encoder blocas are needed {or the 25 regIons. 
These 'A·ilI occupy either 13 or 25 PLOs. dC'?endin& on .. hether onc or t ... ,o hlocks 
.re pro,;r.mmed per PLD. The eoncode opelallon {ror.l tbe Q, E·fb.gs to the iSolated 
electron codes ihould take I crossing clac~. 

Residin,; alongside the encoder blocks in thc PLDs il the sel{.test logic. This self-test 
logic pro,·ides a quick test o{ the proper operiltion o{ the PRAs. The seif·test must 
be per{ormea while the logic oli·;ine. During self-test mode_ the six PRAt are set 
to the same threshold. and test ETT data is applied. l! all PRAs .re {unctloning 
correctly. tbcn theu E·Bags should all be identical. from region to region (altbough 
the "correct'· \·alue for any ,;i'·cn region it. il functIon of the ETT test data.) The 
self·teu logIC within the PLDlo checks the E-SilgS {or the condition 'A·here there is a 
d15a~reement between the E-Sags for the six PLDs. E.cb PLD ".-ill produce a single 
··:\!ismatch E:ror·· signal for the olle or two region encoder blOCKS it contains. The 
··).lisn::atch Er:or·· si,;nals are logged into memory and s1.Obsequently reported to the 
prucesior con::o.lin! the test \·11. :hl!' \':\IE ir.terface 

Ollce il misma~c!l error nas been f,,'und. the identlty of the failing PRA can be detrr
milled n~· opera:lng the PRAs 1.1 their normalthresho:aL ilnd exanunin! the lsoiailon 
C\.·lll'S j)~udJ.cl!'c 'H:ng addi:I"Il"; EIT leH data 

7 Partial Region Resolution 

PA::lai re!:·):\ :'e501'Jtlon is ter:-:l ¥:~·e:'l. :0 the tilsk of recombining the pattlallx:! ed!e 
illl..! Lt: COi~e~ :e!pons at the ecgt"5 ,A !x5 !~l(h ir,to 2_\2 lower regions. 1t:5 the means 
01· ;\ruc:, l~v.a:,(,n chec~:::g.s pt'~f,-,r~ed ac~')~5 gmi !Jo'J::C:arie5. anci j)rol·lCie~ a fillai 
cil<'clt 'lj the aH";;:T.?tlc.n rr.ilci~ m ::.1" PR.\ I!'O.allon c·.;: Ihal ... ;j !,;nle:s ~ust bl!'~·ond 

!la' ~c.les "i ·t.e g~:d a~e qUll!'t n-.I!' ~~H.::t ~.j the :eco!":'.o:;.a:ion:5 a 2x:! to ..... er reglO~ 
ge..rr.e:;I· "f :h·,a:ea e,ec::on CVOC'5 a,::o;;$ t;';e en:::e cajor.meter. 

F·~·,HC' 12 .nc.·.q :he rr.!:·:::! ,..{ f""J: AOlarent grlds:n :ne rilio~:meter ComposH~ 2x:? 
r~llons a~e j):ociuced b:-· pa;nn~ up adjac~r:t ~x2 en!e ~e!lOn!. ana ~.,. lJ!:rouplnl!!: U? 
q·J.iO$ 'Jf _xl cvr::cr re~lons. In th:s :n.r.!'Icr :he isoia:ed e;ec::on coat's oi ~nc ir.dl,·:d· 
u"l pu::ai r .. glol1~ are comj)ar~d .U!:AlnH each other ll-.e lar!t'~t uola:ed eJec:~on code 
af lhe par:ILl r~glora becomes the coce for the COn::pOSI:~ 2x2 regIOn. The reuonlng 
for tr:;s hes:n :hc definition of d.e coce. A :awt'f tna~ contains an lso:ated electron 
.t .i k'''er th:esh"id 'Alii ilppear ,,~ G''::~l :" il hlg::er :h:eshold. ThIS a d~mon§trilted 
In the de-codlh! ,)f the ETT codes Ir.to Q E bIts {or the PR.-\s .• s shvwn lD F:,;ure 4. 
Thc same Pflr.clp:e applies when comblntng regIons A re!lon with il lower threshold 
('one .... hlcn is aCJilcent to a :e,;wn with an :~olil:ed eit'c~~(,n at .. higher thret.hold cod .. 
.... ·lil app~ar &I q1.:lel ta thil~ regio:l. ar.d :he higher :hrl!'shold code domir.ate~ o\·er thl!' 
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PRA is. dedlcilled ta e.ch o{ the SIX mutua:h- exclusi'·e thresholdi in the ETT code. 
Within. PRA, ~9 onrlapPlng ~:t~ tegions known &I templ.tes are ex.mincd using 
comhin.lonallaglc la determine the preience of isolated elettrons. For output, the 
grid is mappt'd into 25 regior:s Ii shown in F:!ure 10. ThOle regions fully confined 
an the ,;rid are 2x:? to'l·ers in dimension. 'I·hile those rqians on the edges .re 1x2. 
and the four corner regions are lx1. Alongside the PR.-\s on the ETT d.t. bus is the 
quiet detect logic. which ex.minei the same 25 regians to determine .... ·bich of those 
regions are completely quiet. The isolatian results nf the PRAI and the quiet detect 
lagic output S.,;s .re encoded inta a 3-bit ilolated electron code {or e.ch of tbe 25 
regions. Tbis code indicates whether the region .... s completely quiet. contained .0 
isol.ted electran at one of the six thresholds. ar neither. 

The ed,;e/ corner resolution section performs tbe finalle\-e.I of ilolation checking .Croll 
grid boundaries. It d~s this b,' formlD! composite 2x2 tov;er reponl out o{ the lx2 
edge .nd lxl corner regIons of t he grids. The isol.ted electron code {or these composite 
relions is limpl~' the lar~est ,·.Iue irom the component partial r~ons. The result cf 
edgt' corner resolutIOn is • uniform graup of 3-bit isolated electron codet. for .11 2x2 
regions in the calorimeter. Dunng the resalutian the isaiated electron codes {ar {ully 
combined :e,;ions ilre prapilSilted alon!side the p.rtial ce,;ions. so u to maintain the 
proper timln! relaaonshlp for matchlD! with the tracker .ho,,·ermax hits. 

8.1 Physical Partitioning 

The SOC !e'·ei I Ifl~~er buehne deSign is descrihed In 2 .. ~ preliminary '·eaion of 
tht' ?h,-stcai ir.lj)ier.lc:'l.tatlon may ne- found 10 1 

The p~lr.cl?aj ~eCII"ns desc:ibed a b,n· .. :n the deSIgn 5ummar~· {all neati,' alon! ponible 
PCB cara b01.:nda:ll!'lo. The firsl ,Bra. the -).ILt" c.rri'". reCe1'·es thC' rioer-optlc dat ... 
! .. ~r 16 tr:gg~r :uwe;~. ar.o contaIn! .he ).lLl"s for ~i:-:eil::z.tion af the ene:I\· \·alues 
and !enera~ion ,)f :::e ETT code. ii,r tl-,ese towen. AHilrr:ir.! the :6 :o·,\·en ;~p:esent 
a 1:<4 re~lon on t:"C' c.iQ~lmett'r. :bs c ... :d also COD:&Jns the IZ-blt adder t:~s fur 
p~od\,;(':ng tr.1!' !)C.t:o~ 11!"·ei of .. nergy 5um5 {or the ;~t :hre.hold ilnd total ml5~lng 

T!J.e r.exl ca~c. 1:~C' ··PR.\ card·'. ~l'!ide~::'1 lhe same c~a:e with ~ 'Ill' rarciL wh;ch 
dl':nt'~ th .. :r ETT C,)c~S Ie>:t ,~\·t'r :~,(' ~acitpiil:',t' The PR.\ ~ilfd CNltalr.S the hard"·&r .. 
nece!Sa:~· tu !)~('C~!I :::e ETT C"Cl'~ Ir,:,) :~olated e:ec::o:'l. codes k~ one I:ld. Thl~ 

Ir,d~CI!'Io Ih~ i:\ PR \ ~~IC!. Irl!' (:'11~1 C.l'l~C: ;C.gIC a:'ln :~.e C'lectre>n th:esho:d decocer 
Iv!!:.c T!;r"~II::;:' - ;:, ... nlpar.e!. :;11' PR.\ card Jt'lil·ers :he 3·;'H) isc,I .. : .. d eiec:rt'n code~ 
:~~ :,·.C'.!5 :1'"1: .. ·t< -50::. :0:a: " '~e l'C~" corner :esoh~:io:"! ivg;c 

.\ Slllg:l' -C~,\.t1~~ll!':·· crilte con;a,:'1s:- ''It" card~ a:,d 2 FR.}" ca~ds. It a;~o contilins 
the &dd::lv:.ai ~!&ncard c&rdL ~\lch &S a proce-s$o~. \·oi!&~e monitor. and cards 10 

Interface \0 the c;"o:. lenl L and :~\'el ~ iub!yHems. F::ially. IhQu!n nvt pilft of thc 
iso:ated e:ec!;on de!I!:"!. this crate rOllld conn.m or.e or !Tl.ore instances v{ a:'l '·Energ~· 
Card'·. \'IDlcn r"nl:nued tt-.e !Umr.Ullon o{energlelo for j~lthceihold ilnd tc.tai mISsing 

The .. dgl!' ror::e~ :.t'c(,:n~:r.a;I~~!'I ,s :ur:·u;:r.eJ alo one uf ~ he :unCliani uf a M~,Ia:ch cud·· 
This card :ecel\l!'~ :::~ ::aritt'~ ·il.)Werrnax ~l.It da:a I:! :!xZ tngger : .. ·.' .. ~r :e~'ljutlon 
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compOSite repon. :"iote that by usigning the non-quiet. non-electron code • \"~ue of 
i. this code dominates OTer all isolated electron codes. This is consistent v;itb the f.ct 
that. bacirontc to.o'er could r.ot by definition be .dj.cent to a to"~r with &D isol.ted 

electron. 

Figure 13 pro\"ides some examples of p.rtial region resolution. Tbe resolution of 
partial regions is per!ormcd as a final step before matehin,; the isol.ted electron codes 
with tbe tbe hit d.t. £rom the showerma.x a.nd tracking subs~·ltems. The basic 10';IC 
block {or tais process v;i11 be il 2-to-1. 3·bit m.,;nitude selector. This block ,.·m.ct u 
• 2-input )lAX function, to deb'·er the lilr,;er of two input masnitudes to the output. 

7.1 Partial Grid. 

One oote,.·orthr feature o{ tbe PRA design is the .bilitr to operate on reduced size 
grids o{ ETT data. a.nd to still produce uSilble output results. This fe.ture offers 
si!nifica.nt flexibility in the mapping o{ tov;ers into regions in the end·cap sections 
of the calorimeter. Valid p.rtial grids are formed hy biuing 2x2 groups of input 
tower ETT codes ta the PRA to the quiet state. Thi. has the effect of relocating thc 
edge/corner regions (a.nd possibly deleting old regions). With some of their towers 
biased to qwet. 2x2 regions which used to be completely confined become lx2 edge 
or e,·en lxl corner resionl. These partial r~ians ca.n then be tceated in enctly the 

same m.tter as lS descrihed above. 

Towers must he blued to quiet in Zx2 groups which {all accoss normal region bound
anei sho,.-n in FIgure 10. This rule ensures that no {ull~' confined 2x2 regiani will 
be ildj.cent to the edge of thc ~nd. l"nder normal circumua.nces. 2x2 regions would 
be olased to quiet stilrtlng at one or two edges of the grid. and contlnuin,; until the
deSIred pilrtial !r)d geometr~' WilS obtamed. The resuiting new edge carner regIons of 
the rcduced !eometr~· wouid then be miltched with simll.iar regions {rom adjacent full 

or partial gnds. 

8 Design Summary 

The Isolated Electron Trigger dem:n conm15 of three pnnclpal sections: the ~Ill 
~ctlon. the PRA and thresi'loia I!'ficoder ~ectlon .• nd the edge cocner reiolutlOn i~C 
tlon. The scope of lhe desl~n Jr, InesC' secttons IS.t the ane to ...... er. gnd (!'x~ tOllen' 
and caionmeter \alllo ...... ers' le'eh. respectllt'!y 

The ~ILt- iecllon h.t. two t~·p~s d m~mory iookups The first t~·pe compilrelo th~ 
ener!y content of the E:\IC and HAC sections af the tnger to ... er to produce an 
ETT code. The second type pro\'ldes Imeanz.uon and normaliz.tion and produces 
il 12.bit linur energy for bath lhe E:\IC and HAC lectiant. af the triggcr towt'r. The 
architecture o{ the :\ILt" s«tlon 15 flexible with cespect to ch.nges in formilt of both 

the Input and output energ-.es 

The PRA .nd threshald encodt'r section ut.es an ASIC to detect iiolated electrans In 
@xS regiant. o{ to"'l!'rs referred to illo grIds. PR.-\I apecate on the ETT codes gener 
ated by the lILt" sections In a pipeline fuhion to produce the region fla,; ".-ordl A 

{orm.t for a.n 8x8 tower are.. It .... ·ould also ~celve the ISolated electron codes for 
the corresponding are •. Thil .rea. ho"-e\·~. would be offset from the PRA grid such 
that it recieved from" separate Calorimeter crates tbe codel n«eslary to resob'e all 
partial rqions within th.t 8x8 .re •. Once the partial rePans are reloh-ed. the card 
proceeds _;tb the tuk o{ m.tching isol.ted electronl .. ith trackerilhowermax hits. 

In conclulion. the aho\'e partitianing scheme endlions some three card typel which 
are ,.·holly or partially dedicat~ ta the isol.ted el«tron p.ttern logic. Tbe scheme 
&Dtsop.tes the tight integration o{ tms luhsy'tem .t tbe circwt le'·el .... ·itb tbe othec 
calorimeter tr1uers at one end. and With tbe m.tchinslopc on the other. Tbe design 
utilizel • feed·for_-ard approach st.rtin,; 'A·ith the fiber·optic link {rom the dctector. 
through tbe ~lLt; cards ta tbe PRA cardt. on Calorimeter cr.tes, .nd finally to the 
matching losic. 

9 Simulation Results 

In order to simulate the performance af the logic. 20000 Drell·Y.n W. 60000 QCD 
t ... -ojet e'-ents from 20-200 Ge'·, and minbiu nents correspondin,; ta a poissan dis
tributioD .. ith mean 1.6 nents per crossin,; were generated ultnl the ~Ionte Cilrlo 
prolr.m ISAJET. The e'-enn \I·ere Integrated a'·er tbr~ be.m crouings. uSln~ a scin· 
tillator calonmeter shaping function from ZEt"S. Tbe ener!)" deposit in the calarimeter 
which rnulled wu simul.ted b,· tht' prolram SDI3. {rom Greg Sulli"l.n at thc tni 
'·eUlt: o{ Chicago. The electranics ilS descnbed In Ihis document was then simulated 
in detail to determine ho,.· milD,· e"ents the prapoled triner ,.-ould find. The require· 
ment for an eleclron ta be considered present in a tawer 'I·u simpl~' defined as the 
electroma,;netlc energy aeing at init ten tlm~5 the hadrotllc ener,,·. The rpqultpmpnt 
for a qu~et to"'er was that the HAC I!'nerg)' not exc~d 1 Ce\"o or thilt the E~IC HAC 
ratio be at least ten but ta.t the HilnSHue energy nat meet the lowen threshold. A 
tris,;er to",~r size of .Ix.l in " ana 0 w.s us~d for" :52_ and twice th ... t for" :::2. All 
of these neps were run on Symmetnc )'luitiProcenor Sil~con Grilphlcs Inc. ~D 3805 
at the Pb.nlcs Detector Stmulauon Filctlity o{ the SSC Labar.tor,·. 

Onl~· the" ::::3 re,;ion af the cilloflm~ter was simulated. The energies deposited In 

the calorImeter are first con"erted:o all eight. bit logarithmic scale. For each to ..... er. a 
lookup table returns the ETT coac ivr the tower. Then the p.ttern logic IS done for 
each $::tS regIon of trigger towt'rs. F:nilil~·. the ilalilted electron codes are put :n an 
.rta'· !O that the re~ian match1l12 :~ Clutvmatlcilih· don~ Then the thre5hold numlo~r 
for the hlghl!'st transl'erst' energ~· :svialed eil!'clron found ;n the barrel ilnd endcap arl!' 
ret~rned. 

The nolS Ioectlon for Drell,Yan \\" I!"ents genl!'rilted b~· ISAJET \la~ 1.1 ... 10-; mlo 
Out of these Henu. 631(. or .69" :U-; mb ~enerated an electron fram il \\" wltn " :;'3 
Thul il tnggec lookIng in thl!' " '.::,.3 regIon o{ the c.lonmeter {or electrons from \\"'s 
should find no more than thIS cro~~ $eCllon. In the fi,;ures followlD~. the success at 
findmg \\" e'·en15 u expressed as & perrt'ntage of the \\. C:055 section whIch decays 10 

electrons whIch ha\"e ,,$3. Thus roOf( \\" effiCiency corresponds to a ccaSio section of 
.69,. :u·~ mb. For the QCD bad.~roulld. !h~ rates are upr~lIed In kHz. wherl!' 1 rnb 
correspands to 1000 kHz at the SSC delol!n lumlnOslt~· of lOll cm ~ sec l 
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figure U sbo.w! the trigger success i:l nnriing \\' C\·cftts plotted \'~rsU5 the E, of the 
electron (rom a \\" in the eyent Or:ly events proaucu:.g an electron 'A"jtb "I 53 were 
laken into conSideration . .-\ Ihrcshold of 10 GcY E, W&S used. Fil!lurc 1.5 is the 
Same. but for the centra.l r~gjon of the calorimeter (1') $1.6). Fi~:J.rc 16 shows the 
efficiency for the cndcap region of the calnrimc1cr. We arc only ahoul SO~ successful 
thcrc.compareod to our near lOOt, success in the centra.l region. 

fi&urc 17 shows tnc cmcrgy dcpnsit of electrons (rom W's in their primary trigger 
towers in the ccntra.l resion. It is c\"jdcnt that the electron cuts in the ccntrai regIon 
could be tiptcncd up. to requiring the E)'lC, HAC ratio to be 2,;. figure U. shOWing 
the energy deposits in the cndcap region. shows that such 1i&btenin& is not possible in 
the end cap, fi~ures 19 and 20 show the energies deposited in triger lowen Immed,j, 
atel)" adjacent to tbe tOll"er w-bere a W electron hi t. for tbe central and end cap region 
respecti\·eJ~·. This demonstrates that we lose electrons in the endcap region becaus~ 
of adjacent minbiu encrgy deposits. 

figures 21 and 22 show a samp!in~ of cnerg~' deposits from t,.:ojet puticJes not asso
ciatcd witb electrons or photons. which appear isolatcd when \·ic ... ·ed only in ~he E'Ie 
sec1ion of the calorimctcr. fi&u~e 21 shows this in the central region. and figure 22 
in the end cap region, Thes-e show thaI 1he background can be reduced si&rufican1ly 
by tightenins the requirements on electron tov.-eu, 

FIgure 23 shows lhe rate of eieclron :ri!gers {rom QCD twojet el"ents \'etsus the 
electron threshold. 1000 kHz corre~po:;cs ;0 1 mb. This cemOnstrales tha.t if \I f! w~re 
to usc a constar.t threshold oVcr ali I he- " $:3 portion of tr.e calorimeter. \\"e would need 
a. 1hreshold oi about 2:) Ge\" EI 10 aChlf!\'e a background rate of 3kHz. :'\01e ~hl.t thIS 
:s without any tracking informal;on. and lhus includes photons as well as e:ectrons. 
F:g:;~e ::!4 ~:.ows ~he background :-.!e \'e~s~s \\" cfficiency for certain comblr.a.<oons oi 
thresholcis :n :he centrai and encca? regions. The comb:nations of threshu:ds Ihal 
producr t[:e .::IOlnl5 .!-hown is Siv~!);11 :te ,able In fi!ure 25. as weil as Ihf! ;a.les for 
lIlnf!r cll~i:llna!iQr.s. 1001( \\' ~!fic:er.c~· corres?o:lds 10 a cross seclion of 69. lO- i 

rr.":I. and 1000 ~Hz of lwoje1 e\'en::i corre~9vnds to 1 mb of cross se-Cllon 

figures 26 ar.d 2:' !how the rate .... f QeD triggers \'ersus EI threshold and \\" e5clenc~" 
rf!5pccln·cl.\·. ::-: !hf! central re!!!:i.:.n (.j :he calorimeter oniy. i.e .. for 1) :s 1.6 :011'"( W 
f!ffiClency cor:e~p('nds 10 a c:"o~~ .ec:!OI1 of .69,.. lO- s :n:'. and 1000 kHz oi ;WOJf!: 
f!\'ents corresponds 101mb of ClOSS ~~ction, To Achieve a qCD twoJe-1 :-a1e v:' '2 l.Hz 
;n :he ce-ntal :f!~ivn rf!qu:re-s a :~,~f!~:l(·:d of:25 CeY \\"i:h 1~.:S Ihre-!nold. I!.f! i::!jge-: 
on 32 1

."( of ::-.e- \\ cross sf!clion wr.:ch ce-cays tv e:ectrons which ha\"~ 'J ~3 

F;II:"J:-~s;!, l.!"In:?9 ~ho ..... ~!-:e ratf! u: QeD ,rigg~rs veaus E, th:-eshllid a!"ld \\. f!~Clf!r.C~. 
:-~!pef1i\"f!i~'. in the end cap :-t'~l"r; .~j ::'t' calontr.e:er or:ly. I.e,. for 3~ ,., 2:: <; ;OOf( 
\\" efficiency co~re$ponds to a cro~s $f!C:lon of .63;:( 10- 5 m:;'. and I(h)O kHz .;..1 t woje-t 
eVf!nn corre5pond~ 10 1 rr.:' of c~lIn ~eclIon. TlI achie-\'~ a QeD t\\ojet ra:e- .A If!sS 
tha:1 1 kHz;n Ihc ~ndcap r~1Ijion :f!qUl:"f!S iii. threshold of 25 G~Y Wilh "lhis t::reshold. 
we- trl~!er on ::!O"( vf Ih~ W cross ~~Cllon which d~ciil.~'s to elf!ctrons ..... tllch ha\'e- ,., 53. 

Figure- 30 shows W ~fficienc~' as il fu::clion of \'arious combinations of thresholds in 
Ihe endcap and c~ntral :"~&ion. f;gu:e 31 shov.s QCD backsround rates as a functlun 
of various corr.blnatlvns of Ihresnolcs as v.e!l. 100« W efficlenc~' c.,rr~sponcis 10. 
cross f~ction uf 69. :0-> mb. and lOuO KHz uf 1 ..... oje-t e\'f!n1S corresponds 101mb of 
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In addition to simulating the eiectron triger. we simulated a simple two jet trigcr 
based on the highest E, found in a single jet tri~ger to ... ·er. figure 32 sho ... ·s jet triner 
rates from twojet e"\·ents. usumin! a Je-t tri&ger lo~"er size of .tx.-t in '7 and c. 1000 
kHz correspood. to a crOis tection oi 1 mb. We see that a rate of 5 kHz from sin&ie 

jets requires 1.0 E, thresbold of 1':)Ge\". 

Tbe requirem~t for electron tri!!:!er performance is SOc;( efficiency for W's that decay 
to elec\roas in tbe detector fiducial \·olume. We therefore examine the efficiency for 
W's with deca\"S to electrons for,., 53. With a threthold of 30 Ge\' in the central 
re~oo and 20 Ge\' in tbe endcap. we achieve an efficienc.y. of -l99c for such ~\"s "'ith a 
background rate of 2.3 kHz. Witb a threshold of 35 Ge\ In the central repon and 30 
Ge\" in the endcap. we acruel'e an efficiency of 28% for sucb \\"'s with a background 
rate of 0.9 kHz. With a threshold of 20 Ge\' in the central re~on and 20 Ge" in the 
endcap .... ·c achie\'e an efficiency of cSc;( for such \l's witb a background rate of 5.7 
kHz . ..-\11 this is done w-itbout using an~' information from the trackins systcm. 
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Figure 4. Decoding of EIT Codes to Q/E bits at all thresholds 
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Evaluation Function: 
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Driniuon: F il lRtE If the templat~ eODt&lDI an i.olat~ electron cntered Within tb. lDA.r 
~x~ r~lon 

F = C1 C,·C, C. "D. Y ... bere' 

C, 0 IQAO Q., Q.o~ -1l'i7 Q.41 Qso, - 1l'i7 Q., rc,~ -
1lJ7 Q., I'Bi,-Il'B7 !;; ':'("1 ' 

C~ I!JDO Qa, 1.,1("0~ -1!C7 I.?D: Q('o) -1l'C7 Qa. lBil-
, rc:; Qc, ~J -1lC:' ':".-: ~, 

C, IQD3 QD! Qol - Ir::; QD' Qol-frc; 'la, l';i) -
1r.;·QC3 M) - lre:;·l'"C: L;;, 

C. IQAJ Q,,: QSSJ-tl';; 1..)1: QBJ!-!l';; 'I" rc::) -
l ~S~ 'I., 'lB: 1 - .:r;; ':'!': ":'C!I 

D = 'QSl Qn ~'-·i.,)B: Q., ~, -IQBl Q., Qc. QC21 

.\' = 1 r,:: ~,-'E.: QS:I - ,£,..\ t.Jco· -1tC: ijO, 

FUfur~; [valul-lIon Function DeftNllon 
:"iot~ SpHJ&l eonCllllonl on Ih. iJ tubfuncuon for f'!'mplatel on the bottom 

and n~ht ~~et of the !nd 
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probability of electron trigger 10 GeV threshold 
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Lar~eH Jubrelglon Iiolated electron code becomes fhe rode for the composite r'!',lon 
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probability of electron trigger 10 GeV threshold 
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sharp eaoup Pc threshold to allow for a few kHz Levell ra\t' while utisfyinS \he triaer 
requiremen\ ahove. 

2 General Overview 

Figure 1 shows a diasram of the Levell T risser la~·ou\. FroDt-end crates for the calorime
ter. shower max, \rackins and muon .ubs~·stems ue sho1L'D inside \he hordt'!. Abo\"t' \hem, 
011' the detector. are shown the the level 1 decision procesaing crates, Tbese include the 
Calorimett'! holation, Summation ct'ates, the Track;Sho'A"t'r )Iax ;\Ia\ch crateS. the IlOlated 
Electron ;\Iatch cratt'l. the EDerKY Sum/Jet Threshold crate. the )fuon Triaer Cra\es, &lid 
Fiaal Decision crl\e. These cra\es \ose\bt'r form a pipt'liae IUue\ure iD which da\a ftows 
011' of the detec\or on 1 Ghi\ilec optical fibt'fI in\o \he Calorimeter bloatioD/Summa\lon. 
Track/Sbower .:\iax ~Iatcb and Muon Triaer crates u sbown in the fipre, Data is trans· 
mjUed £rom tbue cra\el to tbe bola\ed Elecuon ~latch and [nef&Y Sum/Jet Threshold 
crates for further correl.tioD before i\ il sent to tbt' Final DecisioD cra\e. In \he cue of tht' 
Muon Trisser crates. their data is It'nt directly to the Final Ot'osion crate. Tbe \riat'r dt'. 
cision pipeline endl a\ the Fiaal Decision crate. where a Lnell Accep\/Reject illenera\ed 
and transmitted to the Global Clock. Control Crate for subsequent distribution to all DAQ 
and Lt'\·t'l 1 Triger crata. 

ThOle crateS whicb rece1\'e raw data djrectl~· from the front end trisser hud ... are on 
tht' dt'tector (ontain Lt'\"ei2 Interface Cuds. These cards enabit' copiel of tbe raw data for 
wbich Le\·1:'1 1 Acct'pts wert' senerated to be lransmitted ta the L'!'\'eI 2 Tri!:ger. 

Eacb crate In tht' system bu a b.ckplane processor interface bUI. Tbis \':'IIE or simili.r· 
type bus is used by tbt' DAQ Interface Proct'ssor card in eacb crate to program. control 
and monitor all of Ihe cards in the s~·stem. This bus connection and the interface elrcuitr~, 
rt'qulfed on each (ard IS not sho1L'n on the (urrent card biock diasrarns. bu\ is usumed to 
be present 

Each crate in the system also hu • Lt'\'ei I Clock. Control Interface card. Tbis card 
recei\'es the It'\'ei 1 cIock and tnsser control information from tbe Global Le\'eI 1 Processor 
and di51nbut'!'s It to the cards in the craie. Se-e 3 for a furth'!'r dilcussion of this card. 

The Calonmt'tPr holation Summation crate~ fino .: x .1 caionmptt'r tOWt'fS whert' 
E .... ~ £ ....... surrouno'!'o b~' qUiet towers. These Isa;Ut'o eiectfon candidates are rt'portt'd 
out on a grlo of ."2 x .Z towers. These crates aiso sum up the total EI in .-I X A to ..... t'n. as 
"'eU as the total E., £ .. and £~ in the cratl:' Th'!' total .-t x .-t tower sums are tested agaInst 
:. thresholds and the number pusing eacn 15 (aicuiateo. 

The Trac" Shawer ).Iax )'Ialch crales correiate the out'!'r tracker hits ":ith the shawer 
max hilS on a .00625 Q scale. The sbowt'r max IS used to aSIll:D the track an " coordinate 
on a .2 scale. The p! from tht' tracker is ust'd to placro the tra~k on a 3·bit Pc scalt' ust'd to 
match a~&l.au tht' '!'alanmett'r E 1 • 

Th'!' holated Elt'clron Match crates matcn up the snow .. r max . outer Iracker hJt5 and 
the calorimt'lt'r isolaled t'lectron candidates on a .2 x .2 ~rlci. Tbe results are caunted up in 
cate!ones of track iincludins showt'r maxi and calorimelror agreement on p., dilagreemenl 
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LeYel 1 Trigger Decision Design for the SDC 
\\-.H. Smith. J. Lackey. T. Gorski. 

Cniurslty of n"isconsin 

1 Introduction 

The SDC le\-cl 1 t,igge: decision is based on ioeal decisions about the presence of obiects 
such as photons. e:ectrons. muons. and jl:'!~. as wei} as global sums of Er and misslng' Er. 
It uses the globai cOm?i:alion of thlS infor:r.a!!on to decide whether to keep (i.e. trigger on 1 
a parllcuiar 16 nsec beam crossing. Each oi :he oeJects. such as electrons. muons and Jet!. 
are required to pass a series oi PI or £1 :h:esnoicis. which arc ust'd in makins the Le'-cl 1 
Trigger Dl:'cmo::. 

The nier.:;:ica:lon v: :;iggl:': objl:'c~s 0:'~,!,:: o'!'?e:uis <.>n corre;atlons betwec:l differl:':lt 
~Ub5ySt'!'rr.5 !lar!.c:?a~:;,!!, :n t!'le ttlggl:'':" Cl:'c:~lon Thro lcienoficallon of an elt'ctron 1:;.\,01\'t'5 
co:-rl:'ia::~g lr.:"or:;:a:l:-:1 :~C'm :~e ::ack:r:~ a:-.c calOrl:r:elror ~ysl'!'ms. Ic!.rontdi.u.tlon of an elec· 
!~on ::1 t~~ caio:::-::e:e: :1:'~Ulrros c.e:roc~:::.~ .~(':a!ed droClrornagnellc energy The lint ~Iep 
tS ~o ~na a calO,:":;;'l:'le: :r:ggl:'r tOI\l'"r Wi:::' I!'r.l:'r!~ ::1 lhro e:eCromagnetic companrr.l'"nl and 
,.::it' (.: :10 I!':le:;~ :~ ;:, ::.ac;o,,;c c\.~~?a~·:-:-.l'"::: ; I!' t\'~lcai:1 EHA.L < II I • ££,\1." \ ... xl 
ti":e :OWC:5 ac:ace:.: :.' :"n :Co\It'~ a:e C" ........ I!'C :0: ::a>,lng i:ltlro ar no energy:n OOt" eiro( 
::om!gn'!'::c a:-.c ~.ac:v:'.:c co:"::?a:-:mer.·; ::::. '!'~ta::,i:~hes eleCl~o:na!nellC l:':1e:-~ .. :I-:al ;~ 
!~a:1~le:-~I:':1 a;.o :1.;;1:: ::,:o::'\a .. \ :~I.'.a:l"<': :-: .. '1:"1:':- ~Inc'!' :nl!' ~IZ'!' \.~i th'!' ca;"rlrr.ell:'r I:.g!!,l:'f 
to\";l":-S :--,~·"'T'.::-,a::\ ,.': • ;; e,-,a~~l". ::::~. '.c.:.('::' al'"t'!'r:-::I"atl"n:s lmp:-01t'"c w:th :nio:;:1a 
tion ;":or.:. the inOwer ;;.ax c'!'t'!'C!-:or. 5::tce a J:l0ton would aUo dt'poslt the ~ame ?atle:n tr. 
:hro calor::":"Il'"'ro:-. ':..:: .h~:";j(i r:c" ,~'!':>o~:: .r: ' .• l" ::aClcn!t ~\~tem.the lraci.:r.~ s\~:'!'m;~ u~t'"d 
:1.' o;~:.r,c_;~r. bt':\,l"l"" l ?t., :r.:, a::a l",l"C' :--

cOlT.?a"~l"·.: a"c. .'.~ I.·r ~o I":le~~~ :" ..•. I!' ~.i!oc.:,",,:c (,·~?ar\menl ~ur:-. 'J:1o'!'d ;'1 Io· .... l"f~ 

::'.:.'!' ... j ;: ... :,,:a. "'::I:':-e:' : ~t'~l" Ih'.i!o·l'"<": 1!'.l"C:-QIl ea:-:o:ciates a:-'!' :-I:'P,':-:I:'O <J~: vn a 2 '. 
:? I::-,d. It: ("c.'!':- "c..::::-:e:'.1:.". '!':I:'C::l",~ :': :-:; :J:-.l':c.r.~. c~\r~ela:lo:1 II\th ~J.I!' O'lt'!': lraC!(l'"f 
~ U~,!,G T,I:';' ... ,. ... ~ :-.a': c.r:l"C; .. :- ?~(I:r:.·,.'1 .oei.. r,:: .;-: 2,., < (IUti!". ."' :1:ns T~:t'" ,'Ull'"~ 

traca'!'r ?(\)11Ct'"5 ::ac ... s ·.\J:h a .!l. ,,11 a ".,..:-; _~ !;::c. rhl" ~howl:'r rna" ~ rif~t e\..rrl"'att>r1 
... ;t:' :~.'!' ::a(;"l": I .. ?:-~,c .. c~ 1 C,·I:.C<':I:'::'('" ' .. : ":In" p, .n :? x .! b:n~ 'Iftl:'f ~:a!(;:I): thl!' 
(()H\cloe:1(1:' 'In a l""';.!; ~~ "".I!' \','r (nl",· ... ·::'! l':III1~: Ihl:' l"ail"'oml:'tl:'r :n '1 ~~. ar.a p! Tht' 
jlhotons 1:1:' ~(':"c'!'ci \\\:r.\.~-...:t ::"It' ::-aclt :'!""a:r:1. 0-..:; ··\·:·n a ~ho\l"er max maten ana a h:rhl'"r 
l'"nroup' th:-e~~., .• o 

Thl'" L'!'I''!'; : T(.!~t', :1::c.s .''!':5 tl\' il.' · .... rc :.,., -t x -t caivnm'!'It'r !0\\l'":5 Vlt', a ~'!'rll'"~ 
L.f Ihrt'~"v.ci> I: ~:lcis r.-.u,~n~ J: hr.c;,.1! :1"._ ... ::-a(i;., ';'\l'"r a ~ro;ll:'~ uf mu,m jJ, :r.:-I:'~h{.idl. 

The muvn ~:-:l":n:s n~': (\.':-:-t':'!l'"Q "·.l~: ':.l" :~acio.:r.~ <.\jl'!'m unlll L,!,I·l'"I"2. I: :7!\,;q ~.al.l:' a 
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on Ph and lho".er max match onl~' ..... ith the calarimeter (photon). For e&'!'h catesor~·. the 
lotal aumbt'r of matches abo\"ro each of 6 E, thrt'~holds is accumulatt'd. Failures ta mat1::h 
sho ..... er max and calorimt'ter ue also countt'd. 

The En'!'rs.,· Sum Jt't Thr'!'sDold crate continues Ihe global E" E,.> and E" suml as well 
u addins up tbt' numbt't of .-l x .4 calonmt'tt'r towers abo\'t' a leries af S threshnlds. 

Tht' )Iuon TriS5t'r Crates count up tht' number of muon tracks PUltDS each af 4 pro· 
srammable P, thrt'sDoldl. Tht'y allO stort' 3 bits of p, and tht' track locatIon ..... ith a relolutlon 
of olIO' = .01. ol" = .05 for use by tbe se.:ond le\"t'l tnsst'r. 

The Fiaal Decision Crate suml up and makt's cuts on calorimeur total and miSiing E, 
(the lauer £rom the indi\'idual E,. and E" sums). It sums up tbe to\al number of calorimeter 
.4 x .4 resions o\·er ! thresbolds and makes cuts on this. It sums up \he total number of 
isol.tt'd t'iectron (ann pho\on) candid.tel ""ithin \be catt'!!:orit's and p, thresholds dt'scnbed 
abo\'e and makes cuts on these. h also sums up tbe total number of muons o\"er the p. 
thresbolds and mues cuts on tbese. The rHuhins t rigser deCision is then for ..... arded to th'!' 
le\"el 1 clock·controllogic. See .3' for a further diS(ussion oi thilioSic. 

3 Calorimeter Isolation/Summation Crate 

Fi!!:ure Z shows a CLonrr.etror Isoianon S:.lmmUIOn crate. Tbere are 24 of these cra:es. 16 
for the barrel and 5 foe the tnlermeaiate :-I:'glons of the detector. Each barrel erate CO\'ers 
1.6" x 0.8 ~. A c:ate contains 8 :\Iromor.\ L<.>OKUP cards \:\ILt" cards]' which recen'e tn'!' 
h.dron]c and eiect:om.~netlc energie~ :rol.\ lh'!' .lx.~ caio:::neter tower sums. Thro \ILl" 
cuds con\'en :he tne l:-:pUt F.-\.OC tower st.:m \'a!ues Into Er on a 12-bit li:n'!'ar seal'!'. compulc 
E r • E ... and E" sun'.! or. the .-Ix.-I regIon of 16 Irlg!er lowers tnat each Ser\·lces. and calcUJat'!' 
an Encoced Tow'!'( T:'?e tETT·· cooe io: eactl tower. ThIS t~'pe is but'd on the amaunt of 
ent'r!y depOSltt'Q::: ~::e haoronlc and ejec::oma~n'!'tic compartments. 1 hro code is 0 for anI" 

'01L·er bt'low tr.e eit'c~:oma~r.e\]c :hresnalo qUiet I. and 1,6 fClr an electron t':o.:cet'Otn!!: on'!' Clf 
SIX thresnoios. ana :- if Ihe tOIl"'!'r is har.:Or!I( A fu(:r:er descnptlon of Ihe ETT (oae and 
the i~ul.tt'd ele(lto:; Cet ... (tlo;1 iOSIC that .:~t's a can ae founD In 1. 

Eacn na:e a;~o co:-,:a.rH:! Pa::ern Rt'(ol,;,It;O:l -\--1(" ca:cs, PR.-\. (i(cis·. ',\hle!} :t'"("l'":\ro 
ETT (ool:'~ :':orn -t ~ILl ca:-C:~. (N:I:'~p.:·;.c:r.1!' 'u a !'oX!'o ;I!'~:on. The~e Doarcs lrol:C:1 lor 
1501at'!'0 c:'!'c:ror.~ a: ~;x :ncie.:Jt'nc'!':1t 1h:e~:.(·:c; "'::In:!l lhro ~".!l :e~lOn. T:I'!' re!'-.Ojt u a Sl:':,l"~ 
(If 3·blt (OCI:'5 ;nc:ca.:.r.2. ':;ro a::l~l:'nce vr n:"!I!':1et'" and :nrt'~llo,ci of an ISOla:t'Q 1:';1!'c:~n1" \ 
Rag t'XU':S lvr road: :x ~ :e~:or. wnleh .• :.l,,\ ("onr.~eQ "·l\~.;n the .!ox !'o a~ea. and fc.~ I:'ac:
Ix.:? or :?x 1 :t'I!:e·n Il';-;;Cr: IS on 1::'1:' t'C\!!l" .. ;;0 fur l"acn .1:\.1 region on I!")e eO:!"1'!':-5 •. : Int' 
~x.;; a:-ea. Thl:'~e lsuiatt'"d t';'!'ct:vn (odros i!o;e Iransrr,.~t'!'Q :0 the isoiatl"d E;'!'("tron :\lal(:1 

Crates. jUf ;urthror (or:l:'iallOn ;\"lth aci.;acl'"::1 rt'IIClns (If tnt' ca;onmett'r ar.Q "ltn data frl)m 
the Tracli.ln!!: and :5r.owe~ \Iax suos~ste:;:s " 

Each ctate aisa cOnlains an Energ~' 5u~~.a\lon Card I E:le:~y ca~d .. Thu douol'!""loln 
card cOI't'fS a 1.61) x .s.o fro!10n ana :,!,Cl'":\'I:'~ ::.e enerl!'." ~-"::1".~ for Ihe .-lx.1 reglOr.s !~om ali 
., ~ILr ca~d,. II c<.>mp'Jtt's lhe :0tal E T . E. .. no E. ~U:T.~ for In'!' 1.6x.~ rl!'llOn. It a:so tl:'SIS 
the ET tn e&1::h -Ix.~ toWI:': al!a..;n~t S .~·.C~ ar.d (a;cu!a:'!'s th'!' nUrnO'!'( of -tX -I tV\\l:'rs 



above each threshold. It delh-ers 3 bits o{ number abo,"e thretilald {or S thresholds. alone 
with the 3 etlerl)" s~s to the Ener~' Sum; Jet Thresbold Crates. 

Each crate allO contains a Lnel I Clock:Conttol Interface card. a Lenl2 Inter{&Ce card. 
ud a DAQ Interface, Procellor card. 

3.1 Calorimeter Memory Lookup Card 

Figure 3 sho ..... s a hlock diasram of the )11 t" card. The card operates on a .b.4 repon of 
the calorimeter. 16 optical fibeu enter through the front panel. each carr~-ing 8 bits of raw 
compreued FADC data {or the E)tC ud HAC sectianl o{ a .lx.l trieser tower. This data 
is received aeriallY at a 1 Gbjtisec rate. and con"ened to a 16·bit puallel pa.th operating 
at a 16n. rate. fo~ eath fiher. The output o{ the fiber optic receiver circuitry is recei"ed by 
16 identical )ILL' blocks. one far each to ..... er. 

This :\'ILt' block canlists df 3 sepuate laokup operations. all performed in puallel 0"6 

a 16n ... :indo ...... The firlt lookup operation cambinel the 8 bits e&ch of raw E!\OIC a.nd HAC 
enerpes u address into a 64Kx3 ~ILt. to produce a 3·bit ETT code for the tower. This 
code C&t&!orizes the to"«'er as either quiet. connirUng an electran at one of six thresholds. 
or hadranic. The last nvo "ILl's con,'ert the raw E)IC and HAC enerp~ to a 12·bit linear 
scale. The 16 ETT codel {rom all ~Il r hlocks are transmitted to a PRA eard "ia the crate 
backplane. The 32 energies from the ~Ilr blocks are lummeei In a 12·bit adder tree. 

The adder tree IS a 5·stage binary tree. 12·bits wide at all stages. that produces an Er 
energy {or the .U . .J repon cO"ered b~' the card by SUmln! the E~IC and H.-\.C energies from 
each of the 16 trieger tOl'rers. The speed at which each stage il calculated bu not fe1 been 
determlned. The Er sum is con"ened to E:r and E .. tUms In two parallel.JKx12 )Ilts .. \11 
three energiel are then traasmuted to the Energy card "ia the crate ba.ckplane. 

The card also buffers the raw E~IC and HAC ~.bit energies {or all 16 input optical fibers 
for subsequent tra.nsttuuion to the le"ei 2 Interface Card after recei\'inS a le\'ell accept 

3.2 Calorimeter Pattern Recognition ASIC Card 

figure .J sholKs a blocit' diagram of the PRA carei. It opera~es on il .81.8 region of the 
calonmeter. recel\'tnl!; ETT data from .J ~Ilr cards. The 0-1 tOtal 3·bn ETT codes are 
l'e'CeJ"ed on the card in a 192·bit wide rf't:ISIer bank. and Ihen broadcast to 6 Pattern 
RecognitIOn ASICs a.nd the quiet detect iog!t via a ETT nata bus. Each PR.-\. exammes 
the entire .$x.8 regIol)' loolung for isolated elecuans ilt a particular threlhold. wlth each 
of the six PRAs lelectlng a different threshold. The output af each PRA il a 25-bit Rag 
ward •• "ith a bit {or each o{ 25 ~gions in the .6x.8 area indicaung if that repon eontained 
an isolated e-Iecuon or not at thaI threlhold. The quiet detect lopc examine5 the lamt' 
25 resionl. and deli,.en 25 correlpondmg bits. with each bit indica.ting i{ that region ":1.1 

completely qUiet ar not. A {unher delcnptian af the PRA can be found in ,y. 
The- i bitl of ralK fI.&!s. including 1 qUiet Ra~ anei 6 electron Sags per regiad. for each 

o{ the 25 reSlons (1 i5 bits total) bits are delj,'ered to the electron threshald encoder and 

4.1 TraCk/Shower Max Hit Card 

Ficure 7 Ibow. a block diasram of the TS)·I cud. Tbe cud operates on a 1.6 " x 0.2 0 
resion of the detector. Eacb card is double·".-idth. ud neeives 16 optical fibers eODta.ininl 
.bower max hits &.ad 8 optical fibers eODIa.iDinl PT information from the tr.c:ker. E&ch 
Ibo.·er max fiber delivers 16 bits of binuy hit infnrmation {or a .2x.l rqion. "«'here ea.ch 
bit corresponds to a hit/no hit in a .2" « 0.006251b rqion. Eacb tracker fiber delb~n four 
.J·bit bins of PT information. wbere each bin correspondl to 1.6" x 0.006250, ud tbr: &rea 
CO\-ered by the data OD eacb fiber il 1.6" x 0.0251b. 

Tbe data is recei,.ed by the fiber optic recieTer circuitry and con\'erted to a parallel 
data on a 16ns clock b ... i,. The data £rom botb lub'Yltems il broulht tOfjetber tn the bit 
rnolutinn IOrtinllopc. Thil lope finds the larpst PT witb a correlpondinl Ihower max 
hit tn .00625 • inr ~a.ch .2%.2 "pon. Thil il accnmplished nainl 5·bil 32-input comp&ratnr 
t ..... 

Tbe comparator trH find. the Ibower max hit Witb tbe IUle.t PT. or alternat~ly, if 
there ue dO Ihower max hit ••• imply tbe lugat pr. u foilowi. At the .00625 0 level. tbe 
binuy .ho"«'er max rut/no bit bit is appended as the ~ISB to tbe cnrrespnndinl PT data. 
producing a 5-bit "«'ord. Thil il reputed {or all PTS a.nd shower max hits with the retult 
being 32 5·bit "alues for .2 in " and .2 in 41. Tbese values an deli,-ered u unsilned data ta 
a 32·input ma!5nitude comparator trH. which Hlf'cts the luecn S·bit Talue. By usilrUnl 
the sho"«'er max hit bit u tb~ ~ISB. the resuit il that all .00625 fI repons \\;th shower max 
hits bave larser "alua tba.n tbOie \\;thout. and would be "lected abo"e repanl ".·itbout 
hits. Tbul. a repon .-ith a sho"«'er max hit. a.nd with the tbe laflat Pr .rill pra,-ide the 
\'alue for the .2x.2 area. . 

A tOtal of 8 comparatar Itees are uHd: one for each .2 in fl. Eaeh deli,·ers a 5-bit 
,·alue. wbere the ~ISB indicates i{ there wu a sbower max bit in the _2x.2 rqion. and the 
~ other bill are tbe l&tJeJt Pr corresponciin! .-ith a Ihower max hit round in that resion. 
for each rq:lon. the -I-bit PT Talue il con"erted ta a 3-bit tbrelhold ,·alue in .. 16x3 ~Ill' 
block. This thretbold ,.alue il "Iected to properiy correspond ,,';th the ilOlated electron 
threthold codes generated b." the Calorimeter holation 5Umm&tlon Crates. for each rellon. 
the sho.·er max hit Sal a.nd the 3·bit PT I hreshold code are transmitted to the Isolated 
Electron .\Iuch Crates ,-ia the front pane! 

Euh TS)I card also buffers Ihe raw ilr \'alues and sho .... ·er mu hili recei,·ed, on the 
fiber.opuc cablel [or sublequent transml!uon to the le\'el 2 Interf .. ce Card upon recept of 
a le,~l 1 aceept. 

5 Isolated Electron Match Crate 

figure 3 shows an Iiolated Electron ~htch CraIe. Then are 6 af thae cratel: -I {ar the 
barrel and 2 for the Intermediate ~Iians af the detectar. Eaeh barrel crate CD\'e1l 1.6 " x 
3.2 ". A craie cDntains 8 ReliDn ~Iatch cuds (R~IC cards). each Df .. ruch bandIes a .Slt.8 
reSlan. Tne- R~IC card receiTes the ilalalt'd elect ran codes from tbe PRA cards. perfarms 
the lalt le\'el of ISDlatian checking on the edge corner p .. rtial reginns. and tben compares 
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self· test logic. Trus :o~c examines the 7 bit! for each df the 25 repons. and leneratn" a 3· 
bit code. the ilolated eLectron coeie. Tlus code ironicates whether the region .·u completel:,' 
quiet, or i{ it contained an isolated electron. and at .. hat le'·el. ar that neither of the abo"e 
cues wu true. The resulting 35x3 (':'51 hit I a{isoiated electron codel are deli"ered to the 
Isolated Elecudn ~Iatch crates. 

In self·test made. ,hislo~c &.iso examlDes the outpUt a{ all 6 PRAs, which are set to the 
same threshold fOt. seif·t~t. a.nd detects an error jf the output bits of all 6 PRAs are not in 
agreement. 

3.3 Calorimeter Energy Summation Card 

Figure 5 sbows the biock diag!&ttl of an Energ:,' card. Trus double·.·idth card cO'~rs a 
1.6" x .30 resion of tbe calorimeter. It recei,.es the Sx36 (258) bits o{ ET. E .. and Ew .h . .J 
enerSy sums from the S ~IIC cards. With these enerpes. It performs t ..... o {unctians. The 
fiut function is 10 proeiuce ET. E. and E .. energy sums for the 1.6x.S region usinl3 parallel 
12·bit. S·input adner trees. The 36 hits of total enerpe5 are then tranlirnined to the Energy 
Sum/Jet Threshold crates "ia the front panel. 

The second function is 10 test the Er .1x..J energiel agilinst 8 thresholds and to lum the 
number of ;x.1 :owers at each threshald. The first s~il~e in trul il to decode each 12.blt 
energy to none or : of 5 th:esholds in a .JKx5 ~llt'. where each nutput bit of the ~Ilr 
cor:espdncs to o~e oi ~he ~ Ih:esoolas. ThIS is peridrmeci !imuitilneousl .... in S ~Ilr blocks 
for each of In!' ~ hi Er ene:~es. The cietoded OUlpUt bus are then dri"en to 3 paraliel 
;·input adder t:ee~. wllit one ::!'e ior eatn threshoid. Eath tree sums 8 binar.\· inputs to 
il S1n@:ie 3·bit Ol.OtpUI. It :e:erC'::ces one outpu: bn from each ~ILr block. The resuiting !-
histogram bins oi 3'01: let lawl't'S o,'er :n:e!!lOid sums \2-1 bits tOtal) are transmltled:o Ihe 
Ener~~' Sc.m Jet t~.:esnolri t!"a:es \'Iil tf:t' fronl panei 

4 Track/Shower :\Iax ;\Iatch Crate 

F:!ut!' 6 ~how~ il :~ac .. Si,ow!'~ \lil:'l: \ia:c:J t!"ill!, Tller!' aT!' :~ of th!'5!' crates' S for :he 
:'a~rd. and -I :'o~ : .... !' .n:!'r~!'Qla:t' :!'~:on~ ,'.( :3le ae·ettvr. Eiltn barr!'i C'rate- co\en 161) , 
160. -\. cUte C\,:t,~illU~ :' dOUQlt'.I\ldth T:at .. Sno\\er )'Ia..'( HIt cards, T5~1 Caro~l. \\nld! 
!"f'tl!'l\'t' Ine :r:t' n··1 ::atllf': ano ~nclWf'r ;;.a:\ \,..;: datil f •• r a ! 6r1 x 0 20 rt'~lon Tht' T~\t 
taras carrelalt' tnt' ::ac,. and st.o\\er rna.',; r.,a ana cell\f"r the results to Ihf' holated E:f'ctran 
\Iattn Crates f(.r i'Jr::le-T tOrreliltlon w::r. t:.1:' :soiil:ed electron TillS. 

Eiltn crate I.i~o c'Jr:talni il Le\!'! I Cio(i; Control Interface card. a Le\'d 21nteriace card. 
and a DAQ Inlt'riat!' P~OI:'!,~S(>f card 
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the ilolated electron codel againlt the Iratk.lho.·er mA-"{ hit data {rom the TS~I cardl to 
praduce a histOfjram summar~ of isolated electron· track shower malt hit totala on .2x.2 
regiens in the .8x.! area. There are 18 histogram bins .• ·ith each bin being 3·bits "«'ide. The 
bini eount tbe number o{ ilolationishower mu: hits ,,;jth no PT. the number with a goad 
PT matcb. and tbe number .... ·ith a PT mismatch. at each of tbe six electron tbre.holds. The 
R~ICI alsa deu'"er an error ftag With indicates the prelence of isolated electronl "«'ithaut a 
matcrune sbo"«'er max hit. These errors are stared for later system diaenostlcs . 

Ea.cb crate also bu 2 or 3 Isolated Electron Hit Sum:nation c&rds (HSC c&rds). These 
are dauble.width cards whicb conIinue Ihe rustOlram .ummatian (rom .J (ront pa.nel input 
saurces to a linsle frantpanel autput. The fint twa cardl are used to continue tbe summation 
from -I R!IoIC cuds apiece. At this le\·el. each HSC cacd cO"elS 1.1.6" x 1.6 Ib repon. The 
third SSC is used to perfocm the next le,-ds o[ summation uliDllo"'er le\·ej SSC cards u 
tbe input lOurce. The third HSC card position .-ill be populated in the crates u neceuarv 
to implement the bistOfjram lummatinn tree. . 

Each erate &110 conta.ins a level 1 Clock, Cnntrol Interface cud and a DAQ Inter
face; ProeeslOr eard. 

5.1 Region Match Card 

fi«ure 9 shows a blOCK diagram af the R~IC card. The card operates on a .h.S region af 
tbe detector .• ·hich .. .:>nset .1 in 1) and .1 In (Z/ from the .:h.3 region co\-ered b\· the PRA 
cuds. Thil effset ;s equl"alen: to one tn~ger tower 1ft both directions. The c~rd receins 
75 bits of isolated eiectron codes ior 25 fuih' confined arid ed!e cnrner partial reglnns from 
.j, PRA cards. -15 of Ihole o:a ~e?relent 9 ~ulJ~' eoniined .lx.2 :e!:ons. 6 edgc .~x.2 or .2x.l 
regions. and a singie- .Ix.l corr:f'r region [rom from a ilngie PRA card. 12 bits each fram two 
other PR.l,. ~uds re;lresent J .Ix.2. or .2:-..1 edge repans ana i. .lx.l carner region ...... hlch 
\<')11 be COmbined \\"lln corresooneiln~ ed~e or carner rf'1lons i:om the first PR.l,. card tCl 
form compoSite .2x.2 ~eglor:~. Th!' lut PR.l,. tilrd contributes 3 bits {or a slnsie .lx.1 corner 
region. and forml a compolile . .:!It.2 ~e'lorL ·.\'ltn the corncr regions irom the- ather 3 PRA 
cards. 

holated electron tooes iv~ tompvsHe :epans are I!;enerateci :n the p .. rtlai ret:lon resolu. 
t!on l~c. The cocie [or a Cdtn:lOSl:e ~~.~ :C'!lon IS the lUlJest code fClr an~' of itl partial 
rf'~lons. The 10~lc c('nsnu r)j 15 ~-Ln?1.i: J·blt :na'!!;nlluoe- ieiec:o:s ..... ·hlch seiet~ ;he largcr 
\.f Iht' .! codt's flit each c.i the 'I !'ct.:e re(I(·m. ilnd a ~:Il(ie ~'I!I:ll;I n:ar:n:tc.C::e st'iecl0r. flJ~ 
the carn~r rf>!IOn uun::~ tt:!S ;e~o.U!iV::. ';)!' ((loe! :ar tnf' cor.nnea re-~lOns ue propa!atf'd 
aJon« lIae I lie ma,!r.ltucie- s!'iecl :o'I(.:oJ ·'.at aJ, cClaes ~II~' In sync l'ri!h t'atn o:ner Ln th!' 
pipeline. Th!' outpt.;! IJith!' pU;.4. rt'~;on :!'~U!·J'L(.of1 iv~'c l! l6 J ~lt Isvl ... ted e,eCtron c()(i~~. 
for eaciJ vf the .2x . .! :e!lor:s ::: :i.e .~x ~ a~f'a The-se- codes a~!' Senl tr) the hI! matchln~ 
laglc on t he board 

The isalated electron Ihowe: mu tracker hll m .. tchm~ 10~lc cdmpares the Isolated elet. 
Iran codes ta Ihe hll daIa from Ihe correspondIng track and shD .... ·er max sectians in the 
de-Ie-ctor. The traelf. Ihower milX diltil ilrrl\e-~ from -I dlffe-rent T5\1 t&rd~. Eilch TS:\I tud 
deli\'erl il .J·blt coeie for f'~ch ,,[ -I 2x.2 U!'il5. with Ih!' 10lili il!ea lot each ca:o bemg .8 '1 
x .2 "'. The cDde toaslSU oi a .nowe-r rr...,. n:t no h:1 bll. ilna a. J·b!t code to!"respondmg 



to the PT threshold. The 10lic deu\'eu 3x6x3.hit (54) bits of hist~ram data, indicatins 
the aumber of ilol&ted electronllhower max bit. witb no PT, the number with a lood PT 
match. and the Dumber with a PT milmatch at each of tbe six electron thresbolds. It also 
delivers an error ftaS ,,'bicb indicates the presence of u isolated electron witbout a sbower 
max. hit. Thcse 55 bits are deii"ered to tbe front puel. ..... bere tber are transmitted to a 
Hse card. 

The matchinl lopc operates as follows. For each .2x.2 rellon. there is a 3·hit m&«rutude 
comparator ud lome otber combinatorialloslc ..... hich examines Ihe isola.ted electron ud 
PT codes to produce 3 sisnals: GOOD. :\IIS)'IATCH. and XOPT. GOOD is acti"e if the 
PT code is 2: than the isolated electron code. ~nS:\IATCH is a.cti'·e if tbe PT code is < 
the electron code but not zero. and ~OPT is acth'e if the Pr code is zero, These three 
mutually·exclUJi,·e lines sen'e as enables to 3 separate 3.t0-8 decoders. which all decode 
the electron code. Output lines 1·6 of each of the three decoders. wbicb correspond to 
,,&lid ilolated electrons. are tben sent as binary inputs to 18 separate 16·input adder trees. 
Output lines 0 ud 7 of each decoder are not used. Tbe:" correspond to electron codes 0 
and 7 ...... hicb do not indicate tbe presence of isolated electrons. E&ch tree computes tbe 
sum for one bistolram bin from the 16 indi"idual .2x.2 repons, For eacb resion. tbere is 
also u additional combinatorial hlock which compares the electron code ud tbe sho'lllo'er 
max hit hit. If the electron code is in tbe ranse 1 to 6 and the sbower max. hit bit is not 
acti\·e. Ihen an error fiag for tbe .2x.2 resion is produced. The enor flalS for all 16 ~Ilons 
are combined in a OR tree to produce the linsle error fla! ior :he ~tire .8x.S area. Tbe.e 
errors are stored on the ca.rd for subsequent dia!Dostic purposes. 

5.2 Isolated Electron Hit Summary Card 

Fisure 10 shows a block diastarn of tbe HSC card. It is the Dasic buildinl block for the 
summation tree for lhe isolaled electron hil histo!rams. At the ;owest le\'el. It operates on 
a 1.6:d.6 area from 4 R)'fC carOs. Al hisher Ineis. il operates on data from up to 4 HSC 
cards. A HSC card IS used In Ihe Final Decision Crate 10 pronoe the histogram results for 
tbe total detector. 

The HSC card is a double·\nolh card that recie\'es 55 bits oi ejectron shower max. tracker 
hIStogram and error 8a~ data from eaca of " sources through ~he front panel. The 10Slc 
on the card COIlSISts of 15 3·bn adder trees of "·lftputs each 10 sum the histograms. and a 
-i'lnput OR netll'ork to combine the error flus. The card de!l\'ers 55 bits af output dala in 
Ihf' samf' iormat to the frontpaneL ,,·here II is delinrrci to the next le\-el HSC card or Ihf' 
final declI.lon IOJic 

6 Energy Sum/Jet Threshold Crate 

rlgurf' 11 .howl an Ener!,' Sum J~t Threshold Cralf'. Tberf' is one of these crates for both 
the barrel and the intermediate regions of the detector. II contains" double·wldth Energy 
Summation Cards! ESC cards 1. Each card co,'en 1.6 " x 6.1 0 in the barrel re~lon. or one 
f'nd·cap In the Inlerm~lale regIons nf the detector. Each ESC card cnmputes 12·hlt ET . 

E. and E .. ene:tJY .. ums from tbe lower levellums from 8 EaeflY cuds. 

Each crate alto contain. '" Jet Thresbold Summation Cud, (JTSC c&rds), These eardl 
coYer lhe lame area AI the ESC cards, They compute lbe next level 5-bit Jet Threabold 

_ hillOlrams from tbe lower 1eYe1 bins from 8 Enersr cards. 

Eacb cr&te alto contains a Lnel 1 Clock/Control Inten&Ce eard and a DAQ faler
face/Procestor cud. 

6.1 Energy Summation Card 

Filure 12 ,how, a block diaJf&m for the ESC card. This doubIe,.·idth card il used to 
compute the 12·blt IT. I. aad Ew eDeflY luml for the detector. At itl lowest level. it 
cOYert a 1.6x6.4 area. operatial on data from 8 EaerlY cuds, A ESC card i. used in the 
Final Decision Crate 10 ,um up the result enerpel {rom tbe " card. ia lbe Iaersr Sum/ 
Jel Threshold crate, thus Pro\;dinl tbe total ET • E. and E. enerpe. for tbe detector. 

Tbe ESC cud r«e1\"ft 3xl2 bill (36 bits) of ~err;y l"alues from each of 8 {roat puel 
tnput toureel. Thi. data il driven to thrft identical 12·bit. 8-iaput adder lftel~ne for 
each enerl:'" The tbree resuhinl 12-bit enerpes are then deu''e'red to tbe front panel for 
tranmillion to the next ie''e'l ESC card or lhe final dee1lton lo!ic. 

6.2 Jet Threshold Summation Card 

Filure 13 Ibows a block dialram for tbe JTSC card. This dauble·width eud is uHd to 
compute the jet threshold histosrams for the detector. It operues in parallel with and over 
the same area as an ISC card. A JTSC card II also used in the Final Decilion Crate to 
compute the final j~t tbreshold histolrams for the detector. 

The JTSC card recen-es ~x5 hits • "0 binI of jet tOll'erS threshold from each of 8 front 
panel tources. This data il dri\"en tD S identical 5.bit. ~·input adder tteft-one for each 
Jet threshold. Tbe eilht resultin~ 5·hit sums are thcn deii"c:'ed la the frODt panel {or 
transmiSSion 10 the nexl le"el JTSC card or Ihe final d~cisior:. ;0!!:1C. 

1 Muon Trigger Crate 

Filure 11 shows a ;\Iuon Triner ('rate. Ther~ atf' 6 of Ihese crales. " of which CO\'er &l.l 
of 0 and " < 2.5 In (our ~quallecuans. In addition. therf' art fWO fO",'ard muon trigger 
crates. one for each end. A c:ale coftta.iru !- ~Iuon Lo!!:ic Carol p.ILC cards). Each ~'ILC 
card co"er. 1.2 rJ x 0.8 0 ID the barrel rellon. A >ILC card :'ecejl"es 12 optical fibers from 
thf' muon resional front end cratet. Each of the .. e fibers conlalns 3 biu nf p, and 5 bit. of 
o {or the t'lllo'O hisneSl p, tracks io a .2 " x A (II resion. The card buffers this raw data for 
transmilsion to the Le\'el 2 lngser \'Ia lhe Le\'el 2 Intcrfact Card in tbe crate. Tbe 24 hins 
of track p, information is coonrted 10 one of '" lhresholds "ja memory lookup tables. The 
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Figure 17 .ho"·, lhe Final Decision Crate. There is nne crate for the Lenl 1 Triner for 
:he en me df'tector. This c:al.e conta.ins a slnsle HSC card, ESC card, JTSC card. and 
.\ISC card. Tbese cards gerfarm the finalle\'el of computation for each of tbeir respecti\'e 
subsystem!. The HSC card cotr:putes the final histosram tota.is for electron:track· shower 
max hilS. The ESC card camputes final the Er . E. and E" ener!!:y lotah for the calonmeter. 
Th~ JTSC computes tbe final histOJram 10tals for jet thresholds. and the ~Ise card for lhe 
muon thresbolds. 

All four of these cards transmil Iheir results "ja thelr front ;>aneis to the Final Deciston 
,:\Iemory Lookup Card (FO:\I card). This card uses memory laa'up tables and ather logic 
10 distill the input data into a lriner "\'ectnr~ for each sublystem. Thi. \'ector cantain. 
pertinent fields for corrdation wilh other suhs~·.tems to produce the final trisser decision. 
The four \'ectors are transmilted 10 the Final Decision LOslC Card (FDL card) across the 
backplane. 

The FDL card recf"i"es tile subsyslem trigger "eClors {rom lhe rD;\1 card and performs 
the final analysts and correlallon necessary to produce a le\'ei 1 accept, reject deciSion. It 
consists of a number of ;>rosrammabie oecision bloc".s. each oi 'Khicn examines a subset of 
the trigser \'ector nata to p:oduce lIS decision. The decisions irom all of the blocks are 
ORed to!!:elber to proci1!cc toe o,era;i acc~pt reject. This decil10n is transmuted to the 
Le"ei 1 Global ClOCK ('.~:ll~t: Cate fc.r diu:-ibutlon throughout the delector .. \ funr.er 
descrip:lon of Ihe COCK ('.~r.t:(\i sub!~'nf'm ior Ihe le"el 1 ln~ser can be found in 3 

8.1 Final Decision :\lemory Lookup Card 

rilpre !~ sho'KS a b:oclt c:a,~am .. 'Ii 1!.f' fD)1 card. This Oc>'-Ioie· ..... idlh rard has " sf'parate 
mf':nor~' iookup ! .\IL r, arch::~c:;;:es on II. or.e each f0r tOlal and mlnln~ HannerSf' ~nf'r!~ 
In!!:gers. jet Ihret!loict ::'1'IJ~f':-s. f'if'rtro:1 aack sfta ..... ~r max fn!!ers. and muon tri!!:gers. 
Eacn oj tr.ese arch.~ec!t;:es p:'oouces a :ri~ser \'ector Ihat :! senl to tne FDL card. The 
!:ruc'u:-e of lhe l.rig!er \'eC~0;S .~ :;Jlle st:.os.\·ucm of'p~:1denl. a:.ci :enf'c: : ~c ~er.e:ill lypf'S of 
:~:!!e~ Informa!lC'In :-.ef'ct"Q =~"':7l t'ac:; P~~sy~tf'm to ~f"ne u thl" ~u:~ {nr -ilf' fi:1a.i decalnn 

T:.e Ci.1a !!'Om f'lcr. : ':.1" :.,.t:' <'_::><' q~~! f'nl"r~ :h~ ca,c ·:",;(ot;er. 'iI~ :ror,1 ::Ian~i h 
~ecel\'es;5 tua ;:-;)t:1 'r;f' ;i5C lio:or: ..:.:: j.:, b~r:: :;-.f' l~C ca:c. ," :':~~' :, .. :n :ne JT'SC (a;c 
a::ci .:! ~l:~. :,~~m :!." ~:~C 'l.:~ 

Tht' .\lLt' a'ch.~I"(:.l'~~ '.' ...... ,.f' O~· .'t'~:; ·:If'r:". as nf'Cf'~sa" a .)~::I"(1 <Jf'~!'ee .,flr.lf'~((.:' 

~::~/ ;;~~~~ ~~:'·~:::~ .. ~~c~~.~~f' .~:.' ~~:;:: :~.:: ;a~~eac~~~ 1 :t;~~~~~~:.:~ ~e ~~~; v; ~::~~ci!~: ~iC~~;~: I~:: 
,~~ ;~~s ~~~:r :;:~.~~:t~:~~~.;·~~~o~··~::;:~:r·:~:o:.l;~ ~~a:C>::::\~:I:~r. .. \\r;~ ~~;hc:~:,,:~~;::~~~: 
re,u!ls of Ihe 10lal mIHJ:'I~ ~riUl~';f':-Sf' 1":Jf':-g~' ca!~ujalions. whlc:t:: can lh~n ia(~Or-H: when 
buddln!!: Its own '·ector. 



8.2 Final Decision Logic Card 

Fisure 19 shows a block masu,m of thf" rDL card. This doubie·wicith card r~cei"es the 
four subsystem trisser "eClors from the FO)'I card \;1. the backplane and processes them in 
multiple prolfammable triuer decision blocks to produce the accept reject decision wruch 
is sent to the Le\'ell Global Clock Control (n.te. 

Each prosrammable decision bloclc hu 3 major sections. The tint section is the yector 
field select lope. This logic consists of reprogrammable high·densi!y jog:c. such as a Field 
Programma.bie Cate Aua:.' (FPGA). A '\:ilinx Ie is a.n example of this type of part. It's 
purpose is to select incU\"idual releyant fields from the subsystem vectors and to perform & 

logical. correlation between them. The feswl of this correlation is an addr~ss to a )ILC hlock 
which lenerate. a preliminary acc~pt signa.!. This preliminary accept is th~n passed thraugh 
a prosnmmable prescaler hlock. Th~ accept signal from all of the hlocks are ORed 10g~ther 
for transmission throush th~ froot panel to lhe Levell Global Clock Control Crat~. 

The decision blocks all op~rale ind~p~ndently from each other on different subs~ts of th~ 
sam~ vector data from lh~ FD:\OI ca:-d. Blocks wjIJ be allocated ta nifferent general Iypes 
of triSlering throusb decUcated cannectioos to onl:-' certain fielns of the subsystem v~ctors. 
The:-' are thus prosrammable for different trigsen witbin th~ scope of data a"aliable to 
tbat block. For example. on~ block may be dedicated to trigg~~ng conditions wbich inyolye 
photons and tran$\'ers~ energy. wbile anotner is dedicaten to ~I«tron muon conditions. 
~ach dedIcated by m~ans of th~ \'ector fi~ids that it can accen 

9 Design Summary 

The l('\'~i 1 deciSIon harowar~ IS compns('n of nume~ous on a.nd off·o~!('ctor crates \\ hich 
are Int~rconn('cted both ('l~ctrlcaily a.no op.llcall~· to form multlpie plp~ilned data str~ams. 
which come toseth~r at the Flnai DeCISion crate 10 generate I. Le"el 1 Accept, R~Ject for 

th~ detector. 

Th~r~ are four major physlca.I suhs.\·s:~ms; the calorimet~r. shower max d~tector. Ih~ 
ouur track~r. a.nd th~ muon 5ubsn:en:.s Trig~t'r data irom th~se ph~'slcal suhs~·stem~ lS 

processt'd In :he plpt'ilnt' lCl io:-:n i(.our :na.:or :nggt'rlng subs;-Hems' l~o;l.It'd eieclton photon 
rllts. total m15slng I ransveut' t'nNIt:~. Jt'c . :;:-~shoid SilinS. anc :nuon I ilrt'~lloId sums 

The isoL.,ed eleclton pho!(.on ~n!~('r ;!.!bn·ste:n correjat~s data [rom the calonmt'tt'r. 
show~r mLX dt'tector. a.mi o\;:~: lfaci.;~: f:om Ine cAlonmeter. t!-:e raw E:\OlC and H.\C 
set'lion S·blt digitized puuet.('!~nn lClr ... '<;.1 ,nggl:r 10l\'ers are transm:tted 10 thl: 'ILL 
cards 1ft Ihe Calorlmeler hulaLloli Summation CrUes. On the!(' ca.rds. t nggt'r towers art' 
lested for tta.nnecse lSalation of the en~~g:' deposition wilhin th~ E.\IC Section of the tower. 
and assllJned to an enersy th,:'('snold In ;n~ form of an ETT code. On Ih~ PRA cards. In 
the same crate, lhe ItlS8~r !owen are tesled for longltudmal isaialion 1.1 their respl:("tl\'~ 
thr~shold on ~x8 to,,"er re!:lOm. Th~ resu,t is a S~flt'S of isolatIon eodes f(.or ~x2 trlgg~r Lower 
regIons willch are sent 10 the Isolated EI('cHon 'latch Crates 

WhIle Ihis 15 occurln~. :hl: taw showe~ max and !racker hits for corr~spolldin!: regIons 

s~ •• tems_ dus triner subsystem consists pf a ph)'sical subsystem "'hich st&Dds alone until 
correlatipn i. performed in the fi.nal decision lopc. Raw Pt data for tbe two hiShest Pt tr&cks 
in a .2'1 x .4/i rqion is tr&Dsm.itted from the front end in eacb fi.ber optie eahle to the Muon 
LOlit Cuds, Each MLC cud tben compares 24 PI tracks £rom 12 cables ,,·jth 4 thresholds 
yia prosrammable 'lLl.."s. It tben sums tbe number of tr&w at each thresbold intp -i J·bit 
hutpsram bins. The histOSrun bins are then transmitted tp a :\Iupn Summatipn Card in 
the same crate. wbich produces I. sinsle set of -l J·lait hiuosram bins for the entire ::'<.Iuon 
Trisser Crate. These bin. u(' then sent to the Final Decision Crate ... bere I. ainsle :\I5C 
card cpmputes tbe histosram values for the entire detector. 

All of the subsystem triger data pipelines connrse in the Final Decision Crate at the 
Final Decisipn Memory Lookup c&rd. This c&rd distills the data streams down into indio 
vidual trig('r \'ectPtl for eacb subsystem. with spme correlation between subsy.tems. The 
triger "ectors ue tbeD sent to the Final Decision Lopc card. wbere the individual tri"en 
for the d('teClor and prescal(' "alues are prosrammed in. Th(' FDL card examines the triner 
\'"«tpu accprdins to the prosrammed crileria &Dd produces the L('veil Accept/Reject for 

the enUre detector. 

10 Physical Requirements 

10.1 Crate Summary 

Summary of Crate t'sa!e in the Lev~ll Final Decision Logic: 

Crat(' T~ pe Quanmy 
, CiLloflm('ter holall(.oh Summation 2~ 

I Track Shol\'er .\Ia. ... .\Ialch 12 
Isolated Electron ).Iatch 

l.Enersy Sum. Jet Tbreshold I' 

Total C~a.:~s: 50 

504 

506 

505 

in the detector ar~ r('ce:ved by ;::~ T:aci\. Sr,(lw('r 'la."\; H:t Ca~cs i:t t!-:~ Track Sho"':(.r'lax 
'la:c%'l cates. Th~!e ca:':s rece;v~ !:.~ raw sho\\"~r rna."\; :t:u f;;,; .~" x 0.006250 regions. and 
corrl!'lat~ :hem with :he raw PI CClC~$ :N :!ie tracker 1.617 x .) 00625co regions. The result 
?roc1.!ceci by d:e!t' ca~cis :~ a .;..:,:: \",-,~ci ~,"'r t'ach c.; :ht' 2x.2 ~~g:C'n5 cCl~:e!por:dir:g !CI Iht' 
2x2 calonm(,Ier tr:gg~r tow(':,s. 1:11S cClci~ co:,;a;r.s a $ho~~: rr:ax hll flag and a thr~shold 
con~ cor:-espandir,g :0 ;b.~ sca:(' of ::.~ !so:atior: elect:on codes. This data is also sent to th~ 
Isolat('d E:~ctron ~Ia:ch Crate!. 

Within th~ hoiat~d Eiect:-on ~Iatch Crates. the two above data streams converge. Each 
Ruion ),Iatch Ca:d in the cratt' comna~s Ihe ~esults of the isoiation loric with the r('sulu 
fro~ th~ Hac;' show~r ma.... corr.?a.ris~n ior a .5x.! region. Th~ result is-l~ J·bit histogram 
bins fClr :h~ a:-~a.. These bins COU;'lt ~ 11 th~ nurr.ber of isolatec ('Iectrons wjth no PI track 
I photons). 12) lhe number with an exact p. Ifack match, and {J) the numb~r l\'ilh a PI 
track mISmatch. at each of the six :h:e!nolds. \\'ith:n the!e sa.me crat~s. the histogram 
results from multiplt' R)'IC cLtes are ~ummed together ov~r inc:easinglr iars('r a.tUS in tht' 
HSC Carns. The Ol.uput of the HSC ca:-ds in the indi"idual hoiated Electron 'latch Cral~$ 
a.e then sent to a final HSC ca.o in :h~ Finai Decision Crat~. whe.e Ih(' histosrams art' 
p.aouc~n for !he en:lt~ oelectOr 

Th~ lotal missin~ l=anSVer~e ene~£"y lr!g!~~ uses lhe same raw ca.lorimefer tngger to\\'~r 
puis~n~i~nt na.ta as th lSoia:ed ~.t'C:~C·:l :~:g!pr For :hlS su~s~·!;em. eacn )ILt: card Col; 

culat~$ ;ht' :o;a: Er on a ~':.:':: .:r.~ar ;ca:~ for Ih~ -ix-i r('l!:on of ttl!g~t I(lW(,ts I: \.:i~~ 

Ihls \'a,1J~ as aodt~~~ :v I\\CI :'ILl·s :0 ca,cOJ.lal~ Ih~ E .. ar.e E. \'al\,l~S fClr tha.t rerlon ~,i 

:I-.e cie~~c:," -\!. ::-.~~~ \Il;'.l~~ i!.~t' ::'.P:'. ~~:-:: ,0 t;\~ E:, .. ~~y Ca~c';:J ::\~ ;a:n~ ("at~ ~I:,. 1:-.:, 
card. :::e E,.. Eo d:".ci E. I::".t',~. \a,:.;p~ :cr tnt' ('n:lr~ cra:t' a:e cain::all:o and fwr.: :h';~ 
::a;JSr.1.;:~t'C :0 t:-.t' E:ll::~:: ~~::: JI:": T::~~~noid C,a:1:" 

In ~~t" E~('r~\''':~ JI:"~ T;.=-c~·h~, .. : C·atl:. ::,1: :-f"!JC'I:-.a.i I:::I:~;" !'.:.r.:s i:-om a.1 .~ilhl:" Er~.·c·. 

Ca:-c; a~t' !:';:-::::::~G' 'l1:~-:~.I::- :-. :~.I:" :::-:~~t·· -:'1Jm:na::<,n Ca~c!. Eacn oi :n~sl: Cl.lC~ ca:: su.:-:
:::1: ~r'~:-!1t's :'l:':"'. ~ E::~:,;.\ (a:c, .... ' ?:(oC-':Cf" a ~:::~:t" ET. E~ a:ld E, :-t'!U;1 fl<r ::.(' I::-.:'~" 
a:-t'a. T:-,~ 1::11::-£:1:= :':.,;-:-. I:ac:-: .:' ':.1: E~C ca;C~ a;1: :ra:ar:-:;::eo onlO ::':~ F.naJ [ll:c.),.,~. 

Crat~. '.I"~t':-e a s:!'.£.e ESC ca,c :-r.a..:es :r.e lina; summatlon:o ;)toauct' !~.t' E r . Ez a.nn t.. 
\'alu~! i0r :h~ ~:-.::~~ CI::f"C:"~' a:-.o ci~::\'~:~ ::-.~'" :n :~:-:l a.s :(0 :n~ FD:'! card \\nf'~f' '~ .. 
::::sslr.£ t".:t"~~\ > ~ .... ,~.alL''': ::, ~ ::_ a:.": E 

T;;~ :t': ::-:-~':." v ':'1:':.t'~ a.~.· :'f" .~~ ca.("·:'";:-:':~·t': ~:-~:-';\ ,~a;a r~ .. , ":££t'~ ;- .. ,;::: 
'::t' E::(':c:. l"a:o .~ .:.~ lei.' ~'-:.~'I::'" i·~ a:.' ~_:T.:,::a::,'r. \.. :a:l:> it ;a,,~~ t:.~ t~ 

r(o~.tl~:I:\l :', :'" ~ar 
I: : i-.~- '~:-:-.' : :1t' .-

. : f' .. : I' .- il.' :' .. -.~ .: < :':" :; e 'f'e 

I:"IICl :::,~;::' .. :: ~.:., : .. ··,·.:·2-.. ~< .... ! ··a:-.'~ .. "I:"': eI.~.:.':·.t: .. ':.1:" '.\:;.~ ':':1:" E: r .. a: : f 
::-a:-.s~·~:~t' t':':I::-';::\ ra.C"~.c.·., -.,' :'.t' E.~.! H':' '."'": J .... r:-.:~~: ~ C:l:.· 

Ca:-as. Eac" ... :' ~:-."'~ ra~t.< ca:: .~.:-: ': ~ .~ -:.~c:-a:r; Ca:a ;:'.-:-. ~ E~.t':-c: l a:c! .. ;:Ir.·(: .. ,.-
11 SIr;~:1: :t'S· .. : C,,!.~.,;;~t ,,:' - ·;-·t·~~.-<: :';.-' \\::~ ') :-'." :l~: J.-. T::t' :"-;<,(:-a<.: :!'" 
I:ach r.i :!ll: -i JTSl ra:-':~ a:1:" ·~a:'.)~:"~1 '., :1'1: r'na; [II:C!s.r:: (:act'. '.\I-.f"~1:" a .Ln,;::.f' J 1 .... ( 
card corr.?utt's !~f' ::.!:.·£:a::-. i!..".:~~ :',.7 ::.1:" f":-:!:.'~ Of'If'C1L'~ 
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10.2 Card Summary 

Sumr:-:a.r~· of Carn l·s&(':r. 1)-:(' LI:\'ei 1 f.na.i D~c:slOn LogIC. 

Card Typ~ 
I Calonmeter .\ILt" 
I CaJorimetet' PR.-\ 

Calorim('ter Ener£y 

Track Shower 'Iu: \Ia.tch 

En~rgy Summation 
I Jet Thr('shold Summalloh 

'luon LogIC 
'Iuon S1.!mma.llOn 

F:nai Dec:w .. n .\tL t· 
FInal DI:C1SIOh Lo£:c 

li Cv,,, C0:-.~rc" l:'".:t'r:lct' 
D:~Q b~~:face PrQct'Hor 

."\ClmlnaI ?('r Tl~!a.l 

C,a.:e l'sa~t' Quan';!I\' Com:nents 
S < 192 

.8 ' 
24 < 

96 , 

.) : inc!. 1 ca:d in Fina.l Dt'c Cra.tf' 
Inc:' 1 card In Final Dec Crate 

i:lc;. 1 caro :n Finai D('r ("ral~ 

au j eaCI; ;,. a .. C~IIII:~ 

;'1) i ellcn :n a,l cra:t's 

10.3 ASIC Requirements 

Tbls st'c::on jl,r.· .. ·r:~~ II p~~:Jr:l;::a:\" IIE~(';!:;:~~l (oi cu~,o:-:: \Src. w~:ch :na: :".I:~ci '" ~f' 

d~\'~jc'?~O :0 ;,-:-?~:7l.I::'.! :i.e il.:.:-.'-:, G~~C!:'~O .:l ::.:s ::uc·~:-:-'t';;: T:;~ :1t"~c j,,: o!l 
:~S.IC.:l ct'!('::-:-.l:"!I:"G~' lCI:::!.:\::-~·. ,,,' n.,"~ ":" .. ~ ... a:>o·.1: ::~f.:l~C ca:c. \\~.I:~~ ·L~;t"., oS 

C; I I C i:.: :: ('(,C ;, r c f";. ! ~ : '. 

c;·r.:~I:":'.,-. -:~··n·· 

<;~ci~ .1):.; C:'),;::"IC •. 'co(. ,. ,:-. ':-:l.'~ "'" .~:-;~ r:, .. CIiS .:-. a ;:'::l~.;!11: :a!: .. <,r r~ .. 
p~lnla:-" a:('a "i :."~r. f, •. r ,~ .. ~ -\:::C ., .... {; .... ":1 ':.1:" CII;"~::::f':I:~ :'ILl· (arc a~.d. Er.f'r£\ 
card~. ·.'nt"~I::: \'01.:..C ht' 'JSt"CI:oJ 1'".:::1 ,~~ :a:-~{" :.~:;.:)~~ vf,~ b.' E:-. E~ an'.! E~ 'a.,ut') tl:-~~~:.l 
on thos(' carcs \\;t~.!n :r.t' .::r.::f'd t1ua~c: <pacl: a'al.a6:1:·0 ct'~:ra'~ :(. !:"!al r-..:-:C'.O:1 

Tht' :"It'xt A"5!C ~a;:Clca:1: .~a~ a.~l:aG·. :l~t'!l ·,~.,·c{":::;~ci a:-,ci r.arr:t'd as :~.~ Pat:I:::"! 
R('Co~:::!;(.o:; A:-1C PR \ TI::. \S;C :'J: ('",n .. i ?!"~: ~~:::~ a >Jl:fl1I:G::.II .. "',a:I,':' 
rul on a:1 -X~ a::-a' (,; :~:Cff'.· . '''''~: . .c.: a" ":-.t" <,:' ,:x c:~t"~t":':t t'n~n:::. :h:~!:--,,:.C! T: .. ! 



. .tSIC "'ould utilize the hiSh densities nail able with BiC~rOS technolosy to perform its 
function in an board atea man~' times smailer than what ,,'ouJd he required with seneral 
purpose lopc. Six of these ASICs __ iii remie on each Calorimeter PRA catd. for a total of 
6x48. or 255 PR.·\s. for the detector. 

The tux ofcorreiating shower mu hits with track pr "alues also may require an ASIC. 
This ASIC would be a 5·bit magnitudc sejector node. This none ","ouid na"e 2 or "" 5·bit 
inputs. from which it would propa~ate :he largest "alue to the output. This function is 
required to find the Il.rsest p, track in .20 ,,;th a shower mu bit from amons the 32 tracks 
in .006250. The blocks "'ould be stacked in a tree structure to exunine the total .2Q area. 
This .It.SIC would be used on the Trac1c Snower ~Iu Hit cards. 

Thus. there are three candidate .It.SlCs at this time for the ieveJ I trigger decision logic: 
a 12.bit aoder node. an isolation pattern reco!nition circuit. L.'1d a 5·bjt magnitude selector. 

11 Fiber Optic Cable Data Formats 

This section sho"'s the data formats for the nher optic cahles \"("ruch transmit data itom the 
front end subsystem crate! to the leY~ll ::i~ger proce!slllg crates off of the detector. Ther~ 
are 4 forf!l.at types: one each for calorimeter trigger towers. tracxe! p, ,·a.!ues. showf't max 
hits. ano muon pro 0 bin data .. It. descripTion of .. he fiber opTic data :ransmasion desi!n can 
be found :n ·f 

11.1 Calorimeter E:\-IC/HAC Energy Cable 

Th~ follOWing chart Jl\c.ws the iorma: for :::t" ciata caoje w:ncn :ransm:u :ne E-'IC ann HAC 
energIes :~om the caionmeter fror:t enD :0 :ne \ILl' carns' 

811SlSI Definit!on 
I) to -;- ,E-'IC [~er!y. compreued format 
S :0 I; HAC E:"lf":-~::. cOr.l.?resst"d !o,mat 

.-\. fib~, :~ u~ed to transmit Ih~ :-aw E-'IC ane HAC ?uiseh!~~: ener,les as ~·b!ts each nf 
compre!·eo data for f'lch lx 1 :rl~S~' 'nw!"r Ead'. \Ii r cara ~~ct"!\'f"~ 16 fibf'n. ior a 101&! 

of appr,~x;:::ateh' sucn fibers for thf" t"n!I:~ CajN:mf"!e: 

11.2 Tracker PI Cable 

The- follo"'ln! chart shows the format fo: :he aUa cable wh!cn aansmJls the raw p, value! 
from th!" traclu'r: 

16 

Bits!!) Definition 
o to :2 pr for track 0 I 
3 to:- Q for track 0 

I 8 to 10 'PI {or track 1 
11 to 15 0 (or tratit 1 

Each fiber transmits a J.bit PI code and 5·bits of 0 bin information fDr the t"'·o larlest 
tracu in a ,211 x "&/0) repon. The 5·bits of bill information thus pto"ide a ,ranwarit}' of 
.00625(1). Each ).Iu.on Lo~c: card receives 12 o{ these fibers. {or a total of approximately 580 
such fibers for the entire muon suhs:'-'stem 
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B::~ ~ Dt"f.:::::.;.,. 
.:' :03 p: {or traclt ,) 

;>:-- ior tracK: 
~ :.) :';- :'~r : :ac .. :2 
::! :l~:j ?r ;c,: t:aci;. 3 

509 

Each floe: :rans~::S :·o:.:.r ::-aCJ( p. \a::.:.e!. Eac:; :raci;. cC'::-e!ponGs:o a :eg:on 1.6'7:0: .(10625". 

The total rer-on coverea ov a ribe~ :s !.6'" x .0:3,;-. Each TraCK Shower 'Iu ~Iatch card 
recei\'es 5 o{ these f.oers. for a :o:a: oi a??:c.x!ma:ly 760 such fibers for the entire outer 
trackin~ !.:bsysterr.. 

11.3 Shower :\Iax Hit Cable 

The ioilowlng chart shows th~ iormat for :::~ ciua cable whicn transmas the raw rlags from 
the shower rr.L,( detec:or: 

B:!~· s' Df'!ini:iC'n 

.J 

'r'e-: .. 'r. c . r'~f"e ~, " :-: ..... '. ~. 

:ht"~f" :10t"~~. ior 1.,,':1., ,.f "i-'?~' ' .. :T.a:t' 

11.4 :\1 uon Data Cable 

\. . ::&2 for ci-;ar. •. ej (1 

r.:~ :=.at iot c:tar.r.e~ 1 

:-.. ' ~.21: :'c·r (r:.ar."~; .5 

: . .". ~.a~ :,:-·r C.G. :.,.t", E 

. ";."'! f"r ci:a~.t.f". J' 
::2,. le·r c-.an:-.e, <. 

.. , ii' Cof": r'C'r'" .:: :.a: ~r'21"r. T t'.r' t to' a! 
7.·~c" ... ; .. "r'T \Ia\. \Ia·c. \?~a ~f'Cf":'f"~ .'i ,of 
,_c:: ":.Jt"~, :',.~ ':t' ("::·.:~C ~n(·\··t": :-:-:ax '~r'~f"c:vr 
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Calorimeter Isolation/Summation Crate 
Nwnber of Crate': 16 banel. 8 intenncdiate 

Coverage: 1.6'1 by 0.8 0 

FRO"'T=~ 

PRACard (.8 x .8) ~ 
MLU Card (.4x.4) ) 
MLU Card (.4x.4) 
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16)(4 OpcicalFibtrs 

MLU Card (.4 x .4) ~C"'~~'hl ~ 

MLU Card (.4x.4) 

f-- Energy Card (1.6 x .8) 

MLU Card (.4 x .4) 

MLU Card (.4x.4) 

MLU Card (.4x .4) 

MLU Card (.4 x .4) 

PRACard (.8 x .8) 

L 1 Clod<IControl Imertace 

L2 Tog Intertace Card 

OAO Interface/Processor 

f-- Spare Slots 

Figure 2 
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data from calorime&cr ror .S,,)( ,8. 

Calorimeter Pattern Recognitiao ASIC Card 
(PRA Card) 

Coverage: 0.8'1 x 0.8 Q 

Figure 4 
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ETT Da&I Bus 10 
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Figure 3 
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Calorimeter Energy Summation Card (Double-Width) 
(Energy Card) 

Coverage: 1.6'1 x 0.8 0 

Figure 5 
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Track/Shower Max Match Crate 
Number of Crates: 8 barrel. 4 intermediate 

Coverage: 1.6'1 by 0.8 (> 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

f-- TSMCard 

L' ClOCk/Control Interlace 

L2 Tng Interface Card 

DAO ln1ertace/Processor 

Spar. SlOtS 

Figure 6 

Isolated Electron Match Crate 
Number of Crates; 4 barrel. 2 intermediate 

Coverage: 1.6'1 by 3.2 0 

-
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-

FRONT~ 

RMC Card (.8 x .8) 

RMC Card (.8 x .8) 

RMC Card (.8 x .8) 
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t--- HSC Card (1.6x 1.6) -
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f-- -
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~ -

Figure 8 
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Tracker/Shower Max Hit Card (Double-Width Card) 
(TS~t Card) . 

BACKPLA ... '"E Coverage: 1.6 '1 o.~ 0 
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Isolated Electron Hit Summation Card (Double-Width) 

BACKPLANE 
(HSCCard) 

Coverage: 4 RMC or HSC sources 
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Coverage: 8 Energy Card or ESC Sources FRONT1'ANEL 

12.bi, E.. E,.. E, Energies from 8 EnerIY CJrd or ESC CJrd Sources 

.u. .u. 
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Energy Sum/Jet Threshold Crate 
Number of Crates: 1 for both b3rrel and intermedi3te 

Coverage: entire detector 

f-- ESC Card (1.6,6.4) -I) 
f-- ESC Card (1.6 x 6.4) -~ 

f-- ESC Card (1.6 x 6.4) -

,-- ESC Card 0.6 x 6.4) -
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Figure 11 

sameas.tKwe 

lei Threshold HulOgnms from 
Encr~ Cards , 

OutpUl1O JTSC Card In Flrui 
DecISion Cr2U: 

I same asabo\'c 

\ ; 
> 
\ 
.) 

523 

8 to I Jet Threshold Summation Card (Double-Width) 
(JTSC Card) 

Coverage: 8 Energy Card or rrsc Sources 

8 x S ·bil JCl Threshold .4 x.4 Region Histograms from .u. 8 EnerlY CJrd or rrsc CJrd Soun:.s .u. 
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Muon Trigger Crates 
Number of Crates: 4 barrel +. 2 intermediate 
Coverage: 1.2 " x 6.4 <> 

FRONT 

MLC Card (1.2 x .8) 

MLC Card (1.2 x .8) 

MLC Card (1.2 x .8) 

MLC Card (1.2 x .8) 

MLC Card (1.2 x .8) 

MLC Card (1:2 x .8) 

MLC Card (1.2 x .8) 

MLC Card (1.2 x .8) 

MSC Card 

L, CloCk./Conlrol Interface 
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DAQ Imenace/Processor 

t-- (Spare Slots) 
t--
t--

Figure 14 
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BA<:I(PV.NE Coverage: 8 MLC or MSC sources FROJro-'TPANEl. 
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Final Decision Crate 
Number of Cra,es: 1 
Coverage: Entire Detector 
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Final Decision Memory Lookup Card (Double-Width) 
(FDM Card) 
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DRAFT 

September 9, 1991 

SDC Trigger Preliminary Conceptual Design 

\\-_ H. Smith. T. G~rski. J. Lacko)" 

UnirtrlJty o/li-ilconsin 

1. Introduction 

l.1. STHUIE~T OF THE PROBLE:.t 

Tris!prinlj: is one of the mOlt daUnt;D@ cballenscs fac:iDI a modern high luminosity 
coilidioE detector sucb &5 the SOC. At tne nominal sse dnlSD luminosity of lOll. &D 

.'"erare-..,( 1.6 C"C~U oeC'.:.f at the bum c'!'t)uinc frcQucnc,· at 16 nlcc. Thi, input rasc of 
H,· l~tcraction5 nCf\· second must be :,cduccd -b,· "iact~r oi at leut lOs to 1 KHz. lhe 
:n .... cimum rate t1':at ~'an be anal~zea by a:1 on.i.ine 'computer :arm. The ph~'sicai sizc of tbe 
SOC dt'Trctor imiloses constrainu on !:@oa.i p:-opa.@ation tnat comhine with electronic5 
~f'chr.c>i('>e'· ~o ~eaui:-e :norf' tha.:l :! usrc :,·r an" ilrimar.' oee:sion to discard data from a 
?afllc·.l:ar· bum ~:-"uir:.@. The iU~n '?f't"ci vi ~ri@@:er QedsiollS coupled with :he ,·n;l.l.mr of 
ciaTa p:-oQucrd b,' ~!lf' t:.:.pncedeotf'o =:~:l. (!-iannei counts of :he SOC creates a. Sf'fln of 
tecr.noi\..~:cal and tnte:r,s proojerr..:> ;:.a: s1.;.rpau th05e p~enousb' faced b~' hl@u energy 
ph~'5In Uf'trctl'rl. The ;:tulflbiHIY ": IL:-, :r,C:-ea~r tn SSC :"',;.:ru!1U=OIl~· TO 10H. wlIh the 
accc>:npll:"l\':n~ ..,:-cit'!"·(·:"=a~:".!~!Jclf' ::".,·:t"~t :lr711:et!? ana c:.a:".nel..,cr'~panc~'. aoas to thf' 
ci;T:cl>!t:; In cie\·f'i(.~:r.~ ~..,i\~::r.!a. P::'''~:('~ lit I!:f' sse i5 :J.O: ~os5lble "'Tlhot:1 a Tn~~f'r 
~,·1te:tl :~aT c>pf'ra:f's ;n th~5 f'r.''!r('l::'~t'::: lr.af:tlucn as t!l.C ciesi!n of the SOC detf'ctr>r 
~!"I@~f'~ ~"~Tf':n :~?acts d:f' cif'!';~:l '·[·!'.t '-:t':rcl .. r. t.h~ SOC cie:ector cannut be df'si@nt'd 
"'Itnm:.t acici!"I!'SlIC,! .-.";'W I: :s !::'!I!t'!"t'c 

::. rtRFOH .... F THiS Docr.'·I£.:'IoT 

T::'C' \.t"ra.':'; ~ a.. ~:' ·;':.i a:--c·,:,:i.c:-.' p:"t't't'"!'.: a ~:-t',::7.:r.aD· c.;·ncc;:ttue: C.C!I,!:l. ~.: 

,~.c SOC ·:-:~':tl!'r ~·.TC::: a~ a:!. ··e;.:~~c~.:c· .: .. _.' .. ':~.'-', .• : .. ','~.'. ,:,:.:~ .• ~:~C.',~:,',. '.' ·.:..=:: .. ~;r~·~.· .. "·~;rh: .. :.~I~"_.!.:~ 
~f'qul~t'~,,~:~. ,.,,~~a.... a:c:,:'~CI;':~f' 1I!".C ,r.~, ,. ~ , •• 
.t"(" .... , •• , ": :' ca:a ·=-a::,::;.:~,:··.::. (,;t'.::'. -: '-",,, 11:'.0 ... ,r..~ .... ~YS~f':::~. t:::-.:.:-.~ ,·f l,:e~t'r 
Ct'ca:l';:" a::ci ;:, .... : ~c:.t'c;·_f' ::.:. ;:-:-.1\:: 

: 3 TRIGGER P!-ULOS\.'J'H' 

T't.~ ;'t"\' ~(" tr;egc=-:::.~ :r.f' SOC ;;: .. ,.;, ... ~ -:aejm",:. ralor::::etr,' ana mUull !YSteml Po!. 

"'ell a5 :;:~ t'C'rrc:a::(,n ,_,::":"r:r.a:u.:l. :':":-:-. ::-.nr ~~·stt''::1~. A~ celcnbt'G bf'lo'l\·. ::-.c Lt""f'll 
?Ipciu:t' c:\ta s~{"Ira~c :::.ot' u !~H ':;:o.n 1: • • .. c ~;nl'c ~l~na: ~rCo~a!allL<n delan arf' ,ncludt'd 
;n lhl~ F;~t'i~ .. ;t' ~;=t'. ~':::t" Lt'~·t':: ';IIlIo!": , .... :::a·l~·1:.5 nll':~: 'ot' dl'J"'Ie 1:1 ::-;ac" ca~e5 '.lnde, 
1 .!HCr. b ilcic.~:h'::' ::-.t' Lt"'ci : T::~~t, ; ..•. t'::;. ::~'':'~: :'f' a:>le:o acct'pt a r,t''.\' e,·t"nT c,·t':~· 

: 6 ,.~t'c 
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Final Decision Logic Card (Double-Width) : 
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Tbe leDetai philoaophr behiDd tbe soc le\'e!ltriaer srstem i. to m&ke local decisions 
about tbe presence of objects such as photonl. electrons, muons. and jets, as well as ,Iobal 
SlUDl of Er and missing ET. and ule the ~Iohal compilatioD of this information to decidl!' 
wbetber to keep (i.e. triner on) • particular 16 nsec beam croaainl· Each of tbe obJectS, 
such u electrDnl, muons and jets. are ~uire1i to pus a scries of p, or E, thrflboldl. 
which are uud in makin& tbe Lnel 1 Trigger DeciSIon. 

The ideDtification of trinet objects often depends on correlatioDs between ~ffl!'rent 
subsnteml panicipatiDC in tbe triller decision. The ideDtiDcation of an electro~ 10"01«5 

co«datiDI information from tbe tracking and ealorimeter synems. IdentificatloD of an 
electron tD tbe calorimeter require. detectinl isolated electrom&lDetic enerlY· Tbe fint 
step is to find a calorimeter tri~r tower with enUIY tD tbe electromapetic compartmenl 
and little or no eDercr in its hadrome eompanment (i.e. typieally EHAC < O.l· E£l/e)· 
!"iut the tDWen adjacent to this tower arc checked for ha\;Dllittle or nO eDUI?' ID bOlh 
electromalnetie and hadroD.ic eompartmeDts. This ntabu.An electroma,neuc ~DerlY 
tbat is tr&D.«nely and longitudinally isolated. Howrl'C:r. sinee the size of the calonmeter 
lrinCf t01rers (nominally .l x .1) is coarse. this isolation determiDation is im~rO\'ed "'Ith 
information from the shower ID&X detector. Sinee a pbotoD would also depOSit the same 
pattern in the calorimeter. but would not depOlit ID the trackiDC s~'nem. tbe tracking 
sYltem is used to disti.nguish between a pboton and eleClrOD. . 

The ideDtlfi~auon of triller object! In Levell must be eompleted """hin thl!' con, 
suunts of the pIpeline 11me and architecture. Tbis means tbat correlations bet\n~n lome 
subs.ntemJ are more naturall~ made in the LI!''\'eI2 tnller s~'nem. Since she muon tnggl!'r 
information is tbe lalt to &ni"e. pfOCelSln! of lhil tnformatiOD must be unuted to nOld 
exceedinlJ tbe trigger Plpeline time. Tbereforl!'. wbiie sufficient iDformatloo to corrciatt' 
the tracicing aDd muon s~stems is a"aliabie In Le"ei 1. tbe correlation 15 aonl!' In Lnei 
2 by reading OUt informatioD stored 10 thc Le'\'cl 1 5~'$tem. Thil II und to sharpen ~he 
muon Pt cut. which results in an important reduction in rate due to the Ileeply falling 
muon momentum spectrum. 

Soml!' oi tbl!' )oiarmatian Deeded for tn!ler decillODS is nOt a"ailable on the tlme5calc 
of the Le"el 1 trig~er decisioD. This iDformation is tbeD used in Le,'el 2. An. example is 
iDformation from the silicon inner tracke:-. whJch pra,;des track lDformation In both tbe 
central aDd mtermediate r~ons. Tht' 5.hcon tracker lecond le\'ei pattern recognilton' 
should be senlllj\'e to pnoton con\'erSlOns. t\'nlch iorm one of tbe lar~elt back"round to 
inclusi\'f' electron ~riJget$. The H'cond Inri t:Jlgf'r cotrf'latf'S1Dformation from thr SIlicon 
and autl!'r t:acii.er :0 reduce the elf'clrr>n rate b~' reJectlf:'1J con\'Crslons. It aiso mt'5 the' 
silicon talc.nlj: 'I\'no. the outer Irackt'r a5 mcmloned abo,'cl In corrf'laTlon wllh lht' muon 
I:'-'Slem to Iharpt'n :he muon p, CUl 

lA. R£Q1.JR£~t£~TS 

The InClZer 5\'stcm must be able Tn !:-llct'r effictently on these processe5 
1. Elect;~ns from lnc;uSI"f' \\"5 --
2. ~luons from IDciusj\'e \\,'s 
3. Jets at bilJb PI 
-1. Bi~h PI photons 
S. ~li$5in~ E, 
6. Low p, ;\Iultileptons rfor B physIcs, 
The benchmar" tor processes land:!;s ,jOe:( efficiency for ""s which eoter the fidUCial 

Uv~11 
Acceplj 
Reject 
toOod.! 
Control 
Lollc 
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yoh':'r.1e ar.d would COt be rejected by .-.~;r.e C:J~Ji. b other .... otd~. the tri!!e'!' should !iet 
50~ I")f t:.e \\"5 it eo~d ::1 ,teory ::-:!,~e:, 0r. The Jet .co. ?I:o,:on PI In proce!ses 3 and 
.. mUH be Ut such that :r.ere is a ~.::! cecade o\,e:ia? ::1: jet ..no. ?holoa Pf data com 
other uperimenu I for example. CDr" Ib.e sOC'( e~cie~c~' is a.:..co~t e:~i.re;\· a:.:e to :ee 
kinematic cut OD lepton Pt. These req:.l.::-e:=ents ue fet u;;10 proyitie srand';w by which 
the trigger sysll!m performance can be asse5Sea. Tber h.\'e b~n selected in the belief 
that thisle\'el ofperiormar.ce \'I'm pro\'izie rug::' trigger efficiency for H;gl!is. t-q\:u". new 
Z'. and other neW ?henomena. This 15 because the criteria liSted here a:e established for 
moderate PI single inclush'(' pronucliol" •. • .... herns tt.e physics iot tt'hich high eScie~c:> is 
desired will !eature pairs of leptons or ~e:s or !he:-' wiii feature high PI leplons or jets. 
The« criteria ate di~cUlted b, dela..il ia Ref. 6, 

1.5. DATAFLOW 

The SOC dala:iow diagram is showr". In Fig. The lrigger and data acquisition 
s~'5tems hue three ie,'eis. At Ihe first levei all in:or:nation about the ennt is Dresen-ed. 
The fint le"el decision if made oa a subset of Ihe latal :nformalion a,";'lab1e for ;he e,'ents. 
The neadtime al the first le"el ;'5 negh~ibllt. The first len·l decision is made at a fixed 
Hme ailer :he uaeraCtlon occurred a:lc a :irs! ieveL decisian i.s issued en'r" 16 nu·c. If Ihe 
first le"el tngger ~enerates an accept. 1ne It,'enl data :s movl!'d or au,gnl!'d to a huffer for 
the lecond le,'el deciSIon, The timinll c.: ::;e Le"ei : rieel!lon and the nme reoUlred for 
cat a stora!e before a Le"el 1 Aeetpl i .. cacussed be~o''\"" in the !ection on Plpei,~1t ;en~th. 

The second !eYe~:s dt:1Cl!'d as tnt deC:!lon. Clr senes of rieciSlons that eXISt be~ween :he 
:1r<;t and thad It\'e:s and :$ basta .)n a :!.l~se: vi :ne ~otai e\'en~ nat~, ,-i sub~!anTlal :>art 
.·f :he cata ~e\' s::.:': ~e s:orec ;n ana: ... \: ::~r~ a: 7:'.:S pOlI::. "-hile tr.e :(~tai ?roce$~m~ 
:;;::.e ,."f the !econc :e~'ej on a::. 1r".ri:~·IC',:L e'''e,.: ~a· .. "ar~' bel':\"een 10 ana SO ~sec. the 
~eco::c :e,'e! ;ssues a riec:S1on ... n !oe II"erl!!lI:e e"er-; :0 .. see T:.e eombinea re'eCTlon iaclor 
--.f :ne f.~sl ar:.d secor.a ie\"e:s a lU; , . 

.\:ter :he fecone. :e\'ei !;,:~!er acce?' a:: :r.;c.;::a:lCn IS c;I!:.':izen and rean <JUT. Full 

;:~~' :~:h'~~:i:,::::';~:::,{:~o~'::~i:~~~'::E; .:~~':~I:3 :,:::~F~n'::~~~~~;::,;:·:::::;'i 
." =:-'.I!!~~ •· .. ~rI!f' 7::e ":IIIr.t!W:ri-; ... : ':-.• ' :<1'/1 ??:::' .,' Ii".f' !:::rd :nel farrr.:~ ee~l!ned ',. 
acce?! ... ? :.) :, .. K e·:er.~f $eco!\C. 
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2" Le\"el 1 Trigger 

2 1. I:'OTRODl'CTlO:'O 

The Le,'cl1 T::~er finds electro!:1 0\' !earching for isoialed eleetroma!nttit energy in 
the e&!onmet('r. It :oo&s for.1 x.1 to"·t" with energ~' in the eieetromasuetie eompartment 
and little or no euer@~' in the hadrowc companmeut sUrfnUDded by to\\'ers ..-ith little of 
no total energy. Theile isolaled f'leel;'on eandidates are reponed out on a .2 x .2 Srid. 
In order ~o dislinguish electrons from "notons. correlation ..-ith the outer tracker is u$ed, 
The shower max net ector pro'-ides aloc&! ha in ,2 'lX .0062'; 0 bius. The cuter traeker 
pro\-ides traeks Yith Pt on a .006~5 0 !rid. The .hcwer mu is nrst correlated with the 
tracker to produce a coincidence h:1 \\'ilh a P1 in ,2 x .2 h;u. (after making the coincidence 
on a .00625 Q .cale) fnr ehewn! ag~nH t~e calorimeter in ",0. and Pt. Tbe photons 
are selec1ed 'II\;thout the uaek match, bUI "ith a shower max matcb aDd a higher energy 
thre!hoId. ~tore det~ls about thHe thresholds may be found iu Refs. 2and 6, 

The Le,'c! 1 T:-:!I]!:er finds jell b~· :(lok:'r.! for ..J x .4 calorimeter towers OVf!r a Ilerics 
of thresholds. It find. muous h~' finci.Jcg tI:.uon lracks o\-er a .. ene. of muon P1 thresholds. 
The muon s:-·stem is not correrated 1\'lt~ the trackin~ s~stem uutil Le\"'el 2. It must ha'·c a 
sharp enoul]!:o PI tcresnold to allow ior a few "Hz Le,"el 1 rate tt'hile satisf~;ng the 1rigger 
rcqwrcment aDn''t' 

2,2, SY5TUI L,-\yot'T 

ladl\·i.dual cra:es of Ihe Le\"el ~ T::!~f'r l<Jgic are fhO""'D in F:g'.Jre 2, The Front 
End C;'a:f'1 on Iht ce~eC1or :-:&ns::"''';: ~:::e:r :";'l~ger ~r.ior~at~on to the Le'·ei 1 Tri~ger 01£ 
"::'e cl!'lec:Co:: on : C::,n sec (';:lace.: ~":.er~ E,""er~·!6 nsec. each fiher cltr:es 16 bl15 c..f 
":'1.1.1. 10 tnf' :r:.!'!er I.'·!l:em, The sa:::e ; ... .,e "i o,;.ptlCa1 fi':ler~ carr~' Ihe c1c..c~ and controi 
r"mmantcativn ;;'C!:l. ::'e :n~~er C:Or;';' a:-.ri CU:l:r ... : ~~'slerr.s ~<J Ihf' from e:-.a ei.tctronics 
~··~:ems. The Leye: : Trill:ller CralC'~ :ra::.~:';'".;: ca:a heH\'Pf'n :hem,eh'es on shon runs of 
IWlst·ann·f.al paJr ao:t, E~ac:'l Lf";e: : T::I:~er C:a:e con: ... :5 a Le\"ti 2: T:'l!ger Interface 
r"a:,Q ~r.a~ lJathl!'u Le"ei 1 :!".;or~al:vn ';'..:.:'fereci :r. ~he Lp\,e; ~ T:igger Ir.p'''': Carns and 
!ransrru:s I:;'IS ini('::na~i"on to The Le-:ei. :! a::e: a Lf"'e: 1 .-iceepl. Each Le"el 1 Trig!er 
Cale Ilisn enr.la.:r.s a p::ncell"r b"arC .. ': ·~.e ~:,.r.darli "·Ilr:e:"· p~o'·idpn b:: :hl!' D.-iQ. 1:5 
:'·.Jnr:flon;s :" no\\':' .. ,")a6 tri~ger ~aoie:, :::...:·:-.:: .. r :,:.~~e:: aata a::.c proyirit a ria:a pa,h ,I') Ihe 
"'·Pr".1 bl.:.::cf'r fc,r '::e~e: .:-.!<_·r:::.all':: '" ~,,, ~·.!??i;eci ·.\"Il~ "::e e\'f':1: record :.) he wntter. 
'" 'Ipe Eac:, Le·"~. ~ T::'!=!!e: Cra:e to:,. .. .,:. :-.:n:::~ 8 Le\'e: : C:(,dt Cvn:~~': boara :nnl 
?r0":ce$ !:.e ~t5 ,,~fC c:·.;..::" a::.:i :r.e ,":-.1:":" :-.:;'''; :~::.c~:C':-.! rie!C:-:":led:n :r.e !ec')(,n abuut 
'::'f' :,":e::ace 'u :~-:..:.: e::.d !:'~'e=-:-.~ 

T!-:'e c:o.:,.;':==:e'f': :~.~::: e::ri. e:ec~r~:.;:~ '~.~'f':- ·ra;.~!":'"..:: :'.I!!cr~.:o;c ana eiec~r("lrr.acnclle 
c.'r:-.par~:::C'r.: f'::'f'r!'-f'~ {,·r eac:" ~ x : ':-:c!:!t"r ' .. \':f'~ :~,C' fr:·~T';P:' :T,&X ce:pc·,':' 'ranUn11S 
:'1~S u\'e~ :h:esrv";o :.:r ~~.5 r:-.raci.: :,~ :, . ,:.' !: .... :rp.c:"::,.2 >::e:eclc..r traO!=~:.f. PI ~IU fl.r 
'raca.s ::-. t>~.5 :r,.rac ~ ":>:n$. T:-,e r::.::, :: ,--,'f'=. ::-flr.~::-..;~~ p, :};:s iur ~racks:!'l :?.:> h." .~:, '7 

":llns. Thc ca.:or:me~f'r aoia:;,":'! St:::'"'::-.a:;,:-. ,~2:ItS :: .. Ii ;"~·ir.:et! I!'lectrons b~' ~ea:c::':nr: fvr 
a,\,'pr~ \\·;tn a s::'lL.i ra~h) uf tali:":::r ',' f'.f'-:':":l:a~::C':le co::-_?a:tr::.ent C'ner~: .. h.rrounded 
b\' qmel :(H\'ets T:'e." Ilho !"'.Jm -.:.? f';.e~lZ":;::: .j, x -l rf'!-'lun5 These .rates ItH the e:\ergy 

I:, ~hacnc.j, ;, !~;~~':~vau~~tl~ ~:.:f'~~~.",,~/ 1·;re:~·;.;\~:~ca~ ;:;i ;~. s;~~~;: ~~.~~st.n:~ ":li 
a~ the numDf': 0:' .j,:o;; .;, :owers n"f'r exc:-. ';,:e<;;,.;d are ~ent :.) :ne ca;orur.e~er er.er~y ~Ur.1 
:t: ~:.:-t~::'('\;r. e:a'e~ T:.e :~.<a:ec C':e .. ~~~:-.. :.:.·r!':".n:lC·r.:~ !rll.;.Ht~::f'ci:(' :::e ca'>':'Ir.;.C':er 
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;.olated ele('tron matciung aate~ ThHt crates combine informatien on the boundanes of 
resions co\'ered by 1hc calonmeter lsolatlon."lummation cratel to find i~olaled electrons 
ou rqiOD edses. They al.o cheek the electron energy asaiust 6 thres~olds, 

The .hower max aDd traeking informatloa is ~ent to the track, shower max match 
cnte •. TheM' erate. match the tracks aDd .hower max hit. on a 6.25 mud Q seale, The 
'1 eoordiaate is fOUllzl £rom the showtr max hit '1 "alue ..-ith .2 bini. The PI \'alue. IS 
taken £rom the traek PI bits. The outpul is a .ene. of Ihower max hits, some of whIch 
are matcbed ..-ith trac"s canyiug a PI value. and aU of whieh ate on 1.6.25 mrad 0 and 
.2 '1 leale. The.e b.ltl ate .ent the isolated electron. photon match crate .. , The~e crales 
match the shower max hits witb the calonmeter i.olated electrnns, The shower match hIts 
wblch hue tra.u. attached aliO check tht track Pt as~u~t the calorimeter tower energy 
threshold. as well as malehinl]!: in '1 and 0, The result is a series of calorimeter·~ho,.,,·er 
max matched isolated eieetromagnetic rutl ..-ithout tcaek matche., whieh are conSidered 
"photons", aDd a second senes nf calonmetf'r·shower max hits .,..-jth traek matches. which 
ate eonsidercd "elcctrons~. Failure'S to find a shower max hit to match a calonmeter 
isolated electrons are a.:.so reported, 

The muon S:-"Ilem ~ransmit. the muon linked sepentl O\"er se\'eral pr thresholdl to 
tbe ~Iuon Le,·el 1 Crates, Thcse crates count thc tctal number of muons o'~r PI and 
forwatd lhis informallon to the Le,"el 1 decision crate, The c&!orimettr encrgr .um Jel 
threshold cratcs .cnd ::;'e cumber of Ax A 10wen o\,er \"UIOUS thresholds as well as thc 
total £,. £2. and E, :be latter two are used to compUte milSlng cnergy J. The Le"el 1 
Deci~ioD Cratc then a?pi.ics CUtl on the energy lum. and to\"'efli o'-cr thrtshold to fvrm the 
I"ner, The isolaled eiectron photon Cra1e! forward the number of isolaled ~electrons" 
and "pho:oDs~ o\~r ":anous Ihrl!Sholds a~ descnhed abon. The Le\'el 1 Declflon CUff' 
lhen counu 1he 101al :.umb('r o,'er the :hre,holds to form :he trigger. The )Juon Le\'el 
1 cralH forward the :·.!.Irlber of muons O"f'r le\"'eral p, thrl!'5holds to the Le,'el 1 DeCISIon 
crate ... hicn euts on ~::I!'se to fnrm muon triggers, The final trigger deCision Ii convened 
to a Le\-el1 aceept h': Ihe Glohal Cloca. Control crate. ,.,,·ruch transtlllts the decl5lOn for 
fanoul to the loeal cjoc" control cratP~ a:ld to the D.\Q S~'$lem, 

2.3. LEVEL 1 TRIGGER CRATES 

The funclional af'scnptions of Ihe rraTes in the le"el 1 !~'Item art presl!'nted below 
)Iore de:aJled deler.":l~:onl of ~hf' man'le.ual boardl in each of the crales, as ,,'eil a~ Ihe 
crall!S Ihl!'msl!'h·es ar~ ~ont&lnf'd in Rf'f 3 

Calonme~er holauot: ~\l~atlon 
Tbefe era:es n::ri :!': : calorime!er :o,,'en wnf'::e E_ ... » Ehoc !urroundf'd b\' q\uel 

lowerl. These lioia:f'c f'iect;or:. canclda:e~ are repor:ed OUt on II gri.d of 2!': :? ! ... · ... er< 
These crates aiso sur.:: :.:? Tbc IO:a.i £, ;:-.... .'C A to,.,,'ers. as \':e:1 as the 10lal £,. £, ana E~ 
In thc ctlne. The toa .... 1 ,-ltOWer !urr.s art tes1ec a~&lns~ ~ thresholds and the nur..bu 
passlng nch IS ca!ctLa:ed. 

There arl!' 2~ of I he5e cra~es: 16 fur the carttl and 5 for the IDtermedialc rell:lons ,)f the 
dell!'ctor. Each barR. crate eo,'ers 1.6 '7 :.~' 0.5 Q. It cont&lns 5 ~Il!'mory Lookup Buards 
("ILt") thal each rece:"e the hadronic and eicclroma~netic compartment cnergles from the 
.1 x.l ca10nmeler to~er iUrns. DelaJh '~n the lechruques oielf'clrorucslhu can Inlej£rate 
a P~tT su~nai o,'er 16 nsec wub baseline rC'Slorallon are ;ound in Ref. 1. Each ::ILr 
board rl!'ce~,'cs 16 Opt:c&.i fiol!'ts Ihllt cvnta.m 5 hits nch of :'adrotUc and eleclromunetlc 
tnergy in a.1 x.l ro~er from the frunt e::d cal..,rit:J.ltter crates. The ~ILt boards con"ert 
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~!ec:trons are on a 3·blt i~ale. the p. "alUt 15 c:alc:ulated on the lame 3-bit scale. Since the 
calorimeter elec:trons are auigned :v :2 x .2 region •. the output is placed in . .2 x .2 b,n. 
where each bin tS charac:teriled b~' a iour bit c:ode. The first 3 bits ue the PI ,-a.lue. Tbe 
ftlurth bit Iftdic:at~s ""bether there was a Sbo"'er )'Iax hit. 1£ this is zero. the::e has becn 
no Iho"'er max malc:h and the track is ;>i.ac:ed in S .2 x .2 bins c:overinc the" ruge from 
o to 1.6. uSIng the higbeit Pt. tradr. in 1be to = .2 region, If this is oae. the 3-btt track p, 
c:ode is placed in the .2 rr bin sh'en h:.· Ihe show-er max. The TS)'[HC output c:onsists of! 
four.blt c:odes (32 btu) siving the trad, PI. and shower mu: hit informatton for a .8 rr br 
.40 reg,on 10. 8 .2 x .2 sections. This :nforrnt.uon ts transmitted to the Isolated ELec:tron 
~Iatc:hing Crates on 16 l6-pair cab:es. t'\\"o {fl·m e&ch TS)'IHC. that each co,'er a.8 PI by 
.2 Q region and all together cover Ihe 1.6 " by 1.0 II ugioa. 

Eac:n c:rate also tncludes a Le"el 2 Inlerface Cud (l2IC). After a Le"el 1 Ac:c:ept eac:h 
of the 8 TS~IBC send, in stor~d shower::cax hiu (8 " bins of 32. bitl apiec:e = 2.56 bits) 
and trac:k lnformation (32 I) bins ,,·itb -I. biu p, = 12S bits) o\"er an indi'idual differential 
pair on the bac:kplane at 1 bit 16 DIet :0 the L21C for sublequent uanimission to the 
Le"el 2 prOCEnor. The trusmission oi the tnformation takes 01.22 ~sec:. 

Eac:n uate aiso c:oftl&lns a Le,·~j 1 Corie. Control Intaiace Cacd and a DAQ Inter· 
flce P:Clcenor Board 
hgltlcd ['rr'TOn jIatch 

These c:ates matcn up the sno,,'~! :::-.a.'i.' nuter trac:,ker hits and the calorimeter Isolated 
~iec:tron c:ancJ.dates 0:1 a .2 !!C .2 gr:.ci. T!l~ rnuits are counted up In c:ategones of trac:i. 
'inc:i.udina shower Ir.axl and calorime~e: .ar~ement (lQ PI. disag~ement on p,. and sho""~r 
~ax mat~~ on!~' ".,tn. tr.~ calo:'i::le:t! ?hntvn '. For nc:h c:ate!or~', the total numb~r ot 
~at,.h~f aoo"~ tar~ Cli 6 E, In:-~snl';c: :: IItc:m:.ula~~D. Failures to rr.atch ~howtr max ana 
ca.ionm~~~! are aliO rouo.ted. 

T~~re aot 6 v: 'hf's~ ~rales: -I. : .. ! .Z!~ barrei and 2 for the intermediate r~t:ions vi 
t"roe oc:ec:o:-. Eac~ ba:-rel C!6:~ C(W~:-s : oj "'1 0\' 3.2 ,;>. It c:ontains 8 Repon ;\16lch Carcs 
. R;\[Cl. taCn hanci:ina u.9 ., tn·D.5: T:"e R:.IC :ec:ei"e is bits frnm -I. different PRA 
carDs wlth:S :'tlOc'r.I-I,,·i:l1 3 :11<2 vi .~,,;ated eiec::ron ea~s apiece. Th~ R;\lC matc:hes 
U? the par::al :~~C'ns ~o ca'Z::'Pie~e t:;-.~ :!-(':atc:d eiectron patte::n searc:Z. Th~ R.:\IC also 
!~C:elY~S .. ce.bies :n.m differer.! TSH:.:C ';:a: D:in~ -I. .S " br .2 0 regions w;th -I. .2 x .:! 
":>::15 \\':~h 3 ~IIS v: ::aci.: PI .~d 1 :-:: ... :' ~~oweT mL'C; :natc~ :niorma~ion 10 CO\'pr t:l~ .! 
x .5 R:.[C :~,:on. Th~ PRA a:-.c TSH::C .:I\ta i .. ~r ~ach .2 x .2 re~ion are cCimpar~rl kr 
::-.a:d·.mv; a,. ;:u;a:~ci ~:t"c::,'r.:r. ::;,. r::.. :::;:~:c: \\.::;,. a sh(l·":~:::r.u rut e:'ld a ;rac:. ,;>aSS:::2 
':-.~ app~"':l::a:~ P-; ':::~~:!\lIC! T::r ., ..... ft" ';:p :~"":'lt pftfl~l ::"m th~~~ R~.[C·~ a & 3·;1:' 
C,,:lr.! ,·f ::,t' : .... :;.;::t': .. -; •. ·;::c:ct':-.: r:1..,: ::.t"r: ·:el·!;.· ~hl"':C: =1L'i. rr:.alch~~ alH"'c each ,.: 
6 ~h:r,:l( .. ici~ .,·::t'rt' ::;-.t':~ '.' Po! al'f~'·'-:~:.· 'H:'~':~~:l rajl'r::r.~~~: a:'ld t:-ad, en~:~·:. ?;US :::'c 
"';mber u:' cv:::w:t':.: a,alc;"r-t \.::::; .. ';' .:.<, Mr::~ ... :!1~:.~ 1Ir~ r>:ac~d aoo"p :h~ thre~~(\id .. f :t.~ 
("1I.!"r::r.f'tf'r ,·:1.·..:c. ;=1;115 :!-;~ r::..;.:t:;t't'! .. : ,·;, ... :-;:;.Clf':- . sr.vw~:- ~L'i. matcnes "':ti:I"l:: a :racK. 
;:;alch. a •• c ::.:oaii~ II. ~U~Il;~ :l:: d:l\~ ;:-.(.;ca:t"~ a ia:.;l:~~ tv =::.a:rh calori::l.p~~, i!.:1d sho\\'~r 
InU ~::.i(.orr;:;a:IOIl. Tr.~ It·la: :::.:','::::'11.:",::. ;;~l:n l'aCn R~.IC a SS bl:S and is :rar.!ml:tC'd 
oyer Inc.I'·:cil:al :~:-.P:t In 'he H:: :5:.::.:=a~'· Care 

Eacn c:.:~ nas 3 d~lt.;..oi~·\\·,ci:n h:: 5 .... ~ .. -:lary Ca:ds HSC '. The HSC is Ihe bUl!din~ 
bloc:ic. fN h:t sum! AI :he ;O ..... PH .e\·f',. ::.f' HSC's r~Cel\'e cata from -I. R~Ic"s. At ti'le 
C:t:hC'r :~H':S adci:::~ .. t.al HSC';, :~(f'.' C' a:-.<l c. r::.o:r:c cal a {rom. -&. HSC's at :o:··.\·pr :nf':~ 
E~ch :.a.:: vi :::'~ r.:!1 '\\'~"I iiSC'f::O ::-.(" t":a:p ~~r~:,"~ ·};.e ~a:d'" cata d~fc:-ib~d "::h)\'P ir',r=1 
"1 R:,fC, ::.) ~>::~ ?f': :'L:' H5C ,. ''':::.'.:) :cq: :.: 6 ., ~~. ,~.; ". fv I~al ::"e :\~'o HSC, 
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the input FADe tower sum values tDto EI on a 12 bit line&! scale. compule EI. sums tn 
the .-1 !It .-l region of 16 1riner towers thaI t"ach .enices I.gun on .. 12 bit linear .c&.lel. 
and ca.lculatc an Encoded Tower Type rETTl {or each lo~r. This t)"pe is bued aD the 
amount of energy deposited in the ba.dronic and electromagnetic compartmeDts. The 
[IT is 0 for .. to~cr below any clt~ctroma!netic threshold. ETT 1 through 6 indicate &It 

electron candidate e!!Cc~diDS ODe of 6 thresholds. and j indicates .. hadron. 
Each Cf&lt'&.!50 contains 2 Patlml Recognition ASIC boards (PRA). wb.ich te-cein' 

the ETT bits from" '-ILes. corresponding to .. regtOD .9 x .8. These boards pmorm 
the learen {or is04:&ted el«tron candidates in .2 !t .2 resioDs that are cODtained or OD the 
edge (partia.l) of the.8 x.8 region. The mult is a inlet o{i.olat~ electron Hass. one for 
eac:h .2!!C .2 ~gion that are c:omposed of 3 bin eac:h ~th 0 meaning "quiet", 1-6 meaning 
an isolaled elec:tron aoo\'e thresholds 1·6. and ~ meaning neither quiet nor an tsolated 
electron. There are 25 relions !!C 3 btu of flag == is btu of isolated electron information 
from eac:h PRA that are ;rUllmined to the Isolated Electron Match Crate. Of these 2'; 
regions. 9 are contained ud 16 are par:lal regions that necd further combination .-ith 
other partial regions from other Calorimeter Isolation' Summatioa c:rates to find isolated 
elec:trons. The design deta.i.ls of the ).Ilt" ud PRA cards. along with simulation mulu 
on the performance of this isolated elec:tron pattern lopc au found in Ref. 2. 

Eac:n crate also conta.i.ns a double width Energy Card. This card co\"ers a 1.6 " b~' 0.8 
~ region and recei\"es the ener!y sums in .-I. !!C .-1. regions from 8 ).{ll"'s on a 12 btt scale. 
In addition to computin! tbe total E. in the .S x .8 ugion. it also con\-erts the .-I. !!C .-1 
E, sums into Ez ann E., sums and adns Ihese up to produc:e the total Ez ud E, in tbe 
.8 x .8 u!ion as well. The Energ~' Card also tests the E, in eac:h .01 !!C .4 tower agAlnst S 
thresholds and c:alc:ulates the numbrr of .-I. :.;: .01 to\T'l"ts abo\'e eac:h threshold. Thret' btts 
of number abo"e thrrtiDold are sb.ipped Cor eadl of the 8 thresbolds (201 btu total1. along 
mth 12 biu of E1 • E z . and E, (36 biu totall to the Energ~' Sum Jet,' Threshold Crate. 

Eac:b c:rate aiso indudes & Le"eI2 Interfac:e Cud \L2IC·,. After a le"ell Ac:c:epl eac:b 
of the 8 :.IL 1: c:arcis sends its stoud low-~r elec:tromalnetic ud hadronic: 8-bit FADC 
nlues o,'er an indi,;duai diil'crmual p&lr on the baC:kplane at 1 btt) 16 nsec: to the l2IC 
for subsequent transmlsston 10 the Le"ei 2 proc:essor. The SImultaneous transPUsSlon of 
the 16 towers of information from eac:h .:\ILr takes 2.56 ~sec:. 

Eac:h uale also c:onta.io.s a Le"~1 1 C:0c:k Cont::ol Interfac:e Card and a DAQ Inter· 
fac:e Proc:enor Board 

Trac:k Sbo"'er )Iax ;\Iatc:n 
The5~ c:rales c:orreiate the outer trac:i.~r hits \\"lth the snower max hits on a .006,s .) 

sc:ale. The 5how~r max a u!~d to aS5i~n ~n~ trac:,k an " c:oord..inate on a .2 sc:ale. Th~ pr 
from th~ trac:ker tS us~d to plac:e thc: traci. on a 3·bit p, scale used to matc:h a~amst th~ 
calonmeler E •. 

Tbc:re are 12 of Ihes~ c::-ale.; $ for tb~ barr~l and -I. for I~e int~rm~diate r~glOns uf the 
detec:tor. Eacb barrel c:rate co,'ers 1.6" b~' 1.6 o. It contains !I double-width Track Sho\T'l"r 
~Iax Hit Cards (TS;\IHCl. eac:b bandling 1.6 " b~' 0.2 o. Tb~ TS'-IHC c:ards pac:h rec:eh'e 
16 Show-er ;\Iu. fiber opttC cahles that ~ac:h co,'er 0.2 " by 0.1 0 mth 16 • bilS at .,},o = 
6.25 mrad apiec:e. They also r«ei"e B T:-acker fiber optIC c:ables that each c:o"~r 1.6 " b~' 
0.02'; 0 \\"ltb -I. 0 bins of .,},O = 6.2'; mrad \'\"1th .. bits of p. aplec:e for the c:aae of the fibtr 
tracker and fewer blts of p. for the c:ast of the straw tube trac:kers. The TS'-IHC match~s 
the Shower ).lax and Track hits on a sc~e of .,},o = 6.~.5 mrad. Thes~ hits are asllgn~d 
an " \"aiue from tbe Sbower '-lax and a PI "alue &om tbe trac:k. Since tbe Calonmet~r 
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COTU a 1.6 " hy 3.2 0 ugion. The HSC'I sum up their input data ud output this data 
to half of a third SSC. which is resident in half of the lsolated Electron ~fatc:h Cratel. 
The other halI of the BSC receives input data from the two BSC's in another Iiolated 
Electron 3.1atch Crate. The raulting data from the third BSC then conn a 3.2 rr b~' 
3.2 • rqion. This data is thn lent to a third BSC that reltdes to. the Electron Matc:b 
Crate that sent the data &om its nnt t"'o BSC's to another Electron Match Crate. Tbe 
fint halI of thil BSC then IUms up the BSC data &om it and the pair of Electron Matcb 
Crates to co..-er the 3.2 " br e.oI • b&l'~l «'!ion. The second half performs a limilar sum 
to cover the tntermediate rqion. Th multinl data is a 3-bit count of the numher of 
coincident calorimeter - track - shower max matches aho'"!: each of e threlholds wbere 
there wu Alrftment betWftn calorimeter and track enerl)', plus the aumber of coincident 
matches without Pt. apeement placed abo\"e the t~lhold of the calorimeter value, plus 
the number of calorimeter - Ihowrr mu: matc:hes without a track match. and finally a 
bit that indicate. a failure to matcb calorimett:t ud Ihcnrrcr max uuormadon, The t~tal 
information from the third BSC is .5.5 bits and ts trulmined OYer twilted pair c&hle to 
the Electron 3.latch Card in the Final Decision Crate. 

Each cr&te also contains a Lenl 1 Clnc:k; Contral Intaface Card and a DAQ Inter
ac:e! Procellor Boud. 

Enersr Suml Jet Threlbold 
This crate continues the &lobal E •. E,. and E. sums &I well as addinl up the number 

of .01 z .01 calorimeter towers abo\"e a sene. of S thresholds. 
There ts one Ener5Y Sum/Jet Th~sDold c:rate. whic:h CO\"trs both the barrel and tbe 

intermediate regions ofthe detector. It c:omains 1: double-width Energy Sum Cards (ESC). 
eac:h handling 1.6 " b:,' 6.4~. w-hicb r~c~I\'~ the 12·bit E,• Ez . and E, sums from 8 Energy 
Cuds (eacb c:o'"tnng a region 1.6 "x .So' 10. -I. Calorimelc-r Isolation/ Summation CraIl'S. 
Tbe OutpUI c:onlists of 12-bit E,. E,. and E • • um •. c:o"enng 1.6 " by 6.-&. (/I. which ar~ 
transmitted over a 3e-pair cable to ,he Tutal Energy Summation ~Iodulc- tn tht Final 
Decision Crate . 

This Cr~te allO contains -&. double-,,;d1h Jet Threshold Sum Cuds (JTSC). eacb ban· 
dling I.e rr bye.-&. !D. "\\"hich recel\"e the 3-bit numbers of .01 z .-1. towers o,-et 8 thresholds from 
8 Energy Cards (eaeb c:o"ering a re!lon 1.6".:'i. .60) tn 01 Calorimeter Isolation: Summation 
Crates. and sums thele numbers into a senes of S-bit numbers of .4 x .-I. to""en o"er 8 
thrnholds. Th~se -1.0 bits. c:o'·ering. co'-enng 1.6 "by 6.-1. :J. are transmju~d to tbe Total 
Jet Threshold Card in tbe Final Decision Crate. 

Eac:n crate allO c:ontainl a Len1 1 Cud: COntrOl Int~:iace Card and a DAQ Inter. 
fac:e' Proc:essor Board. 

~Iuon Tti51.~r Crales 
Tb~se crates c:ount up the nUr:lb~r of muon tracks passin!' nc:b of 1 programmabl~ 

P' thresholds. The~' also store 3 bus t)f PI and the Iud: locauon with a relolution of 
~o = .01."},,, == .05 for use b~' the second le"e1 tri~g~r. 

There ar~ 6 )'Iuon Trigger Cra.te •. There are .. barre! crates tbat c:o'"tr all of !D and 
cover ". < 2.5 in four e1lual lec:tions. In addition. there are t.-o forward muon triggc:r 
c:rates. one for eac:h end. Eacb ~Iunn Tri~g~r Crate lert;Cel 9 '-luon Regional Front End 
Crates. There are 32 '-luon Regional FrClnt End Crates 1ft the barrel ( ". < 2.5) and 8 
for each forward endc:ap. Eacb r~onal front ~o.d c:rate ser';ces an oc:t&nt in Q over its "'1 
ruge. In tbe barrel region. this r~presPftls 1 -&. of an octant Idn;ded along ,,). The muon 
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trtgger ::,elies on a fcl::,t::.la:or si:gnal :'n coi::,cidencC' eonfi.:::eci by a projective chamber 
W1re p&r. T::e tr:g:gf': ~:-...::s •• eo de::,'f'c :::>:n d:e !cin:matGr scgmel'ltation .. ~s detailed 
in Ref. ~,there are t~O uprians :or ::'e !>c:mtlilator layers. In the first there are t,,·o 
layers of stir.tillatofs that att' arra.n!ec in slats sectioned to ilta\;ae 3:! cii.\'bSlons in 0 and 
1.56 cb;sior.s in 8. The 8 d;v:!ions a.e c:eomilcsed of 96 u!Uts :n the bane! region and 30 
units in each of the e::.d repons. In Ihc: second. there is ODe layer of scintillators. where 
the 8 segmentation is DO lO1'l!C'r fl"stric:ted b.\· .. momentum selection CODstraint and the 
difl'eren:ial ri:n.ing of !hc: 1',"0 pbototu:,es (In eacb 5cir.till.~or is used to enba.nct' the 0 
bi:nning !rom 32 to 1:!!. Each bar:ei :e;:0::1.1 mucn cratt' Co'·ers a region 1.2'7 x 0,80 "-ith 
24 " bins &Dd 4 0 bins' 16 0 hins in option:! l, 

Each regional :nuan frant eDd crate contains 14 carCs. of .. hich two are uSt'd for 
t'xchan!e of nei!hhor leictillator infor::-.atio!l. lU'-ing 12 card$. Sinct' isolattd dt'caons 
art' found in the caloriII:.ett'r on a .2.x .2 !rid. the muon '1 hins are comhint'd into.2 1'/ bins 
on each card. Thereiore, each card CO'"t'fS a sin!ie '7 hiDs of .2 hy .. total r» r&Dge .... f .4. so 
that the 12 cards co"t': !et' l.:!'7 x 0.50 area. This means that each card has either 2 0 bins 
(OptiOD 11 or 8 0 hins ;oj)tion 2). In o:eer to be compatihle with either_ 3 hits are net'dt'd 
for tht' "alue of o !or a ~rac" faund b:o each card. Each track found hy a card has 3 bits of 
PI assocIated "'ith it. corrt'!pondinl! :v tne full resolution of :t"'el 1 muon trigger system 
Each catIi has a simr:c ~ Gb s opticaj. 5~er that carries the t~!!n information directl:' 
to a ).Iuon Lo!ic C~rc :n the )'Iuan T:-:~~er CUtt's. Eacn carei sends nro nacks Since 
the oj)t:('al fiher ba:lri~ci.th aaot\"s 5 ;,:~s ?er ::ack. and the :c::n:.at descriot'd abo,'t' USf'S 
6 hIts, 3 !lItS 0: ~ ana 3 h::s of p, I. a:1 aci.ci:t:onal twO bi:s j)e: track are used to enhance 
~t.e 0 :-esoiuuon w.) b::~. T:.05 re~v:~::o:-::~ a'-ailaole Hr.ce :!:e:-e are 1.5.360 bar:-e-i 0 wlre~ 

ar:ar:gen:n .. ~ 5ec':0::s a::d .. cit'?~h ;!.~'t':!'. §l,'in§ 960 Q "..:l::a. ni.:nbutt'd o'"t'r carcs tha: 
co,'er r.Lf of an or:a::~ :::;. o. or 60 1)::-_: 

Eac!!. of :he 6 :,1:.:-::; T::~gf'r C:"a:e. ('on:-.r:s 5 :,Ic.o;1 LOlnc Carns I :'ILC '. f'ach (.: 
wnlcn :-f'Cf'I'-f'! !:! C?::CL f,~e:-5, O::f' :::0;':1 eacn cOl:d ::1. a s:::'~o~ ::J,uon rf'!lonal {ro::.t eoc 
c,ate. Each opt:ca..i ~:.~~ ca::-:es 3 ~:::; ·,i p. a:10 S :)I:s 0: ~ :cr :ne t"'O .c..:g.D.est p, t:acj,;~ 
~n a .2 ry ~ -i 0 :f'~:('" Ina ~;Y<"" .. ec:: :,ItC a cO"e:a~e oi : 2 7)'" 0.5 0, COrre5?Onci.ln~ 

to one :ull ::luon :t'!w,.al ctatt'. I:-.f' ~ :,ItC's combme t~ .. I!:"e :hc )Iuon Tflgge: Crate 
rO\"f'ralle of a ~'1 = : ~ ~~lCf' :v: .:J .~ 

T~~ "UlpC.t uf eoac:, ".:' o:-oe :,ILC. :! -i ~·o:: r.c.::lbt':~ ::~_a: Indltat~s tht' :1c.::J.bf'r r·:· 
;naon :':"ac .. ~ :'I,~n .. : ~ 3 0':" ::-,.:~eo 1I':1 .. ,\·eo f'l'Ic:: c.{ -t ?-:-o~:-2.:::.:nabif' ~:::-e~nojc~. Ea('h 
C:a~~ a..~o cI·r,:a;,,: a : :·:c:-, 5·; ... ::-::.' ,,:.h.ci".!i<" ::-,.1' accf'?:~ the 5 b:!s 'lf t:ac);! ",:~:
·;!:f'sh .. ,.c., ::-r.:.. ~:.f' :.::'C .. a:;d ~:::;:: ',-.eo:":; '.', :o,~r.ci:iC:f' a :eo:-:f'S (·r", 3, 011 Ct::;10<":! Iha: 
It-dH'atf' ::,~ ~".l::;:Jeo~ :' ::",·.;r·;; -:-AC);. Po 'f' ""rn "i' .. :):-OE:~2.::::::-,ao;f' tr.rf'5nolci5. T:'('feo lI~e 
:hf'!l l!a:1!r.-.;.::f'C ")'. IS :2,?a:.: CAJ ... · ':.f' :.1!lon D~c::~:,·~ ;.lv:;uie If: :h~ F:ual Df'C:51Lor: 
C-:alf'. 

Eac~ c:a:f' a:lo :,-r.·.Cf's a tf'·;f', ~ ::-.·eo:"::lrr Ca~d, L~!C '\:";f'r II. Lf".-f'l1 ,\CCf"H each 
·'.f Ih~ :,ILCs If'llC' :1.; s:':-:f'O:: ~-i ::aC"2 ""I:~ 3 b:ts PI a:::.c 3 j ~1t5 apI~('f'. : lotal uf ~-i x 
, = 19Z :'1I!' '·'·f'r a:-t ::i.c.::.;:c.: .... ~ d:::t"~f'~-:A; ?I'.l: "n tne oac:.t?:ane at 1 bit 1.6 !a~c :0 dlf' 
L:!IC [c'r &c.b!f'quf':.~ ::-2.:.5::''':!~:'·:: :,. -:.t' L("'f'i 2 j)N(,f'SfOr T:'is t:ans:n,uSlOn tllxeos 3 : 
USf'(, 

Each cratf' ai~ C{·:::8Jn, a Lf"'r: : C'.Ca Cv:l::~): I:::eo:-:"act' Cud and a DAQ 1n:t"-:· 

r;p,1 pr$]cwn C-,'r 
Tbf' FIfle.! Df'c:~:,,=:, C~2.:~ S'!::::~ .:? A~C ~2.j,;f'~ cc.·~ 'J:'. cL'.):-tmel~r totaJ and :nJss:n, 
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the the Global Clnck, Control Crate which ~-:.:rns this into a Le,·el 1 Accept Htbe detector 
s'-l1ems a:e able to rf'ad out the e'"f'nt i~. :he D_-\Q is li'-e and tht're are no extant erron 
that prt"'ent func:tloning of the !~-slt'r.:· 

Thil c;-ate also eontains a Lf','el 1 C:vcit Conuol Int~riace Card and a DAQ Inter' 
face' Prorenar Board. 

Global Clock. CODuol 
The functionalit'- .,f the doek ana control crates il desc:ribed. ia. detail iD the section 

an tngger mterfaces: tbe sec:tion on c:oa:.murucatlon betwHD iront eDd &Dd trinn systems 
and iD Rt'f. 5. 

There is one Glohal Clock Control Crate. It cODta.ins a ).1ac:hiDe Cloek Interface Board 
to rommunicat.~ ..nth the int~rfact' with the aecelnator Rf dot'k. h haa a Beam Ptckup In· 
terface to communicate with the beam :l1ckup d~clronit'l. It c:ontain. a Deadtime ~Iouitor 
Boartl that trackl the dilposition of ea~b crossins. t.e. wh~ther at'cepted, rejt'c:ted_ or lost 
due tn downtime of triger and 'or D_\Q. t!l~rt' is a Fmal DecisioD Interface tbat COnneCti 
to tbe FDL card in the Final Df'CISlvn Crate ~a pro,-ide tbe L~,·ell At'eept if the DAQ 
IS ahle to read out the ~,·ent and there are no ouutandins error eondi,tons that pre,oent 
ac:ceotlne the e,o~t li.e. dock phase coniu51on, etc. t Tnt'fe II a Glohal Clock ~IUter that 
pra~des ~tne p.D.ase lock oi tht' 16 m~c c~oc, and diltnoutes the dock to Clocit Conlrol 
Inarfact' :nodules, There IS a Gloual C":"!lt:-oi :.Iaster that diltributes the Contrnl signals 
!O the Cock Conaoi Intenace :,Ioc'':':e" F:nall~'. there are 2 Clock Control IDlerface 
~Iodules :hat each commumcate t\"lt~ :! Locai Civcit Ceontral Crates, The deta.r.led func· 
lion of :he.e moduies IS cO'-t'red In ~ot' ,of'C:lon on eomm'.1cica~on between front end &DC 
~r:~@;er 5~·f:eml. t}.Is e:ate LIO con:a.:.:_s a DAQ Intf'r:a('e P:ocessor Board, 

Locai C>rk Control 
T:-.~:-t I:-f' -i Lv('al C:OCA C,mt:',., C:e.'f';i Eacn ('(·:-.IIlH:'S 16 Local Cock Control 

BC/an:s :::'at a:e cOZOJ:.t'cted ..-:-:t:' ... )?::('~ :;~f':s ap:e('e to .. F:-ont End or t;-;!gf'r Crates 
T::eo -i :=:~f':S ('arry tne L~"eoll 5,-l'te:n C..n:: .. i. Lf"'f'i 1 C:.;.('X. Lf',-d 1 ContNi.. and Leoni 
: :\".lr.:6f':" c.t'scnD.ed. below ::-. ~he 'f'r7:(':; 0'0 :ne Ir.~erfa('e 70 F,ont End Sub!~-slt'ms. the 
C:atf' LS':' contAlCS a Glohal Coe" C v:::-:o: l::.,~riace Board dlat commUDlca:es ""lth the 
G:obal C:~'c:.t Controi Cratf', as 'Hi! u a DAQ lnte:-:a('e P70cenor Board. 

P::"'~:CL i.a-"'")-.11 4.: Re!ou-:('(' R<"r:''':'I-:f''!"!"o(''''~ 
I:'f' c..f"'f'll TriRRer 5\"5ttJ:'l t2.);(,; '.1-;) 5~ Cales. Thelewlii ".lst' is fuil,heiRiu racks "-Ith 

A ?'W·f':- c~o.~:,,:,::<)::c ~ :" Ab·,·,;: :'1" 1';:''':' ,~, ':.t" C,ju:,.~;n! H·.:.;.~f' Thf':~ a:e "-?p:vy ... matf'l\ 
.:. ~ll';1 .'!:l:,Ci1, ~:lt"~i =f'c.~::-C'O '.J ca:-:-" '.:.:' ::":".,':,,':1 ::,.:r. tr.t cC':eot\or II> the Lf'yd! In~~N 

,\ i"~C'" ·'f the SDC T::~~f'~ ,eo~'.:.;:<"~ .. ":~ ',.\, \1 T:-,o::;il~o-:-:, c.: l1-tJcon.J:1'i. has somf' 
il:eo::::,.;:-.e..: ~:.lggt'!::Or.~;1 !,'r aar.s::"_!-,:,,:-: ,,: ::I!~f'r !!lfor::-,a:l('n a: ~ Gb s on oiltic&! 

t"!t s:lInal op~(\eit'rtromc. ,\,,:';1. a ::eor;!lf':1(,~" abo,'f' wn:('n a 3 dB lost ,.,( l!alD oc, 
cc.:-~. v-f !.7 GHz Iv j)rt'ser\'f' ::-:!:' ·'·a'·f'i ... ·:::1 ,.; :r.e won: cue 1.125 Gbaud sl!-nai uf 

:':'::":l1:C':O 
r.f' :;:':':>:~'Jci~ fibf':- w::~:\ c·:t" C;iI.~f':f': d about 60 :r.lcran§ to ";}c.w :hf' !lse {·f 
:::c :,,·,'eo~t ('{,~t IIP!('(':t"l"::c,;.;,· 
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EI \ the latter from the indi';dual E~ a.nd Er sums). It sums up the total numbf'r of 
calorimeter .4 x .4 regionl o'-t'r !! tbresholds a.nd mues cuts on this. Is sums up tbe 
totalnamber of i:solatt'd electran (and photon) ca.ndidates within the categories and PI 
thresholds dt'sc:ribed abon a.nd mues cut!; on thrse, It also sums up the total number of 
muons o\"t'r the Pt. thresholds a.nd makes cuts an these. Tht' resulting tngger dec:ision is 
lht'n forwardt'd to the clock a.nd control logic:. 

There is ODe Final Decision Crate. It COntains a tinal asc. which acct'pts the 55 bits of 
inform-attoD from two barrel and two i:ntt'rmediate crate asc's. The information from this 
final asc includes a -i-hit C:OUDt of the numbt'r of coincident calorimett'r - track - shower 
max matches aho,"e eac:h af 6 thrt'sholds wbere tbere .. as agft'emt'nt between calorimt'tf'r 
a.nd track energy, plus the numher of coincident matches without Pi agreement plact'd 
aho'-e the threshold of the calorimeter ,'alUf'. plus the Dumber of calorimeter - shower 
max matches withaut a traek match, and finall~' a hit that indicates a failure to match 
calorimeter &Dd shower max informatian. This informatian is sent to the Final Decision 
~Iemorr Lookup Card (FD~1) describ~s belo~. 

The crate also contains One Energy Sum Cud (ESC), This sums the 4 input 1:!·bit 
E,. E~. and £r sums. which an transmitted o,'er 36-pair c:ahles from one of tht' Energy 

Sum Jet Threshold Crate. tbe output of Ihe ESC is al50 sent to the FD~1. 
The crate al50 contains ane Total Jt'l Ihreshold Carn which read III -l-lO-pan ca· 

hles c:arr:nng a senrs of S,blt numbers of A :c .-i toW't'rs o'-er 15 threlholds for euhf'r a.n 
intf'rmeriiate rt'gion or 1 2 of the barrel from the Energ~' Sum Jf't Threshold Cratt's 

The cratt' also coatains a Fin"; )'Iuon Card that reads :n a 3·hit number of muon' 
abo'-e a leries af -l thresholds from thf' 6 ~.Iut)n Trigger CratH and fonns a 3,blt trlggf'r 
\'~ctor tbat :s st'nt to Ihe Final Deci!l\)n :'Iodulc 

Tht' cra~e cont8Jns I>ne FInal Det15l0n :-.ladule IFD)'I1 card. This card bas -t Sf'paralf' 
mf'mor~' iooitc.p \:\ltl'l arcbut'cturf's tha' on It. onf' each fo~ total and rruulDg Irans"f'~f' 
enf'r~" I':g!ers. Jf't Inggen. Itolalrd eieclron tnggers and muon triggers Each "i lnf'Se 
:\ILl"s produces a 3 blt cade. ~,eldln! -i 3'0l! codes tha: a~e sen! to the F:nai Df'c:slOn 
Lo~c Card I FDt I. The enf'rg~' sum :\Itt' U&~, memor~-looitup to camputf' thf' tNaJ £,. 
£~. and £~. uSt:'s the lattcr two to crompUle mlnill§ £,. and then ('ompa~5 !heo lotL 
calonm~tt'r I!lobal £, and musmg E, sums agAlnst programmable thresbolds !o produc<" 
a 3·blt ~n~~f'~ "f'ctor that IS seot 10 tnf' FInal DeClStOn Lo!!c. The Jf't tt1~ger ~ILt 
comparf'S tn~ sefit's oi .),blt numbers roj .. :C "' towt'rs a'-t'r ~ Ihresholds Wltn a tf'nf'S "f 
pro,!ram.r::.aoif' 1::-:~g~r ::-eqUlrements Iv produce:tt 3,blt oulPUI !:'lg!f'r \'f'Clor Thf'r<"su;t, 
f.om thf' e:ect::-on match HSC .. r~ Cvmparf'Q agAlnst a Sf'ne. of thrrshvlo~. iuch .~ .. neo 
I$viaad f'if'(':ron o"~r 20 Ge\' or IWO V\'f'r ~u Ge\' tv detf'rtnln~ the ISOlalf'd f'ieocI,on 3 tJ,! 
... ~utput "f'CtN and a lluular pro('ess IS pf'riarmf'd h~' thf' muon algg~r :\ILt' 

The F:nL DeCISion Loglr ,FDL. rarn tf'('~I\'es thn ,rnes of -i 3,bn OUlput \<"Clvn 
from th~ Ele('trnn. )'Iuon. Jet and Enrr\;:: :'ILt"s. Tbt' FDt COnlAlns anulhf'r ~('n~' uf 
:'IL t·s that make thr final ie,"el 1 tnggf'r df'clSlOn hased nn programmable rf'quHf'mf'n!S 
on cOmblnatlOnS and Inm\'idual reqUlr~mentS on the -l 3·bn \"ectors. It get' Its dala 
from 1hf' FD:\I a,'er the backplane. It aho cuntams lo!!r 10 prescale tnggf'r ac('ordmg to 
downloaded facton. as wt'l1 as iOt:IC 10 rf'soj,·~ tnggt'rs founn In difl'erf'nt ('fOUl-niH Tnr 
FDL card df'tf'rnuMs the Lf"'f'1 1- De('lilan bast'd on ph~'slcs tnformauon In theo d~tf'C1N 
If It It unabif' 10 rf'solH confilcnng ('rrossln! mformati.on £rom::! subs\'tlf'ms. It can IUUf' 
a tnsg~r tbat ('o"ets more than onr C::-OSlIn!. alang wltb an "ambtgutt~,- bn to mdlcatr 
the number of croutngs lnl"oh'ed Thf' FDL card decillOn It Iran,uuttt'd o,'f'r a cabif' tu 
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3. Cse .. ordt of 18 bitl to cart.'" both the 16 bitl of information &Dd twa bits (a.b) 
..nth b=l-a. The (a.b) bitl ha"e the purpos~' af dt'lint'&tins words a.nd allowing 
slilht drifts a.nd threshold lhifts to be measured. The la) bitl are Cram a long fixed 
pseudo-ra.ndom lequence which bat a me&D ttme for appe&rins in random data nf 
3.68)t( 1010 'oearl. 

4. Allow the t~formation in the words of eac:h ch&Dnel ta be constant. all zeroe" all 
ones or chanle with no "for hidden "alues ~. 

5. t".~ three adju.tmenu £Or each signal; 
a) a Threshold Adju.tment for eacb re-ceiver_ 
b) a Fine dela~- Adjustment .. tth steps of 1:!5 p. &Dd 
e} a Coane delay Adjust.ment with a ranle af :14,2 ns, 

S. We expet't the hilh sipal le,"el to '"at:" from silnal to .iSDal and to varv with 
time due t.o th~ Ule of 10 .. eott lase" aDd d~tectofl and the USe af imperfect nptlcal 
eODDect.Ofl. The hiSh silnallevell and low liSDallnell are rt'c:orded b:,' 2 diodes and 
2 capaciton for each of the SOOO slsnall. The 2 voltages W'lll be ust'd to deteruuDe 
the threshold for eat'h siSDal, 

7. The Fine dda~- adjultment uses a tapped delay line .-lth a IS:1 multtplexor and 3 
fast decisioD circuits latchin@ the It!nal just before tbe clock. at thf' clock and just 
afar the dnck, SigDal tC&DsttIODS before &Dd alter the clock eause the eharge on :! 
correspoDding capacttorl to he lncrementt'd 10 t.hat the dift'er~ce of ,-oltases an tbe 
2 capaeitoeos indic:ates the relati,·e pbase of the cloc:k ana lilnal tr&D.ttions. 

8, The Coarse dela~' ,\djunment ules a 32 long .hift re~1I1er .-lth a 32:1 multiplexor 
and uses 3 capacilors to collect the a&r~mentl of lbr sl~nal's pattern of la) bltl 
wttb the expected panern. During po,,·er·up ar after ::m.ing errors are found. the 
5·bn selection is changed until Il!rt't'ment of the signal and expected 1 a I bIt paltt'tns 
is found. 

S. Cse a mulhpleX1nl! Ilaw! bH ar 10 bit ADC I~-stem with 1:!! inputs an each 9t" board 
to read 8 &Dalol! It'\'els producen b,· each of the 16 Incoming Trigger Information 
signals. Siaulari:r, use a multipie:an~ D.-\C to adjust :he thresholds of the recelYlng 
circUIts for each of the IS silnals on each st bOard. 

10. Lie" &D external compuler with a 16 bit addu .. , 16 bit data hus 10 sequenttally 
&Dd slo"'I~' monitor the status vf Ihe analo~ ,ooltages ?:,oduced b:' all 5000 51~r.all 
The computer Jr.aAes cbangts ".ben neceuar~' to the Tb.:eshold. Fme and C vanf' 
adJustments. This can hoth penn-It s~curt' word and b;1 w~nm~nt dunng pO"'f'r up 
a.nd reco'·er:r aite:- ma-,or di.llurbancf's, 

2,5. Lt'tL 1 PIPtLl't Lt:"'GTH 

The proposal fvr :he if'\'f'll p:ilemlf' :s Ihat itS length "':ii not be if'sS than 3 I) ,..,e( 
&Dd not more than 4.0 usec Rf'prf'Sf'r.lan\·f'5 fram SI:lcon. Cf'~tral TaCk-InR. Cal, .. r:mf'I~· 
and ~Iuon Cront end f'Je('tronl(,s '~'slf'ms ,""f'~ In"oh-ed m :;::s deCiSIon Thf' er'nCjU'I'~1': 
from these systems Wat that "'hilt' all could manage -i.0 ~st'c. there "'ere sigruficant cid 
fic:ulties for some to ~o be~'and -l.0 u~ec In additi.on. thert' would bt' sll~Dlficant. but not 
insurmountahle, difficulties for the Ilricon system to reacb a 40 usec plpellnt' length ("r 
some arciutt'ctures. The representam'es of the Trackins. C~orimeter. ).Iuon and Ci"oal 
tnner systems c:antnbuted 10 the ('alculatlons shown below Ihat demonstrate thf' nf'Cf'§, 
sity (or a range bet,,"e~D 3.0 aDa -l,0 usec. The actual calcu;a:lOn results ID a ran~~ frum 
3,1 to 3.9 ~Sf'(, Thf' p:peline If'ngtn lS df'tf'ntUnf'd b~' the muon drif1 tlmf' The o,'erall 
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ullce:"ra.::::.:y in (abie paths and e:ect!"on.:cs ; .... cati,,::.s expands t:'~ ~ange by 0.1 /.Hit>C on ~acb. 
s:ce. aOwe\'er. it:s ::?oru.:H to ade :::'a: ::-.c ca.:c.L.atto::.;~ :,a~ed on lc..ca.l:n~ tr.c centra.: 
t!1~ge: ceemoD ana a.:.st::but:on ::'. ::.e c01.:::.~~ng house on :::'e sunace. If tr.e tng~e: IS 
loealea ::::. the ga..llc::.\'. then the :c:cbc::o:l ::1 cabie ler.g::: o~ ",0 -; ::l eac:n war :ra.r.siates 
:n:o a 0 .. ~sec or 26 c:rossing sa,-jngs 

Caic1.!iatlon of Le\"el ! P:pt"ii!:.e Lc::u~~h 
The: !cllo\-nng able: sums up t!-.c :::::c: :0: !hc: trigger aal1. from an interaellon to reach 

the mgge. iogic: and proceed through :::'i! :og;c 10 tne final tc:c!sion for the: Leq~i 1 Ac:c:c:pt. 
Ihc plLruc:ular 1:!-"Slem chosen is the mUD:l system. since: It takes tnc: lODgtH and \"&rics 
between 50 and 1vO c:'ossi:nss dtpe"c::.~ (I" whether t:"e ~:;"!l dr:.f1 timt :s SOO :0 1600 
m,tc. rt5?ec:n·tLy. 

Total 132-1~2 

The fo.:uw:::~ taoie s'c:=~ '':? ~!1C' Ct".al· :r.curred 1:1. ::a~!ln:.t!:n~ ::he Le,·t'i ! Aceepl 
sl~r:a: !ro::l :!;e G; ... ·oal Le"l"l ! L .... ~:c :oIt..:;" ··l :::'t" i;or.t e:'lc e;ec:ronlcs ':N·a~C' ?:?ebr:e~ 
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(or eac:h bunc:h erossin~. This signal appnrs at the OUlput of the GUP. The Le,oel 1 
Accept ReJeet arri\'es at the subs~'stem aiter additional dela~' due 10 the propagation of 
1he Le"ell Accept. Rejecl from the GL~P. The Le,oell TriAer Aeeept, Rejt'ct is a Lenl 
that strooed by the clock. This lignal is arrompanied by other sisnals such &S the Bunch 
Phase, Ibe Lnel lID. and se\'eral bits of -readoul type". The LeTe! 1 ID COUnIi Lenl 
I Accepts. The hits of "readout type" allu,\"" information to be sent to suhsystems that 
may react differenll)' to differenl Ingser t.Tpes. 

Ambil'uous and O,oerlappinc Tril'cers 
If a subs~'stem canaOt identify data 'ft;th a particular croflins. it sends the data appli· 

eable 10 a number of erossinss with eaca ClOisill! with a bit to iadicate that the eCOIsing 
is not identified. The GLIB hu the ahility to scan O\~r HTeral erOitings, examining the 
data from all the .ubsYltems, to matcn up data stretching Oftr sneral croslings with 
data ideatif!-;ng a .ingle crOl.ing. This is used 10 idenlifr a unique erutllns (or e\"ery Ll 
Aceept. Subsy.teml detumine the number o( bunch crOlsiugs to store upon each Le"el 
1 Aee-ept. There IS the pOilihitit), thaI ,,'e cannOI uniquely identify I cronins from the 
triggt'r data or Ihat we ma~' ha\'e two Le"ell Aceepu within the measurement time span 
o( some subs~·stem.s. FollOl1;n~ Doreno(")scn. Bodo. Fry and )'Iilner (SSCL-318)' we define 
the Le"ell Accepl as a le\'el that IS hi~n f(")r all clock c!-'c:Jes ta be measurt'd. Tbe Lenll 
ID IS lDcremented on tbe riling eo!t' oi :he Lt'\'ell Accep'. For each o\"erlapping tngger. 
the Le\'ei I Ace-ept I1f>eS low (or half a c"\"cle. and "'hen it laes high a!ain. the Le\'el I 
ID is Incremented. To altempt to li::-..:: Moer:ap. as much as possihle, we also follow their 
rules ior minimal Spat:::.g for Le"ei 1 Ace-e?ts: 

1. :\"0) :nore tean I Le\'ei ! Acct'pt ?er ;0 :ut'c. 
2. ;-"0 Clore :na:l :? Lt'\'ei : Acct'p:s ?t'r :!60 n~ec 
~. :\0 rn.orc lhan 3 Le,·ej 1 Acce"Da :ler 1 ~sec . 
.,\. :\0 =o:c :r.L'1. ../0 Le· .. e~ ! Ac:ce'p:~ ?e'r ../0 iJ.sec 

The" ce:er::uce :~aI ~:oe totaj c .... ~: for I~ese rules It less :::an 1':i. at a Le\'e! 1 rate of 
:')0 KH: a:lI:i ! :.~'; .: ';00 KHz 

T:iu~r Co~troi 

Subsl"stena :lend ~:1~~t'r contr .. l ;::;-uI"=.alion:o :he GLIP Thi$ includes a hu~\O bit 10 
lDoicate ~r.al :he s\!osntem !:'"!a:\:er c.:o :-.~'t :lroct'u the e\"t'nl. ou~,· bit 10 indicalt' Ihal the 
subsnle= DAQ ca::.;; .... t reao u~t- ~ne e·:t':'.1. ~ fal"; er:or bl1 ':0 ::ndicate Ihat the subs~'stem 
u!t;II;t'r "tas haci a :oalai eI"!"'Jl" a::.d a :~:e:;e: ':1.1. ermr:v Indicate :nat :ne !!"Jos.ntem trl~ger 
data ma\' Je cor:"~?I. An. eX.t.:!:?it' .: II. ::1C~t'r O~H\' wouic ~e a :net ?rocns that haa 
;10)1 Dee:' • .:,'m?;c:ec. ,Yc :::''':.H L: ... ···~· ; ... -: '-':~~~·i:e:r..~ ,;'.at ca~r.o: com?iete a Le,oei 1 Rt'set 
~t'quer.cr In a ~:n~:c ::3 :,~ec rrN~::l~ !:.e ::-!itg;e:- ~u~~· :,:: pre,'f'nts a Le'\'el 1 Accepl 
DeLn~ :u·..;eC :(, " ~:Io~\"<:e~ ::-01.: :l~I;~O ';~e ~e\·era.l cro~!-In~s :·,.·r a rt'st't. An example "f a 
{alai errnr w,,:;.:ci be a c:se~::-et'r:.ent ~t'·· .. :et'n :b.~ Le\'el I I:-:!~er !;umoer counleo b~' thC' 
fU:'5,0$:e::1. anc :::'e ::·..I::-.~e: ~cro: L·, :::t" GL:P. An exampie oi a :n!!er data error "'ould he 
ellr.t'r a par:l.'· r~t'ci;. fa.:iu:e 0: arh.,tr.t"r oo:?e ufir.terna..i call. cnec~;ng f&llure. The c,,)nuol 
mfNma:wn LSO ::lc:,,;c\""s ::.e s':.l":l~.n:\·= ~ rrvsSlng n~mber usoclated woth ~his data. All 
subs\"Sle:::.! actl\'e dar:n~ a ::-an :::':;'~I tt":.c ::us cuntrol Il'lfor::r.auon to Ibe GLIP. \,""hether 
or n ... "t :::e\' ~etlo aAta lI$erl:;1 :"r.e Lt'H'o,: decj~;on 

Thc (>pe:-a~:o:: ana ~c!J.ed·":::::1!: (of 'I'~:~ ou:-:.ntt; a :-'.\0 a~c C'ont;-oi!cd by the' GLlP. A 
~rh('c:u:c ,·i a:': :('!~~ ',l ot" ::-''::::~ c.·~·.~: .~(:\"li h~ lhe GL: P ·;:Jef,··re ·::e ":It'~:r.'-i!l~ of a r:;.r, b:: 
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LE\OEL I-pipeline controller \nea.rb~·1 

Pipeiine st'tup 6.: sync::.ronization 

Pipwne Conuoiler-P;peliae Fanout (farl 50 

Ll)cal Fallout to Pipeline 10 

Phase bet\t'een pi?ellne and sa.mple =0.5 

Ptpwnt' o"erhead in sample st'lect 

Particle interaction-p.ipeline front -5 

Presamples 

Signal ihaping for samplc of rise -1 

Total 84 

The total pipeii:le iength is Ihe sum oi the propagation of the trigger signals through 
1he trigger logtc to tht' nnai Le\'el 1 Accep!. whicb is 13:! 10 182 crossmgs for the muon 
s~·stem. and the propagation of the Le\·ei. 1 Accep1 back to the front end pipelines. wluch 
is ealcaiateIi 10 be 6 .. croulngs. The ~esui!lng total croisings ranges betwe1!!n 196 and :!../o6. 
0r between 3.! and 3 9 ~sec. Trus IS Ihe :-ange of possible Lt"'ell plpehne len1!ths. where 
1he iower fig',ut' co:-re~ponds 10 a mUO;1 C:;':1 of SOD nsec and Ihe iarger a drift of 1 6 jJsec 

Z.6. TRIGGER I:""TERf.4t.CE5 

Le"el I Processor; CL1P't recel\'u a suo~et of tbe data from subs~'stems partlclpatln@: In 

the le"ei 1 t::1~!er The data ior t"acn :6 mec bunch crosslDg :s sent by each sub5~'stem 
e,'e,,' 16 nsee: The CL:P not onlt· ;-:".a..:e5 :he nnalle\'el 1 DeCISion. bU1 It aiioo runtrols 
the ~tart of ar,,' Le"e: ~ readou:. (h~aOlt"i !~15 readout. .nd d:stnoutes sched1.!lln~ sl~nah 
for lests and c:a.i.Lo!"a:lVns. Thert'f ..... re. a. .• .,;o5ntems. e"en those not In''oh'ed ;n lht" ie1'C'i 
1 aeclSlon. C·.al commur.Jcale "'lIn Iht' GLP 

Ail :e\'ei ! tnuer ana DAQ P!pt"iH:e~::: :nt" suos~'slems and !he GUP must be d:-l"en 
~1!h a comm(ln ci~-r" p'nchroruzec : ... ll:"t' 5SC crossin! frt'que:'!c,' This clacit is dlstnbult"d 
centt'ail~' through d:.C' GLiP Tht" proreH:nl!; oithe CL1P dee::slOn IS dn"en b~' thlS C"!:'it" 

The GL1P rece:,'es the tn!!;~er dala and all!!;ns thll data In ttme for all the sub"'stC'm5 
smce the ar:J\"aillme for the data of a particular croliing IS ddferent among 1he different 
suhs\"s1ems. The particular bunch c:rossln!!; numbt'r of a iub5~ostem's dua IS Illolcated by a 
locai hunch countcr. named Bunch Phase This Bunch Phase must accompan~' the trtgger 
data from each subs~·stem. Tbe !'ub!ntem also counts Lt'\'el 1 triggers ThIS numher. 
Le"el1 ID. must al~o accompan~' 'he tn~~er data. 

Le\'el 1 Accept ReJt'ct 
After the GL1P processtng. a dt'cision is made to issue a Le\'el 1 Aceep1 or ReJt'cl 
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the Cenlral DAQ COJltrol (CDAQC). The CDAQC also can modify this schedult' dunng 
a run in response to cha.agins deteetor ltalUS. The GLIP leDds to alllubirstems a Telt 
Ellable sisual, with the type of test to be run indieated in the Teat Trisser Ty.pe bit •• a 
fixed number o( crossings before the crossing wben the test is to be done. ThIS enablel 
subn'stems to prepare (or the test. The tests art' arranged in such a way al to allow many 
sUhsystems to do tests simultaneously. The suhs~·stems arrange let up their tests so that 
the test data will be (Oatained in the enet erosliug indielted by the GLIP Test Enable 
SiSllal. The GLIP inhihit. aonnal triggers a nud lime hefore the test trisser croSling 
10 that there will be no interference. The GUP then sends out a Le"el I Aceept for tbe 
appropriate croSling to rud. in the test data. Thil Aeeept is accompanied hy a bit in the 
Reaciout Type .et to indieate that it 11 a test trisser. 

Schematic La\Oout 
The .ehematic larout of the GLI P as 11 interaetl with a suhsystem trigger is shown in 

Figure 3. The Cloek mstributton module genuatel the 18 Glec clock and associated data 
such u the Bunch Cronillg 0 and Empty Bunch Indicators from SSC aceelerator clock 
informanon. It thell distrihutel this lnformation to the ,ub,ystems and the rett o( the 
GL1P. This module also monitors the relamoe phue ofthe accelerator clock and tbe beam 
pickup IlgDal. which Ihould remain conn ant. The Control Interface prorides all of the 
control sipall to tbe luhsynems and reaos all o( the eontrol signals from the 5ubs~·stems. 
All dlta exe-ept for the trigger data from a sub,ystem is brought through the Control 
Interface. The test scheduling and Le,oel 1 Accept are sent to tbe suhsrstem through thIS 
module. It also monitors tbe subs.,·stem oeadtime and status. The triSgft data from the 
suhl~-stems is proe-essed in tbe Trigger Lo!ic modules. Here the data from tbe \Oanous 
re!ions of each subs~'stem are collC'cted. counted. and placed ~n an appropriate fo~mat 
for correlation witb other subsystem I:1g~er data. Thil data IS lhipped to tht' Tn~gt'r 
Decision modult'. \\""ruch cont&ln~ the final logIC to determine the Le"\"~1 1 Accept. ThiS 
lo~ic also uses the output from the Co)mroi Interface to detenDlne lf the dett'etor is ahle 10 

aceep1 tbe trigger and. If necelSar~·. to cie~e:-miDe the coruct crossing to ISlue the Ingger 
Details oi the intenace helween the GLi.P and sublystems are found in Ref. ~. 

2. 7 CO~).tl"SICATIOS B£T\\"£[:'I' FRO"T ESD A:'I'D TRIGGER SYSTE).lS 

~ 
Each subS1"stem craIe on the dt'tec!0r communicates "oith the tn~ger s\"stem off thc 

detector with the cabies that IraMnut :5 ":Ius of data per c!"oumg. Each of the~e rabies 
e-ould ph~'5ie-all~' be aa optlc:al fiber runn:::1!; at I Cb s. The Calonmeter. Tradung atld 
).luon suos~'stems st'nd tngger data I .. · :;:e Global Lenl I Tn~ger The~·. atld the Inner 
Tradct'r (Silicon Suon'stem! aiso ncel"e 'ne dock from and e:o::cbantt;e contt'oi Infnrmallnn 
wah the Glohal Le"t"ei I Trigler 

All of the Global Lenll Tn~gC'r Pr0cessor (GL1P) IS 1ft Iht' countln! house on the 
surfare. 

The four differeat optical fibt'r cabit's :,etwt'en Front E::I.d S~ostem$ Crates and the 
Trigger Crates that pro"de cloe-x and rontrol are listed below. Further det&Jls about 
protocols and definitions are found In Rt"! 5. 

Subs,""stt'm Control Cable 
The Suos,ostem Control Cable conta.l~S se"eral hits that Inform Ihe GLlP about Ihe 

statuI o( the ~uhs~oslem and ItS tngger. T!lese bits ace-ompan~·the Subs~'slem lOgger data 
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and refer to the status of :he 5uiJ.5~·!te:Il at ti:e time of the crossing corresponding to the 
lrig!cr data. Suo!~·ste:n5 are not requireci:o ?fo,-ide":l of these bus. Howe,'er. the GL1P 
\'\"ii.l pro"ide the appropriate respon!-cs i{ :::C:" Are imple:nc:1ted. 

The Subs~'stem Trigger Busy Bit is ~e~ o~· the 5uhs~'$tem if in trigl!jcr system was not 
.(th'c (able to procesl the data) durin! t:'e crossin!_ The SubsyStem Trigger Error bit is 
set by the subsystem if its trigger or O.-\Q system D&5 an error ... hith is Dot recot'erable 
except fp?lliblr} by a. reset command. The 5,,'c bits of ambiguous crossing cont&in the 
number of subsequent crossings {or ,,·h.!ch the Subsystem Tri"er data is "alid. The 
Sub.~·5tem also seuds 8 bits of Subs.\'"!:e:n C:ossing X·.u:nber. These are the lo\'\"en B 
bits of a counler Ihat counts the Ilumber oi crossings sillce the Iut receipt of the Bunch 
Cro.sing O. 

Lcnl 1 Clock C,hIc 
The CLiP has thrce cables that I)!O to each Subsystem Trigger. The CL1P Clcck 

Distribution module puts its output on ~:'e Le"eI 1 Clock cable. and the CLiP Control 
lnterface sends OUI signals on the Le'"ei ! Control and Le'\"tI1 ~umber cables. The GL1P 
Clock cable contains the 62.S ~IHz clock. The Bu!!.ch Crolsinl: 0 Indicator i. let when the 
clock period corresponding to Bunch Croui.n~ 0 i, ruehed. The EmpIY Bunch lndicalor 
bit is set ,\'"hen the crollin~ correSpOnc.i:o an empt~' hunch. The 62,5 :\IHz ciock. Bunch 
CrOSlt!!.g (J and Empty Buneh Indicator are continuous &.:lei ::.ot interrupted. 

Lc"c! 1 Control Cablc 
The Le"eI1 Control cable brin~s the :':'I.1!!er to the subs~'ue:n £rom the CLiP Control 

Interface. The Test E:iabie bit :ndicate!:~at thc CL:P has scileeiuled a particular test of 
The t::;>e :ndicated b,' the Test T:igge-r T';?e :,:t5 to taxe ?Iace a fixed number of crossin!!!> 
hence. This number of crossin!! :s nxcc. :or each test tri!ger ~::-pe (and cay be- the same 
for allu'1l!ger t~'peSI at the be!=-nntn~ 0: ::.e run and do",nloaried to all Subsystem tngger 
anei OAO !,·uems. The three Test T::ce~: i":Je htts arc set :v the \'"alue lt1\'en wun the 
Test Ena'bl~ biT when the Le,·cl 1 Acc~?' I! :~!ueci ior The scheculed teu- trigger. Thi! 
:s done SU fubs:",s1e:ns wiil not r.a,·e tv t:"re the Test Tril)!ser Type btu for subsequent 
application ,,'hen the Le"ell Accept is :Huea (or the test e'·ent. The two bhs of readout 
t~'pe eqt.:ai 0 If the e,\,ent is a nClr:nal Le~'e: 1 ,\ccepT. 1 (or a Le\"ell Accept not &5sociate-d 
\'\"uh a bear:. crOlStn!., and 2 !~r a Sd:~c:';';eci Te~t E·.-en: 

The :wo bits of T::II!!er t: .. pe an' (J ;:" :r.C' e':~CI I!> :I,....,rrr.L i.C',·C'i 1 Accept. 1 {or a l~':~l 
1 AcC'ept :luI auocll:ea lr.::-. a ~t'am C:·. n:::'~. and:! :or a ~c:-.eo.:.tjed TC'st E,·ent. The two 
bl:S .~f C:ul!t:ng Ambll!:1l1" :~ci.;cal~ :he ::·.:.t:.:Jcr ('.j s ... l:af'{;uer.: c:-,·~~tnl!!:~ 'hat the- Le\'e! I 
Arce-p' :~:-~:! 1(1. The Lt"vei 1 Re~f'T hlf c~':!!t'! :hf' :he- 5·;~!'·s:e:r:. T:i~l)!er Ind OAQ:o hf' 
~e: TO' well·de:ir.ed f'm':)'" state. The lCYf'i : Acre?t Of ~et .. ::.f' .eao.lnl f'dl:e of ihf' 6:!.5 
:,IHz cioci.: The- levei i Accept :! I :e-"e-. 'ha: a high !fJr L1 C:ClC., c~'cles- 10 he meuure-a 

Lt"rl 1 "\"-pr" Coj;c 
The le"ei 1 :\umber Ca:,le c~·r:.~f's ;":"::: :he CL:P Cur.~;c>I btcr!ace. The le"f'l 1 

10 number :!':.crea.ses In:h Ihe :is;nt; eo.~e .. : each Le"e; : AC'ce-pt 51ar~in~ "'uh 1 at the 
bf'rs:nm::.! u( Ir.e run. The !OwrH '~rc.~:- ~ :':lS ot tn.:s ... -:.:.~:'er are Sf'nI :0 subs.'·slems 
10 che-cx that Ihe GLIP has iuurd Ir.e ~ome number fJf Le"el 1 AcceptS as hal"!' bun 
rf'rt'l"e-a b,· ~hf' lubsnler:l. The! Ol:! ,.j B ... r.ch Crossu:1l :"umber mdicaTc ,'\'hich the 
lowe!'t ord~r ; bITS ~f Ibe c:ollin~ r:u:::.~f':- :i:.lt shl..uld b; taiten ThIS number ,hollia 
l~rH' ",Th lhe bun6 crOSlin!!: ~'.lr.lhf'r .~: ~:".e o.ala a: t:-.e f':;O of tl::e pipeline \'\"hlch the 
Le"f'l 1 Acr~?t Rt'jen IS :'f':e::':l! \u I: f':'!:t':' .. f :::'esC' chf'cio:! :"aih. thf' sab!:"l1eC'l shu·.lld 
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request a Le,-ell Reset by settiD! the Trigcer Error bit. 

(. 55J 
3. Loyei 2 Trigger 

3.1. I:ofTROD1:CTIOS 

Thc Lew 2 Tri,," i. used to reject eGDT'CuiOD' br matching silicoll trackin(l! infor, 
mation with outer tracker information and calorimeter i.olated electrons. The ailicon 
trackiq; i. allO used to find 1K0Dda.r:r "ertice. in jell. rejectillS eYeDt. which haTe rela, 
ti ... elr 10W'''1 jet. that pUlC"d. the LeTell. and lack 1K0llduy nrticcs ... "ell as any other 
di.tin~u.ishiDI features. The Level 2 Tri!ser allO uses the full shower mu i!!.formation 
to imprGT'C the electron isolation cut. The Lnel 2 TriAer matd1cs track. in the muon 
sy.tem wilh those ill the trackillS I~'stem to sha.rpen the "r cut. 

The LeTel2 decision iI.uppoaed to achie,'e a rejectioll factor of bet weeD 10 and 100 in 
a series of pipelined .tep •• each of "hieh dOCl not exceed 10 J&RC in duration and the sum 
of which mar Tary hetween 10 and 30 J&Sec iD lateney. On a~rase the Level 2 i.sues a 
deciaiOIl eTH)" 10 J&He. The Le~l 2 decilion UHI flexible and prosrammable algorithms. 
The huic eTeDt Hlectioll is dOlle by jet Uld l~toD identification and geometrical or 
topolopcal conelatioll', 

3.2. L£\'£L 2 Sl'8S\'ST£'-lS 

Silicon Trackine 
The Silicon Tzackinll Le"el 2 Trille-r is described in deta.iI iD Ref. i. which is summa, 

rized bere. The Silicon tracker fint attempts to recolniH rerions of interest b,. means of 
a "coane SCUl-. Harin~ esta.hlished areas of the two-dimensional spa.ce likel:,' to f'ontain 
high PT tracks.tt performs a second."fine scan-. in which lhese areas are eXam.!ned "'llh 
the full ~ranularit~ of the silicon deteclor. This allows a hi~h preciston measurement of 
the tr&DI"ene momentum of those tracks found by the pattern recognition. 

In Ihe coarH sean tbe data from lhe barrelrepoD is tabulated in 1920 bins 1D~. which 
corresponds to a distance of 0.6 rom Cia lbe circumfenDce of the innermost silicon detector . 
Thi, bin size i, choseD to apprOXlmaleh' milch the Q sranula.ril:" of the calorimeter and to 
keep the Dumber of inputs to the proCeslOrs to a maa.aseable number wrule mai!!.ta.ining 
lood resolution in tranl\'"enc momentum. A t'l'l'O dimensiona.1 table i. formed hy combinlDl 
the.e 1820 bin, from Slayers ofthe libcon ordered b~' iDcreasiDI radius. In thiS tablc hi~b 
tr&DI,'erse momentum tracks h'''e a ,·en.· small or zero "ariauon iD 0 bin as a function 
of radiul whereu I"w PT nacks bend cClnslderably as the~' pus lhroulh lhe eight stllcon 
layers. The triller proCeSSOrs are de,,!ned to recolnize the palterns of aacks ",ilh a PI 
Irelter Than 13 Ge\'. c· .\n almost Idr:1t1C'al approach is used for the end'cap modules of 
the silicon detector. except tbat ratber tilan fillinl! a ta.ble of" ntsus radiUS of tht' Silicon 
la\·e-r.11 construcu a table of 0 a~&1nil: The sa.me granulann' In 0 tS used a. for thC' 
barreL A!!:&lD. hi~h tranSTetle momentum tracks ha,"!' a small ,'anatlon In 0 as : chanlcs. 
whena, lo\'\" PT aacks cune cO!!.!tderabh·. The pattern re-cOl)!nJt10n problem 15 there-iore 
exactly anal0lou, to that iD tbe barrei once 1he : "efSUS 4> table has bH'n conltrucled. so 
that identtcal triller processors CUl be used. 

In bOlh the barrel and eDd cap mooules Tbere is I further subdinsion of the data 
in htnl of pleudorapidity ". The,e btns correspond in lhe barrel to the len~lh of sihcon 
\'\"Iien bonded together to form a rudoul unit. Thil is eilher ~\'\'o or thr« wafers. TblS 
" subdi"ilioD i, .omewhal coarser than that of the calorimeter. but ,bawd still allow 
satisfactory matching of tracking t!!.formatlOn and energ~' de?osition. 
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£ro~~~: ~:~~e~:: ~~l~~: ~~a:~:: ~~:;~e~;~~:ne:~:5 ~~: ~~ehicto~~;rC:~:::~s~~ ~~~~:~~~~ 
optic&.i f.bers" .Ih~. 01,;lput d :he ?roceu~:s ",-ill be feci to tbe @:Ioba.l ie,-ej 2 :nl!ge! 
processor. \'rbll:n '\\"1.1": co:nb;ne tl',e 5Ili(o:1 tngge: cia:. with that ::om other ~eco:;c!. lr\-ei 
tr.gge:s 2.!).a Cit '\\"Hh :::It !e"el C&1a i: :~e ccm?onent in Question does not cor.!~:''.lU~ to 
tbe secor:.d :e\:el. An interiace card ln, eac!llrigger processor crate will coi.lec~ the tngge: 
proceSSCIt cua outputs and Corwa.rd tncm :0 tbe globallcvel 2 srstem. 

Irackinlt. Shower ).Iu. &nd Calorime!:'; 
!he :niorma.tioc !or use in Len-r 2 ::om these s:ntem is described in octai; in Ine 

section on,Lc,oell aud is summa.rized hr:e. Tbe Calorimeter Le,-el 1 Crates send the:r 
stored ,S.hlt electromagnetic and hadron:c energ:!o- sums for the .1 x .1 trigger lowers 
Corwarc 10 the glohal le"el 2 processor a;~er a le"el 1 accept. The Tracie. Sbower ':'lu 
Crates send stored sho"'er max ruts IS '1 hins of 3~ 0 bits apiece = 255 hits) and track 
inform~tlon \32 .0 h!ns with -1 hits PI = 1:!3 hits) in 64 1.5 '1 x 0.20 regions to the second 
le,-el tn!ger. This gn'es an '1 granular:t:; ci 1.6 for the tracil.er and 0.2 ior the sho''!"u max. 
&.5 well &5 a C granula.rit~- or 6.25 mtan !or bOln. 
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Item Cost d,S) Conting (KI) IOlal (KI) 

Lt"el I: 16.;!! 5.139 21.;20 

C~orimeter 3.755 1.164 -1,920 

':'Iuon 4.393 1.361 .l.iS-1 

T:ack :!.5!:! 893 3.;j5 

Silicon 260 81 341 

Global 5.~90 1.640 6.930 

Lc-'\'eI2: 5.705 1.i70 7.476 

CaJonmeter 674 209 883 

Track ~6-i !2 346 

).luon :!6-4. 82 346 

S::icon ~.:~1 55! 2.jjO 

G:ouai. ::3!3 739 3.12'2 

TUIL Ll-L2 . ~:!.:!~7 5.909 29.196 

-I. Cost 

"",.1. ~IETHODOlOGY 

The cost Cor the trigger system was ca:.cula.ted hy delermining the numbert of ASIC's, 
boards. crates, and cllbles. Each electrocics board was costed at 2 K •. with 1.1 KS Cor 
parts, .6 KS Cor the board. and 3 KS ior assembl~·. Eaeb crate was costed at 10 KS. 
with 2.5 KS Cor hardware. 2.5 KS Cor powrr supplies. and'; K' for the crate processor. 
Fiher optic links were costed at • 300 per :ink with 35% contingency. ASI.C·s and boards 
1'!"ere dh-ided into "easy" and ~hard" ca.te!ones. Easy desillns were esumated 10 take 
1.5 man-~'ears oC engiD~ring time. Hare designs wrre estimatrd to take 3 man'~'ears oC 
engineering lime. In addition, nch ma:::.-yrar oC en~nee-ring time was assumed to also 
use a man.Tear oC technician time. as weil as 20 KS of expenses for tra"eL supplies and 

compUling ~j.e. CAO). 

-1.2. l"\:TERFAC[S 

There are a n'J.mber oC boundanes I:: ::.e cost rc-sponslbwtes betwc-en tne tnggc-r and 
Cronl end eiectrorucs s~·llems. These nan :Jeen e5labi..isheo In jOint consuitation ""nh fronl 
end eiectrorucs ~roups. For centru a.no =:-.;.1on traclung syStems. the segment findlllg 15 

cosled WIth the irODt end eieclromcs and ·.he segment lInkln@; and all that CoUo",·' is cOSIl"d 
... ith the tngger. For calurlmetr~·. the iruI:.: end electrorucs cosu all lIeneration of the 3· bll 
na.droruc and c1c-ctromll.gnetlc lums anc 'r.e : ngger pars for the optlcal unk to brln~ I he 
da.ta up 10 tl;e counllng house. Fur lr.t :wundar'· bel ween Le"el 1 and Leni ~. LrH; : 
pa~-s Cor ::t~ l:ansm.;UlOn oC the 01.11. :" ':;e Le"~1 :! Inleriace card (lncludlD~ crate ana 
bad'pianl" wnlje Le"l"l :! pays ior Hit ~ .. :c For Ihe boundar,· bc-,'II""l"en O.-\Q and Irlg~l"r 
the I:'l.!!e!" ?an for Its craIe ar.o ?r.-.('I"~~··: cards. while Ine O.-\Q pan C(lt 1.:1 the bn .. < 

thai conr.c-c: ~0 Ihe procenor carn~ 

-1.3. SOI\1-\R'J 

The follo"lnng t&ble hits thc- CO~IS ioi;\~""1n!; the mI"Ihodolo!i:!o' and mlerfaC"l"s dl"'cnbed 
In the pre\"lous two sections The dc-l&.IieQ CVSI brc-akdown II cont&.lDed In Ref 10 
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SDC Global Leyel 1 Processor: Clock & Control 
'Y.R. Smith. T. Gorski. J. Lac~ey 

Fnit,t:rjlty 0/ nOiHon8in 

1 Introduction 

The Global Le,oell Triner Processor is the al!,'ice that collects ti:.e Le,'el1 Trigger data from 
the subsystems, distnb~!e5 the Lnel 1 Accept and 16 nsec c;ocK sisnals to all subsysterr.!, 
and controls the o\Oerllll operation oi the Level 1 subs~'stems. Thii document descflnes thco 
function of the Glob&1 Le,oei 1 Proce!!or, its interface to the Subsystems and its ph~'sical 
layout. This document QutlInes in spe-clfic cietLiI the functions needed for clOCK and control. 
It also outlines the deSIgn ot a module that will simulate the function of the Global Le\'eil 
Processor for use in Ihe de"eiopment of Subn'stem front enD e:ectronics. This document is 
preiinunary In that man~' oi Ihe deSIgn fe&:\,i~C's it is predicatl!a on ha\'e not bren officiaH~ 
accepted hy the SDC EIe-caoRlcs. T:i~ge-r. u.d O,-\Q working g:Q\:ps. Part of the p:;rpose uf 
thIS docurr:ent IS 10 prr-~r-r.t tnese il!atu:r-~ to sllmuialt" auc'Jsslor. ie-ading to a aetermlna:l0n 
,A I hr- deSign oj I he Le" r-i 1 T ~I!-!t"r ~:·He-;;: 

2 Function of the Global Levell Processor 

2.1 Overall Data and Control Flow 

Tht' G:obal Lr-I'e-! : p~{ rew·: GL:P· :("~e:\'e~ a ~"a~el vf :~e -:a:a trorn S'Joso,~:r-rr.~ par· 
:IC1~allng ;n :he- lr-\'r-I ° ':-:s;:!!:e-:. T:.e aa:a :·c·: e-ac:. :6 :-:seC :';:-.'::1. c:ou:ng :s fe:J.t ::,\. eac;. 
!t:o!vsa:n r-I'e-:\' ~6 nsf'C a~a arr:,'es al 0r.r- :~n1.:1 (,f I;;r- GL:P ':Ir-jore 1~2 . :6:.! C:OH1::1[~ 

!:a\'r-' r-ia?sr-c ~I~.ce d'.t' r-":e-:l! occ';~:-r-J T~.e GL;P :HUr-S a tt"e: 1 Trl!!r-r -\cct'p, Rr-.~~: 
.: la ou:?:..: ~J:!':~:? ~.:~c .. C;·::'H:r.!~ a;':er '::r- '!' e:J.'. (\CC'J:~e::. T~e ::r;olng IS dac;.;,~~r-d::, 

eetali In :e: i T!:r- ('LP : . .;>~ or .. ~ :::a..:e-;, :~,e ri;: ... :r-\'ei , :r-c~.vr, b:.H :: a;~,) 1>,.r.I:<.r:; 
·~.e stan ui 1.:"1'. 'r-\t'i . :t'ac • .;:. C::ia!J,CO- ';:'~ :'·ac .. .;·. a:,c .: ~:;-10:.o:t'S ~cnr-~l.:.:;r:1[ ,:1[:'.:1,> 
i .. r :t'su a:la (a;l::':a~a·:,.< T:t':efo:e. a .. -:':J,·,'s!r-rr.s. t'\'t'n :::"t' :;0: :I,\'-,,\ed:r. I:.r- .eH·, . 

\:: ~t'\e:: :~:c;,r-~ a;:~ l) \,,-? iJ:;>co.:r.e~ ': t' :t;O~·,He!T.~ l:-.C t~,e GL:P ::tU~: ~t' C,:\r-n 
\\,;Ih a C(·rr.~(·n l:UCi. .\·::c:.:'~.!lr-O :.) °r.e ~~C cm~<lr,t: :rt'eur-:,.C''' ThiS c,uci. 1~ dl~:~':>I,;~r-" 

.r-Illca.;'. :f::our:b '::co Gl:P Th:~ c! .• c..:.~:.l :a.co i~)(''':t'd:o l:.~ '~.t' ~sc macr.:nr- c.C\Ci.: all": 
na~ iI i6 nst'c ('.\C:r f!le dOCK ;~ i':I1::1 :,.~ ~ ':: ; I.!r-C ana 10\\ ;c·~ ~ :::: 1 mec. The- ~:OCr-Hlll!: 

.,f Ihr- GlIP Cr-cl!I(·n:! Llr:\'r-r.::.y Ih:~ (': ct'. F(·r :e~::r.~ p· .. ::l"'!r-f. 11lr- GliP u~r-!B:e-~ ·)r. 
Its 0\\ n ;n:e:nal CJuci.: \1 .'1;C:l can oe ,ar:r-rl :n :·:e-out'~.c\· froIT' .• " '1Hz :(, I KH.: 

S;.:b~'·51err.~ ship Ir:I['!=t'r da:a ta d;t' l.L? t'1'r-rv ;03 n!r-c \.: vf :r.e aata rr-lr-\·ar.t 10 Nl~ 
rrOSSlnt::f sh;ppr-d:n r·nt' ;'5 :l~r-c ::~r- !)t':: .. n .\:1 ~I,;o~ysle:n~ ':':':t.:SI !r-nd :hr-Ir aata :'J !hl' 
GL;P ~o lnal LI U:'1\'f'C >t' I~e GL:P :.?',' ··:;;In:!.; 15 /Otr-c aftcor ~r.e cron.n! "cc'.;rrt'c 
a' Ir.t' In:r-rlctlon V',l:;t. :::u::.~qlem~ .:-., , : -t':.ci tr;u:;r-: aa:a as ~(\(\CI a1> II is al'allabit' anJ 

• \0 mere Ihan 3 Le\el I Accepu per 1 j,aec. 555 
• \'0 more thaa 4. LneJ 1 Accrpts per 4 j,.Isec. 

Thr-v determine thu the total con ior these rules is iess than It;( &t a Lenl 1 rate of 
~oo KH'l and ll,5~ at 500 KHz. 

2.4 Trigger Control 

Subsystems .end trigger conuol information to the GLlP. This includes a bUIY bit to 
Indicate- that the lubs~'stem lrigser did nOI prOcess the e,oento busy bit to indicate thAt the 
ulbsntem DAQ cannot read out the e\O"nt. a fa.tLl error bit to indicate that the lubl\'ltem 
tngier h .. bad a fatal rrror &1ld a triger d&ta error to indicate that the IIlblyltem trigger 
data ma~' be corrupt. An example of a trigser bUI~o ... ould be a ruet procesl that bAd 
not been compleled, We must a.l.low for !ubsY'tems that cannot complete a LeTel 1 Reset 
tequrnce In a sinsle 16 nsec Croillag. The trlBer busy bit pre,oents a Le\'ell Accept being 
Issued 10 a lubs~·ltem that must use K,'erti crollinss (or a re.et. An example of a fatal error 
\\'auld be a disalr«mrnl bel wren lhe Le\'ell triurr numbrr counted by Ihe sublystem and 
the numbr-r srnt by the CLlP .. \n e:umple of a lriger d.la error ,,'ould be either a parity 
d:ecir. faill.:.re or anolher t~'pe of inte-rnal data chf'Cking failure, The control information also 
!r.dudes tr;e suhsystem's (fOising number ulociated wllh th:s aat&. A.ll subs~'stems acth'e 
dutlng a run must sen a lhis controi .r.f\~::nallon to the GL ~Po '·,'helher ar not lhey send 
aala u50ed ;n Ihe Le\'f'l 1 dects;on 

2.5 Tests 

The O?e!'a:ion ann ,chedulir.( (Ii I"St' d~~:::t a run are controi:e-o b.\" the GLi.P .\ schr-dule 
.,f a;! :t'~:s tu ::'e rU:1 :5 c.vwnioaded :u ::It' GllP before the o~inr.:ng of a rul'l by the 
C'r-:ltn. D.\Q Conaol CDAQCi. The- CO.\QC aiso can modii~· :0'-111 scnedule dunng a run 
::". rr-sp~·ntr-:o cr:ang:r.1[ Oetr-c:or s~atu! i~.e GL1P ~enaf:O ao; suosystems a Ten Enablr
,;~r.a ...... ,:.. :te t~'pe oi le!1 to :>e run ~nC;cGIr-a:n d:e Tt"it T~lg!;r-r Type oit!, a nxed number 
.Jf C~OUH~~S beiore the- c:05ftr:~ when ::le :r-!I lj 10 be cont'. TroIS enabir-s ~Uo$~'stems to 
preparr- :(.: :he teU. The tr-sa a~r- a;ra:::r-n ::; ~l.:.ch a wa~ as I.;> ailo\\ rr.an~' subs~'fle-ms 

'oJ 00 !t'S:f ~:rr.:.li:an"~~u!;\'. T~.e- sub!\·!·t':'!':.-~et U;) :bcl~ !e-slS ~v thaI tht' !eSI ca,a \\iil br
((ontai~eQ .:1 '!'.co exac! c:on:::! Ind:ca:ec :::: !:,co GL!' -;f'~! E~aoje S;!nai. Tl.e GLIP 
:-.:,;o;:s :-.,"'::'I.a. :~:~!r-:s a f.xe-a ~;mt' :)e:-.. :e 'r.e- 'r-~I ::I!gr-r C':("s!,ng !(. thaI Ir.e:e- WI;! hr

° '.I::t":·r:t'~ce T!':t' Gl:P :b.t':l 'r-n~~ ',' a It'\~i .. \,cr-o· ;'.,r lr.t' a~?rniJrlate c:"'~~ml[ 
.0t' .t'~: cia'" T~.:s .\CCr-:H 'i'! .. t:r'~""l1:.·"<\ ~' .. a ;.' .:: 'ht' R,.ac::< .... t T'.jlt' 't"l I" 

¥ • ..::ca.: t' . ..... ':. a :f'~: ! :-:g!e: 

2.6 Schematic Layout 

T::t'iur.c:. :,a. ":J;(.1''': c:at::am .. : :ne GL:? <I •• t :!,le:a('ts 1I'::r. a ,ub~.n:r-!TI If:~gr-r IS shown 
.n F.~· .. :e: Tr:f' C:~'CK Dl!lr::'\,OIIO:l .;."ci.: ;t'~.f'atr-s 1:'11' joj ;':st'c doc;' ana aUf.lclaled 
da:a ~I,;r:. as ::-.e n\.::".c~ C':oulr.! I) ar:o E:;.:lll 8:.:~(h ba:ca:.::.7$ :'rom sse accelr-rator clock 
;:!,'r:r.a:1V~ I~ :l'1con u;Hn;'l,;:es t!;:5 :n;.'· .. all ..... :;:o I!",t' ~1.;!l~\!·err.t allo lr.r- ;f'Sl dt!'e <..ll P 
[:-:15 ':>:oc" a:,,) !T.·'nl!~~:~ :::e ~r-;at;·,t' ;)."?-e ,·f '~.r- arcr-je,a: .... ~ C;(\CK arod lnt' f't'am P!C'~:J~ 

-;I!'.ai ·.Ir.:C:: ,:1c,u:ci ;l'~a::1 cO:l!:a:,l --.11' (.,:;::(0; 1:-.:r-r:·l.ce ?:(\\'Icie~ a.i .:'; the ('vn:r<,; 
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not del.~ .. sendin~ triner data (or the purposes of s~·nchronization. The SUb5~'st~m5 must 
send data continuousiJ.· II!"-en if tbey are being read out. 

The CLIP recej,"u the triger data and &ii~ns this data in time (or all the subsystems 
since the .. m\·a.l time iar the data of .. pllnicuiu cto55in! is different amons the different 
subsystems. The puticuiar bunch crossinS number of lllllbs~'nem'l data is indicated by II 
local bunch counter. named Bunch PhiUe. This Bunch Phasll!' must accompany the tfiger 
data £rom each luosJ.·stem. Toe suhsJ.·uem also counts Lnel 1 triggers. This number. LI!\'el 
lID. must also &ccomp.n~· the trigser data. 

2.2 Levell Accept/Reject 

After the CLIP processins, a decision is maoe to issue a Lnei 1 Accept or Reject for nch 
bunch crassins. The GLIP sends the Le"el ! Accept Reject to all subs~'stems 132 ° 182 
crouings aiter the bunch crouinl, This si!nal appears at the output of the CLlP, The Lnel 
1 Accept Reject arrhn at the subsystem aiter additional dela~' due to the propalation of 
tbe Le\Oell Accept Reject £rom the GUP. The LeTel 1 Triner Accept is a Level that is 1 
for accept and 0 for reject. Tbe Le,'el 1 T~gger Reject is a Le\'el that is 0 for accept And 
1 for reject. These are strobed by the ciocic .-\ signai called -datA nlid" aho accompanies 
the Le"el 1 Accept Reject. This signal is used by some components to generate a Le\'el 1 
Strobe, Data "&lid :s iow after a Le"el 1 Accept for the lensth of the pIpeline propagation 
time. The Le"el 1 Accept Reject stgnai is also accompanied by additional GLl p data. 
This data is not necessanly prop&~ated !<..~ all components oi a subs~·stem, but IS used as 
a diagnostic h~' the cennal procening of a 5ubsyslem. The aata includes dala \'alid, Ihe 
Bunch Phase, the LI!\'ei i 10, and sr-"r-u; cia of -readout t~'pr-". The Le"r-l 1 10 counts 
Le\'el I Accl!pts. The- 0;15 of ":e-adoul 19t''' a:ioJ\1 InformatIon 10 br- sr-nl 10 subs\ sIems 
that ma~' ~eact diR'e-:e:-:t:y to oiR'err-nt :rJggr-:, Iypt's 

2.3 Ambiguous and Overlapping Triggers 

If a subs\'s:em cannol Identify data WIth a panlcuiar crOUID!. :t sends Ihr- oala appllcaoir-
10 a numoe-r of C!'OSSitlI[S with roach crOSSlnl[ With a o:t to malcate that Ihr- cronmt: IS nol 
identified. The GL:P h-as the abHay to scar: ,)\·e-r sr-Hrai crossings, eX&mlnlng the- aa~a from 
all the Sub5~'stems. 10 match up data strelchin( o,'er se"eral crOfiln@:s wlIh nata Identlf~'ln~ 
a slngie C~Of5lng. ThIS u used to lat'ntif.\ a Unlt!ur- CraS5lRg fN r-n'r\' Ll Accr-pl SubS\ ~Ir-m~ 
determine- :he num::,r-: .... i ouncn cronln!~ : ..... ~:vrr- upon r-ac."" Lr-"d 1 .\ccept Thr-re IS l:le 
p')ulhiLt~· ~::at we- car.not unlquel~ laenl;:'·,' a C:'o,une irom :r.e :ngler aata oJr Ir.at \\t' ;na\ 
ha\'r- IWO Lt'\·r-i L ACCt'Pl~ ""\lhln lhe mt'a§l.l~r-mt'nl :lmt' span of some sun~\'s:t'ms F,~ilo\\m~ 

Dorr-r.bosctl. BOliO. Fr\' and ),lilnr-r' 5:5CL·J1~ \\1' aennr- the If'lei t Accr-p: a, a i~le! that 
IS hl~h for ail doc~ C\C,es to be- me-uurrc T::co lelr-I 1 ID :s mcrementr-a un lhe r;Sln~ 
edge of :he Le-"el 1 \ccr-pl. For I!acn o\r-~;a;);>:~g tng(!:r-r. tne- le\ei r .\ccepl ~Of'S !,~I\ fo~ 
half a cyc;e-, and whr-n;t goes hi!h a!a1;l :::~ If'\·el I ID IS lncremenlr-d To altempl 10 
limit o,'eriapi as mucn as pOSSible, \\r- ai~o fu.;uw Inelr ruir-s ior minImal spaCln~ for lco\el 
1 Accepn 

• :"\0 more than 1 Lr-,'el 1 .-\ccept pt"r :'1,J me(' 

• \'0 more than 2 Le-\'el 1 .\ccepts pcor :60 nsr-c 

tabl. r: C.~BLES FRO~I SrBSYSTDI TO LEYEL I TRIGGER, 

1. SubaYltem Tri .... er Control 
Bits Data 

1 Sublystem Triner Bus:," 
2 Subs\Ostem Data BU5\' 
3 Subs~'stem Tnuer E~ror 

4-8 Ambisuou, CrossillK 
9-16 Subs~·stem Crollin, :'\umber 

17 Timtnr. ~Iarker 
2. Subsystem Tri ... er nata (There are levera.l of then usually) 
Bits Data 
1-16 Relultl o( Sublyltem Triuer Calculatian 
I j Timing ~farker 
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.isnall to tbc .uhlysteml and reads all of the control sisnals from Ihe sublystrms. AI! 
data ucrpt (or the trigaer data from a subs~'stem is brought throush the Control Interface-. 
Tbe lest IchedulinS and Lenl 1 Ace-r-pl ate lent 10 the subs~'nem lhrough thu block. It 
alto monitors tbe subl~·stem de&dtime- And status, The trisser dala (rom the subsystr-ms 
is processed in the TnBer Losic hlock. Here the data from the "&nous reSlons af each 
sublrstem ate coUrclrd, counted. and piacr-d in &n appropnue format for corre-Iatlon with 
ather lubsystem tricger dAta. This data is shippr-d to the Tri~l!:er Decision Block. which 
contains the fiaal 1000c ta del ermine Ihe Le\'el 1 Accepl. ThiS lOgiC also uses Ihe OUtpul 
from the Conlfol Interlace 10 determine If lhe deteclor II &bir- 10 accepl the In~l!:er and :f 
necelSar~', to deternuor- the correct croulClg tv 15sue Ihe Inl~r-r 

3 Global Levell Processor Subsystem Interface 

3.1 Communication between the GL1P and Subsystems 

Each .uhs~·slrm crate an Ihe drlrctnr commUnicates "'lth lhr- lriller system aff the dr-Ieclor 
wllh the ca~les listed lD Tables 1 and 2 Eacn cab~e Iransmlts :6 bits of data per croSSIClg 
Each of these cabies cau:d ph~'slcail~· be an l'pllcai nbr-r f\:.nn;n~ at 1 Gh! If. fc.r r-Xllmplt' 
10 fihru Ire- requlte-d:o onr- subs~·str-m. :nen Ihr-re could or- onr- cable \Ihlch \\ouid Lt' a 
bundle of 10 fiDr-u. ,\nothr-r Impiementallor. \\(,Uld or- to use con"entionall;',palr -\nt.r-\ 
cabie. tran!lmittln!; ;6 bIts of da1& WItt: a l1:mng marker. Qr strobe. as thr- 1 ;'lh bl1 Tnt' 
CaIOnmf'lf'r. TracK;n~ "Cld \Iuon s'JOS\ slr-m~ ~t'na I nc.~er dal" :0 Ihr- G:obal lr-\'r-J 1 Tour~ 
Tor-y, ane :he- Inr.e: T:aclter (SIlicon ~'.Jo~'·llerr. aao re-ce:"r- lhe- Clock f:-om and e:-;cn~nll' 
controi uiormauon wlIh the Globll It'\r-l I T:~g!!:r-r. The- r,umoer of cratr-s ior traclI..nll: i~ 

taken from Ihe st~aw!l option. If "e s'.\lldl t,\ :hr- Ji.br-r tracler, then thIS number oi (rarr-~ 
ma,' decrr-"se to ~~ 10 malch lhe caionmr-ler 

'.-\11 of thl! Global Le-"r-ll Trigsr-r Procenur GllP· is off !he- detector. In the cf.lun\in~ 
house on the suriace. Tabie 1 IislS :ht' cili:lle~ requlfed to 1:lgger Information from the
calOrImeter, muon and track.ln~ S~·SIr-ms I" Ihe Globai le\f'1 1 Tflsger Crate~ TaL,r ~ 

hsts the cables nr-cessar~' for lran$mlSlIOn vf trl!!!:e~ Inforr.1aIlOn :~~ the calorlmr-Ir-r 
traciong" and slhcon s~·5tems. 
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T.hl.2, CABLES FRO'! LE\"n 1 TR!GGER TO St"BSYSTB!S" 

, 3. Le"'eI 1 Cloek (from CL1P Clock Distribution) 
Bits' Data 

1 62,5 :'.IHz ciock 
Bunch Crouin~ U 
[m~l.\" BuncO. Ir.a:(atar 

-I-i6 Soare 
4. Level'l COntrol (from CLIP Control Interrace"! 
Bits Data 

2--1 
1-6 

Reaoout Tv~e 

5, Le,'~1 1 ~umber (from CLIP Control Interface) 
B;:~ Data 
;.. i.~'.rl i. lD 

3 Hlen P::iio,'~ 
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Imbil!uous crassln!!: gl\'e a ran~e of u? .),.) ,1uec. which is suffiCient for the WOUI concei\'able 
tIme rC'Solullon. 

3,2.4 Sublystem Croning ~umber 

The Subly~tem also send~ S bits of SuoloYHem CroSllng ~umber. Thele are Ihe 10 ..... ~11 S bi:s 
of a counter that cOunU the number oi,cronln!!is since the last receipt of the Bunch Crossing 
o from the CllP. The CLIP check, thu cou.nter for sequ.ential incrementing. except .'hen it 
IS r~s~t to 0, The Subsyuem CroulDg :\umber is al,o u..ed 10 aii!!in the \'arioul lubn·.tem. 
wn,h the GLlP a,nd other Subsystems. Each cable of Su.M~·Stem Triner Data al.a 'ca..rries 
a IImins marKer In Ihe 17th bit that acts to Hr<.lbe Ihe dala, 

3.3 Subsystem Trigger Data Cables 

The Subl)"ltem Trig!!ier Data cables carr'; 16 bits of data a.long with a strobe tn th~ l:th bit 
to the GLIP, The CLlP u.les tbi. data 10 make its triuer decision. These 16 bits of data 
(arr~' 1he resul11 of subs~'stem triuer caiculations. Details of this information are found in 
rei. 1, 

3.4 Levell Clock Cable 

T:,~ CUP has lhree cabin that !O 10 I!ach SubsYH~m Triner, The CLlP Clock Distribu ' 
':on ~uu:tS outpu.t ,-.n tne level I Cc.c;;' Cla;~, Ind the Gl~P Cuntrol Ir.terface senos OUt 
~1~na.1 on th~ Le\'~1 ~ C .... ntIc.i and l~\II'; 1 :--':umDer cables. The GLlP Clock uDie contains 
:~~ 62,~ )IHz CIOC;;' T~.i~ ~:~r.a.j :~ a ... r,:H:u(ol.OS;" un diffrren::aj,ECL 16 nsec ,,'cie ~iln&l. 

; :'~~:~n;.:f::':~:0;,~;:: ';.:~;:,~~::~~~"+,':,lj;::~:~ ';~~:!.:~~~~~~:~~: :};::~;~l::!:~~ 
:tj -:: U,5 r.5I1'C, Ti.:s r::ra:".s :ral o\'e~a;i =>' a~1! .. C:,;u';I:n~n:s to :r,e :<.achlne c1oc;' \\'Iii bco made 
:r: s~eps o[ leu than "~ ~,~~c T~.~ P:'I.'I! ~:n~:encco betw",:! :::e ti2,5 'IHl ClOCK ilnd the 

;'~,::~\I~; :~~;~~~~ ~;;~:~~~e;:~loc::~':: ::.:~';;'~: ;:;~:~~:~ cO~\~ '~: ~:~ ~o~!!~~s~,~::nrnt~!~~nu: 

3..1.1 Bunch Crossing 0 

r· t" Ol;:",C:-. (r0s,,:::" ;~,.'e?:. 

rl[ .J :! ~"ac:Jec T;,,·?. .: . .:::: C: ,. 
';:l' l,ve .. ::>en.)G. ",::~.~< .. nc::.l[ \,. B'~!";c:: C:(,~~, 

- :,·:".:".~d ::-: ::~e :::;'11' ':0,):c:~,a:t·~ ':- :~~ Le\e: , 
\,ct'';l' 1:1, r::ta;,. '~.'!' :"C" t" ":;I: ,- :<fued ':i~ ';t' C::P e:'l.a(:' :3::! (:("O~5l:Jl[~ 

lIil~~ 'r1~ COH1::'! ',I :,~:r ':,,~ '~;R~~:"::"";- ",~R ,·ccu~rl!d, Bur.c:. C:c.~~lnR":~ .!~ .. :rd 0\' lnt 
eLP ~xac:: .. :J:' .. :,''':::~~ 1'.:'.,,: (;, .. ,::.: .j .'CC:J.r~ at :he 1:",:~~ar~10:1 =>'~lt:l 1;-;:~ tlR~aj:. 
. ~s:.&eci by :t1e GL:P 1I'\~r\ . -.Ji"' r:l',.,:,I:,. ',I:1IC!'.:S Ir.~ ap?:c·:\...:":':a:e l!l.Omo~: vi C:l)HJr.1U 

~~ ~ :SpS~r.I~'~a~~a:~:I:~ ~~l;~:~';~~'~~'::;';'~ ':;~:~~~~ 1::::: :\.t :~,: ~:~:~';;co:tl:~l~::~!t:~~ 
'A:tn :~,~ L~I~l 1 Re~r~ l'::>'J:J rece:o' :' 'r.~ L~\'ri 1 Re~~!. :::e sub~~~:~m \lala unlll 1: 
rt'c~:\'C05 ::le Bunc:' (:,,~!-,r,1t l' :::~:Ja.' :C' t'a~~ 1\S cvunle:"s i,;:d be!ln prc·pa~a:;r.1i\ oaliio 
t:.~vul[h ::t plpt'i::"C'. T:,:~ aH:..:~r' 1I..:C::;',t"!ll iio:'le~ a Lt'\'~; ,Rt'~~: D'..l:\l\R lh~ :::Irna! 
:It'''''t'~:J Re~~t a::c. O:..:r.\:: C:.'HiDl!' ' .. t" :--_~,~~:~:t'. r::uer 3,_>\' =:,I:S :t'!; ',':- T:,e GL:P 
~~r.C~ ::-:C' ~e!C', I • ::-= ... :II'~: :-,_:"!'.:>e~ ... - ,- :'1::, ot"io~e :\'r 3'_:",e'~ C:r,~~::-.~ '.", aH'J:(' a,; 
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The Subsntem Control Cable contains se-nul bits that inform the CllP about the status 
of the su.bs:rltem a.nd its tri,ger. These biu accompany the Subsystem trigger data and 
rder to the Itatus of the subs~'stem at the time of the crossin! corresponding to the' tcigger 
data.. Subs~·ttems are not required to pro\;de all of theu bits. However. the GLlP " .. ill 
provide tbe appropriate responses if ther .. re' impiemented. 

3.2.1 Subsystem Trigger Bus)' 

The Subsystem Trigger Busy Bit is set by ;be subsystem if itS trigger system was not ilcti,'e' 
(able to process the data) during the crass:n-;. ThIS could be due to a reset or mare detatlcod 
initiallzauon procedures nat being complete. If this l:>it is let. the CllP will not use the' 
subsystem trisser data in making the trigger d~cision, The CLlP will not tue undertake 
any action on tbe subsystem. Iu.ch as a res~t. in r~sponse ta the Subsystem Tngger Busy 
bit b~ing set. If th~ Subsystem Data Busy bit IS s~t the Su.bsYltem is ~questing the CLlP 
to halt triggers, Tb~ GLIP inhibits furth~r Le\'el 1 Accepts until a crossing occurs ..... h~te 
th~ Data Bl.:sy bit is off, This may be due 10 buffers becoming fu.U, The CLlP records the 
numb~r of time. th~ Subsystem Trigg~r Bus~' and Data Busy bin ar~ set. Ind the number 

of i~hibit~d Le\'el 1 Accepts. 

3.2.2 Subsystem Trigger Error 

The Subs~'stem Trig!~: Er~or bit IS s~t b~' Ih~ subsy!tem:f ItS trlgger or D,~Q s~'slrm ~,a~ 
an error which 15 nol reco\'erab;e e.'tcept ?,.,sSlb.y 0\ a reset from the Gl1P Th;5 erro! 
could occur If an Internal pa~;:,\ Cn~CK ""11 ':.e ~ui)f~~ler.l data fal:~, or if Ihere 15 an 11::lI'tl:a. 
subs~'s:em tr:!!:!er l:ID or B;;nch Phasr co:.;r.:e: riaa!:e~ment In response to thIS 011 "o~ln! 
set. the Gl~P wiil'S5ue a Le\ei 1 Resel i:"1 aoO:t:on. :he CLIP \\'111 inhibit !l.Irther Le\r. 
Accepts u .. tll;l ab~r"es the ~e::lr.g ar.c rr;ea~e oi th~ Subs,\'Stem Trigger Bus\' bIt rn,s:, 
because the sUD~ysterr: data \1111 no ;un~co~:le \aiul until Ihr resel action IS compirlrc ar.c 
the dati from the cros~ln~ a:ter the resrt r.a~ pro~a!aled through the Len·ll pIpeline r ~.t 
CllP recorns tr.e n:J.moer oi times the ~"':l~~ stem T~,gger Errar bit Ii scot anc :nr ::'.lr.'D"~ 
o[ Inhibited Lco\'ell Accept5 Tbe CLlP aiW :niorms :he central data acquIsitIOn eaCll \::11t" 
a Lrl'el : Rcos~t \S IS5u~d so ttat If d',r ra:r .,.;' Le\ei , Res~ts becomes unacceplabir :t'.e ~:.::" 

wiil be ?au~eo or stopped 

3.2.3 Sublyuem Ambiguous Cros~lItg 

The f.\'~ 0:15 oj arr:OI~uuus ('~os~;r.~ «·r.!a,: ':111' r.'Jrr.o~: pf ~-..:o~rou~nl croHlnR' \,.; 
th~ Sub5~slem Tru;~rr aala i~ \al1G If a ~'-:"Iq~'~m:~ unao,C' I,· Id~ntd~ i .... mr da:6 ,,::;, a 
partICular CrOUln!, OUt or.;\ a ran!e uf e~'~~~IGItL.: ~II'U a nonzerCl \'alu~ :nlo :t1C' 1r.;O:,,·~ 

ous cronlr,g bus carr~SpOnQIIl@: to Ihr ra::l!r ,,( c~,.,u,nr.s u\~r '" hlCn Ihe oata eou:ll rla't" 
occurred. "'hen a c~aSSln~ 15 unn.;ue,~ :~~::Iln~d. :nes~- bits ar~ lcora, Thco nr:'l.t e:l)~~II:It· 
data from the component u a.illweo:o (;'ar.(~ rhe data that 15 \'alld for ~r\r~al en')$ln(' 
only neeos la be scont [or th~ h~st crOS~lnc ":lcore l! :5 \ai.Jd wh~n accompanied D\ a nl·n trt .. 
\'alue Ir. the am"ol~ult,' bits Thco GLIP :.;~n Ihll'~r bits 10 la~ntl[," Ih~ !I:.I~ Cf(.~~lnR ~, 
correlatln~ Ih~ alta found In Ih~ Inlllal e:(l~~In~ 'Auh the data from othll'r ~UO~I~lll'm' In 
th~ number of sUD~uent craulOf!:s glHn :l\' the amblguaus cros~I!'I@; blH Tnr h\r ;1.:, .. f 

Subsystem. are able to become actl"e l if fu.nctloning properly) upon receipt of Bunch Crou, 
ing O. Thi, number of crosung representl the time requlr~ for the Su.blynem to eucu.tc 

the re.~t. 

S .•. 2 Empty Bunch lndie.tor 

Tbe Empty Bu.nch Indicator bit il Ht when Ihe cronin, corresponds to an empty bunch 
The 62,5 ~lHz cIock, Bu.ncb Crolling 0 and Empty Bu.ncb Indicator are continuous and not 
interrupted, The Empty BUllch Indicator is al.o defined in the ttme eoordinates of the Level 
I Accept, A, il the case for the Le\'eI 1 Accept and Bunch Crouln, O. the Empty Bunch 
Indicator arri,·ft at the end of the SubsYltem Le\'ell pipeline jUit &I tbe crolling With the 
empty buncb reachn it, Thilll b~cau.se the GL1P I"un the Empt\· Bu.nch Indicator exact I\' 
128 croningl after the empty bu.nch pUled tbrough the lnuracti~n point, The CLlP ma~' 
use the empty bunches for Icheduling a test e"enl sequ.enu. bu.t wilI do this ICh~ubni 
.... ithout the Su.biyuem ha"in, to check the [mpt~' Bunch Indicator. The remaining bits on 
the Levell Clock Cable are lind a"pare, because DO other presentl~· concei"ed signall from 
tbe CLIP come from tbco GLlP Clock Distribution and the requjremc:nts on the quality of 
the 62,S ).IHz cIock are stnn!!ient cnough 10 warrant not brmg;ng many additiona.l SIgnals on 
the lame cable, Rowe\'er, the pOSlibil'ity to add additionallignals is admltt~ b~' d~51gnalln!!: 
the remaining lignal, as "spare~. 

3.5 Levell Control Cable 

The Le"el 1 COnlrol cable brings tbe tIt!!iger to th~ subsY51em from the GLlP Control 
Interfac~, The Test Enable bit indicales that the GLIP hu ~dl.eduled a particular 111'51 uf 
the 1ype IndIcated by th~ Test Trl!!iger Type bIts to take place a fixed number o[ croulnRs 
hence, This number of croulDS, is nxed for each t~st Irigger t~'pe land mA\" be the samco for 
all tngger types t at the beSlnmng of the run and downioaded to aU Subl~'stem tngg~r ana 
DAQ systems, The three Test Trig~cor Type bus arco set to lh~ \'alue gJ\'en ..... Ith thr Te~1 
Enable btt wben the Le\'el 1 Accept IS asued for the IChenuled t~st lngger, Thi~ 15 done 
so subsYitems .. dl not ha\'e to stor~ the Test Tngg~r Type DIU for subsequent appilcallon 
when the Le,'ell Accepl 15 luued for Ihe t~st e,'ent. Th~ tWO bill of readout type equal 0 
if the e\'ent l~ I. norm&! Le\'el 1 Accepl. I ior a Lt"\ei I \CC~?' not usoclated ..... ith abram 
crtlS5in~. and 2 for a Scheduled Test [,'en: 

3.5.1 Trigger T~;pe 

The t\\'O b:ts c.f Tn~get :\'?e ar~ u.f :,'It rlconl :~ nMma: It'\'t'l 1 .\er~pl, I [or a Lt"III'. ; 
Acc~pl nOI auoCla:I!O wlln a beam c:o~~;nli\, ana.! for a ~enedul~d Tcst [\ent f.'''~t, 

not usocla;~d 'Allil. "::learn cronlr:~ arr (\~r.;lC :1.', tTl~!,~"~ anc olher e\conU proCli(t"O\ :,: 
non.beam assoclaled III !!:geu , The J LlI:~ .... i Reac":JI r~'?~ ate ~?~clfic for each S.!o~\ ~It'rr . 
Different Sunsystems ma\' need ddfetl!!Il rcoaooul :~~p')nle~ for adferent trl~gen ThIS (vuid 
mean differ~nt numil~rs of switched capac~turs belne r~ .. d out. or Il.kmg. ~arb~r or ialrr 
samplco~. or Chan~In! 1h~ v:ay Ihe dala Ii- ,=>.c,c~uec The R~aaout Typ~ bits arr m~ant l("l 
~elect a different respons~ to a Le\'e! I .\ceepl 
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Croning Ambiguity 

The two bits of Crossin! AmbiJwty inc.ica:e the number of subsequent ctonings that the 
LC\'C1 1 Accept refers 10. The GL:P wlil a!tempt to correlate the urious lubs~'slems to 
rcsoh'c Irig~('rs to .. sin~je c:o!!in!. Howcrcor. to pto\"irie tee possibility that the crossing 
mar not he tt'soh"cci for a smail !1Urr.D('! oj tri~gC'~s. the Cross:c.~ .-\mbilpmy ?fo\'ides lhe 
p05sib::i.~· of linking to!cther 'Jp to ~ (,ossings in an ('ycr.t from on Lc\'ci. 1 .-\c:cepl. A 
nOnzero nlue in the .-\moi~uit~· BilS mciicates th&t thal numoer of subst'Guc:nt crossings 
belon~ to the ... me trigger. 

The L('\'('1 1 Reset bil causes the the SubsysHem Trisser and DAQ to b~ set to a y;~ll, 

defined emplr stale. All measurement dala in lh~ DAQ &nd Tril!er pipdines is losl. The 
SubsrSiem Bunch Phas~ count~r is s~t to zero. The: count~r does not begin to ad"&ne:e from 
zero. nor does the Tri@;ger system Slart up a~a.in unlil it ree:eh·es the next Bunch Crnssin@; 0 
Signal Th~ Trigger !~'st~rr. IS "cti"e ic-t Ih~ neXl crossins&iter the Bunch Crossing 0 Sis:n&L 
Th~ Subsystem raises its Triuer Bus~' untii th~ reset is finis ned. After iuuing a L~\'el 1 
Resel. :he GUP inhibits further L~rt'i 1 AcceplS untillhe Subsyuem u.is~1 and lo\\"~rs il5 
Trigger Busy. 

3.3.4 Le"el 1 Acccopt 

Th(' L(','C"i 1 Accept :5 s('t at :r,(' ;eaQ:l:~ ~Q~~ oi th~ 62.5 :\IHz clock, (,:'\:ac::" lOS c:ocks 
ai~er ~:.e Her-.t occ .. n at the :::.~(':act:c'::. ?ulnt. The Le"coi i Acc~pt IS a lH('1 :hat IS hi!h 
for a.iJ ,;::oc~ c;:cico~ 10;;'(' rr,u."l.::ec. :: :"" ':~~;e:s o'·~:-:ap. :!':e LeYf!'\ 1 Acc('?t g"('~ ;0\1- f~: 
.laif a ,:::clco D('tw('('n I:.~ two vi ::'.~:l. ,,::-,c.,ca~(' :hat th('~' ar~ o\eriapplnll; ;~:~t('n Tl::~ 

cou:;:s as 1',\'0 ::l!!(':S a:-.c ::-.(' Le'.e: . irJ :~ :nC!'e!'-~nt~d aft(': :::~ ha~f e::-'ci(' jow AU of :1;(' 

cata Con tIl(' LI:"\'rj : C(·r,:~(·:. C,;'ct. a:-.G .\'u~:'f'~ cabit"s is i!Su('o with the L~\('I I -\"('91 

:~~:sse ~~;;'a:,ss ~;~l:~.:te~~(~:,":::~:~;.~ :~c.~:~(' ';'2: ~'~\I~~~~:I;:~~r~~~('c:I~:'~~ ~~~,:~('t~ ~s:-.;;~i. ~;~;'~ 
and :X~:r:;)~r cables !h"lOici ~e :a.tcr.('c ~,::!:: the r:sln~ cloCM. ec!(' and not 1~':lh Inc Le"~l 1 
-\cc~p. 

3.6 Levell :'IOumber Cable 

The- Ln(':: \:.1:-::;)(': la::l.e cc.~.('s :::':;. ':-t" GL.P Cu •. :rollr::e::ace The Le\'(':; ID :,ur::oe~ 
,nerease-s \l.::, tee r:!:r.l! (,Cl!~ "if'ac:: I.e--,f' ... -\((I:";>t ~:art;:I~ ' .• ::~ I a: :t:(' :'ec:::.,:n~ 'If ::.1" 
:'JIl T:.t" ... '\\('st vro(': ~ :l:t~ v:' :t.;s :;'::::::It."~ a:(' ~l:"r.I :0 SUD~\'~:('=ns tv C;\('CK :::.1: :r.(' GL.P 
'1.\ ,H..:e-Q tr,(' sarr.t." :-:~~oe~ .. i LI:"\!'. hCl:"i)l~ il~ a.Ye- Of'e:'! :ece-I\t"Q :,:n ~'r,t !ub!ntt"r:: 
T:lt' ~ b:ts vi Bunc!'! C:"'~Si:;'1i!: ~~:7l.0t: ,:,Q,ra:e wTIlch li1e I(>\\'t!t "rdt'r 5 hit.! 0: :::(' croHlng 
:larr,::lt": :na: ~hv'J,J :"'t." I.;'t"::. r;;:~ ;,..!;:.:.Jt': ~ilvuid .!rt'e- w;:h :he bunch c:oumg r.umbt": 
.>j the- cata a: : .... (' f'::a ~.:' ::-,(, ~:?I:".::: .. '.' .::~;: :::t" Le\·('i 1 .-\cce?: ReJ('ct :~ [('i(':nr.g 10 If 
I:"lIhf" ,.:' ::;e!(' cr:t"cJts ;"iI::! .. :.e !'J'::l~~"'f'::: ;:,o':ici :('que-st a. Le"e! 1 Re-~f't '::ly !f'I:tr.1I; dll:" 
TrI~@;I:": E:rvr ':l.t 
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Le\'el I Sisnals on either cablel or tibet oplics. The purpose of this is to a"oid the more 
expe-nlh'e fiber optic runl .. hcon the ciClcks ue beins distributed o''Cr Ibon distane:es, Tbe 
LICCB output can be- run on a short cable 10 a l,to.-I Clock Control Fanoul Board (CCFB) 
for distnbution oilhe-se- sl@;nal!. The CefB can br confis:ured as a I·to-3 fanout ~:ith optical 
fiber 10 and Optle:al tiber out. or l·to--I \I.'ith e:oD\"entional cable ia and eithe-r 0plical fiber 
or cable out, Tbn is ennsioned as beIng done wilh plus-in mODules, 

•. 3.1 Standalone Operation 

The L1CCB is also operable- ""jthout Input signal. from Ihe GLIP. The LICCB is able to 
operate In lhil Ilandalone mode and ~conerate all of the Global Lt\'el 1 Sisnals internalI~', 
The board bas an internal OSCiU&lOr and aas pro\'ilion foe an external clock. The cboice
i. made .. ith a front panel Iwitch. In slandalone mode, the LlCCS is prosrammed and 
ope-raled by Ihe- DAQ Processor lnle-riace Card (DP1C) in Ihe e:tale, It ree:eil-el its in· 
suue:lionl o\-er Ihe backplane. The OPIC can download a sequenee of clncks wilh ace:epts. 
rejecu. lest e\·ent. and initialization and slart it up 1ritb a bUI command. The LICCa i. 
allo operable with an cxle-rnal tri!!,t'r ~ha.t is enabled by command from lhe DPIC. The 
LICCB il able to report as slat us back 10 the OPIC to idenltry if it is running local or 
GllP trigers. if it is in an e-rror. bus~' or initialize- stale. or v,'hat test or clock sequences 
It .5 runnlD~ Th(' purpo!e Cli this opt'~allon is tet operate Ihe crate indepe-ndently u.nder 
control o( local or !Iobal DAQ for caiib:atlon or test operations, The LICCB is aI.o able
to output Its inIe-rna!l~' !('n('rate-d cloc .. a:-:c control lis:na!s :hrou!h its front panel as it 
does fClr ~h(' si~nais !e-ne-:aten o~· tn(' GL; P. The-se si~nals can b(' Ie-m to anoth('r LlCCB or 
lhrouw:n an CCrB rann('d OUI ;0 s(,\"f':a: LeCB'" The-se SUD!e-QUent LICCB's \\iil r('('ei\'(, 
these- ~ioe:1(. and con::oi s;~nalS:n :r:(' U!"-t' manne-r &5 the-~' :"('ce-1':(, I hose- from the ell p, In 
:hlS iasr::"n. a son!;e- LLC9 ca.:z ta~t"· ,:('~ :h(' clock ano e:0::':01 :unc~lon oi th(' GLlP for 
• W::Ou? ui c:-atel '.:nat": co:::to:..i. vi I~.t." :. -\q, Th:s alluws nex;ole- partlliomnll; o( th(' DAQ 
and T~:!!e-r '~'Sle-:m :r.IC' :r:an flana·a,~.l'\t" !:"OUP!· In Ihe cale- of or!anizatlan of the- OAQ 
WIth suos~'!lem crate-s c':-:'.-:r,! '~.e- re-!! ,:;' ,ne- subsystem fror.t e-na crales. :his connl;utation 
allows :he tr:~s:er ci:strib1.i:;on ICI :,r (':~a.:.:z('ci t'xact:y as the :),-\Q, 

".3.2 L1CCB :\Iodule Design 

11 lS u~f'cl('6 that Ih~ l! CCB wl:i ~~f'~::l:e ~hf' Givoal Le-\'~~ : P:ucruvr Sirr,ulauan '\i(.dule
.GL:P~'I ce~c;~bf'd :.1:":("" T~.:s·s~" ·'.a: ~:.lt.!y!Olf':nS wr.:c:-: ~'l': \\orK \\'llh :h~ GUPS:\-I 
\\:i: :.;":c '::f' en, . ..:::.,:,! 1(' ':1:" ~::a., ::.Cl:''':·· ,'e=n rf'!a!llei\ !::a,~:-,::~"rward in :ha.t tn('~· wid 
:f':.liac(' ,:;f' Gi..PS:'-1 ,. " a :'.("("8 : .. ':. ·.'.::i i:-::e-rac: .... :::-. ::,(, 5ubH~:f':n In a slmliar 
':~a:"';~.I:":-' '"I:" G:'.F·":\I - ':" :.,(("? '1:" Cl,r,!i~:('r'l Wl::-, '~.(' ~nal SDC '::lac;'pi.ne and 
(~a'e r.;·r.J":I:·..::allf.n a~,n ' ,,;:>f'ralf' \\:!h :ht ':.:-.,i D-\Q 

5 Global Levell Processor Simulation l\lodule 

5.1 Introduction 

fhe- GLlP :io,rr,u:a.:ICln \I,.Q .... (' (.iL:I':-\: !!'mu;a:e-s ai; of ,:.1:" C:'~.lrol Sf'qUe-DCCO\ c('sctloe-d 
.OO\·e- f(lr l:-:~ GUP I:~ tl:,:,:o,"!e:! :,' •. ,:.-: '~f' r:f'::l..:!!:r:~ .. ,j ::.:'!p:('m I::~ger circuits and 
;0 !('[\'f' :r.t ;oa~', :"t.z:':C'.., ; a :::1::21:": :7. '<:_.1:" :'. r :!"~l eXtl(':-:;'-.t':-,:s. The GL~PS'\i wi;i nrA 

(l 5(5 
4 Global Levell Processor System Layout. 

Indh;dual crales of the Le"cll TriKger and Subsyslfem Triner logic arc .ho ... ·n in Figure 2. 

4.1 Global Clock/Control Crate 

Tbere is one Global Cloe:k."Conlrol Crate. It contains I. ~lacnin~ Clock Inlerface Boud 
lo communie:ate '~';th Ih~ interf&e:e wilh the &ccelerator RF dock. It has a Beam Pie:kup 
Interfaee to communic&te with tbe b~am pickup electronics. It cOnlains a Deadtime ~Ionilor 
Bnud th&t trae:ks lhe disposition of each cronins. i.e. whether acc~pled. rejecled. or losl 
du~ lo do~;nlime of triSler and or DAQ. There is a Final Decision Inlerface that conncocts 
to lhe FOL cud in tbe Final Decision Crale to pro,;de the Le\"el 1 Ace:epl if the DAQ 
is able to read OUI the e,'ent and lhere are no outslanding error condilions thal pre\'ent 
accept ins the e\'ent (Le. clock phase confusion. elc.) There is a Global Clock ~Iaster that 
pro,·ides the phase lock of the 16 nsec clock and distributes the clock lO Clock Conltol 
Interfae:e modules. There is a Global Control ~laster that distributes the Controlsi!nals to 
the Clock Controllnlerface :\Iodules, Finally. there are 2 Clock Control Inlerfae:e :\Iodules 
Ihal each communicat~ wilh 2 Local Clock Control Crates, This crate also contains a OAQ 
Int~rf&ce. Processor Board. 

4.2 Local Clock/Control Crate 

There ar~", Local Clock Control Crates, Each contains 16 Local Clock Control Boards that 
are connecl~d with -I optical fibers apiece to -I Front End or Tri!ser Crates. Th(' -I fibers 
carn' th(' Le"el 1 Sntem ControL Le"el 1 Ciock. b"el 1 Control. and Le\'el 1 ~umb~r 
The' Crate also con;ains a. Global Ciock Control Interface Board lhat communIcates II nh 
th~ Global Clock Control Crate. as wril as a DAQ lnlerfac~ Processor Board 

4.3 Levell Clock/Control Board 

[yen' front end eiectronics crale. as wcoli as ("'er~' tris:s:er syst('m Ctat~ has a. L(,\'('I I 
Clock Control Board ILlCCB), .-\ dias:ram of the LlCCB IS ,ho""n In FI@;urt' 3 rnd('r 
normal runnins, thl5 board acce-pts th(' Lr\·('j 1 Clock and Control Sis:nals from th(' Global 
Le\'e-I 1 S)·!'te-m and puts the-se signals out (In the- cralt' bacll~lane- for us~ b~· th(' oth('r 
modules In ~he- cr&te. These- sl!na!s art' :nt' Iht' Leyel 1 S.nlem ControL Lt'\el 1 Cvck. 
Le-Yell Cont~oL anti Le-\'e-il ~umbrr, Tht' LCCB aiso re-ce-Iye-s jut error and bu,~' s:cnais 
from th(' olh('r mODuies In the crat('. Tile- ooard also comUDlcale-s with th(' cratr proce-ssor. 
",hlch IS th~ DAQ lnte-riac(' Card, from \\'hIC~ ii re-ct"i"es other Slatus informatIOn about 
bus~· ann ('rror Slate-s. Th(' LICCB IS procrammabl(' b~' Ihe- D-\Q inl('rfact" Card to [('Iurn 
buS\" and error states to lhe- Global Le-Ye-! : S~'slcom dt'pe-ndin! on lht' local hus~' and ('rror 
info'rmatlon It recei\'e-s 1ft the crale, Thco L~eeB is also programmed to re-turn Ihe rorr('ci 
croSSins Dumbe-r that accompante-s data from Ih(' e:rale that II pro\'\de-d for the- 1('\'('1 I d(', 
Cl5ion. This 15 done- b~' writin! mto a re-glste-r the- corre-e:t bunch crossin@; numb('r to rei urn 
,,'he-n the- bunch crossinl zero slloal is re-c('II'ed. 

The L!CCB also has an OutpUl for the Global Le-\'e-! I Clock and Control Si~nall. This 
IS don(' to allow fanoul of tht' dock to aoolllOnal crale-s wnh LlCCB's downstre-am of Ihl~ 
LICCB Th(' LlCCB is configurabl(, "'l!h plu@:,in modul('s 10 rf'c('i\'e- or lend Ihe Global 
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bave tbe complie:ated decision lopc found in tbe GllP. In itl place, tbere will he a sinlle 
16-bit memory lookup table, Tbe conlenls of tbe memory lookup lable will be downloade-d 
under VME control. 

5.2 Module Design 

Th~ GlISP~t wiIl be a double width 6 Eurocard rnil High V~lE module of .tandard deplh 
(160 mm) wilb Itandard J 1 and J2 Eurocard connectors, All input and outpUl sis:nals cabl(' 
are differential ECl witb posilh'e 10Sie:, The posith'e losic il connected at the inpul of th(' 
driven and ovtput of tbe receh-ers connec:ted to the odd pin. The nesati"e lope: lide is 
connected to tbe e\'en pia. ~lClOHIOl 's are u.ed as drinn with 390 ohm resistors on e"&ch 
pin tied to -5,2 V. MCIOHllS'1 are u.e-d &I rece-i\"e-CI ,,·ith - 50 ohm resiSlors on e"&ch pIn 
tied to lround. The GLIPSM will ha"e one each of tbe Subly.tem Triner Control and 
Data cables mentioned above, 

5.2.1 Concrol and Data Cable Connections 

The Subsystem Triller Control and SubsY'lem Triner Data are brousht lo the- GLIPS\I 
on tv,;.t·and·8at Ipectra·strip cable from the Sub,yslem accordins to lhe differe-ntial cabl(' 
scheme, Tbere will be a lin!le li·pair connector on the front paoel of lhe GL1PS:\I for 
each of these. There il pro\'ision for oniy 16 blls of Subs~'stem Triner Calcul&tlon Re-su1ts, 
Tbese "'ill be fed into a lS·bit wide memory lookup table, The lubl~'Item should se-nd 
data I~'nchronil!~d ~'ith the tunin! marker in lhe I'th paJf. The GLIPS~I will latch the 
data Wilh a" nsec delayed timins: marker, The- diffe-rence- in timins marke-u be-twe-('n the 
SubsYItem Triss:e-r Comeol and Oala cable-s should be- Ie-n than 2 nse-c. 

5.2.2 Backplane Conneetions 

The Le\'eI 1 Clock. Levell Control. and Le-"el 1 ~umber cables are- brou@;ht out throu~h 
the A and C rO .... of the P2 backplane al described in Table 3, .-\ his:h quality backpla~ 
il tequired v,-jth s:round lrace-s bel ween the- sisnal traces. such al the Bicc' \ 'e-ro '\licrobus.S
backplane, AU I,snall are brouJht oul as sinlle-ended ECL onta the backplane, \\lIh the 
e-nepuon of the- 62,5 l.IHz clock, which usn I~'o backplane- line-s dri\'en differ('ntlall~' Th~ 

backplane are finel are drhen "'itb a .\IC10H123 (e:omple-mer.t autput) and lied to \,,, .1.1 

each end ~'ith re-SiStors matcrunlJ tht' backplan(' iine- lmpedanc(' I -- 80 ohms, depenamg on 
load!. The-y shauid b(' rf'ce-l\'e-d wah a .\ICluHIOl. USID! ItS compie-me-nl OUlput 

3.2.3 Clock. Accept, Reset and Test 

The- GL1PS~1 ""li! have- an tnte-rnail~· generate-d 61,5 ~IHz riork. U \I.e-II as be-Ing .lUI!!' tv 
use- an uternaJ ECL claCK .II a fre-qut'ncy up 10 62,5 :\IHz. The I:"x:('rnal clock IS cunn('C!('d 
lhraus:h the front panel on a four paH conne-Clor .hal (ollo\l.s Ihe- diffe-re-nl1al ECL caDI!!' 
"he-me disculsed abo\'e, Th(' olhe-r thrff pairs on thn canne-ctor ICe- exte-rnall:-l@;g('rs that 
cause the GLIPS~I ta iuue- an Accept. Initllle a lest sequene:(', Clr issu(' a rese-l a c~rtaln 
number af cIock e:~'c:les afte-r :"e-CClPt. Thil number of clock c"c:icos IS s('t b" a \·alue Into ont' of 
the conuol repslers. The lelection be-l ",'Cf'n ule-rnal and l~le-rnaJ clock'. as ~'e-ll as exlf'rnaJ 
and inte-rnallnne-rs, is made b~' t~'a (ronl panel s""llch('s. Th(' module can also bt" re5('t 
by a third switch on the frOnt panel. 

12 
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rab,,3, P2 B.\CKPU:"E CO:""ECTIO:"S 

Levell Clock (from GLIP Clock Distribution) 
Pins Data 

1.1 GSD 
1.2 . 62,5 )'fHz cuc;" 
&3 I 62.5 .\IHz c:c'c;.. 
a-i G~D 

1.5 Bunch CrQ$sir.e ,) 
1.6 EmpH' BL;l':c~ ~::ci;calor 

a7.a~ 5pa!"e 
Lenll Control (from GLIP Control Interface-) 

Pir.s Data 

a.:! .. Dall \1.,10':' 

Le'ei 1 :'\"umbe-r [from GLIP Control loterfnce) 
I'.:;~ Data 

:..::;~ I:l"tC'~'.>r:·· :--::-::----------
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rabl. 4, CO:XTROL REGISTERS 

i 1. Trigger Regi.ter 
Bits I Data 

I 4·5! Trisge-r Type 
I 6-5 I Readout T ypf' 

9-11 I Crossins Ambll~:ull,," 
12 i If on, start I. tf'SI !e-quence 

I 13 i 1£ on. start a le"ei I Reset Sequence 
! 14! I£ on. rewt the GLIPS~f 
. 2. Tell Bunch Register I 
[ Bits I DatI. I 
I 1-16 : ~umber of Crossln~$ from Test Enable to Accept I 

3. Tell Se-1Up Register 
Bits 101.11. 

1-16 I CrOSlin!; ;\'umoer :'(of Te5t Trisger 
4. External Triggu De-lay Regis'er 
Bits. 01.11. 

5. External Trigger Stop Reg,ster 
Bits Data 

6. ~lode Select Register 
Bia Data 

If on. ;!Sl.:e re~e! ;' ~·.;o~ntem Cr055 dlsac:rf'e 
" Empty Bunch Location 

. -:n F·~.'t 3.; ::; 
8. Empt~ Bunch Len~th 

g. Bunch Crossing 0 

,-;.6 .\u~:;ler (,j C·, ".:-:';:' :,,~ ih:scn Crossin. 'J 

10. Data '.Iid Lf'_n~th -
B:H Data 

O. 569 
Th~ \-~IE Interiac~ desiSt! is not ~'et finished. It .... il! be an A24 016 sla\'c. 

5.3 Control Registers 

Table 4 contains the Control Rc!istcrs. The Test TriMer T~·pe. TriMer T~'pe, Reoacaul 

T~'pc, and Crossin! ambiguity ate !ct tcc J&me fOf ail triggers based on the "&lues wmten 
into the locations in the To&ser Register listed in table..J. If bit 12 is set, the module 
,.ill begin & tcst tri&ger sequence. If bH 13 is set. the module will start an initialization 
sequence. If bit ,14 is scI. the moduie is reset. Bit 14 taket precedence over bit 13. which 
take! precedence over bit 12. The Bunch Croning ~umber roJ1 the Test Trisger is the 
croning number to issue the Accept for the Test Trisser &fter the request for & tcst trisser 
Crom the external tri!ger or Trigger Re-g:ner. The Exte-rnal TnMe-r Oe-la~' Re-glste-r cOntLLns 
the- numbe-r of crossings to de-la~' the i5Swn~ of the Le-ye-il Acce-pt after re-ce-i,·ing an ute-rnal 
trigge-r. The- External Tri&ger Stop Re-@:uter. if not se-t to zero, stopS the- se-nding of Inc 62.S 
~JHz clock lhe number of crOSSIngs e-nte-~ed a.fter the re-ce-ipt of the- external trigger. The 
purpose is to -freeZe''' the triMer pipe-lines at a. certa.in point. e-nabIing inspe-ction of \-~IE
rel.dable reglste-rs mid .. I.)· throush the- proce-ssing of tril5!e-rs. 

5.3.1 :\Iode Select Register 

The- ~Iode Se-le-ct Register bit 1 e-nables use of an internal memory which has a pattern of 
Le\'el 1 A.ccepts placed m it. This memory has 21 6 ioca.tions. each of ~·hich corresponds to 
S nsec of time. A 1 in a locl.tion re-~'J.l:s :n the Le"ei 1 Accept high I.nd a I) mUM low. 
This enl.bles I.n I.rburary pl.ttern oj 1e"el 1 A.ccepts oyer 32,765 crossings, comfortably 
more than one SSC c~'cle of 17.300 GOBIn~S. This can be uSe-d to simulate marr~'lng of 
o\'erlappin~ t:lggers In an~' sequence d:sc',;ssed The Le\'el 1 Reject operates as the Inve'nC' 
of the 1e,·el 1 _\ccep:. The E!'Iabie Ex:e:r.a.l Triggers enables the usc of exte-rnal 1rI~~ers 
if the front panei switch is aCllvated I the ~"'Hch eXISts so that ~'ou do oot ha'·e- to unpiug 
cabie-s to ve-riiy ~'our software IS not us:n~ externai trig:ers 1. BH 3 causes a reset to bC' 
issue-d aUlomatlcai!~' :n response to a rC're~:)! eo: :Subs.ntem Trigger Error. Bit .. a used leo 
enabie a. reset after time-out Since the~e :\\"o iea.tures can interfere "'lIh debusglng. nilS 3 
and 4 can turn them of!'. 

5.3.2 Empt~· Bunch Location Register 

The Empt~· Bunch Lvcatlon sets the ;~)Ca:.0n ,.:- :he first bunch of the empty buncn ~equencC' 
and the EmplY Bunch lengdl sets lne ,e:'l,;,·n oi Ihe empl." buncn sf'quC'nce. TnC' Bunch 
CrossIng Ij re~lSler se-!s Inc leng:n 0:' :;Jl" SSC _.,'de :'\omlDaii~·. thIS IS 1:-.300 crossln!s 
SCltlRg 17.300 lnlo thiS regISter causes tr.e Bunch Crol5m~ 0 slgnl.l to be !Slued 1.1 lhls 
crossmg. as ~e-jj as seiling Ihe Bur.en P~.asC' and olner crossmg counlers to Zf'r0 1.1 lhl~ 

point. wnere the~' resumc counlJr.!, The ?altern of Le"el I Acce-pts loadtd IOto thC' lntcrnaj 
memory IS nuncalea at the Bunch Crossin; >I ana returns 10 lhe begmDlng 

5.4 Status Registers 

The GL1PS~f has n\'e Stalus Regule~~ Thl" first re!uter reports thC' condItion uf thC' 
GL1PS~1. Tbe blts]n tnls re~S!er arc oen::.ea as fullo ... ·s 
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• Bd 1: Actl,-e - I£ the s~'ltem lS operatlO& and recti'·inS triue-r dl.ta this is set to one. 

• Bll t: Test - If the system ,s tn a test triuer sequence lhil II let to one. 

• Bil 3: Reset - If tbe system is in a rescl phue this il let to one. 

• B,' 4: lnitiwe- - If the GLIPS).l is beinS initialized or downloaded. thil is let ta Onto 

• Bit 50' BUIY - 1£ lbe- GLIPS,,"1 bu seen a bu.y illued by lhe Subsy.tem. this is .et to 

• Bd 6: Error - If the GL1PS~l has leen an error il.ued by lhe SubsYltem. this i. set 
'0 one. 

• Bu 7: LHD Error -l£lhe GLIPS~l hu .een a di.a,;recment between the LIIO from 
the Sub.ystem I.nd it. in'ernal LIID. this i. IC!t 10 one . 

• Bd 6: CroSlln& Error - 1£ lhe GLIPS~I hu seen a di.a,;recment between the crollins 
number from the Subsrslem aDd it. internal croning number. lhi. il let to one. 

The error conditionl menlioned aba"e \ bits 5 throush 8) are oaly cleared by an initialize 
or reset command. There &re 4: additional status re&lsters. Two stalul re-sisters contain 
the Subl~-stem Triuer Control a.nd Subs~·stem Tris&er Data that caused the 1ut Le-"el I 
Accept. Another 1'1'110 statu. resisters contl.ln the Lnel 1 Control dl.ta (bit. 2 through 12). 
and the Le"ell ~umber dl.ta. (all bits I sent ~:ith the lut le'·el1 Accept. 

5.5 Generating a Levell Accept 

There I.re three ways to senerate I. Le"e-t I Accept ... ·ith the GLlPS~J. fim. I.n Accept 
is senerl.ted if the paltern in the- Subs\-Item Trigge-r Data corre-spond5 with an a.ccepted 
pattern in the Trigger Data )'lemor~· Lookup Table, Second. the- Accept IS seneraled by 
tbe pa.nern of Le,·e1 1 Acccpuloaded 1010 the Accept Pa.tlern )lemoQ'" Third. the Accept 
ca.n be se-neraled hy the external tng:er. The uternaltri&ser needs to be lynchronJzed to 
the- 62.5 ~lHz clock. and preceed it b~· '" nsec ID orde-r to be latched. The cboice bet ... ·een 
these trilJser modes is made by the TnlJger ~Iode Select Re~ster. which IS let b~' \'~IE 
commanDS. I£ mo~ than one made 15 chosf'n. the GLl PS~f ~'lll Senerate- I. trigger from 
euher . 

5.6 Generating a Test Trigger Sequence 

There arc two wa.n to Inlliale tne Test TfI~ger sequence F:rst. I.:se a \'~fE command ICo 
M't the Test Tri&8er bit I TnlJger Rf'~]s:C'r Olt 121. wI:h the Ihrf'e bits of Tesl Trl!;!!;C'r Type 
hits (Triner Regiller bllS 1·31. ana the TrllJ!;er T~'pe !TrllJ!!ler Re~illcr blt5 ... 5) set to:!. 
Second. sel the the Test Tnue-r T~'pe and Trlggf'r T.'·pe nlll as for the first casco bUl do 
not let the Te-st Trigger bit VII. \·'IE, Then usc the external wlJger. ThiS will also S!UI 
the test sequence. 

After the te-Sl seqOf'nce is acti'·l.teo. thr GllPS:\1 will Sf'ntl the Ten Enable wllh !ne 
Test Trigger T~'pe- to the Subl~·stem 01.1 Ihe croillng Ipeclfie-d 1;1 the Test Bunch Rf'glslrr 
The GLIPS'I \Kill inhibit normal trIlJge~s ior one less Ihan :he numl;er of crossin!;s Inolealed 
in the Test Setup Register The- GLlPS\I wilt then send the Lf',ei I Acctpl wlIh Ihe Teu 
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~heea~e:: ~~~:::~.;:tg~~~.cti~:m~~t:;~~~o.~,~:I;~;~~~;~c;~:t~.~; ~t~:g;;~;e!::~?s ~~~~t\e~c a;~:: 
sequc:tcc ;s fi::.~!i::ed. T~.e compjetion of ::-.c leH sequence can be d:.eci.:ed with bit 2 of 
the f.:'~t ua:us rC!:5:er &! :ne:':;e>:'.eci i!:l<')\C'. Ii t::e S\.l~~ysa~:":': B ... ~y i~ on wr.C:1 :r.e LeH: 
1 Accept shau;d be mued. the GL:P~~I does :lot :s5ue a. Le\"ei 1 Accept and ::-C'ats the 
situation :he same as il Subsys:c!:'1 T,~s:g:e: [:ror. [f the Leve: 1 Reset sequer:cc 15 beg'..:., 
dU:lng the :cr.t seq1.lcc.ce. the test seC;'Je:lce ;~ a~or:ed wi tho:.:.: co!;.pletie>n. 

5.7 Generating a Reset Sequence 

Thece are two wa:-'s to initiate the Leq~i 1 Reset ~et;utnce. First. \.lse'" Y~IE command to set 
the Reset Trj~!er bit (Trisger Re!lSte: oit :3:. Second. do not set the Reset Trigger Tri!ger 
bit via Y:\IE. but use the extern~j re~et :npl..:l. This ""-ill also start the reset seque:s.ce. The 
GL1PS,"1 w:ll ;55ue the Le\'el ! Reset th.e " .. maer of crossing lnd:cated in the Data Yalld 
Len~th RegIster oeiore the Bunch C:osslI:g ,). Since the numoe:ing of the Bunch Crossi:".gs 
may be out of orde! before the reset. the s,,:o~~·stf'rr.s must reset their COunters to zero wnen 
they recei\'e tne Bunch Cro55in~ 0 aite~ ~ecel\ing the Reset S:~:lal. 

The Reset is compieted when the Bu:;c:' Crossing 0 Signai is recei\·ed. All subsystems 
should be Jive hr the next crossin!. The (".:..mpc>nents wiii ~aise their Busy BItS for the 
CrosSJnl:s where '::ey ate not able to Ihe cala due to Ir.e :eset The GL:PS).I '\"Iil inc.loll 
:ng~ers~ior tt.e ::'J;.oe:- of c:-omr.~s ::. ::.e Data \'ai:d Le::!:n Re~:ster. The Daa \a.:d 
Len~th Re~:~a: rOnta:!'!S the ie!'!~tr, ::; c:"·:;;::'.t;s ·:-i :he 5ub~y~tem Levell p:?e;I:'1e T:.e 
GL:P5.\1 \\1,: c.::eCK :i:at the SUb~\~lt":;' 3.;~·, B;t~ 2fe :0"'- :(.r the c~ossJng a!'\et B:...r:c:l 
("ro~s!r:~ '.I. 1: ;:.":' a~e. t~,e GL:PS)'1 ,.:::~ .-!·.;e L!!,vel I Acce?:s "nt':e a.?;>ropr;a:e kr ::::~ 
ailC suoseC;'Je:'.: (~(lS~;f.e! If :r:e B,,;;," c·)e~ :'".0: 0:0;>. ,he w::: co!'!~l!'.·.;e :0 ::.:-.;6:: :"';:-;;-t"~ 

!::!!e:s i'Jre\e~ - '-1:.:" : secoc:C :'4' ;;i:.~.t"C. Ce:le:H::::'I! c·:: :.c>\\ 0;1 ..j <Ji tr.e ,\j(.ce St"~ .. c: 

Rell:~: er .s ~e' 
:)t'\·e,&. ... r(";~~e:-.re.' .... ·::1 aiso ::'".:::iI'!!' iI ~e~et ~e~"Je:'lce a·..;:,,:-::a::ca.,;~·. If ::-.e :-';~$y~:e:-:: 

T~:~!e~ £:~0~:·.! .e· i.' j otr.e~ :::';':l;'\ '·e;.. 7" .... :!!e: Da:a.: :!:;u:eci. ':1;< 6 oi :;;e .--::-~: sla:~~ 

~I"!:!ler ·.I.,j _I' .1':. a.r.c .. ! ':l;! 3 vi '.~.t' :,1.·,..1" ~t';t'c: Re!l~,e::~ 0:1. :ne GL:PS:>! ·.I:il hl"l::r. 
a ~e~e: ~ecue;.ce a) Qe~c:-loeci. a:lO\'e ;: ';:e ~-';:l!~'Hem C:OUlr:! \umoer d1Sa~:ee~ ".\"l~n ~:.e 

GL:PS\I.:: '.\ ... set :l:: 5 Ir. :he f.~~: S:":·J' :e~:~':er and. ce?eno:n~ on o;t j c·:':r.e .\t,.,ce 
~e:t"(: Rell;~·t': .. '.1.,: ~e!lr. a. ;ese: ;ec·41":.cr a, ct'sc;,~ec l..") .. ··.e. I:. 0.;.", (~: :::e~e ca~I" 

'; f' (, r .:-'5\1 '.1 ,.:'I:-.::l.: a.; le\ e. ; \':,1":1:- ';:-.1:: 1 t!1" :e<l": ·t'(.".:er,(t' :~ r"!1:?ecl" 
-:a:'l"c a~:··~ a .... 1. .. \ ., exle~:-,a .. ·. 
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Figure 3. Level 1 Clock/Control Board 
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• The Triwr Inform.tion de-tinred to the GLlP may have a phue drift relahye- to thto 

16.s dock used br Ihe GLIP We expect that the- phue may ~ .ke-wed withm. liDUt.: 

- the .hort Inm ph~ fiuc."iUlLtIOft ... ~ '«"eoU within :160 p.). 

- the lODI term phue drift. at a rate within :$00 p'/H'CODd. 

• The Tri~~H InformatIOn mUlt be- deuTcred to the- GLlC Modules which haTe 16 ft. aDd 
W = 889 ftS clock, which. except for some IIi~ht dow phuc drift, are synchronous 
.,1th t~ SDC crollln~ dork and are vny dote £rom GL1C Module lo Module. 

• the Ikew of each of the- ·SOOO .i~n&.l, rd .. tift to the clock of the re<eiYin~ loslC has 
Ihree parts due to .. "arielY of (lI.uses. Some likely .tudud de-viationl in the IIIe-. of 
thl!' data rl!'lall\"e 10 the- rlork al'!!' llEul!'sH'd be-low 

Put Caule of sltt" contnhutlOn Standard 

I I/r.!!'W of production of lig· ; 
: n.l: 

.bw of the- de-liye-ry of ,i~~ 
nal to "'('t'ivin~ InCic: 

!lkl!'w in Ihe de-liver" of 
tile clock In tlte- rpeeh'in; 
loltie: 

dffla· 

tion con1n'l 
butioD 

n. 

Wl'I,not"r of t he- Detector s 1. 125 GHz I C11 =0, III 
Ptl rir("ullr:r from crOISID~ dock I 

lempl"'ralure- of the fibe-r 

.~! It"ncTh ~f ellen fiber I we- Ilssume
",rn fiber I~ ("UI 10 The .ame len~Th 
'.'"11010 =1) .:~ := =') -I rtf = =2 n3'"11 

• C1: _ 

''''' -
U 4 = 11:0 

<"!~~Ttonl\ c.ie-Ia~'s In .::reultry WITh i U! = 
1IC'!' and If!mperl'l,lurt" 

In~f!'nold drifTS WIth acf! and It"m" C1,._ 

pf!!1IIUrf! 

\\In,,,''r "·f In<'' , •• UF' 1 l',!'} I.H: ,... _" ~!; 

Fll ."lr("lu!t'· fr"'01 rr":'!~lnl d ... ("k 

Th!' dlHnbullon ~f Ihe- dOCK I.) Thf! 
n:.! rf!('f!!\'Tnr; ,:,1' nlodult:s lRa~' hll"e 

n$ ,'fl.fTaIIOn 

WI!' n~ '0 Kn~\O' The- 10lAi ~11Indi'lr-:1 :3t""IAllon l"ntil ,,'pl •• rn diffe-fentlv. "'f' will 
... uml!' t'I"IOI_, = 3.0"s for th. !li~".I/clock Ikew!!. 

Wf! n,u:hl f!"(~e-c Ih~ ~Ic:nal d"("K ~Ke-W~ 10 hl'l,"e- a Df!lI.ri\" (aUSIlan distflbutTon, due-
10 the mUillFlf! !"arTl~' Inci~pf!n<:if!nl <"lie-elf Wlln AU::':) ~ n! II..nd About only :~ d 

ber 
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DRAFT 

Fiber-optic Trig~er Data Transmission 
for the ;:,DC Detector 
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Physics D~partm~m, l-ni\"~rsity of \Yisconsin 

11.50 l'nh"~r!'it\" .\n. ~laJi50n. 'Yisconsin ,53706 
~mail=t hompson fi PSL.wisc.tdu 

1 Design Goals 

1.1 Introduction 

Preiinunan' Draft 
~.p,.mb.,·9. 1991 

Thl5 !~ 21.:'\ ~A!I~' r-:-iief'lCn d ~i'h"'utr.:~ "n ~:-'t" ""~:\ll"'("1Ure- al':'J dt"~lcn ':.-f 'he -:-rl1o.l fibt"r 
'!'an!'11lIHl0n ~y~lt"m i:-r !:tcC'!'!' .·~krm.'\: :."\ tr':"ln :I':f! ~ele('lc-r '; Iht" ,,;:~'ball~,' .. i I Prco("e-~, 

<~r ,O:.LF· 

1.2 Assumpt ions 

:;-[11, 115 1\ dt"An !"'!i< .. 'I~' "'! "n ~ , ,"I i .. · .. r::\:n .. ·! "", .. ':1 \\'\1:'\ 1\ n '0::r.1I1 p"n",J ": 
>; n~ ,The :=Dl. ,~:a" ~":u.'\iil ~ ...... ,-.'\ If~"r" !' '1'\ "1-"1( In<1 r!"rf"tln <"me- rit"an'ur 
::Jrlrll· .... n~ , Th<" ~.~f!:\~li .. , r'~'~--i IlI'J<' h p i,\Hh ..... ~, .. "nj, n:nt" ,"mr"'rAII!r" 

r!t"~~ure-. aCI:':c ,'\:'"1-:1 .l;j r ,,,n'll: ·~:-:t:"n""'· \\ .... ,t'!"-: ':',\! 'he :--rl"ri <1:'\". wllhln 1\ 
rance 0f 1,; :1 = .1 '1 :'\< 
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Ibe 5II~:naJ, to h.,·e Ike"«'5 t-e""na =3!l9 (r = =11 j", ThiS lII'ould Imply Ihat Ihl!' 
~1j,)O 51~naJs .hould fit 10 a rano:'!' -:-1 ':3 " ns 

,\5 a re-.ult. · ... e "«'IU aim !!.t 11 nn;:f! ,:"f ~'l Ins 1St't" Ie-tllon 2 oj .... n pa~e II \ 

• :hr pO:-!l!'ntlaJ causes of ~rr,=,r~ ""Ii! t'!' faft random n01st" 1ft the- "pI"ai deleetor 
.-::w le"el of s~·nchronou. er.,Hlalit ':'n each liLIP ~loOule board and "erv slow l;v; 
·,r.altenUatlon change. Thf!5e- :r.a." cause pOlenllaJ bit s.mpbn~ error~ and word 
'Je-l,Ineatlon e-rrors 

• Eaen tri~ger Informahon wo:-rd "f H bITS has 21• pOSSibilities lie no re-st"C\'l!'d bu com" 
~!na!ICnSI 1II"h (be word! 0n ~-:me- fibe-n bl!1n~ constant. Ihe "«'ords en some fibers 
,eln~ all O. Ihe words on 5<:'1Ot" :it-~n be-In~ all 1. the words on SOlne fibe-n "a"'I0£ 

~lolll'I~·. Ihe wl)rd. on .ome- fihf!" \'Il'\'ln~ unpredictably In other .'oed •. the fibers 
~any completely ,ene-raJ 1" hll !;lle~~rs 

• T!'Io! architecture- a. "«'ell as Ihf! ~,:,mpl)nents must be ("hosen to mat("h the- l')al5 \to'llh 

'he mln~mum C?U f('r e",ampie :i '!'aen se-fiAI path C'e-re- to cOst $ 500. Ihen t'he- o"e-rlll! 
~'='H d ,(\1)0 • '100 := S~, jO,1 ,,(,OJ 't"':'uid be- "f!ry se-noul 

• T:1': desl~n and first tnai nWJP :;1:.m t-e- re-I'I,O" for tesun£ b\" lQQ') Ja . 11 ' 
"'wa~'1 . " , .•. nua,,· .. ~fI'au 

- ~~I;IIA~;::~I~~::~~:'l:~~::~r!,a;.-:~~~:: :,.":~I I~:; ~ :;£f:;;I~~~~Cr:lf:;!o~Uf !lIN" .!~ ~ )" ~ .. h 
- .. ~:;;t"I;~~~~":<\:~'"~·~:;;;'~::": .~ .. ~·~'JII,e-'.i f,) no;ol Ir:',-:--:::U"'!' Iln\' ~Ia~ 1\na I, .... n , 

I,a A Primar.'· Problem 

I:· r:~o::.:~; !:d"r=~J.': :'\ 
!·h I~" 'I:':' ~ 'f fl· ... ; . , .' ~r :, \\ .. 
1 11\1 rC-'ll.: .... ~~ r.1!;-I;a~ I!' .j_, ": C< "" 

,·'h.,\"j\· "'-:-r:?'!'n~ate :.r 'n- :~::" 

"':1 '\ 1'1~. l ... rL"'·I .... n 1[': I .... q!"" < ~ 

:. I!, i'I! I" ail ~ ;, 1.I ': '.\' ..... ! tI f, ~ 1.\ II:'! ': ::1'" i'I n'; 

"" ","'." ,'hanr.e. ':'i'I!:t<, 1\'lf"I!;,\fl ... ,\lh ',n'J 



1.4 Differences from long distance communications 

The malO differences £rom normallon~ distance communications are that. 
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• We Call ule multimode fibers t ('beck tbe most swl_hie fibers L The short leblt hs 
of multimode fihers can deh'"er a .;rnter fraction of the laser light without ~uch 
incre-ue in the S1~al tr&n,illon limes and 10 Call reduce tbe expense of the recen'ers 
The lar@:er diameter fiher cores can reduce the a.li!nmeot problems of connectors for 
multiple fibers. 

• We n~d Dot use monochromAtiC luers because the OpliCal dispemon in the shorl 
cables due to tbe finite widt 1'1 of normalla.sin, diodes will .:ause ne~~ble increase in 
the signal tr&nsltion times 

• We do oot n~d each of Ihe 5000 si~na.ls to cury the doci: frequency (since all 5000 
SllJDalS wiU have the same ex~ct frequenc~' t Instead. '2 104 addiuonal fibers can be 
used to carry a pnmary 1 1~-'5 GHt dori: "nd " 16 ns rreuln~ clock (62,5 ~lHrl ~Idn, 
the primary word delineation. 

·~ormal lon~ distan.:e .:omlnuRlcations use encl)din~ (!uch as -lb 'jb or 

8b,10b\. line framin~ wlIh du& s.:ramblin~ With a sunable polrnomlal. 
odd parity Inserhon. elr 10 inHo:--iure a number of tn.nSllions from which" 
Phase Locit Loop I PLL I can malntaln a steady dor;'; 

The "dded transilions IRcre!'l!C the tOlal bandWIdth and. usuall.\·. lC'nlZ: 
-il!tance c-'mmuRl.:&!lon! enlpir:o'" ilUri~· .:omplex l"r:e~hods 10 mtnlnuze thc 
bandwl(.ilh IRcrease .Tel I:,,"e !='role.:t1on 10 the dor;'; a'!lunu the expeneci 
forms of nOise ..... hlrn n\"~· 0lherw"e confuse Ihe ri')c;'; reco~nlllon In lonl 
dlstan.:e <:"':'mmunICII.I1<:>n!, Ihe 11\I\I<:>r CO!I! are IhOJe -:of the "("luallonl ilne~ 
and fO II is rallonll.i ! ... lUe r"mt'ie:t sllnalleneral1cn and delecl10n 

F-:-r Ihe SDC thl1' r(,!ls t:"f 'he ~n(,n m:nallme! a:e !maii .':'ld s') \\"n~n ':"-:moarl1',j wllh 
konE dlstanre '-':'mmunlr&II")n$ v._ .qJ 
-. -u!e a lillie more b&nciwldlh I!.~ 1\ n&!ie-:on 10:-

-. 'Impufy Ihe sen(ilnlll.nd re"~lnnt eieclr"nl':s 

• Earn sl~na1 nffd.! 10 rarn rhll~e lRi"rml\ll"'n fN 115 dt:"'-K ,..nO word -lehneallon relI\II"" 
!O I he pflltlar" i ~ '::; (.Hz d').:k "no w ... r'.l d<:>ime&lIon Th~s ohll.5e InfonnaHr::on iN el\(n 
~IEnal hne wlil d"ll\nre '.-1"" .I.,wi,· ''''UI "·111 hl\\·e nOI~e, . 

• \\" ... "I\n I('leUle 1\ hlEiter BII Err .... r na.tf" 0ll.:h 1\$ BE.:: :: ItJ~" "rrr::one0U! hIts hll 
msteaa of lhe BER ':"1 1 ,.'" I' "" : ·,'·nlrr. I'_'nr: dl~ll\nr~ (-=-ntlnunIC""on~ neeu \1 
Ihn BER. 'j,;!ltl rhanneis .... f I;' !-on ·.v'rci~ ""Iil 1pl::'II a i"; =jn(ll). !1\"'1' = .. , 1'\-' 

fraction of the e,·enu 

• \\'11' .:an u,e a rOtnOUler 10 r~l!..d dll1' ntuiltpll1' tll:nal le,·-j, and !kews Ihen make ad" 
Justments to Ihe Ir&nlmlller~ "'r r~ce"·"r' 

~ormaih- In lonE -ilf1&nre "-:-mmunlratlon!. onil" ! -r 2ilnes eXJ!! and II " 
not economic ror a cOnlpulf"r ~I Ihe recel'·lnl: end l-:O be used ror Ihl1' 1 or 2 
hnes and n'" pra.:tJcal for I hal r~mpuler 10 .:onsroi Ihe rhslant tran!mltler 
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With .ufficient prfflt!on. the dif£ernces betw~D tbe la~cal O~E &lld the chosen 
thmhald Je.Yebt may dif£f"r b" II. (acolnr of about 8 Furth .. r. at e~nnKI~n are 
chused ud laten ~,e, the ONE le"el C&ll ftty with time, 

Thul an optical .i~nal may nte. from the low lenl of nearly DO ligh\, \a tl higb Ie'lel 
whlcb Will IOme\lmel be aboul IWlec the Ihreshold level aDd other times be about 8 
times the \hrHbold. Similarly. " si~nal rall may not pall the \hresho1d uDtd it has 
r.llen to 6% ohu ONE n.lue. Thus. If a limple bed IhrHhold il used \0 rKel"e the 
lipal. tben tbe "eye" IUDpbD~ &nd ed!e d~\K\ion C&ll be badly distorted 

)Jormall~·. lon~ dlltanee syfttlnS use automatic ¥lUn coontrol. AC cDuplin! 
aDd polrnonuallerambl1nc \0 OTercome thi. prDblem.! 

• The UiJe or pure lenal iuformlltlon Ir&nsmiltion requires a more stable elodcio~ .y.lem 
Iban iJ usual In el«tronlc SYllems wuh parallel data transfers. This s\able cloclUD~ 
II nrcl!lluy \a traMfer dala whlfb may have Ion! runs of z~roes or ones .. ahout data 

JI~nal tranSItionS 

.We hope to ..,OId Ih .. eXlr& ro,ts and bandWldlb of -Ib, 5b or othl1'r eDCOmn! 
to Increase the tranlilion ralel 

The lar!e number of 'I~nal, meanl I hat we mull use" 10., COst simple method of 

r"lnpensatlnl: fer do.:k sle.n"l !kew~ 

• Thf" fibers are more dellr&le I han Ihe ("aJUa.l cablt:!. In ':'ftler 10 relaln I he ad,·anlalEe! 
of c':"lRpaCOlnen. the fibers Me n':'rmll.ih proterled by FI&Cln, ~roup5 of 20 10 .:'0 In 

'Ir"nl cable, 

• T hf" fiber oploeif"cotrOnl':s ma~' hale a lo .... er raulallon 10111'1"I\nre I han nC'fmal elf"cl ronlr~ 
ThiS 11IU!l be eXl)io~d' 
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• \\'e ('~n use the eqUl'"iLJer:1 ~i ~:i:::'&.i rc ,.:=u~l.ln~ ~ln('e we wdJ n:-t haxe lf1.termeglate 

a.mpil!lers 

";\(\rmlLljy. OPIU::a.i \e-nr: :i:!t:HI~e cll:"I"I, P"1S thou~h /I. n1\nlr.er Clf "mphnl!"u 
and han: the eq',::,·a.ient -::i A': "-~:.l.pun' . 

1.5 Differences from normal Electronics 

The ma.l:\ :i:fferenc~! d the -:-p':c:\l fi"'e~ ~e'h.,d fr':'m Ihe normal metheds u$ln~ electronic! 
:0 btlnc m::nw out of e"riler dete':IN! Me wC'rth il511n£. 

Positive: 

• Ihe anenu&tlon r:of a 1 Gb ~ Hi1:!'1ai :! murh less In ,lass fiber than In IhlCk or thin 
COlUJal cable 

• :--;r::o nOise It Introdu.:eci:n fibert I: '::e cieleclor l:round I~ poor or the slcnais mu!I be 
laken 9ast extremei~· :t-:I!~' eie':"!l":,nl:"!. nla.:nell~ fields o:-r dectrl': fields· 

• Slll',uarl~·. no crosstalk e:'O!H t-el\\"~,=,:: :iber~ whereas. If a lone. low CO!t cOUlal rable I! 
laHi as pan of a den~e ~unji~ ~: ':::~:;ar ':i\t-Ie~. It IS dlffiruit 10 suppress all rrosslll.lk 
:of :~e ~"ncnr;,n,:"u1 l!:\:'UIIl':"n~ 

~egative: 

an:;~e1er:<:,~~ i\_~:':'.':l- _...... ·-'l'.'Hi:"a.:'!:ac·I'r~l.2earn\~:\r \[1 .. • 
,"'''''::r.c e-m~' loIH''.' -:-.~,-'" ~-. ;~,. \!!-"J'i ;"~""""'~'l .-. lhe F,br- , 11I\nn .. : 
'.\"-r«:!'l;: , .:~:.'.".,"" - .". :,: ~ ',J-.&IJO ·:l\n~,"I'1 .. ~ 
- ~~~,=,.\ .. ~ ··\·u ;:::I:~.·',~ 

~.~:: :~?3 M:: .. 

~.:..: :?~5 ":I~ 

T~le .... f .. :··'1 I.· ..... E .. ,. -:_1-.' ~ ... ,,-~ .:1l:: '!,," ';-.. '-'1 ·:~~-'r\·'i,l ii""''''r ~O\~ 

I' In~ tr\a.hi::\' :'"~ ... :!. 
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2 The Design 

2.1 Tradeoffs 

The ~~:,!~!a.I rouunf"nu on Ihlt rr .... J~ .. t ""Jmrared ""llh lon~ diltance 1:0mmURICallonS and 
more cunomar! ~ie.:tronl':s 'UI~~~t "11' '''elt 11'111' rouowlR~ trade·offs 

• l"se few disrrete camponenu 

• l"se dl~tal 10~lc whl.:h co"n nSli,- ~e plll.ced in ASICs. ThiS 1o~IC ran be moder· 
atel~· complex so lon~ as It lues ie'" pIn' and I1ttle DOWer The ASIC's also ~ITe the 
adTanta~es of minimum propa~a!!':':l '1Oie ~ale and nurumuln COst ~ale 

• l"se sunple analo~ mel hods rll.ther Inan eXlenSlTe dlptal methods to accumulate some 
drift Information 

• l"se aDalol AOCs to arcoumui&le 1::i,:"rm&lIon on Ihe ,10,... dnfts "'·lIhout much cost 

• l'~11' d" .. readouu wllh a narr-:-w r,.'H 1(' monllor slowlT dnftlnt: Ihresholds and sllnal 
delay. and Inake adJuslments In t',:,d\ thl1' ltanSmlnl~t: electr~nlC' on the SOC' 'And 
Ihe separate t;LIP modulet • 

• 1"111' a d:$Ianl 10. ':1),1 romruler '~ ~eai Ihe nancoW" bus and analnl1' thf" ,low drIft! 
an'J maxe ,i,:"w o:hanlj:et 10 r~'ntp'!'r.Ule f-:or Ihe!e ThiS "'·IU allow a 110,... bus. wllh rew 
caoi'!'!. ~o fequenllaUy "rldre~. the ·:~r'Jl!r~· -:or l1'&ch !llEnai s Iranumtter and recelT .. r 
':> r~:!d ,!':~ 'Jnits ana Ir.ak~ ",:,m:,.~!altcns 5IJch rneckmE r<:'uld be ~-:on~ -:-nre r-r 
.~ .. ~:t-:i wnn ':!_ltl IIJ b-Int! \I~e·j for .,rl\ ~I.::n&l 

• T:·.~ 'a:r. ... ::-:"'!\",j \""lIl,j I\iir" .... ·"1 !:l11h~-"'-n-j~ I'" :"",:,,\~r !In\" l .... ·~ ··,f """r·j '\ n 
d:~-=-r.::.II-:r\ ant] ~~,·er"l .(>C"n"-j, •. !I!la.ln ""ro "'nrnr':'nlzatl-:on up"n r"wenn( up 

• l" :··~$l '.,:" ~~!!I'- ,~f !!,:- f::::: .. ! :,·:~~m!l'lr n urp'Inc ~1 'he T~I.::r:,=,f L ~CI( .'1!oJule~ 

~:!:::~:' 'nan a'Jlu~t 1he :.'rit : .... :. r -,rn !Icnai b ':'n'!'r "'''rd.s -n!\lre dial Ih
.j"' :-11 :r.let~:! a~e ci,=,u\~:-'J :!".'- :-!;~1\:J~i ":r~ut!ry .... f '!I~ Ir:cO;:"r ",aClI" "r!ll le"el 
·.'·lIr.ln A':''''Jl =:')11 "., when ::!-:,e' ":I'l\rl'!' ["r 'h~ ."C'lllln':'n w .... r'J rl"I"K A Ih_ !rllr:-r 

:!.2 A Possible Configur3.t ion 

• \ .'\[ i\!'le !.:!I\" '!J'IJ'::l".-:-' 
=: 1 n~ ':-.'1 
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The method may be integrated with & sepuate computer brill! used \0 meuure some 

vny Ilow u.a10! I~yeb &I1d pro,"Idin! updates on tbe &d.justmnu OD & 200 millis~ol1d 
bui •. Much of the ciretutry bu b~n cbOlen to be suitable for ASIC. \0 reduce tbe ,"olume. 
redact tbe numbei of discrete componenl. ud speed tbe performance. Even 10, we mUI' 
piKe empbuil Oil uling simple principles 

The method Ulf. \be {ollowlng' 

1. 011 ,be SOc. rKrlVe the 16 ftS pe-nod CrolSllle Clock uti use aD lb multiplier with 
It phase lock loop \ PLL I to !enerue 1\ syn('hronous 1.125 GRr dock with 1\ relath'e 
skew Tarialion £rom 'he Cronin! ('lock of leIS thu =200 P' f (11 = ~ = 115 p.t) 

eSf the erOISlng Clock to trusfer Tnller Information in puallei words. t'se fbe 
1.125 GHz clock to shift informuion lJerially. 

2. lend the informatioll of each of tke 5000 cbullds in 18 bit quutities at 1.125 Gbaud 
Wlth each 16 bit Inteler of data fnllo ... ed by 2 marker bits a.b where b=l·a. In other 

words. ah = 01 or 10. 

The ~a" bits are derived from a RO~1 u described on pa!e 1I. 

3. For each channel. Ule a luinlJ diode ..-ith a 3 dB frequency of l.i GH: to ~\"e only 
a J dB drop in the opttclll power 11~nlll current ratio Imeuured in mW;mAI at the 
3rd harmonic of tbe WOfSl cue 1 1:!; GbAUd si~nal .. 01010101UI0I0I01.. We do ;'I;OT 
propose to search for the most economical lasers at this time 

-l Iran!mlt the lilll:nl II.crou II. mu!tlmode fiber nther than sln~le mode fiber 10 use Ihe 

Inost economlcai recrJ\"er for eacn cnannel. 

reo:-el\·e Ine br:ll! 11.1 Ine GLIP fr.,m e"cn fiber In a PI~ diode or APD of moderate 
len!ltl\-lI~' .~~n. the sen!llI\"lI~· ,nould ha\"e onh· II. 3 dB drop al 1 7 GHz !n Ihe 
currenl optical power rallO t meMllred in rnA 111\\"1. The laser' recen-er COlllblnallon 
may Ihus ha'-e II. 0 dB drop C'r a faClor of 2 drop In Ihe j T GH: componenl of ea("h 
>:,,·erall Slr:nki IrftnSONleci "'UI irocm the deteclor This Will IlDply a sl~mficllnt pnue 
dlanr:e Ift- Ine I T G'H: ref::!C'n 1,111 Wid !!Ill CI\'e a falrb· ~C'od ··l"ye·· sienal fC'r samphn~ 
11.1 1 1::5 Gba.uQ We do :\OT preop'.'lse 10 s~lI.fch for Ihe most economical re<'rJvers 11.1 

thu tlmc 

,; ,ll"h'·l"r Ine fa!I anll.lo~ ~1r:nll.1 IDIC II ulfference amphfier wi'llch rompare! Ihe ~Ir:nal 
"·,In II. thrt"Snold le\·ell ~_ ~erl1':-n .: ~ '.'In pAce 0) The ch!'lce c-f [eL PE('L 0r Nher 

1('IElc le,·eis cannot be nlll.cie ,'''1 

deh,·er Ihe el«lflcal !Icnal InIO An II.naiol: dela ... hne .: ns ionr: "'-l1h 1'; lApS II~; p~ 
pef '''P' ThIS dela~· nlll.'· "l" nlI!.Ol" pari ,..( rhe bolt.rd b!· U!ln~ II. !ulIlI.ble l"lcned C'f 

Inuillwlre JII..\·out 

G. Select from Ine laplJ Wllh II. H~ 1 muhlplexor The mulllple:llC'r 1IJ Ilcluall .... Ihe firsl pari 
of II. deCISIon CirCUit ... hlch for res Ihe analo~ sl~nallnto di~1I11l Itales "'Ith lfll.nllUonS 
bet"'~n Ihem The muttlple:llor ceieCilon " controlled t-~. Ihe fine del.y adjustment 
to I\,·e an aUJullnlent of =1 n! The fine dela~' delectlon and control are descnb~ in 
5«tlan ;,l.5 on pa.~e 10 
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• to use u muhipleJ:UIl ADC' to rnd the hilb and low aiipaJ le'ftb. la thil cue. 

the "Inal paun two (ut diodes OJ' fET gates which produce two analol YOltases 
'ir •• ~ '-'1(1) ud \0-'- '-"Ii). The .npem.ing computH reads these two YoItAlft 
U~ .. multiplexing DAC to ehar~e a. capacitor with the tbreshl1ld Vr,,~ .. __ .. 1 i). Tbe 
computer can &1.0 read the thrnhnId \"oitale \-r~.....,I') .. a check. 

In each cue. the capacitor il aH'Ci to proyide the comparison \"oltalJe or "threshold yolt .. ,e" 
at 'b~ ~Yll1g difernce &IIIp1ifi~r. At this lime. the Rt'ODd method Jeem. prefna.ble. 

2.5 Fine Delay Control 

18 step. or 125 p. each. range nC:l 0 n. 
- TO BE EXPANDED WITH DIAGRA~I -

1. The lip' Inell for 'he ..... a.l1d "b - bits on each fiber will ~ye four semen for ~ach 

silJDaJ: 

• sin.ufFici9t il1dicatioD for .n:r Ibrnhold (or automatic ~aift control) to functtoD 

• Ilv~ a dear Indication of the 0 and 1 hmar:r l~ftls. 

• ~Ye a dear dock phase ,ynchronll:atlon 

• ~ve II. dear word .~-nchr"nl%alJon 

,. P'!tform phue detection on Ihl" "liS a.h 10 lel«t the Info from" tapped dela~'line 2 
ns lon~ 

J Cle 3 D fhp-nops _i. _2 and U. fN "'acb s1~nal. F~ Ihe SI~nal in parallel ta the J 0 
InpUIS and f~ci 1I1~ clock adnnced t-~. n"2 ns to the (,lk mput of ftjp Hop _i. Ihe clock 
dlte<'tiy to s2 and the clock d~jA~·eci b~' 1).2 as to U The Q OUlpUl1: are fed In pairs. 
f,,,nl _1._2 and from _2.U InIO IWO fut I ECL?' Exclullve ORs. The t ... o Excius1\"e 
OR "utpufl are fed. "Ia 1'111"0 reHJlC'f1 lD!" t .. o ("apanlor! 10 produce IWO an.uor: levels 
I,. .... C •• /"III II.nd I,. .... L .... II t wh1cn ca.n be read b;r A sio,.. multlplelUn~ AD(,· 

I The difFe"nee betw~n the I·~ .... £ .... ~Irl And t r,,,. L ••• I i' ,·oha.~es on the;2 capacitors 
(or th~ Ith sllInal ... ill indlCII.le Ihe A'·erftCe t1me betwft'n the fll.lt tth sienal trllnsltlons 
and the fut IOLIP ~~9 ns doric lran!HI~ns If Ih~le are wilnln 0 -I ns. if the clock and 
I'" lienal Ita.nsulans Me ,· .. ry rI('~l" Ihen Ihe 2 ,·ohll.l:e~ WIU be neatb' the 'Arne fN 
All dAla pII.llern, I 

The ~lCnll.1 .~ 'Am!=l'ied ID Ihl" mlci·C'l"n",d "f I hIS dorklnC 

The rompUll"r r~nlldt"rs Ihr ·idfeor .. nre ~f'lw_n Ihe 2 .-\OC vohaeelJ u belnC prop"r· 
flonal to Ihe product Sill' .loti I , 

',.._ £ •• I"tI1- I,., ... L .. ~II)"X .\"'" ~tl.I 

where 

10 
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I~e:t im Ihe m:n!.lmto a T~ ~laC:e ~:uit reetHer The mrul to Ine sh.lft re~isler ,("IS 

3.S l~e ~econd p~rt cf a decmcon CJ~,:u:t The Shift re~.lSler IS cjC"ciced by Ihe 1.1::5 GH: 

clOCK cof the tn~!i~r lo~c CIrcUitry 'lnd so 15 ertecln·ely :?~" ns lon~. 

He:eafter. the slS"nal IS dl~l1.ll "na ~:-ncnro:."nl:ed wot1h Ihe clock cof the lOgger logiC 

·7ltC·..::t r~: 

1(1 Seiect the 51clui frC'm ('ne of Ihe !r.I:: ~et.uter OUlpUU t:-~- II. 3:: 1 multiplexor wllh the 
resolt!Uon of- S89 :t!. The seiertlof! :! cC'~tr"'iied b~' the; bit coa.rse dela~' adjustment 
C"·er a ran!e ~i = 14 :2,u The c':'llfse dela~- deleC1l0n and cC'nuol are descnbed In 

~eCllon 2.5 on pa~e 11. 

11 -lei.!'·er lne su~nl\.i 1D10 an 1~ hi 0::1:: reelHer wnlch present! 1" bits of in for milt ion 

eacn t6 n5 to foUowln; circullry 

1::. Pick tne sub,et cf most crUCial mk:~al!l:-n and send 11 on tnr~ fibers with the recel,·et 
hannr: a "ole cirCUit to vye reiJablu~:" ThiS mu:nt be useiul for. say. 1 tt of the SllJnals 

"nd 3~ of the fibers -

2.3 Analog Voltages 

EAch ,:,f :he ;·~,OO !lr:nai! are monll':'rea ":-,. II. lDuiT!ple:OCln~ AOC !ystem which is descflbed 
la.fer ::1 !ectlC'n ~ -:- -ocn pa;:e 11 EM:1 "c:tal rr'.'lauce, ';'" IInalo~ levels a.nd the tnre!h,,:d 
u,eo:.i f0f 'ne o:.illma.i ciecl!lon! I! an ~Ih "\!'!aioc: le,·ei Tne ADe ~~·l1ent Will Dlonnor ail ~ 
;,.nabc: :':"",!,:S wnlch a:e !t!te-l her" !.~ ·::e ·r;' ~Ic:n.ll f,=,r "j] ",rhl ~lImai! II = 1. ;()1I01 The 
c:ene~llll.:':'1 llnu u~e .... j l"II.Cn .\naI0C: ''''II1::e ~:e rj-!rnr-l"d lall"r 

r •• :. .. " • 

,". t ~ ... -. 

2.~ Threshold Control 

The :l1t':':lanc 'l~na;5 ··.Iii h"l\l" 'I. ZER' "·l"i "nn'!"! "h:tnce~ .... f\" l:I!le and fr ... nt r!r-:-Ul! I· 

nrCIIII. ~.:H U11l!!' ,'Mla!lo:n H .... w .. \ .. ~ 'n" I~E i.,.,el '\"Iii "lln' ;::r",:\lj, 

Tne o1\npi .. " w",·~ I'Ir!!' 

• IC :J~e IWO t.acit 10 b",,; lunrTwn ;:~ .. de~ '··r equIYII.ienll 1,:- ,·nll.lIe duchll.ue II. smail 
·AL'aCIIC'r ier e!.cn 'lcn3.1 Th:c ··! .... llIr\· 'Icec Inf' mo" r'=''III'·1!' And moS! nel[ail"" 
"'1.(':.!:"('In~ :-i Ihe ~un,u ., ·j-rin" .~.!!' mlo·Jt"'''! ·.,·hlch rftn Ih!!' be u~~d II.S a Ihre~nold 
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• Xfl) i. the a,·era..e !lumber "f !ranSlll0nsl1S bit "-ord in the IIh sl(naJ - a number 

In the ral1~e bet';ft'n -1 T; II.nd -1~ U because tbe ,a..hl combin~tlon luaral1tft's 
at leut j tranlluon5 per" words Isee laler) (And luarantees at leut Ilr"n'ltion 
pH ..-ord) and clln hue IS transllions In W01'dl of 010101010101010101 

Thu5 

.ltt: I :x 1·,. .... «,." .~~,~: r.~· .. '. 

AhboUlb Xfll will \-arr unpr~lclaj;.i~· with I a.nd ttm~. Ihe computer can u.ume 
S = 120 10 make a Imall chUl~e wnbout di~rlJenc~ a.nd chan!e the 4 btt lelectlon 
~\"en to th~ muhtpl~"or e>f the fine <:iela~' from til) to til) - .ltll) 

B~' repeatlnlJ the abo\"~ step'. the co:omput~r cII.n conv~rge on tne optimum '-alue" bit 
muluplfXl1r value whicb ~'·fI nurh' ~uaJ nJun from the 2 ADel Cor this l:I~naJ. 

2.6 Coarse Delay Control 

32 st~p, oC 110 p. ~aeh. ran§e of =1-1 ~ n5 
- TO BE EXP.\~DED WITH DI.\(;R.\~I -

1. [a.cn of Ihe iooo sl~nals lea'·1n~ Ihe ~DC del~ctor hne 2 Identlcalla..b) bitt Included 
in eAeh 1 S ell word 

Eart! -I "'"r'!.ls .each 6" n~t. Ihe 5D( ::owdmc dete<'lar electronics chances the 1111..bl 
blls In 10 r:1'·e a clellr we>rd debn~IlIlc-.!l The ./l.b. bill can be obt&Jned at the oetector 
frem a Sln~'Pie ~ln~le 2·;0:: d~r RO\I The II.ddt~!S of thiS RO.\IIS Incremented ~a(n -I 
"·N~S .ell.cn <)-1 nSI linth a full ,~'C!e ':'! a ll~f'U,jC"randoln pan ern bemr: tnAde ell.ch :::V;' 
I!.d~~e!fe~ :~ II. ame ... f 1·' .; Oi." 

The " ~I'S c,=,uii f':" fr·:-nt a .:~..:; 'it"eo n0~1·."'lh a ~!'eudo·random pafll!'rn 
$'~ Iha; ~he !l"~ue:'lc'!' "f I'll! ·::t,,,lntes II. repeallnr: p!l.ftern wincn hll.s ~~HI 
r-"ult.lime! E'·en d Ihe ·.\':'roj ·jehneallan IS !<!'mp>:"a.ClI~· Ie·st. II ran " ... 
:eCOYf'r'!'~ ""Ithln II. i-w nllib'~~""nd, And 15 '·ery unhkeh· I,) t-e Irlcked h· 
:anci~rn ciaill. 

':u 1 OJ.!' :: ~ --.,; l' ,.(1 

Tr.~ ~ ~·IIS It.r':" 'J"~n!!,·j ~! ,~'!' ~-!npil!'ment ... f I he 0\' blls ~o I nal ,:""ch w"r'j 
nll.! "I !"':n 1 Irl!.~~I·I-n .\n(J ~~ .. ':Ian~l"'l '.niy "'·l"r~· -I ·,\· ... r'js loc Ir .... r .. ll~ .. ,~ ... 
:tumbe~ ~i 'ran~I~;:-:'I0 c .. :-;!l' "Vll -I ""r'i~ nll""lll ;'~'1~' : ·."nflll ... ·n. \~! I 
fhe c,:"n'JI:t1l': HII.nnr.II:t":C 'Uo:" .~ ... ':\111" R0:\I .... r II~e .u'!':'Illcal C\·n"'hr"'nl~"·1 

RO)I·~"" • !"I II. I ,,;1 T~l::,:'!r l-.i"'~~:"II·:·n "'''r·1s h",'l" Ihe 'Allie ,a.b. b'l! 11.1 :11..
!II.lne In!!II.nl wlln . !"Ie '0\ '" '"I'C r- .. mc: rilanc:ed "Acn ':i'~ nl 

1 Tne wor-:1 deu~e."C'n !'l"i ..... ls Ihe ~ ... ",i rr,cc~r infC'rmall':"n it"IlI" lII.ppe.J snlft rl"CIHl"r 
Wlln 3~ t-11! 10 roy!!'r 'ne -= l~ .: :l~ ·;II.nallOn 

T!'us ccane deiAy nas II rl"~,..,lull('n ... i :-::;:7:'H: = "'G.~ P! wh1ch I~ le!s Ihlln h"if the ~ 

ns lull ranee d the nne -l'!!"V ~>:' Ih", ll~" rneck. at lea!! I"·", PII.lrs ('\f fine II.no cC'al5e 
-leil!.'· "Alue! ~an b .. rhl"cited "caln~! l"arh "Iner 
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The circwt i. drawD u a sbift re~5ter Wltb a 32.1 multipiuDr but IS really a combl
natlOD with simplified cirewtry. 

The warr{ delinea1ian IS operated f,-:om II rimple 5 bit rel!iJler with very slDw t'orret'lion 

{see later) 

5 The same RO~t in the SOC' also senas the la.b) bits \'Ia a secure path to the Trigge! 
LOgIC. This "secure path ~ has not b~n d~i~ned yet 

!Ah:~m.II\'el~'. the Tng~er LO~lc mll.y use an identical RO!\t wllh an address 
counter which is s~'nchronlzed '-l1h that of th~ SOC: 

Tbus the Tri~ger Lo~ic expects e!!.e!! Tri~ger InfDrmatltm word to ha,"e IWO bIts called 
(x.y) which always equal the expected ( •. h) hits. 

If the Tril;~er !n!armll.han w('Ids haTe c"fteet word .lilnment. twa bits t x.~ I In elleh 
word WIll .. hra~·s equal ta.b) Howe\'er. rlurln~ power-up ar k!ter Po large dISturbance. 
the words may nat ha\"t ahgnmenr. The remainder c! this secllan de.cnbes haw 
ali~nm~nt may be reca\'~red 

Each Ilgnal has J blnu;.' campaflfors to compare: 

• Ihe -l bill I \\' .X.~· lUld Z I C'f eacn sl~nll.l wNd "'h~re I x.~· I are 1ft Ihe pOSlll0n .. here 
the la.bl bits are expected Ana 

• Ihe 2 blts ,a.b) from Ihe RO~I 

Thus. 3 comparuans are made"f':"I" X I. 1 :'t.~·1 and 1.\'.% I with t a.b I 

>l C':lnslut'r Ihe Yl\iues C'buuneJ h· ~r:~ d Ihe Exdusl\'e OR com!,arlson! d the m~C'mln£ 
sU9posed ·a· bit of Ih~ Trl£~!'t l:ii-:-r:nallan \l·uh the e:'ll:pened '11.. bit d the (.L1P 

• If Ihe we<rri! are Aiu:ned 'h"n ':le C0m!,lI.rllan wlil tl"e a consIstent E;'I:ciu'I\·~ 0~ 

-:OUtpUI EXO=II 

• If The I"oro! Are nllSAilimea ).. ... I ~II ~o Ihat the e;'l:9~cled ·a·· bt fl\Us "n the I,·· 
bIt of the oata "·C'rds. tht'T'I tllr ("'JnlparI50n .. 111 &;:J\'e a canslstent EXO= I 

• If The \"I"N-::iS are nllsaLtne·j 1;'. : 'll"h"le word. S~ that Ihe expe~led ,··a bit fall~ 
"n II unQ(lm .11..' t-u i'>elc>nr.:n;: ',:, the nexl or lut word fe<r 1 "..,f The ("Ase' Ihe:t 
Ih .. (",:,mtHlrls"n "'!"Ill r~\"e 1\ r:,r.~!Henl nlean mCC'C' -= 'I - 7 = ~ -= ;, 1:5 And 

"'ceo = ,i"'~ - ~,~.: = :-:-; .. "f:7 -= 6\ ~ = ')10~~5 
• If Ihe W('TQ! life ':'lh~''''·I~'' n 'I "I1£n~,j. lhen thl!' (""moarlsc>n will t,,· .. 1\ 'JIHrlt-u· 

lion C'f ,) sand 1 ~ With 1\ n'~!In .,f mCta = II" ana a 17C.TO = ,) 5 

~"'W cC'nslaer A'·erac:tnl 1\ nunloer '" ;of lhe~e III.mpie, I\nrllatle the 't'alu~ d ~='~~on 

wl')fds ,,·hld, w"uid tAke a hnlt' "i 1;(111 • l~ ".I :. 40 1'.1 5ut'cessl"~ s"mples m"" hA'·e 
Jdrer~nl a'·~ra£es The dlSTrltoullC'n d the SAmple a't'~rues "·IU ha"e a mean m ........ 
• ·Ith a stanal\fo de"latlon (1 ........ ;:-r Ih~se f"ur (""ses "' ....... 

• If the ... "rds I\f~ abr.n~d. then Ihe companson ..... llliZl'·e a con.lStent sample mt'an 
m ........ = oj And 17 ........ = ., 
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IWe ulame the tlm~ for th~ computer to «ad each YaJue I. 5 1'.' Thus the total 
tIme ta read aU 8 ~y~b for all 5000 lI~nals IS 

Total Time = ·';000 )( 8 Jl '; p3 = 200 m •. 
We usam~ the ADCs are tn,,~~ Rqaf!'fttiaJl, tb~n read sequntiaU, 10 that 
if each meuarn 16 analo~ yaltalJH In a st.lJlJe~ manaft', the ADC eonnnion 
time tan be u IoD« as ~ = 12.5 "13 ObTloully, if the drifls and anexpected 
errors otc:ar more freqa9.tly thaD once p~r mtDut~. we may tonsider a futer 
readout method with a faster computer or. perhaps. se~ral comput~rs warlrins 
in paraU~1 aDd so should prohably u~ AOC's with a conversion time less than I 
Dullisecond. 

The accara(\' of 8 btt AO(,s ma,' be sufficient and eac.h 9l' board mav use 8 
Simple NatIonal' AO('08t7' 8 bll 16-~haDnel 28 pin ,,,-DCs. These han a ~ny~r. 
SIOD time of 100 Il~. Howe\'er. a more campatt conilurauan may be found.] 

2.8 Implementation 

• H&Y~ 16 optical ~et\'ln~ mcult. an half of Il 9l' circuit board. The other half of each 
board ..... Ill be used by tn~8er ClfcUltry 

• r.e 1300 am l.i~hl Slnt~ the luers ier Ihese ba,'e the leut cosl. 

• ReqUire na speCIal luppl~' ~·o:>hll.£e~ 

2.9 A Propos.l for. Proof of Principle 

Before II.n~· nllt.'or ccmmumenT cor 11III..I!!'r 'jtsl~n ~ffon IS made. !I ..,ll be tmpartll.nt 10 ,how 
Ihe el~nlen"'r'· "lrCUIfi clI.n ~perll.t~ Thl~ \"II.~' II.t I 1:!5 (;baurJ \\'hlle ,he proaf need not us~ 
th~ p~rtect ClrCUltr'·.:I 15 Impe>rlll.nt 1-:- onC'1."I" 

• I hal luch I:: bu woras CAn be ~IUH\" c'!'neraled and lurn~,j Inla a senal 1 12.5 GbAud 

• • hal lome e;'l:lSllnr lAsers CAn ~mlT I ht' Ilcnals actoS! .:!O(l meters of fib~r 

• IhAI ,C'n,e e'tHllnr. Inuillfib~r ("('nn~f!~rs Are 'Ullable ,#"Or Ihe 20n meIer fibers \\.~ 

I\nllClpat~ " lQ ,; "~nn~("I~n fC'r !'!'I.(n ~'r.nAl line 

• I hAl' he UH' -:-f '~e ... f In .. ; ... 11" .... nc I"'!'I'!'I hous IS pfll.~fI("lI.i '.- Allow icor I he \'AflAblt' 'Ir.nAI 
'lIe We wli] r·-m!!,Ar~ .j nlf"IhC'ci~ d ~lI\brl1%lnr. Th~ Ihrt'onC'id (rasstn(. 

~ remolei.\ co.:ntrollint Ihe illSer ':'Ulpul c::;un 

- use baca IC' bAt'a dl(lul!'~ I Tim \l·IU reqUire 'Nne ca:~ w,lh Junction t'lI.pacJlan~~ , 

- ad.lustment C'f Ih~ Ihr~ho:>ld ''"''''''le In II. fecel't'er! ·mTerence amplIfier 

• ule A full D.H· 10 pra\'ldf" The Ihr~shojd "c>ilaee 
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• If the words are ml!-au~ne::i ~.' .. : :It $0 that the e:t;:-ected ",," bt fAlls on the 
':" !:tt c: the data "·~rci.!. '~e:: the (C'mpafaon .... Iil ~J"e a (-:-nsistent "mean 

""l ......... = I a.nd (" .......... =" 
• if ~he w!!'ras are m:!'aht:l~ci "y 1 whole w~r-:i. so that the t:'tp~ct~-:i ~a~ bIt falls 

':'n a rancicm ·a·· bIt tel~ncl:"\~ ~:> the next cr la~t ..... or-:i f~r 1 4 c-! the ca.ses 
'h~:l :he c.,mpa:1scn \l·:ll CI'·e a ~,:,nsalenl mean m ..... "'. = I} 1~5 and C" ....... c = 
7'f = ~ = 0 GQ:::~0" 

Th~ iJk~iy hood c-! any ~l'lmrie i-~In~ near 0 0 II that of beln~ beyond ~("'I" = 
)~ ("'I" - e;'ttremei~' smail. 

• If the wC'r-::is are ?lher\"I"He n01 '.:.ttned then Ihe cemparucons ..... ill "He II. meAn 
'""l ......... =.J ; and e"." ...... = .,'~ -=, ~5~(l = ',1 01 The hk~I~' hood of the .'·~ra~e 
:i a.ny sampie belft~ nen 'J cr :-:ear 1 :5 that of belR@: be~'c>nd 50 17 - extremel.,· 
~mai1 

? The ; ,!!'meA!'ltNs chau:e 0r dl!C':-:a~;;::~ 1 !ma.il capllcttC'rs throu~h reSISlNS wtth 
II.n .::;~ .. ::: I rr::;l!~ec<:,na' IC' ,·:>itace, -..ienneu A5 l'c_ ••• c •• ,,,III. l(-_~,. £"'IK~d:1 II.nJ 

.. \ :~~1l.~:::';!':t;:'.t \['1. .'C'l\r'1'r \""ilat~~ Th~ AC"cun'c~· ~n':,uii ~'':' 

'um~~~r:1 '.- ~~~a:-I\· ·:;·::1c\:l~h ........... n ":.e_~. = 'I;, and l"'1 .......... =.0 
;! .. \ II:' .:':.!' r·:,.~ De:.'!." 0 • ~:~ 'I :!or -... '{":'f:!,: I "":'mt'u:e~ ~ell.rh Ihe .-\ Dt.. \lI.iu-!'~ "~'-:1 

·:::;:!<~c-r:=! If ':'.-:- ,,-~·;c ~~-,'.l 1\.:tT'l!"1 .!-!' Ih .. w"'r·j ·jelll\eAllo:'n I' ,. 'r~"'''' 
,- "; .• ,.. .. .:";:nt a :::aX!ntulI! ':\IU!' !'r ".< .1,[" 

:!.7 AOC S .... 5tem 

\,--- .. : .. 

We "',il j:<an an ASIC I.., ""mp~"H Ihe r:rf';I'f" f ..... r s"Yl"'ralsl~nal channels 
-"'at~ Inat IhlS:1 O~LY A prl')(=,j.,f rrmcolt' - "'OT a pratol~'pel 
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It IS a! least 11.5 ImpNtAnt to Slat~ "'hllt ~ni.i \OT ~~ dC'ne In thIS ··Proof of Pnnclpit'· 

Th~ reason lcor these omiSSIon, 15 that W~ "xpecl c~nllderable pro~r~5! ta be made In In· 
duslr~·. uT'ld-!'r th~ thru!t c>f HOT\' I\nd .("~e;'!'ral1nr. communlcatton nell. durln« the next 
~ ~'ears \\"~ ""IU prc>pose a S~pAr.1le ·.!!":·i('em~nl tT'l 1?93 f"r the selecllon c>f tht mO~1 
suitAble III.5~n I\ntl ~e"~I\"~rs I 

If thl! ;:: ..... ,..j .j T~:n("lol .. "·,n ;-. .. "';"!~'-:".'·n·"~ ·.nlh <!.'!~,ele ("~mp(:on~nl! ..... n , .. , ..... nuii 
("I~CUII I--,,~-:~ '''Tn!''! t-,. "fi .... r 'n"n " ,~' .. ~ ""r- ,~ "0"\"*" ,I TO An ASh J~!!tn' '\1) r 
prop>:"~'J -: .. ~ ... "·UI'J ~ .. Ii'lKt'n WITh :Il~r" ~·:1ri.j~~ .. ~ 
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2.12 Summary 594 
1. UR IllDal oploeIKtroDics .. jlh a frfl1ueacy. above which a 3 dB losl of sain occur •. of 

1 j GHI10 P,"",'If' lhe ""Yf'{onn o{lheo .. "rill rllM' 1.12·" Ghaud "i~nal t){ .. 010101nl0 

2. l'R muhimode fiber with a core diameter of about 60 m,jCfOIlI to allow tbe Ule of the 
iownl cost optoelectronic, 

3. l'1C' words of 18 b,tt to CIUT~ hoth the 16 bit. Dlin{ormatlon and two hitl (a.b) with 
b= I-a. The j a.b) hit. have the purposes of deliautin!! 'tFOtd. and allowlD!! 'lisht drilt' 
ud tbretbDld .luh. to be meuunO. The f a) hit. are £rom along fixed pteudo-random 
KqU('Dce ",lUcb baa .. mean time lor appearing in rudom data of 3.68 )( 10-' year • 

... AUow tbe informatron ID the word. of nch cbUlDeI to be conltant. all &eroes. all ODn 

or ch&D~e WIth DO "forbidden nUues" 

llR three adjultment. lor each IiJDa.I: 

• .. Thresbold Adjultmnlt lor eac:b fKeiTer. 

• a fiDe dela:v Adjultment with stepi ol 125 pi and 

• • COI.IU deI.~ AdJus1ment wllh • r.ll~e ol ::t::14.2 DS. 

We expe~t the hl~h sil!:naile"ello "IIrY from St~llal to li~nai ud to Yary ... i1h time due 
to the ule of 10'" ron l&HrJ and dett'C'IorJ and the ule of impetfe~t OP\I~.u ~onne~tors, 
The rulh 'ilnai Inell and 10" 'ilnal leTel1 are t?~orded b~' 2 diodes and 2 cllpa~11ors 
for ea~h of the .;000 Sll!tllalS. The 2 '.-oha~es Will be uled to deternune the threshold 
lor ea~h SI~nal 

The FIDe deIA.'· I'LdJustment u~es 0\ lapp\!'tl delay bne wnh a 16.1 lDultlplnor and 3 
fut deCISion nrl'ult. lalchm« Ihe sl~nAI JUlt before lhe dod,- at the dock And JUS! 
after the do~it SlICnAI tran'llion. before lind alter the do~k caule the charee on .; 
c'=lrte"ponollu[ CApaCtlOl'S fO be Inl'remenled .0 that the ulfference of Tolta~es on the 
:: ra!laCllors InUlealn 'he rf'I"'He pn"sf' of ,he do('k anei fI~n&l 'r&DlIIiOnl 

~ The ('oane de)a,' AdJuslmenl Ufe~ II. 3: lon, ,hlft re!1stn with a 32_1 multiplexor 
anu uses ,1 ca~acllOrs to coUect Ihe Alreemenll of the ",nai', pAttern of 111.1 bit. _ilh 
Ihe expected patlern Dunne p"",, .. er_up -:or after nmlnlr: errors are found, the .;.bll 
,eieo:-tlon IS l'hlUllted unt!llI~r_menl '7'f Ihe sl~nal and expected 111.1 bit pAtterDs 15 
found 

~ rse II l1luiflolexlnc flo"" .. ~,t .... r !" hI! .1.DC s~·'tem wnh I:::! Inpuu on each ~lr 
",.,ACU to rellu!i IInAIDIr: le"eis prC",u(e,j ... ,. each of the 16 InCOllune Trll~er Inforntlliion 
m:nab 5muiarlv" use II nmill'ple:<J!'I1: [I \l' fC' IIdJUfl the thresholds of the rece"'ln~ 
c!rCUIIS fer each C'f Ihe It' m:nllis t"n ellch ~r boart.l 

w r.(' An external compull"r ",uh II I" l'-II Addren. 16 b!1 dala bus to sequentlAlh 
Ana ,Io"'i~' monitor the S'AtU~ C'f ~he .nalo~ vohne, ~!,=,ducet.l by "U $000 flena!s 
The (,Clmpuler mllkes (hant:l"~ ..... hen nl"(l"S~Ar~' to the Thrl"shold. Fine And ('"arll" 
aQIUltlDenlS ThiS can both perml1 secure w"rd and bll iWr.ntnent dunne pO"'"er up 
and reco"er~' after major duhlfbAn(e, 

IS 

2.10 'Alternative with Error Detection 

Althou~h :\:-1 pjanne~ n-:o ..... Err~r Dete<:llC'n may be n~ded fN two reasons 

1 In :he ~eneral thru~1 10 u~e l-:-w CCO!! ccmpconents at hi~h bandwld1h$ "'-lIh marC;:lnLi 
tra:-:~r:-.:~:I::O: 1!.1ld rece:\·lnl:!. elect~,:,nlc!' and Ihe thruf1 to comml1 1he use d ~C'nle 

cornponen15 ..... iucn have JU!l "'_n -:rea!e<i anti Incomplete!~' tested. ",e ma~" be iorceJ 
to u~e ccmpe-nenu.:Ir methcocis ..... hIC!! iL:e :r.I~erfect 

If :he T:lq:er"' information IS t:J :-e aiso used fer ph~'slc, measuremenu. ·,,"e wll! 
cer!luni~" n~d err-:or detechon 

Errer! In dll:ltai n-Helns have II. different effect fr~m Ihe effect Df erron in &n an aloe ,,"stem 
A slitch In ~n anaio~ 'yslem ~an cause an err::-r. In say an Ener~y, with the su:e of -Ih~ error 
In the Ener;y !:-elft~ prC'porflonlll fC' the !!:e ~f th~ ~hl~h. Ho_ever. a ~htch In a di~l1al 
~y$lem CAn ~au!e ,,1\ erro:or In Ihe Ene:'I:~" \1"iucn IS as lar~e as hall the m&.XJmum enefli;:~-

The m-:o!t ~Impie error deteClIC'n :ne!r:':''; I~ !C' u~e b~"le p .. tlt~' which means that the 
bandwloth requlre:%lentlS mcreMed fr-::m 1 :':5 Gbaud wllhout parity to 1.1,;0 GbAud 'll"lIh 
pan1~' \"Ar!C'US ~!he! :net hods I!!X1Sf - fN eumpk the -lb Sb and Sb lOb encodll\~ methods 
but fhat :f nr:irie parHy Appellr~ f .... hllve 1\ b\l'er C':'$t 

Any c:nciUSlcn mu!! 1I""I\lt further Ini::mllflt'n ",f CC'$t trade-offs and the hkely f'7'rms of 

'h the eX:Ta C(:'~t .: C'pera!e fhe !a5e~~ '!lcl ~e"el"en ..... ,th 1 :.; Gbaud InsteAO ")j 11':; 
(.baud .'"!~ ';-.11:: '::e ~-~t <:\\"('Q Ii '~l," "::~:':"~.: :',"~ ~!C"ck 'jetec!,-:on can bl!! nmoidie1j-

F:r .:-,~ ;:::::1(,:-,' ".'!" 1\~5um,:, 'r,1\T ";-.' ·':~r jel('rtl':on ..... ould \l~e ~I.! bit w .... rd~ 

:e :: -:s :! ~a-:a 

2.11 :\Iost Important _,"0" 

l.t ':l:~ C"III:" 1 "~I:,'j O\C't"~I"~n'" ~n\ .••. -~-" ',\"h,ie 'h~ ,:r~UIlf\ ~'n t-'!' Tun "~ .. m'"" 
-~, ~: .. fhe 111111",1 1'I~$llnlr'HlIl~ i ·., .... Ild .::ell:h· IIr~rena!" anI ~"''''I~~-~ 

-:1 Ibe 1Il!!!",1 "·HllIlp'IOI'" 



Muon System 595 

Technicol Proposol Chopter 7 - Outline 
Momentum Resolution, Cosmic Roy 

Trigger Rotes 
Octogonol Geometry Effects 
Forword Muon Chomber Rotes ond the 

Optimol Beom-Pipe/Rbsorber Design 
Study of the Muon Trigger Efficiency 

SCintiliotion Counters for Muon Trigger 
System 

Muon Scintillotor R&D Rctiuities ot 

G. Feldmon(Horuord) 

H. Iwosok:HKEK) 
J. Wiss( Illinois) 

R. Kulik(Protuino) 
U. Molchonou 

(Protuino) 

U. Rykolin(Protuino) 

Michigon R. Thun(Michigon) 
Prototype of Foom Support for Muon Tubes R. Sill (Rochester) 
Finite Element Modelling of Muon Detector 

Module 
EHperience with Short Drift Tubes 
Forword Muon System 
Design of the Jet Cell Chomber for the 

SOC Muon Detector 
R Short Comment on Descoping of the 

Muon Chomber 
Progress in Wisconsin 

SOC Muon Simulotion ot Illinois 
Muon Beom Tests 

Report on Beom Test Work: 

C. Doly(Woshington) 
·T. 2hoo(Woshington) 
R. Sk:ujo(Morylond) 

S. Terodo(KEK) 

Y. Rsono(Tsukubo) 
D. Corlsmith 

(Wisconsin) 
S. Errede(lilinois) 
H. Lubotti 

(Woshington) 
S. ErredeOllinois) 

LPBoutz:l1/4/91 



596 

Technical Proposal Chapter 7 - Outline 

G. Feldman(Haruard) 



I. I" -Ioro Juc f;oY) F~ lo-l".,Ccl"\ 

(ont'.,~~1 ~t-s;,n 

p~ys/;.s rt»1cJ ,;~ .,,.,,,.J.s 

T,,;,~t' .. 1 ('o"r., J...,. I 

1. S'c.~ i; IIQ ~ .... '" rO..,111 l tl S 

), C ,. .. ~~ .. kou 1'"0.,111« ~s 
.. ",!: • 

''-",:':~il' :~Qo:-.\:.'~' '-'.' 

Lf. (~.,4r.1 c h-...... " 

!i'. Fo,wcr,ct chQ. ~f"S 

,. C~·.·I'.I ~ot.,J -
1. forwo,oI foto,J 

~. Al,;", .... f' .. t 

-

- (,v,'I1/s 

t~~, I 

Tb,..r') 

I\l 0 ...... "!,b •• 7 
b .s~J 0.. ('Of< 
ft",It .. ;,..,~. 

SlvJCc 

C h et' \Ni,..J;Q ,,' LV,.,,-} f!"~ 

(03 fJ SC t.t-.t..,/~ " Q ssp."b, i I e It'e ~'."/~ Q'~ 

p,.b.6., ~ht'&.Vhf'~ '" ~~ Ttl. 

597 



Momentum Resolution, Cosmic Ray 
Trigger Rates 

H. Iwasaki(KEK) 

598 



599 

HiV'O IwD.SAk~ (KEk) 
SOc. c.n .. b. @OR~L 
26- 29 /Ser/q I 

I . MDme..,-tu,ws ~esolwti"o" 

I-i. For"'~t.. of (JPt-/p~ 
I-2. Clx (Bwt) cle~~u 
I - 3. l8\1ev- AY'tw' (aw 2 - 8W~ ) 
I-4. Su.",M4r~ of (JPt /P't 

.lI. T~"1er rttes D) Cosp\ie tA-
II - i. L! rQte of iN. SeQ. Dtw&.. 
II- 2. L t rvik in iNL ~u.Y\G( 
D:- 3. Su..WI\'fIQ.~ of 1k 1:V"\~e". ~~s 



II. f"\om • .,l'lA'" R.sow .... ·.'" 
:I-:-i. FoY"",,,,,14. of (jPT/p~ 

6011 2 

~ - ~ [ Il>-'&~) + 6,Y i+ if(~Y ) r' 
e ~ 0.01'1- j-f.>o..6 

• t' ><. 

r.Q,~,JO:::O •. OI~W. <>C J~~ 

1 
~("') -[OF.II [lr.']" [>t'). - (x)~[:r.·J" - ell'),,'''). 
~. e C-i)".r [ll']"../I - rx.1".~ 
-R. - en r (x'] .. ('1]r T (1J,,(:r.)F(~'~ - rll]~ ... C"),,('l J~ 

o 
o 
lJ\ 

.. I 
'f').~ I. (f.".f .... ) ... " 

602 

l~ 

5 
a: 
0 
<r 

"' 
~ 
<r 

~ 

~ 
z 

~ 

~ 

CJ", 

• 

'" 

" 

v 

c 
c 

, 

601 

~ 

~\~ 
0",.. ~ 
• • 

loI- ,lilf ,\ 

XJ: )CR '"" 

135"2 5S3 • • 

~ I I ~ 'B 
w 

3 

"00 1'5"00 0") 1100 800 
ja.- !II ~-. --.---'Jot t-"'.-.k~-*-*-

1'00 (if.) (, .. ) I,. 
be 6e 60, bet>, 2.S 

400 It; 00 4"0 "co 
t ,.( I k 11 

I<-- ~"I " 
)CF XR LR 

(I.IS.,.) (1$ ... ) (1.6 ... ) 

603 



~~ 
? C> 

~I- ,;<1$1 ~ 
~ 

'.J 
"1 111 

'" '" r-----, "",... 
~ 

........ ."q + 
~ "q ~ ."q. +" ,8 
~ t ~ It ~ + u 

II + ,,'1. ~ 
".. ~ ~ I "q 

\..0 

~\l i 
~ "" 

'0 " CO 
... 
t 

r. c;;: ffi: ~I~ 
'N ----;. v~ 

V -+ .r::1-\ 4"-j' ~ -+ ....--.... '" ....-..,. .-:: -+ "" ~~ ,. j ... ... • 
II • • J( 

'--" :1: _ X ~ .. . ,. 11\ d \--J "" o • t ::: z.1-I ~ 111 
~ J + , :1-r 

'-.../ 

Xf: )(R 
1.0 1.0 

0, 'It; 200. 200. UI'I G, 0'.: 200. 200. "u" 
.... X.: _ 1,1'5 .. X,IIo: 1.l5_ 

0.8 f- l.: I.eo .. 0.8 L,: I.eo .. 
a ; 1,50. a ; 1.50. , : 90, deQ. • : 90. dlq. 
P. : 50. 100. 200, 500. G,Y Ie P. : 50. 100. 200, 500. G,Y/e 

O'l 0.5 

~ 0.' ~ 1::00 0.' , 
cr. 
'0 

o·t ""=0",, j 0.2 

0.0
0 

0,0 
a 0.5 1.5 

x, ( .. I X. ( .. I 

~ 

~ 

~ 
Q 
~ 

Cl 
o 
...:J 

o(p,l/pc ;,q 
~ a a " ~ a b a " :.. 01 Co ;to 

tL 
i I ' I •••• XQ , I 

" : I ~ 8 8 ~ :--~.~. . , 1 0': gg:--~ - : I 
~ - ~ I ..... 3;iUiP 
<0 . I 
...... : \ ,.." ~ : \ -0 . \ LIla 

'. \ .~ '. , '. , • T ........ -2?] 
""""""'~ 

r~ 
" \I 

..... N 
0 

~ 0 

~1 

I-2. ~ ('W~) .~de~c.e 

<rl'l-/~ 

~ , 
i 

O'"F 
1.0 L' , I 

... G.: tM! 200. ,,"1'1 
x, XII: 1.15 1.15,. 

0.8 I- l,: 1.00 .. a : 1,50. 
.: 90. deq. 

0'51-~P' ; so. 100,200.500. G.Y/e 

~ ,00 
0.' ~ 

r..:tDO~ 
0.2 --.--- --.~ 

oat. , • , I, , , , I, •• , I •••• I 
. a 200 '00 600 800 1000 ., (Uri' 

(jF' (,....".) 

1.0 ir'M'MM'T'~""'~~-"--'~~'-i-'-'-'-' 

0.8 

0.5 

0.' 

0,-.: 200 ..... JJfft 
X, xlt : 1.l5 1.15,.. 
Lit: 1.60111 
a ; 1.50. 
,: 90, d.q . 
P. : 50, 100,200, 500. G,Y/e 

0.< l:"'--=:=::::==-=--= ~ ~ 

1000 
Oil IAlInI 

trll ( r'" ) 
'0, 
o 
CJ1 

~ 
0 
J-

-J 



':i , 

" ::: • 

60S 

I-3. 

Gft/p~ 

~ 

~ ;; 

Le,\I&VO o.V"M (ew2- B~I'3) 
cie.~ 

0.8 

0.6 

0.' 

0.2 

0.0
0 

Or Gilt: 200. 200. ~rn 
X, XIII: 1.15 1.15,. 

... '-o , 1.50. 
.: gO. deQ. 
P. ,50. 100. 200. 500. G.V/t 

loa '-"Ie. ---_--..I 

L.. Itnl 

<JF= 1 "' ... , 

La:: t. ~ WI 

610 

co 1 1 
., •• I 1000. ::lOO . .,.. 1."ll,>w'O-l )' 

1.15 U5. 

12 

.£i.-[(p. ..... & _,I., 

.I 
0.1 - k / l.eo II ft t 

•. I'7.~)' JV, 1.50 • 
...(~ ..... & • I •• ~I 

o.e -
-00 
.-- eo 

30 , , 
0.4 -

I , , 
0.2 - ........ 

0.0 io~i~~o 
P • • ""0:1 

L.R= 1.0 '" 
1.0 

" 'e ! 1000, :700._ 
X, 11.,1 1.15 1.15. I.' ~.;, l~~: 

0 .• 

0.0 
10 10 .. .... 'cl 

L. = o. S" '" 
1.0 

0 •• . ,"" 
-00 

0.8 --- eo 
JO 

.., 
.0.0 

10 10 .. ro,V/C' 

10 

10 

1',(t.. .... ) = ~37.11 Q.~c. @e~10· 

1~11.1 60· 
lQ4.9 30' 

~1woo:>- 41'.4- (JJr/c. @ 0 - qO' 
1'32. {, 60' 

114.5" '0' 

£i. [( -) , p, = p'~·I.V~2 ><10 ) 

JY
' ... (~ 0. 1,/.1)' 

r,(t~~) = ~q.~ G.V1c. @e~qO' 
Q6.6 60' 
127 ... 10 . 

/0 

~ 
~ 

<rF : 200 t''"' , 

LR::I.~'" 
1.0 r-.. --I"---.......,....,., 
... 
0.' 

0.' 

0.' 

.o.e' ::lOO. ::lOO .... 
• 0 x.' I." I."" 
l.l UIO .. 
o I ,.50 .. 

..... 1 
-00 
--- eo 
.... JO 

0.0 10 10 
P.I6,'",o:l 

LR': ,.0 '" 
" _, I lOn, ::lOO • .,. 
., I., I.'" 1.15 .. 

0.' _ l. I 1.00. 
D I 1.50 .. ..... ' 
-00 

o.e - --- eo 
JO 

o.'~-___ ~ 

10 

0.0 io~,;l----oo 
,. "''1'/(1 

La= O.S' '" 
1.0 r-r--......,r--....... ~., 

.~ _. r :700. :700 . .,. 
)I~ I.! 1.15 115. 

D.. l.' 0."''' O! 1.50. 

0.' 

...... ' 
-00 
--~ eo 

JO 

0.0 '"'"::,O:T--~,~Or-~~,O,l,--....J 
•• • '1'/(1 

"'''' 

co r-r--....,-..".. ..... ~ ... 

0.' 

0 •• 

0.' 

L.a,: I. 0 '" 
., _.' 1000. I : .... 
• ,1.1 1.15 1.1 a-D.. l. I 1.00. r 
o ,1;:,- ,/ 

0.' 

~. 

0.' 

-00 
--. eo 

JO 

.-

, , 

10 

0.0 lo..:,IO;l--~IO\--~~,.,\O ...... .J 
" .... 'I'/el 

L.Rw O.~ IW\ 

1.0 r-r----,rr.--....... -., 
•••• IKJ('4J •• _ 
., I. r 1.15 ,15_ 

0.' L. O.~ ... o l.SO. I ., ... ' " 
-00 0.' --. eo 

JO 

0.' 

0.0 ~'O:I---'-'":'~O"""'~~'OJ..-...J 
•. .s .... /er 

(jlt = '200 r-'" 609 

7t = [(r. .... ~.6 .• 'i.,O~)' 
. ... (~~ O.i700' r~ 

Reb-)'" 26'3.'1.-vtc. @6:Qo' 
21<3. <; 00' 
373.1 ., 

p,(t.,n'= 1qt1 (J.v(c 1iJ~-qo' 

10 •. 1 60' 

2.7~. 2. 3D· 

a;. [ -) , 
p. ' (r. __ e·ISlZ"o ) 

( , JY. ... ,JA:& ·0.1'70~) 

p.(t~y,,)= loi. 2 &.v/c. @e-90 
106.3 6.-
153 1 ",. 

611 

p. (t.rn)= 52.\1 s.rle. € e.qo· 
'76.7 60· 
?4.6 "30· 

Di\-[CD .• , ... -')' f
t 

- 't· .... ·4 . ..,3.,0 

.... (Jii;;& . 0.1701")' ] 'h 

P, (t.,") = 38. '2 f!..:Vfc. €I e ='10· 
41.1 60' 
S4.0 30' 

OPt [ p. z Cr. ~& ,7.">'1 ',0' )' 
+(.r;z:;; O.17..t)' JV, 

p. (t~." ) = 21.' 6.~e. €' fj -~O· 
23.1 

30.6 
60' 
30' 

13 



0.8 

0.6 

0.4 

• IdeqJ 
-gO· 
--- 60 

····30 

P. (GaV/c) 

I'f-
612 

'It. ,. ... '13.'(" vo-1Its by c:..os .. rc. ~ 614 16 

Ir-1. 1..eve.1 i T~n." ~te '" ,"",ic. fA" 
j .... e seQ, leH.\ 

- a - leo) CooS e 
d:r: flW)( uo~j"3 '''Y-')'.rt..R .\fOU., clXcol1!. 

foro- .. 100.,.. 

dJ":= S~ 

Y+-__ ~_:L.... 

------?.;.....~i y 

613 I:; 

I-4. 

i. ~s...t nriW'4l ... ~"tS: 

I 

2. 

3. 

cr"(8w!)= <t(8w1 • B~3) := 200,... ... 

L:: \..elleN'" 0."", (8W'l - BW'3) = 1.6 .-I. 

,6UfIIS 'to ". O~~iua.+i.n. 

cr(ewO ~ <J(ew2.8W3)"I((3- 4) 
l' , 

is cpt''''''''"'. 1.-1""',1m 

AI • ., .. ",J ....-V" of SW1.. Rl",hw-t. 
8Wl./eWl (.d.oo. be O(~ ~ .... -). 
(tJot • ...-.... of .... 100 f'" ) 

L 
if 
kt~CI of (JPt-/Pt" is S ... Jt. 

(]"(8I11i) = 0-(8W2. "3) = 200 f'Ao"" 
L=o.r; "" ts Ok (n <-

<t(ew!) -. ! .... -
~ 

if 

L: l.O "" is 

4. We ~ i&.c. 0-",""" tD ..- ,...e1to"11"\: 
,- Hollo) ",u.cl ~ if.A f'<II\lfoire.t (fftt-/Pt· 

fw- r- If) ~ .. 

Gosm i c 'Ra.~ F I",)(e s 

615 17 
1?00 V:«MJ .,f 
'R.....t<cle: P ..... f"'~t;<S 
?L~(,qqo) 

The Ruxn of particles of different types depend at the - 10% level 
on the latitude, their enereY. and the conditions o[ measurement. 
Some typical Ha·level valuesl for charled particles are liven below: 

(5) R!!X~ peL unit lolid an,le peor unit horizontal area about vertical, 
_dj{!.Ction. 

= j(,. O •• lll - .. nith .... 1 •• ;. uimuthalan,I.) ; 
it wLaI flux crOSlin, unit horizontal area rrom above 

.. f ;(1 •• ) cosldn Idn .ainlad;); 

-S-/2 
J, to\al Rux from above (lmpinsins on a.phen of unit CI'ON-HCtiOnal 

ar .. ) 

a f ;(I.;)dn. 
'S-/2 

To'al Hard Son 
Intensity Component Component 

Q;) 1.1 x 102 . ~ __ 0.3,x 10' m-2 Me-I 'brad- l • 
J, 1.8 x 10' 1.3 x 10' 0.5 x 102 m-' oec- 1 

J, 2.")C 10' 1.7)( 10' 0.7 JC 10' m-2 let-I 

Very approximately, about 75" or aU partieia at tea level are 
penetratinc. and are muons (the dominant ponion or the bard 

component at Ma level). The .... level 'ftrtical flux ratio ror protons to 
muon. (both charln tolether) ill about 3.5" at. 1 elv Ie. decreuinl 
to about 0.5" at 10 eeV Ie. 

T'" muon ftux at on IeftI hal a ...... ener&Y 01 2 GoV and a 
differenliallpectrum raJlinl U £-', .teep~oothly to E-:U 
above a rew Te V. The Mauler di,tributigl! i!leof!,khanlinl to sec' at 
enerlia above. TeV. whers , is the &enith anile at production. The 
± charls ratio is 1.25-1.30. The mean snerlY or muons orilinatinl in 
the atmolphere is roulhly 300 eeV at alant depths ie. a rew hundred 
metera. Beyond alant depths or - 10 km water~equivalent, the muons 
an due primarily to in· the-earth neutrino interaetaons (roulhly 1/8 
Interaction ton-I year- l ror E" > 300 MeV, - constant throulhout 
the earth).2 Muons rrom t)a;' lOuree arrive with a mean enerIY or 20 
GeV. &nd have a Rux or 2)11 10-1 m-2 IeC- l Iterad- l in the ~rtical 
direction and about twice that in the horiJontal.2 down at leut u rar 
u the deep"t minn. 
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Cosmic Ray Muon Intensities at SDC 

Y.TerunoLo 

Deportment 0/ P.r __ a, 0 .... Cltr U.t1.nil., 
'·'·138 S.,lmot., S.mipMi, 0. ... ~S8, J.,.n 

CoImic ray muon iaLau;lia were calcul .. t.ed ., SOC, ... umi., SOC locat.a 60 
m.w.e.( meter .ater equi"alenL ) deplh underpouDd. To calcul.,t.e muon 
inlca.iLiei at. ee& }ewel, we ued Lbe equ&l.to.W 

I,(p,z.,e). A· (I., + ~ ·1.,)· W(z,) (I) 

where P i. lh. muon mommlum in GeV It, &, i. Lhe atmospheriC depth .r-
contao, which is 1033 ,/em1 in lhis cue, e it tile zenith anile, ud ~ is lbe 
produdion r&l.io 0' MoDl.nd pioa •. The muon inLen.iLi. from pioru, I ••• i. 

(Pdr:)-"t ,B. + h + 1)(P,frl)""e l (2) 

-jt.h B • • 116 GeV I t, r. _ m./m. and lhe ,. is Lbe .Iope 0' lbe productioa 
.pectra or hoD. and pion •. MUDD inLea.il* from bona, lK .. is apreued .imilarly 
.. pions u.in, BK - 85S GeV, rK _ m./m". T~ .urvival probabiliLy, W(z.), i. 
,iven by, 

\4'(ZI) -t!!· !...J~ 
.. P, 

wiLb Lhe muon momenLum aL produdioa., PI. 

PI - P + (. + ,. P)· (%0- I,)/Q"e 
and G _ 2.5 )( IO·'GeV/(,/cm') Uld • _ 2.18 K IO··(,/cm1 )-I. Atmo.pheric 
depLh at produdion. %1, is UlUmed to be, 

Z, _ 100,/",,' . CIlJ9 

(3) 

(4) 

(5) 

We uMd,., _ 2.75, A - 0.22 and ~ - 0.3, Lo let a beUet" fiL to Lhe meuuremmLs 

22 

~ 

~ a 
g 

(lJ W.O.Oau, K.CauLenten an(H.Joki.ch. Proc. 14Lh InL. Collr. on Cosmic 
RAys. Muochell, MN. p.193, 197.4 ... Tbe (ormula in Lhe ori,inal article were 
I,ven for lar,e zeniLh an,les( > 79- ) and uft'd iLeraLlon' Lo calculaLe the 
local zeniLh an,les o( Lbe parenL parLicies We i,nored Lhese ,LeraLion. and 
al,o Luned Lhe palameLers (or .mall zeniLb an,les 
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Differential Cosmic Ray p. Flux at Sea Level 

P{GeV/c) 
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Integrated Cosmic Ray p. Flux 
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P ( GeV/c ) 
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Jim Wiss 

Septembe. 23. 1991 

Octagonal Geometry Effects 

In this memo, I consider some of the complications induced by using an 

oct&«onal ~eometry for the ba.rrel iron toroid and muon drift tubes in measuring 

muon momentum using both the 8 and tP projections. In particular calculations 

will be presented on the q, bending created by the iron toroid and on the ¢ 

dependence of 8 bend measurement. For the cue of an octagonal geometry 

these effects create noticeable but Dot very serious dep-adation in mom~tum 

resolution. 

1. a8 and a¢ bend. for the Toroid 

We show in this section tbat the a¢ bending of the octagonal muon toroid 

can be comparable to the l:l.fJ bends at the extreme angles in 8 and ¢. Throughout 

this memo we will consider the octant lying in the plane Dormal to the i axis. 

We assume that the toroid is t meters thick. has a field strength of B 

which lies in the b = (0 I 0) direction. We calculate th~ magnetic bend

ing on a muon which is initially directed with momentum P in the direction 

p = (S,C. 5,S. C, ) where we find it convmient to use the notation: 

S, :: ,un (J • C,:: co .• (J • T,:: tan (J 

Thf" toroid will chan,;e the' dirj!('tion of th~ muon according to: 

iJp .3 B . 
-=- fixb as P 

wh~t, , is the total path len«th on wbich the field acts 
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Certaioly in an ofBine analywia, the • bend due to the toroid can be corrected. 
for in uaing information from any • layers located outaide of the toroid and DO 

infonnation is destroyed. It is leu clear that such corredions can applied at 

the tri~ level. Eqn.(8) tell. us that tbe azimuthally aver&!ed ~ bend is zero. 

and tbat tbe nns • bend soes as 1/ P just as multiple roulomb lCattering. At 

" = 1.0 the mapletic .. ~ smearing" created by a 1.5 meter toroid is 1.46 times 

the smearing due to the toroid'. multiple coulomh • ac:aUering. At" = 1.5 

the mapletic ~ smearing becomes 2.14 times the toroid's multiple coulomb ~ 

ICattering. But is the ~ic efFect imponant. in tbe choice of which barrel 

muon station to place tbe • layers? 

Tbe answer is baaically DO. The magnetic ~ .meariq effects will be non

existent for BW1 • layers and moet important for BW3 ~ layers at the extrem~ 

value of". For BW3, one can consider. smeariq due to (1) multiple ac:att.ering 

in tM calorimet~. (2) magnetic ~ ameMingin tbe muon toroid, and (3) multiple 

lCauering in the muon toroid. Wben we1~ted hy their telpedi~ lever arms for 

muons at " = 1.5, the 1:2:3: contributions above arr in tbe ratio 1 : 0.77 : 0.36. 

Hence if one could correct for magnetic. I1llearinr; one would only reduce lOtal 

• smearin,; b>" about 20 %. 

Figure 1 bears on the issue of • laY"' placement on a poeaihle • momentum 

triuer and illustrates aome of the points m~ above. We consid('l' the best 

momentum resolution ohtainable (uaing multiple coulomb ICattM"ing weir;hting) 

as a function of muon PJ.. uainr; imonnation from a lOOp (transVffK') beam 

ronstraint, thr. out('f1llOSt two (/) lay~s of the eetltral"t.ra.ck('l' and a muon q, layer 

(modeled IL,'!. a single point with 17j~j resolution) placed in eithtor BW1 (solid 

curvt") or BW3 (dashed cutW'). Figurf" la is for" = 0 m\lons; Fi~rI!' Ib is for 

rJ = 1.5 muons. Thf' dotted curve (which differs from the dashr-d curve only in 

Fi«ur'e Ib) giVE'S tbt" momentum resolution if one leaves out m,,@:nt"tic (/J smearing, 

Clearly hfotteT tri&g~ performance in tht" P J. region from 100 to 200 Gt"V can 

be obta.inf'd by pla.cing the. laY"' in BW1 rather than BW3. By moving the 

·.629 

\\"(' ddint'. the ~@ and ~o bffids through the Taylor expansion: 

Tht'Sf" partial deri\"ftti,"es are related to orthononnal unit iJ • ~ umt Vf'C'tors: 

Projt"C'tinlt out the ~nd an,;lt'S from Eqn.(5). using th~ basis Vf'Ctors defined hy 

Eqn.(6). Rnd the' ~p expressioll of Eqn.(4l We' have: 

SubSlltllllllR: III Ihe "xpilnl nnll \'f'('tor~ Isummanzf'd iii T"blf" 2 In ~tI(ln 2). It 

I~ ~lra)llhlftlrW111d It> ~ll'lI\' 

3DI 
~H= --

l'. 

Thf"~' ('HIt'lliAI)ou" sho\\ dla! tilt" turoul @ bt-nd i~ II)(I~ a smlpit' f"XI,rMoSIOJI 

rf"IAIN\ f'lllln'l~ 1.1 r~. h(lwf"\'f"r A~ OUf" 010\'1'" "\\'IlY front 0 = 0 Ilh,' nunllal of tlit" 

torm.11 II.!HI'I == () Ihl' InnJl(\ I'r()nd~ A sI7f'ahlt' 0 1H"II<1 b ",,"f'1I Th., Ilr'lRIU Will 

(,O\'f'rs tilt' all,R:lliar lalli-t' -22.5<1 < 0 < 22.5° "nd (if ('O\'M"ajl;" I!'xteuds ttl'l = 1.51 

2~.lC" < H -:: nO" Th,' \l1rllt,,.1 l,tfl'C'1 OC'('ur" al 0 = 22.5° H =- 2~ 16~ whl"'tt, 

~() =:; -.S' ~H I 
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o lay", radially outward. Ollt' dranlatically incre~ tht> lever arnl for multiple 

s('attl"'tlJlIt; from tht" calonmeter "uct toroid and thus significantly de~ad" the 

muon 0 U'IAAt"r mformation. Th .. ma~nf'li(' 0 smt"arinp; d[t"Ct is notiC't"ablt', but 

thf' bulk of Ih .. degradation i~ dut" to thf' calorimeter (modeled kS " 2 m thick 

slab of iron 1 ()\\'lUg to large lev", ann between it and the (/) station. 

2. PJ. measurement using t.he (J Bend 

I am not awlU'f' of any propoeed drift tube arrangements which solely measure 

a8 and thus directly produCl!' a pure measurement of l/PJ,. via Eqn (8). In 

general, tht" shHt in measured coordinate w (or drift time) for a given chamber 

is rel"tt"d th(' momentum to lowest order in l/PJ..) via: 

This efff"('t is mtirely CO£l"t"t"tahle "off lin(''' but serves as an extra complication at 

tht" triMer I~I to the extent that I( 8. (/)) exhihits si~ificant variaUon. Variation 

of /(8,0) on 8 implies thM ont" must apply a correction to momenta obtained by 

simpl .. rinfl time sublra('tlon which riepends on th~ which "(I" wire is struck. It 

alsu imphf"S thAt Ihf' JUomelltum rf"SOhltion bN-olDt'5 8 d('pendent. The /(8. ~ = 0) 

fRC'tol'~ Rrf' ~f"n('rftUy \'M")' l"'ft.Sy to ralrlliatf' from slmplt" trigonometry arguments. 

\'RriRtion nf /1 (J. (/J) on C Implif":>. lUI additionAl loss of information anri n"SO' 

Il1liuli al thl> ltlAAt"r If'\'rl if 0 is nnl kumvn. This 8eCtion t"valuates th(' M'verilY of 

/(8.9) \'1'IrtRliUlI fOI twu PI'ol)()S("("1 dt"lf"t"tor !I;~llIl"'tries. I know of no V"'Y 8101plt· 

arJ!;t1I11f"lIt ttl 11f'lrrnlllll'" tilt, 0 11"1)(,11(\(,11(," of /((J.c) and hAVe thu!> 111"'\'f'lopc-d a 

\'t"C'lfIt rRirlllRlion ill Sf'('tlon (21,) 

12,,) 0.'1''''1('1 (;f"(lIurtl'it ... 

In Iii .. )'lIupl~t ,l:t"OlIwtry ! wlndl wr will call th .. = It;t"Ontl"'try) tilt' df')f"t"tor I~ 

In R slU!I;l(' plaur wluC'h WI' wtll 1)111 itt X :: 2 (w(' will put thf" toroid at x = I 10 

ill~lIrt" it lUllt \"\I"'r atlnl)f"I\\'f"f'U torOid aUtI dl"'tf'('lnr plant"). The "Iane r('Rd ... UlIt 

C'lJurdlllal .... AlolIR: tllf' :- ,br,·C'tloll ,,',> ritll fully cll"'ScnlH" thr drtf'('tlnll s~'stem by 



siving a point in the plane (jj), the det~tor plane nonnal ('1) and the readout 

direction (iii). For this simple geometry all these vectors are constants and given 

in Table 1 below. 

By way of contrast, one can consider an idealized "projective" l;eometry. In 

this l;eometry, the det~tor is in many planes (tilted drift tubes). Each plane is 

orientated such that its normal points back to the origin. We assume that the 

centers of each drift tube lie in tbe plane x = 2. This l;eometry is sketched below 

and the jj , r}, and iii v~tors become the 8 dependent forms lIummariZ~ in the 

table. 

Table 1 - Detector Geometries 

Geometry jj , H' 

i (2 0 0) (1 0 0) ( 0 0 1) 

proj~tive ( 2 0 21T. ) (5. 0 C.) (-C. 0 5, ) 

, r} • and iii vectors defined in in the 'I:able 1. Our oormalisaiion is to place the 

toroid in the plane x = 1 which makes: 

M = (1 T, 1/(T,C,» 

Tab d' Ie 2 - Comoen lum 0 rv; on oct 

P (S,C, 5,5, C,) 

b (0 1 0) 

fix;' (-C, 0 S,C,) 

M (1 T, 1/(T,C,» 

8 (C,C, C,S, -5, 
¢ ( -5, C, 0) 

(2r) Magnetic Defl~tion Results 

It is straiptforward to compute the /(8,. = 0) ansuJ.ar factors for both the 

z and projective ~ry uai~ Eqn.(4) and the vector components tabulated 

in Tablr 1 and 2. Thr resttlts are: 

Table 3 - Angular Facto,.. 

Geometry /(8, I/) = 0) 

1/sin' 8 

Proj«tivf" 1/~ln 8 

It is also \Try eASY to ("onfinn the projeoctive case from simple tri,;onomrtry for 

track!l in the planr t» = O. Essentia.ll~· thr lever arm from thr toroid to ft projective 

lube j!;cows as II/JJn 6. The i geometry cue argummt is Also~' lIimple. The 

angulN' faclor will very by a factor of 5.53 over the ranl;e 0 < '1 < 1.5 for the case 

o( thf' lIimplf' i geo(M'try and by a factor of 2.35 for tbe cue of the projeoctive 

~f"Olnrtry. These anl;Ular factors mftLn that if coordinates are meASured equally 

w(Oil Q\'f'r the 8 rangf', the (non MCS ("ontribution) to momentum rnoIution will 

632 

634 

633 

,2b, )"lae.u{'IIC Ddknum Formula 

hi this SPt'1I01l. I obtain it ~ell{'ral expr~SIOIl for tht'" change ID coordmatt" due 

In ma2,lIf'tic bend to lowest order In 11 P_ which is u!'rd to obtain expressions for 

II tr. 01 Let; rt'prE"!'{'nt lhe interSf'('tloli of a muon \\'Ith thf' drtector plane. The 

magnetic deflec.tioll of tht'" mrasured coordinate is lhus: 

10 

A muon which rros~ the toroid midplane 2\1 point .ff and is direct~ at an anl;le 

P will inter5e'ct the dete<'tor plan!!' at: 

; = .fi + _(i'. wherf' (= ,;. (jj _ Ai) 
p. ~ 

Diffel'"t"ntiating Eqn (11) we get: 

COIubinine; Eqll.( 10 I. Eqn 1121. ftlld Eqn j 4) \\'1' olHIII1I· 

11 

12 

r'I' = ~ -.-'-.-, ({j)·'I}';· il'x bl-tt;··pll/'{px 1,)) 13 
p... (~Il' 'I)' 

Th .. nUlahl.· ( tldilll-·!1 III UPI j 111 will j!;rut>H11Ir hll\I' a polN" anj!;lf' d('}X"ntieurt' 

wlucll can I"· ,,.olalr<l thron~h thr till" uf a n\rlfthlr I 

II !olnuJ!;htforward It I ca!clllar,. tll(' aJlJ!;ular d","'II,lr11l farlor f(tJ.o) I1SIJIJ!; thf' 

I' Ilmll, \·,.t'tor!"> ddinPtl1lI St'('tUIU j 1) a,l,1f1 n'l'rI:q'd III Tahlt· 2 bt>low and th.· jj 
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1111prQ\'e as so,l (J 'for tilt' = ,;('()mrtry) and as .nn 8 for the projeoctive ~etry. 

Thf' down sidr is that 8 df'l.endmt ('Orrf'('tions to drift timr diff~nces will be 

probably f1"<luirnl at forwlI.rtl BllI;les eYf"1I at the triMf"r level. 

Fi~lrr 2 is II. plot of 0 variation of the anl;UIN' factor (f(8. ~)I f( 8, I/) = 0» 

for thf" Z (Figure 2ft) and projectiv!!' (Fil;ul'f! 2b) ~rtry CUIe'. The solid curve 

is for F1 = 0 • thf" dMh~ is for '1 = 1.5. If I/) information wert" not available 

at the triMer level, thr azimuthally av«~ nns spread in /(6 •• )//(8,. = 0) 

would form an additional ""-llmearirl!" IIOUr~ of error in t:lPJ.1 PJ. La be added 

in quftdrll.tul'f! with the- multiple IIcattering error and chamber resolution error. 

Fil;UI'f" 3 is II. plot of thf" rms Spl'f!ad of /(6.1/)//(8,. = 0) as a function of '1 

for the C&.ll!'" of the i (aolid) and proj«tive (duhed) l;eomet.ries. In the worse 

CUIe'. thf" additional ems smearin,; of about 6.5 % due to tlte- tP d~dmct' o( the 

ftllSlllftr fat'tor IS quite at'c-eptahle ,;ivm that tbe multiple IIcattennl; contribution 

is roughly 20 '?t .. We note> thll.t if thr ,;eometry ~ in the shape of a box. the 

~f/J SnleN'lDp; .. would illcrra."If' by a fattor of:::c 4 since- the i( t» range eowl'f!'d by 

a sint;le 8 wire increUf'd by a fat'lor of 2 withio an octant. 

3. Summary 

This mt'UI(' stl1diM- thr IIltportftn('f" of somf" Jt;f"Omt"tncftl f"fff"("ts which beN" on 

lIIeMllrftnf"1l1 tI( PJ. usil1'; ritht'r tbf" 0 or 8 information from tltf" muon (,hantbers 

Fur tilf' t» \"If"W. t11(' f"f('rrt ("ullsidrl"{'d "'Ib; 0 hemhn,; owinj!; to th .. octl\l!;onal Qluon 

toroid whicll AI f'XlrrUIf" ,,':-, i,., ('OlIlrlarfthlr to thf" 1Dtrll~If"(18 bel1dill!,; of the toroid. 

If out' d~ not rOrfN'1 for 0 lW'u(hnJ!; in thf" WOtsf> ('Nit' 'F1 = 1.5 (or ft 8\\'3 f/J layf"r) 

th(' IIotiilional ma"uf'tic 0 slltf"ftCln,; is at most 72 'if of thf" exilotiu,l!: CI) smeftrin,; dUf" 

111 nlnhipl.· cltlilnulh scal1criuJ!; II. tllr cNorimrtf'r BUfI loroid Hrnt'r ('orrrnioll 

uf 0 h"lUhlu~ ~'lff"("t rail IIl1ly ImpnJ\'" U\'f"raU InnOIl chBndW'r 0 r«"SOlutinli by at 

11I0.;t 20 II,. Huwt'\'f"r, III tilt' PJ. rll.n!,;" whf"J"f' It Sf"('ond If"\ ... 1 0 tTlUf'r i:< Dlost 

IDtlJurUHll. a 0 layer plfteed in OWl will considerably out perform ooe 

placed ill BWl. Ilf"('ftu ... · of rNillcffi multipl.· sCftttt'ring If"\'f"r ftCln~ 



measurement of Pl. using the (J layers of the muon system. Generally the changE' 

in drift time coordinates for a given (J layer will he proportional to 1/ P J.. but with 

a proportionality constant (angular factor) which d~ds on the polar angles of 

the initial muon. The 8 dependence of the angular dependence is fairly simple to 

calculate. The angular factor is 1/$1n2 8 for a simple detector geometry which 

measures the z and is l/$ln 8 fOT the CaM' of a projective ~eometry wherE' the 

muon detector planes are eontinuously orientated to insure a projet:tive nonnal. 

Both an(Ular (actors vary significantly over the relevant 8 range. which means 

some angular correction will be nece.sary to momenta derived from simplE' 

drift time differences at the trigger level. 

A calculational technique was developed to assess thE' ¢ dependence of thE' 

angular factors for the i and projective geometry. If no ¢ infonnation is availahlE' 

at the trigger level, any ¢ dependence in the angular factors acts as an additional 

eource of P 1. amearing. The lar~est ¢ an(Ular factor variation was calculated for 

the i detector geometry at 11 = 1.5. The angular factor has a roughly parabolic 

dependence on ¢ and varies hy roughly 23 % from tP = 0 _ ¢ = 22.50
• The 

additional aPl./ PJ. smE'aring owing to the nns rP variation of thE' angular factor 

i~ much worse for the i compared to tht> projedi\Oe geometry and is 6.5 % in 

thE' worse case (i at 11 = 1.5). This additional resolution fa('tor'tnimportant 

('ompared to thE' dominant coulomb scaltenng smE'aring contribution. 
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Octagonal Geometry Effects 

1. 6.¢ bend of toroid ... . t" 
(a) Bending Equations ~< 

• ¢.6.p 
pxb, 6.¢=-.

Sin 0 

6.¢ 
6.0 = - (tan ¢) (cot 0) 

• At .., = 1.5 , ¢ = 22.5" 6.¢ = -.88 6.0 

(b) If uncorrected ~ magnetic ¢ smearing: 

200 mrad a -
o. - P1. tan 0 

11 = 1.5 R<I> smearing at BW3 

calor tIlcs 162 cm-Gev/ P1. 

toroid mag 125 cm-Gev / P1. 

toroid mcs 58 cm-GeV/P1. 

• Calorimeter M CS dominates ¢ smearing 
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e; ~, 
(I,) 0 dependence 

Geollletr~' I(O,q, = 0) 

- 1/ si,,2 0 

Project ive 1/ sin 0 

• 6.11' IlllISI hC' corrected to get 1'1. 

(r) <'> variatioll uf I(O,¢) 

(i) Not easy to compute 

(ii) 1(0, <1»/1(0, ¢ = 0) ex ¢2 

(iii) a(/'1.)/I'1. if uncorrected is tolerable 
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SDC Forward Muon Chamber Rates and the 
Optimal Beam-Pipe/Absorber Design 

The rates in the forward muon chamhers (1.6 < !7J! < 3) are cal
cula.ted for various beam-pipe shapes. The influence of the beam· 
pipe tbicknell, material and the ablorher trucknell are allo inves
ti,ated. A new absorber de!ign i. proposed allowing free access to 
the rear eham~s u.d sa,in, about ,50 tones of iron in eaeh ann. 

Two first chambers in the forward direction are exposed to the 
hi,helt rates amon, all other muon chambeu. There is one contri
bution to the rate in these chambers which is obvious: the muons 
hud enou,h to penetrate the End.Cap Calorimeter. Such muons 
eome dominantly from the 1r and K-deeays, their rates WHe estimat
ed hy V.Sakai[IJ and me!2] to be about few MHz. The contribution 
of any secondary interactions needs more elaborated study. Here I 
present a full GEANT /GHEISHA simulation although with a sim· 
plified detedor model. This work continues my early studY!2J. 

GEANT Simulation 

The simulation frameworkwun't c.huded muchaince May 1991[2J. 

Two-jet events were aimulated with the ISAJET code, S < jetR < 
50 Gev. The cross sectiou of this proCCls il about 100 mho 

The simplifieatioa of the detector model is u follows: c.aJorime
ten are .trudurelell, th~ are just the hulky pie«l of material. The 
material is a mixture of iron ud plutic with a denaty of 5.5, radia· 
tioulenith 2.65 cm ud nuclar ahlOrhtiou lenlth 26.4 cm. May he 
it ia Dot u optimal propottinu, I dOD't know. The .ame approach 
wu takea for t.he aambers ud cenual uaau. 

Another simpImeatioD deal. with the Forward Calorimeter. Since 
it. full .imulation i. time couauminc (about 40 aU.D.jeveDt) all t.he 

FiC.2 .how. the charged particles flux throu,h the Absorber u a 
function of its thickuell. The tiue marked al "Muonic Punchthrou,h 
Level" Ihows the irreducible rate of the muonic pUDcht.hrouCh. The 
initial flux (at zero thickness) eon.ish mostly of electrouel (note a 
very lad rate decreale at first Scm), the relt heinl.lOft hadron. 
and muons. As the iron Toroid was ulllmed to be thick enoulh ~ 
ahlOrh this radiation, oDly it. hactioD hitiuC up.tream the TorOId 
(Z < 1033 em) wa. taken into account. All values here u.d helow 
are normalised to one iutetadion in the IP. 

The Forward Calorimeter 

Opened triuclel in fiC.2 show t.he ,ates without. Beam Pipe. 
This cont~1 the iuteraction. in the Forward Calonmeter, other 
calorimeters, air, etc ... Two impoHu.t DOtes about the Forward 
Calorimeter position Ihould be doue . 

• Althou,h the backlpluh from the Forwud Calorimeter is es
"Dtial, it hits the Absorher mostly oppoait.e t.he fir.t iron Toroid. 
FiC.3 showl the z..distrihutiou of charled particle. i1l the Ah. 
sorber (or the cue without. uy Beam Pipe. ODly •• mall hac. 
tion of thi. radiation hits hefore t.he Toroid and can affect the 
chamber.' rate . 

• The lame i. vaUd for the colUlecting flup if it i.1oc:at.cd cloae 
to the Forward Calorimeter. The aimulatioa Ihows that the 
tiaule iu8uoce il uealilih1e inr 2S em diltance, .. hile for 1 m 
it i. compuahle to the Forward Calorimeter iufluence. 

FiC.4 show. the tarletl for the Ie'C02IwY iDteractiOl1l: the Vac
uum Pipe, t.he End· Cap Calorimeter, the con.nectiDi tianle ud the 
air. 

Summary of the Projective Design 

Summarisinl fil·2: 
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optimization of the heun·pipe design was done without. it. The For
ward Calorimeter influence wa. calculated once .eparately (without. 
the heam.pipe). 

The sketch of the layout (not to scale) i. shown in fig.1. Dotted 
line shows the con"entional Absorber design used in this study. The 
hatched pi«e from the Forward Calorimeter to the Collimator shows 
my proposal (see helow). The hasic dimensions are taken from the 
design worked out hy the mUOn integration group 91/4/17. The 
inner radius of the Absorber is hy 10 em more than in the projective 
design. Tbis is done to make Ahsorher in,;'sihle hom the IP reducing 
hy this mean secondary interactions. 

In order to get a good ida of the optimal Absorber thicb.eu the 
following software trick was done. The Ahsorher was divided to 7 
la)'ers: 4.5 + 3.10 cm thick and rate was watched in each layer 
separately, as to see how faft it decrasel with thickness. 

Standard energy cuts for GHEISHA were applied: 10MeV for 
hadrons and IMev for electrone. and lamm .... The program run. 
on VAXSTATION 3100 as fut. .. about 200 events/day depending 
on how many ulers share computer. 

The Beam-Pipe Shape 

The conveIltioDal cylindrical desip caules to euormousiy hi,h 
rau: of the secondary interaction. [2J. This is due to a very small 
angle of a particle direction with resped to the pipe w&11 (see the 
hot.tom of the fi,.l). So a projective-like desip wu proposed [2,3]. 
The pipe hu relatively small cytiudric.aJ part of 5 em dia, then it 
follow. a coue doW'ushe&m. to the Forward Calorimeter (about 13 
meter. from the IP), the maximum diameter 'beiDi 50 em. Here it 
il atl&ched via a fluge to the second put cout.a.inil • CODe with a 
small opeuiuC augle aDd a short. invert CODe. It. wu .... umed that 
the Bcam Pipe i. made of Aluminum, 1 mm thick at the bepuniC, 
thickuess iDa-ealin, proportioaally to the runmDC diameter up to 
10 mm at its eud. Such daicn fits both the ida of projectivity u.d 
the requiremou of the mechuic.aJ .tability uuder .... CUUID. 



• Optimal de.iln reduces seconduy inter&ctions by .. f&dor of 
I.bout 25 u c:omp .. red to tbe COllveutional one. 

• Tbe contribu tion of the Beam Pipe to tbe Forw&rd Muon Ch&m
bers r .. tes for tbe optimal desiln does not exceed that of &ll 
otber (irreducible) second .. ry inter&ctioDl sourc:es. 

• The 30 em thia Absorber brinl' the total c:ontribution of the 
seeonduy interActions to the irreducible level of the muoroc 
puncbthroulh. 

Optimization Study 

Fil.5 .hows the rates for various pipe di&meten &t its end. The 
tbianess is everywhere proportional to tbe cunent di&meter Itartinl 
from 1 mm at the minimal diameter ot 5 cm. Tbe steel pipe may 
be m .. de thinner th .. n tbe aluminum. one (by .. {a.ctor of about 1.4). 
KcepiDI this in our mind tbere is no bil difference between two 
material •. It should be a teclulolopcal cboic:e. 

The posubility was examined to rc:duc:e tbe pipe thiancss due 
to the ripd outer rib. of .. circ:ulu shape. Tbeil dimension. _ere 
calculAted &ccordin, t.o the USSR st&ndards. At tbe first approx
im&tion the ribs contributioD va.zUshcs the thianes. ,ain, so there 
i. nO licnificant di1£erence between this desiln .. nd & "smootb" one. 
There i. A tecbnolopcal cboice &,&in. 

The Chambers' Rates 

The rate i. contributed by tbe muollic pWlocbtbroup and tbe 
c:huled parudea couUDI out of the Absorber (fia.2). The mUODlC 
pWlodltbrouib caUMS &0 about one ch&mber bit per muon while some 
part of tbe Bux tbtoup tbe Absorber doesn't hit tbe ehAmbers. The 
total neutron ud dlar,ed rata iD tbe pFWl cb&mber for tbe Ab
sorber thicbe .. of 50 em .. re .bOWD in fi,.5. It i. stronely dOmiD .. ted 
by tbe muozUc pundlthtoup ( .. bout eo 1,). Tbe r .. te in tbe II FW2 
i. about tbe same, tbe rata of otben beiD, mudllower. One more 

4. Tbe accel. to the IIFW4, "FW5 chamben ud to tbe Cerenkovi 
is free. 

Tbe din.civantale i. tbat this part of tbe Absorber can not mOve 
back toptber witb tbe Forward Calorimeter a.nd tbe .econd Toroid. 
It .bould be dismounted before. 

Future Plans and Problems 

Dependence On tbe Pipe thicknes. sbould be caleulated and com
p&red to tbe f .. bric&tiOll dimenJioDI tolerance to make final desicion, 

The Pipe mechwcal supports sbould be taken into &Ccount. A. 
far u I know there is no uy desiln to the momeD.t. 

Tbe ealculations On the Dew Absorber desiln propoted bere .. nd 
tbe simulation of the triger seem to be tbe mOlt intereatinl today, 
This requires & very powerfull eomputer. Tbe lon,elt run at VAXS
TATION 3100 resulted in about 3500 events in three weeki. At least 
u order of IlHlnitude more req,uired to reach .. 3 kR, level whidl 
i ... ccept .. ble for tbe triner. I bope for tbe US belp. 

Tbe GEANT /GREISRA code is not ,ood for soft neutron. whidl 
can make tbe additional troubles. 
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possible c:ontribution to the ute. is the c:on\'ersion of l&mmu And 
neutrons in c:b&mbers a.nd in the first Toroid. Preliminary tbis is 
... ell bela .... the muonic: puochthrough level, detailed c:&lc:ulations &re 

. under t he procell. 

The Rear Chambers and the Proposition of the New 
Absorber Design 

Tbe Absorber thicknell of I.bout 30 cm of iron .eems to be opti· 
m&!: 

• AhhoUlh the total Aux tbroulb the Absorber (cauled both 
hy tbe Pipe and by tbe Forward Calorimeter) i ... bout twice 
... hilb &s tbe muoDic punchtbroulh, its contribution to the 
ch .. mhera' r .. ta still .hould not exCftd tbe irreducible muoDie 
level. 

• The &bsolute \'alue of tbe rate in fil.6 is defiDitel)' low, so there 
is no much d .. nler to make tbe Absorber .. bit thinner, in an)' 
c:ue the rde is not likely to exCftd 100/./cmJ 

The rAtes oftbe IIFW4 a.nd IIFW5 cbamber. i ... quite diffennt 
topic: bec .. use it .. f£ec:ta tbe first. level muon triner, Tbe total rate 
of the muonic puncbthrou,h in this repon is .. bout 200 kRa 10 a.n 
optimal Pipe/ Absorber delip .bould hrinl ..u other sources down 
to this level or so. Prelimin&ry comments OD thi. are IU follows. Tbe 
Forward Calorimeter works like .. plu,: it stop, tbe mOlt nf iDodent 
radiation. So, mainly tbe Pipe inter&c:tions remain (.ee fil.4). It 
seems Datur&ll)' to pl&c:e .. n absorber ju.t Dear tbe beam. pipe u 
Ihown in the fil.l. 

The advantales of thil delip are: 

1. The weilht • ..,.inl coma to 140 tones in ea.cb arm. 

2. The problem of tbe Collimator back'plub i. 101ved. 

3. Tbere i. eDOalb room for inereuiDI thi •• hieldin, (for elt&mple 
in order to Absorb 10ft neutron.). 
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The Flux Through the Absorber 

t:. F orword Colori.meter Only 

Muonic Punchthrough Level 

o 10 20 30 40 50 
Ab.rm'H,Tlljcltn~n (em afir~rI) 

Fig.2 The late of Charged' Punchthrough 
v.s. Iron Absorber Thickness. 
The curves ·Conventional Pipe DeSign-
and ·Optimized Design- don't include 
the Forward Calorimeter influence. 
The latter is shown separately. 
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Fig.3 The distribution of charged particles 
along the Absorber. No Bea. Pipe. 
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Arrow shows the front face of the Toroid. 

The Flux Through the Absorber 

* 0= 12.5 em Alum. 

£; 0=25 em Alum. 

• 0=50 em Alum . 

• 0=25 em Iron 

Muonie Punehthrough Level 

10 20 30 

Fig.S The Rate of Charged Punchthrough 
v.s. Iron Absorber Thickness. 
D stands for the diameter of 
the vacuum pipe at its big end. 
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Study of the Muon Trigger Efficiency 

U. Molchanou(Protuino) 



Study oCt he muon triu~r efficiency 

V. Molchanov 
IHEP, Prot\·;no 

St.udy of the muon trigg~r ~ffici~ncy for Higg" ZI and t.quark production 
bl» been carried out. lSAJET wu u~ed (or simulation o( the Hins and t
quark I\:eneration, PYTHIA "'as u!ed for simulation o( Z' and a.uociate Higgl 
gencrdion. 

Fint gromehical effid~ncy was determined. 11 was required that all 
nluon. .hould be: in p.!'eudonpidily t1mg~ 111 .. 1 < 2.5 and all e1e-etron •• hould 
be in pleudorapidity range 1'11.1 < 3, Events "'hkh paned 'pecified condi
tion. are called reconstructible . .nd trigger efficiency wu determined with 
respect. to these reconstructible e,·enh. For the tri&ger to take pl .. ce it wu 
necesnry (or at. leut one muon with Pr more than threshold ,""Jue to be in 
the predefined pseudorapidity range 0"l ... 1 < 1.0,1.5,2.0,2.5). 

Results (or the 400 and 800 GeV Higgs bo.on are shown in Fig. 1, for 
150 GeV Bigsl - in Fig. 2. When analyzing geometrical efficiency for as
sociate Higg' production only muon from IV _ IJ.l' decay 1n, taken into 
account. RelUit, (or Z' and t-quark are ,ho""n in Fig. 3. When analy,· 
ing t-quark Production only the muon from t - oJ.'v decay wu t .. hn into 
.. ccount. Subset o{ efficiencies hr these procenel with 1'111 = 1.5,2.5 &nd 
Pr = 15,30 GeV is pre..ented in Table 1-

Some (urther study hu been dOM in connection --"ith Z' uymmetry me .. · 
surement. Pr t.hresbold doe. not play any role bere, 10 que.t.ion only ia "l 
range. Distribution o{ nent. O\'er '1 ... _ '1 .... (or 1 TeV Z' i. shown in Fig .•. 
E .... enh which ue in a lar,e .quar!! (1'1 .. 1 < 2.5) are reconstructible. E\·ent. 
which ue in four .mall .quare. (1.5 <:: 1'1 ... 1 < 2.5) reprhent tricser ineffi· 
ciency. In the same fi,ure eWDt' .. hich 1.1.0 pu,ed .. ddHional «quiument, 
l"ll'/ > 3 and Ico"·1 > 2/3 ('. is an &nIle behretn directions o( motion o( 
p- and Z'in Z' rest. s)'stem) tte shown. Beth the.e c:onditions .hen,then 
the de,ree of uymmeUy, but. don't affect 'iSllifl.cantly tctuer efficiency (see 
T.bl. 2). 

Distnbutiolls O'fer cod" (or 1 TeV Z' .. itb dif[el~nt selection crit~ri .. are "O.D ill Fi,. 5. It i, clear from the I .. t two picture. that thuer inefficiency 
doe. Dot chu,e meuured asymmetry '-.lue (pcllible chance i. no more than 
.:::: 0.2%). Rault. for" TeV Z' are .imilac and may be (ound in Fig. 6-7. 

Restriction. G~m.Eff. I") < I.~ 
Hz, _IT.V 0710 0.8~ 

)",' > 3 0.407 0.847 
), •• 9) > 2(3 0210 0.943 
),.,) > 3 )c •• 9) > 2(3 0.D99 O.9H 

. /tlz· == 4 . 0.696 0.966 
'1Z' > 0.613 0.978 
(,D#6I1 > 2/3 0.318 0.939 
I'1Z' > J Icose > 2 3 0209 0.963 

Table 2: MuoD triuec efficiency to Z' 
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Comparing trigg~r efficiencies in the Table 1we can see that ~ith~r r~uc· 
tion trigger range from :'1! = 2.5 to !'1! '= }.5 o,r incre ... e o{ Pr thr~,hold from 
15 to 30 GeV h .. 1 sub,tantial effect (In follOWIng proceues.: H(150) - 2~12e, 
.uociate Hi", .. nd t·quark production, and rel .. ti\"ely .mall eff~ct. on .other 
proceue', :rhat l~a\'e$ some questions .... hich require (urther in\'uhgahom' 

• el~ctron trigger ~fficiency for H(150l - 2~2e proc~u 

• other po!!ibilities fN the trisser on u!ociate Kin' production 

• pouible eff~ch on the deta\led determination o{ t.quttk properties 

Also it is intere'ttng to point that while (orwud muon s)"stem pl .. )·. Il cru.:iAl 
role in Z' u~'mrnetry rne.!Urement forward muon triUCr n\akes no estential 
impro'·ement. 

Phr,ical i: vio;- I Pt > 15G~V P, > 30G(\/ 

, Prot'-eu )"1 < I.~ )" <: 2.5 I") <: 1.5 I") < 2.~ 
H(400) - 4" .) 0.621 il o geo 1.000 0.974 1.000 

H( 400) - 2"2. 1 0.676 I 0.~88 1.000 O.Sri 1.000 

H(800) - 4" I 0.;~7 1\ 0.~69 1.000 0.969 1.000 

H18oo) - 2_2. ,I 0.813 1 O.~64 1.000 0.861 1.000 

H(l~O -4_ i O.~OO 0948 1.000 0.862 1.000 

H(150) - 2"2. 1 0.548 I 0828 0.986 O.Si4 0.i21 

r H(150)(W -"" i 0.i39 0607 0~6 0.495 0.774 
Z' 1000)- 2" O.ilO 0894 1.000 0.894 1.000 
Z'(4000) - 2" 0.896 0966 1.000 0.966 1.000 

'(I~O - bp.v 0819 0648 0.941 0.~19 0.750 

,(250) - b,," 0.8i2 0661 0930 O.~,O 0801 
-

T.ble 1: MUOD tticser efficiency (re\"iew ) 
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Soc MUON SCINTILLATOR R&D ACTIVITIES AT MICHIGAN 689 
R. Thun i6 September 1991 

1) OVERVIEw 

We are designing the scintillation trigger counters for the SOC 
tm.lon system and are also engaged in the teStinq of scintillators, 
light. guides, phototubes, and other components for this system. 
During the past six months, we have constructed a cosmic-ray test 
stand, purchased several scintillators and phototubes, and have 
performed a number of preliminary measurements using a Simple data 
acquisition system. 

2) SUPPORT 

Support during 1991 has been obtained from several sources: 

al sSC Subsystem R&D: 
Equipment funds: $ 2S,SOO 
Operating funds: $ 4,000 

These funds have been committed primarily towards the purchase 
of scintillators, light guides, and phototubes. 

b) Texas National Research Laboratory Commission (TNtu.C): 

The Universities of MiChigan, Chicago, and Wisconsin have been 
awarded a joint grant. to work on the SOC trigger system. Funds 
from this grant have been used to Support. personnel working on 
the muon scintillation trigqer counters as follows: 

Technician (0.8 FTEJ: $ 28,()00 
Research Fellow (3 months): $ 12,000 

c) Other: 

The cosmic-ray t.est st.and and its data acquisition system have 
been constructed almost entirely from existing instrumentation 
40nated by high-energy physics qroups at Michigan. In addition, 
the University of MiChigan, DoE, and NSF, are contributing to the 
salaries of personnel working on this project. 

3J PERSONNtL: 

Name position 

P.. Thun professor 

Effort (ME) Responsibilities 
I duration 

50 , supervision, data 
H. Lonqo professor 5 , cosmic-ray test stand 
R. Gustafson research scientist 5 , fiber read-out 
K. De research fellow 5 , fiber read-out 
S. Hong research fellow .0 , measurements 
H. Harcin research fe 110w 100 , data acqul.sit.ion system 

13 months 
C. W.averdyck technician 80 , counters. equipment 
E. Dodd graduate Student 25 , measurements 

Harcin and Weaverdyck are supported by the TNRLC. 

SI GOALS FOR THE IMMEDIATE FUTURE 691 
a) The goal with the highest priority is to make the larqe cosmic-ray 

test stand operational as soon as possible. 

b) We intend to continue the program of measuring scintillator light 
yields and attenuation lengths. 

c) We have produced several different types of light guides which 
we plan to test in a systematic manner. we also intend to study 
the feasibility of light collection schemes based on wave-Shifting 
fibers. 

3 
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4) SWY.ARY OF A':CO:-'.P:'ISH!-'.£t:TS TO OA'I'E 690 
a) We have assembled a large, three-layer cosmic-ra~' test stand" 

as shown in fl.g. 1. Addit.iona! wire chambers and trigger 
scint.illators will be added as required. 'I'he CAl"'.AC-based data 
acquisi't.ion for this test stand is expected to be operational 
by the end of September, 1991. 'I'he test stand. will. allow the 
testin- of laroe scir,t.illation counters by trl.ggerl.ng on 
COSmic:ray muons and recording their location and angle of 
incidence as they pass through the counters. 

b) We have purchased or acc:rui.red a number of SCl.ntillation counters 
as listed' in the foll0wl.ng t.able: 

Corr.pany type t of pieces thickness length width ----------------------------------------------------------------------
BICRON BC 40S PV"l" 0.25" 

O. SO" 
0.75" 

117" 
117" 
117" 

6.0" 
6.0' 
6.0" 

-;~;-----;~;;:;~-;;~~~;~;;~;--------------~~;~-----;~o~~---~;~;--

1.Ocm 270cm lScm 
2.0cm 270cm lScm 

1 O. 6cm 270cm Eilcm 
1 1.Ocm 270cm 61cm 

-------------;~~~O---;;;-------------~--------;;~2~:-----~~~:----6~O:--

NE 0.25" 117" 24.0" 
O.SO" 117" 24.0" 

-;~~;~~~----;;~O----~~;~~~~---------~;~;~;;-;t-l;;;;-;;~~;;;-;;d;;--
w. are neqotiat 1ng an add-on 
to another order. We have some 
small pieces on hand. 

We have begun t.o measure t.he l1qht yield and attenuation lenqth of 
these scintilla tors with a pulse-height analyzer and the simple 
cosmic-ray setup shown in fig. 2. The triqger counter near the 
test.ed scintillator is lS x lS em in size, and the two trigger 
counters are approximately 64 cm apart to insure that COSml.c-ray tm.lons 
enter at a reasonably normal angle of incidence. Some Preliminary 
data are shown in figs. 3-7 which clisplay pulse-height spectra 
from the SCintillator as a function of dist.ance from the phototube. 
'The average number of detected photoelectrons <n> is also shown. 
(This was determined by fitting POl.sson distributions to the 
pulse-height spectra with the constraint of a cotm\On OVerall scale 
factor that converts channel count to <n>. we have recently made 
same diode calibration runs Which allow, in prinCiple, a more 
precise determination of thiS scale factor s~nce. the diode data 
do not exhibit the long tal.l of the Landau c:listrl.bution.) 
For these measurements, a RCA (Burle) 857S phototube was attached 
directly to one end of the sc~ntillator, and the other end was 
maSked with black tape to ml.n.l.ml.ze reflections from that end. 

Preliminary Results: 

Scintillator Attenuation Length (cmJ 

1/2" Bicron BC408 
1/4" Bicron BC40B 

10 mm Kuraray SCSN-Bl 
6 mm Kuraray SCSN-Sl 
3/S" Polycast PS10 

til 
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Finite Element Modelling of Muon Detector Module 
Univ. ofWash./SSC Design 

C. H. Daly 

D.partm.nl of M'lhanica1 Enginuring. FU-JO 
University of Washing ron 

S.pumlwr 24.1991 

The major queSlions to be answered by FEA of this module deStgn are: 

706 

I. What mapitudeofovera1l module def\ectionisseen for each of the modules in the three layers 
of the deu>ctor ( BWI. BWl and BW3 )? How is 1hU affected by wpport locwons and the number 
of layers of tubes in the modules? 

2. What values of shear streSS are encountered in the adhesive bonding between the tubes and the 
plates. 

The second of these questionS requires aderailed model of the tube and plate SU'Uc:turt:. It is not reahs
tic: to use such a deWled model of the whole module to ftnd overall deflections. As each module IS 

a very lIrJe flat plate in overall shape. it is ~uonable 10 model a module as a flat shell ~th JUSI the 
rim of the module modeled separately. One first has to come up with equivalent propernes for thiS 

shell so dIU i,models the rea! strU,:!", oltubes andplues. Usin, dalafrom!his 5ItcUmodel. a small 
region of tubes and plaia <III then be modeled in detail. 

In most of the analysis below. discussion tS limiltd to a BWI module with 4 layenof Nbes,in the 
8 d&R:ttion. This is the thinnest likely module and is thus not only the Simplesl to model but IS also 
the WOfSlCUC forripdity.1bc methods are easily extended 10 any other tube configuration as these 
are fmally _ on. 

A. _ .. tiOn of equinlefltllleU .......,..ves 

The prototype to be built by this desip team will consist of a 9 m. lone section of tube and plate 
ItI"UCtUn: wilb a cross-sec:Uon as shown in Fipre 1. ( the actual proto()'pt: wUl have 6 tube layers. 
.8 and 2.). The rubes an: all 76.2 nun. ( 3.00 in. ) diameter wich. 1.59 nun. (0.0625 in. ) wall 
thickne$~ The intennodia .. p\aI£S an: all 1.59 mm (0.0625 in. ) thick. The top and bottom plll1A:s 
an: 6.35 nun. (0.25 in. ) thick. The overall dimeo.sioos of the """,_on an: 630 nun. (24.8 in.) 
'Wide and 329 nun. (12.937 In.) high. 1bc: moment oftnenia. II. and area Ax of die section are th.en 
found. Tosether with die YOUD&'S Modulus E. me quantities £11. and EAx determine the p~per1les 
relevant for bendlnS andaxialloadin, rospective1y.1f die wbole beam is simply supported autsends. 
die ddlection at tile mid point is liven by. 

'708 

FiJUl'Cs g and 9 show resullS for a 8-layer BW2 module and a6-tayer BW3 module ~spectively. 
The deflection of die BWl module is o<ceplable but dIU for the die BW3 module is grwor!han 1.0 
nun. 

DiKussion: 

The BWl and BW2 module configurations shown above are adequately stiff by 1hernselves. The 
most imponant result is dWa4-tayerBWl module appcan to beprac:tical. ~Wl is isadequa~ly 
stiff when itmounltd on either 4 or6 supports. However. IS can be seen from Flgure 10. a pure kine· 
matico J-i>oint support is no< practical lor !his module. 

1bc: 6-tayer BW3 module with 6-cuppons shows exc:essive deflection. However. when BW2. BW3 
and the InISS spacer between are considered IS a sinJle wlil. the whole IIl'UCtUft: will be very stiff 
indeed. Themajoriuues to beconsidered will be theconne<1ions between die InISS and the modules 
and the deflections of die whole StrUCttIre due to_tiallhennal expaIIJlon. A model 01 of a su· 
permodule <omposed of the BWl and BW3 moduJes IOsether with. trUSS composed of simple len
sionl<:ompression membm is shown is Fipre 11. 

Furtber_: 

Truss """"""" such u dIU """"" in Figure II will be lJII\ysed 10 produce a supennodule which 
is sufficiently rip! 10 be mourned on die _ usinl pure kinematic supports. The effects of ther
mal podients on this supermodule will be studied. 

While IIresIeS in the mew paRI of die tubelplllC SU'\ICNI'e are quite low (3-4 MPa from the above 
madels ). the SII"CSS on die IdIIesivc jolJUs also needs to be considered. For tile procorype: 4-layer 
beam. an ~ analysis givcssbar JIJ'HS values at the neutral axis on the order of 200-300 
psi.1bc: represenuafactorofsafety of aboul4.lnorderto otain beaervalues for full siZe: modules 
with more complex S1NtbII'U it will be neceuary 10 determine die most hi&hly 10aded lepons of 
the module from die analysis shown above and to use these eonditions to load. a detailed model of 
a small part of die wbok: module. Figure 12 shows such • model for part of. 4-layer module. 
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li.w. 5wL ·,384E1, • 2.487 nun. (0.0983" ) 

Vi is the load/unit length and in this case is JUSt the wei,htlunit length 

As the tubeJplate mucmre is not isotropic, we must also get similar propenies in the Y -dlrtction 
In this case. the tubes would be perpendicular to the beam axis and would contribute little to the 
bendine stiffness. Ignoring lht tubes. we can then let values for Iy and Ay. 

In the finite element model. the shell e1emenlS are constant thickness plates. We must choose suitable 
values for E and thickness t to obtain the same values for EI and EA for the model and the actual 
sU'UCture. It is not possible to do chis for both directions at once. but as the bendinS stiffness will be 
much more imponant than membrane effects for chis model it is suffICient to match the values for 
EIx and Ely. One also rrum modify the density of the muerial to get die COf'r'eC( loadlunit area for 
thernodel. 

A simple test of this concept ts shown in FiJUI'C 2. The 4-tayer proto()'pt: is modeled as a simpl~ 
supported beam using the equivalent shell elements. Analysis is done uline the STIF93 ~oded 
quadrila&eral sheU e1ementin AMys. The maximum deflection is essentially idenacal to that given 
above. 

FEA Sbell _01 of. modul .. 

In the WashlngtOn/SSC design. at any given layer ( BWI.2.3 ). each face of tile octaeonal detector 
surface IS made up of 3 modules. The maximum leaJlb of any given module i.s assumed to be one 
third of the axiaJ 1enpb of tile BW3 module. i.e. 9687 mm. The width is.ofcOW'Stdifferent for~h 
module. The dimensions used in tile analysis described below are taken from the 8!3!91 configura
tion of the deteCtOr. The numbm of tube layers in each module have not been determined al the ume 
of wntine. The ~sults given are thus tentative and can be revised easily when die final configw-auon 
is available. The configuration used here is: 

BW1~e-4layenin8~oo 

BW2 module - 4 layers in 8 _on. 4-Iayers in • direction (8 layers 1011\ ) 
BW3 module - 4 -layers in 8 direction. 2 ...... layers (6 layers total ) 

All modules are supponed 1ft the ndiaJ direction at three polnts alon, the lone edges ( i.e. the ClI11m:· 
tion ). In the 9t plane. purely kinemaoc constraints are used. 

FiJUI'C 3 showsamodel of. 44ayerBW I module. Becauseofsymmtl7y. it is oaJyneces.sary 00 mod· 
el one quadrant of die module. n.e tubeJplatr: structure is modeled by equivalent shell elements as 
desc:ribedabove. The side andend plotes 01 die module ore modeled by 19mnt. (0.75 in. ) thick 5Itc1l 
elemenlS. This module is in the top position in the blrftl and is thus tile wont loIdin& case. Note 
dw the maximum deflection of 0.37 mm. isquiteacceptab1e. If tile module issupponed only at the 
4 comers. the ddlc:ction is still less dlan 1 mm. 

Figures 4-7 show results for BW 1 modules on all other faces of the octagon. 
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Figure I. Clos$-<ection of 4-layerp", .. "ype. All_are 1.59mm. (0.0625 in.) wall thickness 
and 76.2 mm. (3.00 in.) OUJSidediame1l:J: The top and boaom p\aI£S are 6.35mrn. (0.25 in.) chick 
and the uuermc:diateplalts are I.S9rrvn. (0.062S in.) lhick.1bc wholeSlJ'UCtUrt is 9144 nun. (360 
m.)lone 
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ANSYS .; ... ;:. 
SEr 2: 19~: 
12:32:58 
P:.o,:, N~ 
POS':'::' :lIS?:'. 
STEP,,::' 
ITER .. : 
a-o: .0.09fi34oe 
ERPC .. C 

~~CA:~42.36: 
'IV,..: 
Z'/ z::. 
DIST",140. c: 

Fi~ 2: Test of FEA on Ihc 4-layer prolOlype beam usin. equivalent shen clements. Note thai the 
deflection is essentiaUy identical EO that found from classical beam theory ( see rext ). 

( In chis and other Ansys output. abe nwWnum deflec:Uon is listed u DMX. Also note that in this 
example. the de:flea:ion is Jiven in inches. ) 

BWl Module .• -1e era, '5 dr •• lOAd 
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J,NS'YS 4.4A 
SEP 21 1991 
10:53 :23 
PLOT NO. 2. 
POSTl DISPL. 
STEP.2 
ITER .. 1 
tMX .0.261075 
ERPC.O 
rooc 
DSC.\ .. 1090 
XV .1 
'tV .1 
Z"J .. 1 
DIST.2845 
XF .1330 
YF -U:22 
CENTROID HIDDEN 

Fi~ 4: FEA of a 4-layer BWI module. Only one quadraM is shown. The maximum deflection 
DMX is pven in millimcaes. This module is the one at the lOp. rilht position in the buret 
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ANSYS .a .,,;:. 
$EP :~ :99::' 
10:53;::: 
PLOT NC. 
peS':'l t'ISP:'. 
STEP",l 
ITER .. l 
CHX .. O.305l:J5 
ERPC.,C 
FORe 

OSCAz77C .415 
XV _1 
'IV .. ::' 
Z\' =1 
DIST .. 2845 
XF .,:33': 
'iF ... 24:: 
CEN'I'RO:::= HIC:£!: 

Fi~ 3: FEA of a4-layer BWI module. Only one quadrant is sh~~n. 'The nwtimum dcOecuon 
DMX is Jiven in millimetres. This module IS the one at the lOp poSIoon in the ~1. The overall 
dimensions of thismoduic are SI86 mm. (8-<hrtction). 9687 nun (axial direcbon) and 322 mm 
thick. 
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ANSYS 4. 4A 
SEP 21 1991 
10 :53::!6 
PI..OT NO. J 
POSTl DISP:" 
STEP.3 
ITER .. 1 
CMX .. 0.00560) 
ERPC.O 
FORe 

DSC.\.SQii: 
X\.' ,,1 
'tV .1 
ZV .,1 
DIST,.2845 
XF .. 13)0 
YF' _:2422 
CDlrRD I 0 H IDOEN 

Fi~ S: FEA of • 4-layer BW 1 module. Only one quadrant is shown, The maWmum deflecbon 
DMX is liven in millimetres. This module is the one lithe ri,ht lide position in the barrel. 
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ANSYS 40 .4;' 
SET .;:: 19;: 
:i,j:S3:2S 
PLO':' NC. ~ 
pes':'! :ISr::.. 
STEP.,4 
ITERtl 
OM:< ,,':. 26:i.CSa 
O.PC:O 
FOR~ 

05':A. .. I08S> 
X', =: 
r: .. :. 
z·: =: 
C:ST=2845 
XF :13 30 
YF ,,2422 
cnmOID 1\1:::::. 

Figure 6: FEA of a 4-J.ayer BWI module. Only one quadrant is shown. The maximum dcflecbon 
DMX is given in millimetres. This module is the one at the bouom. rilht position in the barrel. 

aw2 Mcxlul., 8-1 .. ar •• vart.ic::al load 
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ANSYS 4.fA. 
SEP 24 1991 
10:27:37 
pLOT NO. 1 
POSTI DISPL. 
STEP .. 1 
ITER .. 1 
DMX .. 0.'0065-:' 
ERPC .. O 

OSCA..772.'59 
XV .1 
YV _, 
ZV .1 
DIST_1095 
XF" _1732 
YF _2422 
CENTROID HIODEN 

Figure 8: FEA of a &-layer BWl module. Only one QUldnnt is shown. 'The maximum dcflcc;bon 
DMX is given in millimttres. This module is 1he one II the top position in the banel. The overall 
dimensions of !his module on: 6664 mm. ( IHIirec:tion ). 9681 nun ( IXiaI _on) IJ1d 633 nun 
thic:k. 

II 
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ANSYS .:. ... ;.. 
SEP 2:" ISIS: 
1J:53:3: 
PLC':' NC. '3 
POS71 ::SP:". 
STEP",S 
I':'ER",: 
I:K'{ .. C .369:35 
ERP("C 
FORe 

05;:A. ...... O .4:"':: 
XV,,::. 
YV =1 
zv .,:. 
015'1' .. 2845 
XF .. 133C 
YF .. 2.1:;;2 
CENTRe:::: H:::r:; 

Figurt: 7: FEA of a 4-layer BWI module. Only one quadranl is shown. The tnaXlmum deflection 
DMX is given In millimcttes. ThIs module is the one at the bottOm position in the barrel. 

10 

8WJ Module, 6-1 .. ers 
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ANSYS 4.4;" 
SEP 24 1990: 
lo:r:14 
PLOT NC. 1 
POSTI OISP:". 
STEP=l 
1'1'£11:",1 
DMX .. 1.198 
ERPC_O 

OSCA. .. 269 ,-
XV ,.1 
Y'": .1 
%V .t 
DISj .. 3223 
XF .. 2094 
YF .. 242': 
CENTROID t\:::J[)E:: 

Figure 9: FEA of a tHayerBW3 module. Only one quadrant is shown. The maximum dcficcuon 
DMX is given in millimettes. This module is the one at the lOp position in the barrel The overall 
dimensions of this module are 8177 nun. (8-direction), 9681 nun (axial direction) and 478 mm 
thick .. 

12 



BWl Module, '-1. ers. vert.lC:al load. 3- lnt.u 
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ANSYS ~.~;. 
SEP 2':' :'99: 

9:4S:35 
PLC':' N::;. 
POS':':' :I.ii':'. 
STEPs: 
ITER::::' 
DMY. :::.98: 
ERPC=C 

OSCA''1"'3.505';' 
X'J =1 r: ,,1 
"LV =1 
0IS1',.34':'2 
Yf' .. 24';': 
CEm'RCIC HI:~E!: 

Figure 10. ~yer BWI module on 3 kinematic svpporu. Note that the maximum deflection is 
1.983 mm. 

,3 
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Figure 12. Detailed finlle elemen! model of a section of a ~.yermodule. 
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.---------------------1 s~s~: 1;9~A 
15:59:45 
PLOT NO. ::. 
PREP" ELIMDo'":':; 
'!'YPE NU'H 

XV ,,1 
'{Ii .1 
1.;; .1 
OIST"J695 
XF .209 .. 
'{F .2422 
1.F a9-J .108 
CENTROID HIDtlDi 

Figun: 11. Supermodule composed of BW2 and BW3 modules together with their supporting auss 

SU'UCtUI'C. Only 1 quadrant is shown. 
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MUON MODULE ASSEMBLY 
MEETING SSCLAB 
AUGUST 21, ,", 
HENRY LUBAm 

MUON DETECTOR SYSTEM 

SSC-WASHINGTON APPROACH 
(ROUND TUBES) 

• SEPARIoTE THE FUNCTIONALITY OF DRIFT CELLS 
FROM CONSTlUICTlON OF DEnCTDR MODULES 

• EACH ORIFT CELL IS FULLY FUNCTIONAL AND IS 
CONSTRUCTED AT Sl'IEIIAL DIFFERENT 
LABORATORIES AND UNIVERSITIES 

• DRIFT TUBES ARE USED AS STRUCTURAL ELEMENTS 
Of THE D£TECTOR IIODtIL£S 

ALIGNMENT AND OIlIENTATlON OF OIlIFT CELLS 
WITHIN A MODULE IS FIXED BY DRIFT TUBE END 

CAPS AND MODULE END PLATES 

MODULES AIlE ASSu.&.eD AT THE sse 
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Muon tracks 
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EHperience with Short Drift Tubes 

T. 2hao(Washington) 



Uotv_nlt,. of wasl\lnuon 
Visual t.ehn1quu l..aboratory 
Physics. Hoc. 
PHY-1S2 

Experience With Short Drift Tubes 

Tianchi Zhao 
Department of Physics, FM-15 

University of Washington 
September 25,1991 
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Short 3" diameter drift tubes with tbree difFereDt anode wire diameters &te np
erated 'A'ith a variety of difFerent sas mixtures. Results of tbese studies belp us to 
determioe tbe final tube desisn and operation conditions. 

Anode Wire Diameter and Gas Mixture 

There are CODcerns that stable proportioDal mode operatioo may Dot. be achie\'&ble 
if & larse diameter anode wire is used. We have compared the beba\'ior of tubes "'ith 
three difFerent anode wires. t/lSl pm, .102 pm and ¢1~3 pm io different la.s mixlures. 

We directly obterYe the lipal amplitude usiol a Tektronix 2465 oscilloscope. 
Sioce the proportiooal sisnal size is lmall, io order to eDhance the \'isibility of sig· 
oals. the oscilloscope is termioated with a 510 n resistor. Typical Feu sourCL' signals 
are liven iD Fil. 1. 

We determioe tbe lower limit of the oper.tiol ranle by demaodinl the sisnai 
peak to be 2mV whicb eonespoods to 41lA maximurneurrent. The la.s amplific&tlon 
factor is atlm&ted. \0 be about 1.3 )( 10". This is tbe IU ,aiD. we observe witb our 
letup, DOt the true Sas ,aiD.. Only a fractioo of tbe total produced charses io u 
avalucbe is observed due to the fact that the sisnal differeotiattoo time constant is 
about MHlas. 

The upper limit of the operatio, rUle is defined by observing the tube DC 
current. We estimate the upper limit by compariol the "dark" current ud also tbe 
"souree" current, the &DOCie current wben a ImC 8 source il placed 00 top of the 
tube. The upper limit of the operatiol ruse is determined when tbe tube dark 
current It.&r\I \0 be different from zero (abou& 3O·40DA) ud tbe SOurce current \0 
be about IpA. 

At a liven YolUSe we ohserve iodiea1iODs of hreakdown due to unqueDched UV 
pbo\oD erniuioa. This eft'ed is dearly thOWD ia Fie;. 2. The tube dark current 

730 

Limited Streamer Mode 

Drift tubes open.tinl in self·quencbinlstreamer mode are Itutdard devices for mlln \' 
la.rse mUOn detec\Or systemJ sucb u CDF. ALEPH, DELPHI. ZEl:S and many otb·. 
en. The cooventioDal streamer mode las mixture il "SoD/isobutUle mixed at 30:70 
ratio. This las mixture is ol course bishly Bamm~. 

Due to the uIety coDsideratioDs. Srea.t eft'ons have beeo devoted to findins Don. 
flamm&bl.,u mix<u .... ro" ........ r tubes {1J12J13J14J15J. So lor, mas< or<be proposed 
oon·ftammahle 1&1 mixtures coataio a larle portion of CO2 ud a small fraction of 
iso-butane or ilO-peDt&De. Such ,as mixtures, tbou,b ooafta.rnmable, require a \'ery 
bi,h electrit field io order to obtaio sufficleDtly f&lt drift speed. Beause of this. 
tbey can oDly be used for tubes ..... itb Imall cross section. ADother potentially fa.st 
nonftammahle las mixture, whid! tbe GE~ muon STOuP is in\·cstig.ting. il a CF4 
based mixture witb 8-9% of isohutUle.(6} This mixture is. however. oot a practical 
choice for the SDC muon system 'A'bieh bas a much 10D,er drift distance. 

It is well knowD that ,&I mixtures with a Imall fraction of quenchinllas can. 
not be operI.ted in the streamer mode. We h&\'e $ludied iD detail the behaVIOr 
of ,&I mixtures. sud! &I arion/C02 90·10 and &rIOD/C02/CH4 90-5-5. "'bicb are 
coDsidered for SOC muoo drift tubes. We ha\'e made the fnllo"'inS obser\·ations. 

• Streamer mode can occur io these ps mixtures. Clu.r streamer signals are 
SbOWD io Fic. 3. Tbe silnalsize is iDdeed very l."e ud tbe 'A'idth of tbe sipal 
is very wide. The streamer sipal widtb is iDdependent of tbe time constant 
of the differential circuit. This is sbown in FiS. 4 for 450 termination (-ISns 
decay time constant) ud ror 5000 (500Ds time eoDstant). 

• Proportional mode and streamer mode siloais coexist io tbese sues. M~t 
.iln&ls do oot develop into streamer mode even with the 1~3~m diameter 
anode wire runninl at Dearly break dO'Wlo'D voltlle. Both modes un be seen in 
Fil' 3 and 4. 

• Streamer mode si,Dals produce seeond.ry Itreamen bec&uK or electrons re
leased by the alumiDum wall ahsorbioll"V pbOtODS produced in the streamers. 
The time iDtervai bet wem tbe pnm&ry ud secondary streamer sisnais is a di· 
red me&sure of the total electron drift time from tbe wall to the wire. 

• Bu bblinl throulh alcohol does help. But the streamer mode ~velopment i~ 
still far from complete. 

Streuner mode does develop (ully in Ar /C4H,o 1:2 mixture. This i. shown in 
Fil· 5 in whicb only tbe streamer silDals are preseDt. Tbe sienal .·jdtb is much 
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increues dramatically above tbis point. 

\\'e bave made musurements ,,'ith several Sues ... ·ith and ... ·ilhoul the addilion of 
alcohol. In all cues the indiuted aleohol ... ·as added by 80 ..... inS the la.s throulh the 
alcohol "'hicb 'A'U at 3.~·C. T .. ble lsumm&tiza tbe Sues lested utd the operating 
rUlles obsen·ed. 

Table 1 Operatiog Range 

Ga.s ~{ixture 

Ar·CH. 90010 
Above .... ·itb etbttnol 

Ar·co, 90010 
Above with isopropanol 
Ar·CH.·CO, 90:505 
Above ,,·itb isoprop&Do! 

We conelude: 

2.4·2.9 
2.4·3.0 
4.0·6.0 
2.6·2.9 
~.5· 3.0 
2.7 - 3.1 

2.9·3.3.1 

3.1·3.4 
3.0·3.4 
3.0·3.4 

o150,u.m 
3A·3.S 
3.'; . 4.2 

3.6·3.S 
3.5·3.g 
3.0·3.8 

• Tbe operating rutle of the o50llm diameter wire is the I&tSest among the 
tbree kiDds of ..... u'eS tested. The differeDces &reo bow~r. rather small. 

• Tbe operational rUle depeods stronliy OD tbe las mixtures. The operating 
ranse we observed fnr lu/C02 90:10 issm&1l The stability is espKially poor 
for the o153pm anode. (C02 is kDown oot I.e be a Soad queDchios las.) 

• Alcohol IUrpresses tbe st'COIIdary streamer pulses and. tberefore. makes the 
tube operatioD more stable. By addinS etbuol. tbe operatloo ranle of tbe 
PI0 ,as is crady extended and tbe speed of tbe P10 las il not affected. ~he 
maximum drift time iD botb eues is 800 ns. £t-banol also helps las mixtures 
cODtaioinl CO~. Tbe effect. however. is leas prominent. Isoprop&nol alcohol 
has also been tried.. Tbe results are very simila.r \0 tbat of the etbanol. Alcohol 
siowl the drift lpeed down io the the ,as mixtures containiol C~ sisnificantl.Y 

We also tried. Ar·CH4 50:50. This sas is extremely wt in our tube. The maxI' 
mum drift time il only I.bout 500 DS. Aoother ,U mixture. Ar /C4H1o 1 :2. hu even 
better queocbiDI property. The operatins ranse is extremely la.rse as liyen iD tbe 
above table. 
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narro~'er incicat:ng ~trong quer.ching from i~obUl"ne. 

In order to qUuttt!y our obser\·~ion ...... e ha\'e attemptC'd to meA.(u~e Hrearner 
effiCIency ... ·hlcb is the fraction of silnals ..... hich are streamer signals. FU source 
sp«tra are taken UStng LeoCroy Q\'T. The Q·mode threshold is at Its nl;ntmum of 
1 m\'. Both proportional mode peaks and $trumer mode peaks are re(ordC'd And 
the ratio of obser\'C'd counts in both modes are me&.Sured. Typical specl:a Are sho\\n 
in Fil. 6·10. 

Streamer efficiencies a.s fuoctions of high \'olllles for different gas mixtures and 
different anode .... ires are shown in Fil. 11. 
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Fia. 1: PI0 .lS3,.m uod., proportional mode 
U tV - 3 .• tV 

/I-1O.1U 0 3.9 kV 11153"", 

Fe" 0 4.0 tV 4U50l'm Fe" 0 3.7 kV .150l'm 
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Ar~CO:;t QO; 10 
AI-C02 00:10 with ethanol 0 3.S·C 

Fia· 3: Proportional mode and .treamer mode sisna.1a 

PIO ~\OO"", 0 3.6 kV 

Secondary atreamen m C"H,o/Ar 2:1 
.50" ... 0 6.7 tV 

:"~ ~IIJI·".:·-:· ~ .. ::: 
,,-,~ .... j J' • 

500 n termination 

Fig. 2: Seconda.ry Itreamen 
(~otice the time COftSt&J\ts) 
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.\r.COrCH. 90"5:5 
Fes5 C:160~::l 4.4~.\" 

f:g. 4. DtcI:'! li~e cor.Jt&r;t of !t:'e.:ner code lig:"II.l doe! no: dt';>e:-:d 0:1 the tt:~:::. 
res:Hor. 



Fig 7: ~&:ne as Fig. 6, but ol02pm anode 
Left: 6411: full scale 

6.0 k\· 
alOO ... :n 
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!lio proportional n:oce 
lilnal! are visible 
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U·kV 

Fi,. 6 .. ~r.C01·CH.. 00:5:5 
Q\'T spectra, Feu "l$3f1m anode 
L('~:' 6-4~ counts fullsc&le 
R:g~t. lk counl$ full "ale 

3.2 kV 

3.3 kV 

ria· 8: .'r·C01 90:10 olOOflm 
Left: 6~k fu!1 scale 
Ria:ht top: S12k (ullseale 
Riehl bottom: 2k full ~cale 
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Fia. 9: PIO lOO~m &Jlode 
Left: 64k full.cale 
Ri,ht lOp: 5lZk full !'cale 
Right bottom: 2k full scale 

100 

80 

60 

20 
Ar-c.oe, 

cto:\O 

3.4 kV 

3.8 kV 

//~--. 

I " 
! " It>loo,JAlfl / ¢>ISO.!"'" 

I 
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~IOOpm ? 
L-----~O~---4--____ ~----~ ____ ~kV 
Ic.V 30 5.0 6.0 

100 

90 

60 

20 

Fia· 11: St.reamer efficienc::y plou 

4.0 kV 

5.0 kV 

fig. 10: De\,elopment of streamer mode in Ar-C4 H,o 1:2 
Feu ~50~m anode 

4.5 kV 

5.5 kV 
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Forward Muon System 

R. Skuja(Maryland) 
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_"" .... 1_. Be _r -.1_ .... ooo_ll1Cl fna tile 
!MiM, MoIt-l", .. a locaUaD _lva, to tile OIItaide. 
Be _r _1_ raot __ anotber and ora elupllCl 
~r "lCla 0 _lon _ .. tile outoide ob_r. 
Pl_ , lllllleatoo tile _ yl_ of a _,,1.. At 00_11'. 
_ oeunt 18 ~etely "lrIICl for tile aleetroniea and tile .0. liMa. 
ft. oetant f..-. can I>a alpped to tile alto on pallato by 
..... rcl.1 Ganier. 

'!'be oat.ant .a41,11.. are then lMUlled 1nto • auper .a41,1le 
(H. f19 4,'.,4b,5,"'. fte auper aodule 1_ bald in the 
vert1cal _1Uon for tile anUra ... .-bly. 'l"be calIl •• froa 
tbe ~r electronica and the 9aa U.M. ar. connected to 
electronic and 9.. boX.. located 1ft tbe outer tru.. 
eectloaa of the auper aodula. Each electronio box 
(l-X'·X12·) .. "le ... 1xC" chaIIbtIr boarda. Each alectonlc 
box conte1na • t'DC for ueb c:baaber vltb connectoD and 
eircult.ry to allow lntarconnect.lvlty betvea.n super .odul •• 
to enable lavel 1 trl99.r deteralnatlon. 'l'be alectronlca 
box "ill 0100 prov1d. b19h and 1 ... vol taqa dlatrlbation •• 
".11 .. appropriate data t.ranal •• 1on and. trl99ar .1pa1 •• 
ft. chaMar '804ul.. ar. connected 1n the box.. to allow one 
_r _"la to I>a d1 .... _ froa tile oyota. Eaob 
oetont _la 10 ad, ... tIICl to I>a in a Jcnovn pa01tion 
rel.tiya to t.ba aounti", painto of tile O"par _1.. ft. 
att.acbMnt.. for the nper .00ul.. on tbe c&lort-etar, 
&MorN" and. t.h. auon toroid are adjuatabla to allow for an 
exact location relative to an •• tabli.bed reference. 
fte auper .ocSu1. fr... 1. too big to ahip. It will be 
eonauvctllCl fro. _iono and ohipped to Ua alto for final 
ccmatructlon • 

Piquru '7, '7a, "b indicat.e the confiqurat1on of tbe auon _ra. 
Table 1 - fte tot.1 chuber count. Table 2 - The t.ote1 
n\Jaber of octant .odu1e.. Table:l - fte tot.1 number Of 
.uper 8OClu1e.. Table 4 - '1'he total nu.ber of crate board. 
and. g •• head.r connection •• 
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Pr.11Jo1nary 
AU9\l.t 26,19tl 
16 PA9" 

A. Skuj •• K •• urbach, W. Killer, l'. De.ro.ier, R. Bard 

UHlVERSITY OF MARYLAIID 

MUon Chaaber 

Definition of coaponent. 

- Chaaber JIoc1ula - A .et of tve1ve(12) or .ixtHn(ll) 
chaaber. in one extrud.d part. s •• F19\lr. 1 
extruded 12 p.ck. 
Eot. v.1ght(avg) 50 lbo 

- OCtent KocSu1e - An a •• .ab1y of .odu1.. onto a 
trapezoidal pictur. fr.... Th. aodule. ar. 

a •• .-b1.d onto both .id.. of the fr .... 
S.e Figure 2 • Figure 3 

Z.t weight 3000 lbs 

- Super Modu1.. - A super modu1. i. a truss.d support 
frue that supports .ight(S) octant aodul ... 
Se. Figure. 4,4a,4b,5' 6. 
E.t. ",eight 26000 lb. 

Th. chaab.r module i. de.igned with met.1 end cap. .nd 
in.ul.t.d inserte to hold the chAmber wire. in the cent.r of 
tha cha.Jlbar(ee. figure 1). Tha wire. .r. tan.ion.d, 
crimped, .nd .old.red. Th.re .r. two g •• port.. Ga. f1ov. 
into the firet ch&Jlbar, th.n into .dj.c.nt chaaban via 
aachined grov.. in the end cap. and .xits on the .... end 
cap on the last chaJlbar. The chaabar. have • circuit board 
on each end. One end provide. a pa •• iv. wire tenination. 
The other and has .n active cirCUit bo.rd that provide. high 
voltage distribut ion, imp.dance .atchin9, pre •• pl if i.r., 
shapers, di.criminatore and .i9nal driver.. Th.r. ar. two 
connectors on the .ctive circuit board. one for hi9h volt.ge 
and one for low vol ta9. and signal •• 
The chaaber. are .hipped to the eite in •• aled ehippinq 
container. that •••• ur. I' X I' X 20'. Th.y ar. coap1.tely 
t •• ted at the point of ori9in. 

The octant module frau is constructed frOll one inch thick 
.tainle.. .te.l .tock(... t!qure 2). Th.re .re four 
aounting hole.. One on ellch corner. Each of the chaabar 
8OClu1a aounting hole. are referenced to the octant aodule 
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Design of the Jet Cell Chamber for the SOC 
Muon Detector 

S. Terada(KEK) 
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KEK Muon Chamber Group 
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Kondo, A. Maki, S. Odaka, T. Shinkawa, and 

S. Terada 

September 23,1991 
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Slanted Jet cell partitioned with stiff cathode plates 
. placed in a rigid box frame 

Jet Cell Chamber Module 

3 ItftSe wire Jd Cell 

J RnH wire Jet Cell 

ToI.P. 

Cell Structure 
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I. Large Chamber R&D 
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• Frame structure and assembly procedure: 

',: 

side frame 
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S. Odaka (KEK) 
September 21, 1991 

To be presented at the SOC Collab. Meeting, ORNL 
Muon subgroup 

Status of the Short Test Chamber 

Type I (0 - 90°) 

Fe55 (5.9 keY X-ray) signal is seen. 

HRS gas: Ar/C02/Methane (89/10/1) 

V.node '" Vguard = + 1.9 kV 
Vcalhode '" - 2.8 kV 
~ - lOS gas-gain 

The voltages shown in my design report are too high 
for 50 11m' sense wires. 

~ No problem; 
Use a thicker wire (70 or 100 11m'). 

A study of gas-gain is in progress, using thin-tube 
chambers. 

Tyoe II (0 - 30°) 

will be ready by the end of September. 

II. Short Chamber R&D '793 

7~~ 

shO't't Jet Ce.1l C.hA.Mkt.Y' (900 -t:YrE:) 

f' -~ --. -::------L-~:= -I--~:..:;)-. -' - --- --. - -L-if,l\J.- - . --.-._--. -
___ ._~~'!f_'!"';'~ . ____ .. _ 

~- =~-;;~~ ;:::::;:-:---f--~:.. __ ::::-:u 
... ---. --~"<."".- - -.>j<---- -.--- .--. -'SDC Jet-;;-

T~ I:.;'J ...-.-.----- ';"';;:"1- 'HH! 

f1i5. k8.tr.~·~ 
I'I~/. 7.2-

It ~ i\' 
s.Ok\co.. 
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Source Test 

Short CM.mber C Type· I ) 
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center 

Calculation based on the present voltages 

HRS gas: Ar/C02/Mcthanc (89/10/1) 

V.noue = Vguaru = + 1.9 kV 
Vcalhoue = - 2.8 kV 

Edrirt:;; 800 V/Clll 

A..00<Ie :;; 340 V 
21tEo 

~=-02 A..noUe - . 

The results arc different from the original design, 

but not bad for the HRS-gas. 
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R Short Comment on Descoping of the Muon 
Chamber 

Y. Rsano(Tsukuba) 



A short comment on the d •• coping of the Wluon-chamber 

ADstract 

Contributed to the 
muon group meeting. Sept. 1991 

Yuzo Asano 

Institute of Applied Physics 
Uni versi. ty of Tsukuba 
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The muon cahrnber seems to be one of the major target of d.escoping 

almost without limit. Unless some st.andard is Qiven, the muon 

chamber will become the minimum set with which some known physics 

can be barely done. but some unpred.icted. physics will be lost. 

elther by the poor resolution or by the insufficient detection 

effiCiency, or by the poor SIN ratio. Even the known phySlcs may 

be lost. because of lnsufficient luminosity (which is very likely 

durlng the first. few years) and poor efficl.ency. 

The requlrement on the muon system is continuous, that ':'5, the 

better the better. Chopping off every nook and corner .... :..::.: resul ~ 

ln a detector WhlCh is almost of no use except for some st.andard 

phenomena which mayor may not occur in nature_ 

Here_ a small example 15 shown how t.he track ·mat.ch.:.n; by 

extrapolat1ng a muon track to the lnner tracker is requi~ed, 

the etflc1ency of which is strongly dependent on the muo~ chamber 
performance. 

The exall'lple shown here 15 as follows. 

A posslb:..llty of mat.ching a r.l;h ?~ muon track wlt.h a t::..;:O Pt 

plon track by ml.l!ltake 15 exam1ned. The requlrement on t.::e 

lndependent momentum measurement by the tor01d system, a:-.d t.he 

requl.Cement on the precision of the track determination wl11 be 

reeognaized from the results. 

805 
that they are confused. Since the Data Sets 2 and 3 give similar 

results, only Data Sets 4 and 5 are presented here. 

The number of adjacent high Pt pions (within 0.1 radian from 

the high Pt muon) wi th pt·) 30 GeV Ic per a high Pt. muon is as 

follows. 

DS' 
DS5 2.8 

1.6 

2.5 

0.5 

0.6 

0.2 

0.3 

The number of pions which may be confused with the muon is 

lizable. 

FiQs. 1· S show the distr ibution of adjacent pions in sinB (the 

angle between the muon track and the pion track) for oata·aet 4. 

no.6 shows a two dimensional plot. of sin8 vs (P7r . P~). The more 

confuslon occurs. for the amaller sin8 and absfP7r· PJJl. Figa.'7· 
II show t.he same distribution for Data·set S. 

We reallze that the track matchino of t.he order of lcrn is 

reql..:Hed illnear .eparation distance 1S lcrn for sinB "C.COS if 

~r.e t!"4CK length 152m), and the probability of misrna~chlng 

decreases l.f the momentum of the muon is measured indepe:'lder.t 

of t.he 1nner tracker. The matchino becomes the bett.er :..! the 

muo:'l chamber resolution is the better. 

4. conclusion 

T:-.e probabl.ll.ty of confus.1ng a high Pt muon t.racK .... lth a 

h':'Q~ P: pl0n track 15 s.1zable for events from hard bobber 

c=~:l.S~e~s. The more confuslon will result if the reso1u':lo:'l 

and tr.e :'lumber of layers of the muon c!1amber become poo:-er. 

The next task we have to work on .1S to evaluate quantl:a:lvely 

hOloo' a Certaln phY81cs w111 be affected due to miamat.c}ano of the 

muon tracks. and to evaluate t.he relation bet.ween t.he chamber 

per~o:-::\ance and the track·matchlng abJ.lity. The muon g:-oup 
sho~:d procect leself by maklng some standard of ch"mber quallt"Y 
agaJ:':s:- :..: . .,l:.mJted descoplng proposals. 

804 
1. E:vent generation 

Since the number of events to be generated in a computer is 

limited, the condltion on the event Qeneratio:'l. is such that the 

generated events should well represent hard collisions, so that 

the fraction of high Pt events is large. Events were generated 

by the ISAJET v.S.3S proQram. with a high Pt'value for the 1st 

level partonS, ·-as followS. 

level Pt range of the Numb~r of Corresponding 
Data -.et" 1st 

par tons 1st level p.!rtons eve • .,t"s ~nteg(,"ted 
number luminosi ty (GeV/c) 

(em 1) 

jets lOO<Pt.<2000 1000 8. '7xlO)~ 
2 

3.8xlOH 

t.t-bar 100<Pt<500 1000 

b.b-bar 300<Pt<500 1000 1. '7xlO" 

b.b-bar SOO<Pt<'700 1000 1.8xlO)l 
4 9.7xlO'? 
5 b.b-bar iOO<Pt.<900 1000 

The De::a set 1 was toe soft. and no further ana1ys1s was made. 

2 _ The number of muons 
The number of muons w1th pt>30 GeV/c 1:-'. 1000 events lS as 

fo110 .... ·s. 

No. of m;J'S Data see 

In 1000 evenes 

848 (85\) 865187\) 809 (81\) "i721~7\) 

138114\1 126113\) 176118\) 198 (20\1 

,2, : .2\1 910.9\ ) :5 I! \) 2812.8\) 

2 (c. 2\ 2 lC. 2\1 

An event 15 accompanled wlth 15·20\ of h.gh Pt muon. Naturally, 

the number of muons increases as the co11isl0n becomes harder. 

3. pions adjacent to the hiOh Pt muons 
A posslbillty 15 exam1ned how hlgh Pt muonS are accompan1ed 

,,",lth hH;~ Pt plons. whose tracks are so close to the muon tracks 
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Sept. 23, 1991 

SDC Muon Simulation at University of lllinois 
D. Ernde, S. Ernde, R. Gardner, M. Haoey, I. K .. liner D. Miller" J. Wi .. 

Purpose/Goals: 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon subsystem design( s): 
- barrel & intermediate regions 

• Overall drift chamber design(s) - # layers, 
chamber orientation (0, </>, stereo) 

• Drift chamber cell configurations, shaping fields, 
DCH gases, etc. 

• Projective vs. non-projective cell geometries ... 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon trigger design(s): 
- barrel & intermediate regions 

• HDL Verilog & VHDL trigger simulation(s) 

• Scintillator & Cherenkov counter Ll triggers 

• Muon drift chamber Ll & L2 triggers 

• Evaluate trigger efficiencies, biases, failure modes ... 

• Evaluate on-line momentum resolution 

• Evaluate trigger rates 

• DACQ pipeline studies, etc. 

SDC Muon Simulation Work at UI 
.. Currently pursuing two paths: 

• "Fast" simulation - to get the ball rolling ... 

• Code written for muon transport, multiple coulomb 
scattering, 6-rays, etc. 

• Code written for Lal muon geometry 
(Fe-scintillator calorimeter) 

• Code written for drift chamber hit simulation 

• Code written for FORTRAN - HDL I;F 

• Code written for HDL Verilog & VHDL DCH 
Ll barrel muon trigger simulation{s) 

• Monochromatic muon events thru 
Ll barrel muon trigger simulation{s) 
Trig effy vs Ptp curves soon 

• SDCSIM GEANT-based simulation (slow ... ) 

• DEC 5000/200 RISC machine operational @ UI 

• SDC SHELL, SDCSIM, etc. code now running 

• SDCSIM - HDL IfF soon 

• HDL trigger simulation results from SDCSIM soon 

830 

832 

• Need realistic detailed simulation of muons in SDC 

• Event generators for input stimulus 

• Single monochromatic muons 

.. Inclusive muons from Va = 40 TeV p-p 
collisions 
- prompt muons (heavy flavors, DY, W, ZO ... ) 
- '/1'%, K% DKIF, 
- Punchthru background(s) 

• For benchmark physics processes 
- Use conventional event generators: 
- Isajet, Papageno, Herwig, CDFxxx ... 

• Prompt muons & 11', K, punchthru background(s) 

• Muon transport in jj region(s) 

• Multiple coulomb scattering in cal & toroid(s) 

• 6-ray, QED bre= and hadronic processes 

• Detailed muon detector geometries 

• Chamber resolution effects, inefficiencies, noise 

.. Chamber front-end electronics, trigger electronics 

.. Propagation dispersion, drift time & time-slewing 
effects 

• Event pileup effects 

.. etc. 
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"Results" 

SDC LoI Barrel Muon System 
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VHDL Oliver Trigger 
Oliver, 11-90 

-IL 
wire adjuslable ~ 

...-------1 pulse-streicher 

.,..JL 
wire adjuslable 
.-----1 pulse-streicher 

8 wires per module-layer. 4 layers (WC2I, 4 modules shown ... 

Input to the Model 
time o LL E 

(ns) S wit" MM 

10034.70117 1202000 101 
10034.75391 1206000 101 
10140.35547 1206020 102 
10504.10059 1202020 102 
10538.95605 1204019 102 
10758.48242 1208020 102 O=Oclant (+/- 1 .. 8) 
10825.54199 1208000 101 S=SupcrLayer (WC 1,2,3) 
10825.59473 1204000 101 LL=2*layer 
20432.49023 -1202068 202 wir=wirc_number 
20514.68164 -1202098 201 E=event_number 
20591. 84961 -1204098 201 MM=muon_number 
20627.90039 -1204068 202 
20649.34570 -1208068 202 
20669.01758 -1206099 201 
20746.18555 -1208099 201 
20823.32031 -1206069 202 
30083.30078 -1202098 301 
30099.93164 -1204098 301 

CD ... 
<.oJ 



soc LoI Barrel Muon System 
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What's Next 

• Correct the wire chamber model for projective geometry (Do,...f.) 

• Refine the trigger model and/or look for others 

• Convert from Verilog to VHDL (Dof'le) 

• Integrate/replace the "fast" code with SDCSIM 

• have DEC 5000/200 RISC workstation 

• have copy of SHELL, etc. for UL TRIX (No.:u RUNNI,...C,) 

• expecting additional 2GB disk tooayi 
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WhyVHDL 
• IEEE Standard 1076 

• DOD Mandate for electronics delivered to the military -> strong 
CAE vendor support 

• supports abstract "behavioral" modeling 

• queueing models, algorithmic models, register transfer 

• not hard to get rough idea into code, and into simulation 

• supports detailed "structural" modeling 

• chip by chip, wire by wire, gate by gate 

• ASICs, boards, systems can be fully (and precisely) described 

• supports multi-levels 

• everything in between abstract and detailed 

• supports design evolution from abstraction to detail.e~ 
implementation, with simulation all along the tranSItion 

Why Verilog 

• not a standard, but well liked by *many* electronics firms 

• easier-to-write and faster-to-simulate than VHDL 

• BUT: 
• has been proprietary until recently (Cadence product) 

• few tools available from anyone other than Cadence 

• VHDL is gaining ground, getting faster/easier/better every day 

What's next: 

• use "generate" to represent more modules 

• write CDF-type trigger model 

• write Chapman-racetrack model for coincidence detection 

• get other trigger ideas and write models 

• compare triggers 

• get better input data! 

• projective geometry from fast muon simulation (S. Errede) 

• interface to SDC-SHELL software development project (I. 
Karliner) 

Verilog vs VHDL 

• Verilog is still easier and faster (now) 

• VHDL will be *the* language of choice in a few years 

• pressure for "one" language will squeeze the Verilog community 
into VHDL 

• Verilog to VHDL translators are already available 

• the Verilog model for the Oliver trigger presented in May, 1991 at 
Fermi was hand-translated into VHDL in 1.5 day (4 pages of 
Verilog -> 8 pages of VHDL) 

• Therefore: it really does not matter which is used today ... 



The VHDL Oliver Trigger 

• one half octant: 1/8 of phi. z>O 

• all 1000 wires in each of 4 layers in WC-2 

• 8 wires in a "wire_chambecmodule" 

• 125 wire_chamber_modules in a plane 

• 4 planes in a super_layer (WC-2) 

• only 4 drift chamber modules were coded for simplicity 

• trivial to hand-write remaining 121 

• plan to use VHDL "generate" command instead (macro 
expansion facility) 
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MUON BEAM TESTS 

Colorado/Boulder, Fermilab, flIinois/Champaign, 
Maryland, Osaka City U/Japan, Rochester, 

Temple, Tufts, Washington, Wisconsin/Madison 

GOALS 

• Study number, energy and angular distribution of charged 
particles accompanying a muon emerging from an absorber 
and dependence on: 

- muon energy 
- drift chamber wall material and thickness. 

• Determine efficiency of muon track reconstruction and 
smearing of resolution resulting from accompanying 
charged particles for some prototype cells. 

• Cerenkov counter trigger tests 

FIRST DATA RUN 
.3 

• October t, 1991 

• 490 Ge V muons 
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MUON BEAM TESTS 

• Tevatron Muon Beam 

- Locate downstream of E665 in the New Muon Lab 

- Beam can be tuned from 100 GeV to 650 GeV with 
useful flux for these tests 

• Apparatus 

- Scintillator trigger 

- Six multi-sampling drift chambers 
3 cells/module 
6 sense wires / cell 
Sense wire length 11 in; 
Staggered wires (0.25 mm) 
2.75 in. cell/1.375 in. drift 
Two track resolution < 3 mm 
Window 1/2 mil aluminized Kapton 

- Fe absorber (25 in.) 
Last 8 in. magnetizable 

Cerenkov counter has 2 mirrors, each 50 cm2 

• Data Acquisition System 
- FAST BUS TDC's and ADC's 
- On-line VAX 3500 
- Log to 8 mm tape 
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Beam 

MAGNETIZEP IRON TARGET 

EXCITAT1CN 
COIl 

EXC/TAT1CN 
COIL 

'L 
L!!:l Fe layers 'I 

(-transformer Fe-) 

~ (see drawings) 

Mea:;lJ[ed Resistance of COifS' EXCitation Coli (L.ax): 4.9 ohm 
Measuring Coils (L.a. Lb): 0.4 ohm 
Measunng Coil (L.c): 0.6 ohm 

Number of Cu Turns: L.ax: 355 
L.a. L.b. L.c: 20 

860 

Diameter Of Wires' L.a):: 18 gauge (40.3 mil, 156 teevOhm) (measured: 42.S mil) 
La. L.b. L.c: made out of standard ribbon cable 

(see sample) 
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T816 Tests of Prototype Muon Chambers 

• Overall Efficiency 

• Effy vs. Drift Distance 

• Drift Distance vs Time - How Linear? 

• Spatial Resolution 

• Spatial Resolution vs. Drift Distance 

• Hit Multiplicities (6-rays) 

• Two/Multi-hit Spatial Resolution 

• Noise Immunity/Stability/Reliability 

• Angle Effect(s) 

• Performance \'5. Gas Type(s) 

• Wire Aging \'s Gas Type(s) 
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Ta16 Tests of Prototype Muon Chambers 
• Peopl~ int.erated, in briqinl prototype chamben to T816 test beam aeed 

to communicate ..ntb WI ASAP /NOW .bat tbey are pluAiq &0 brine!!' 

• Scale: Already speD' > 1 )'Ut in let.tinl up T8le (.nera1l11.aD.J'UI'I of 

work)! 

• Don't expect UI to do your work!!! 

• We ...;11 help you ioteriace it to aistinl T816 O.4.CQ .,..tem 

• If TOe, what is max drift time? 

• U only 2·4 c:haDnel. Toe. we can provide ~n.l _ EeL conve:n1on for 

TOe'l. 

• If > " channell roC. YOU provide eiectroraics with differential EeL aiS
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• Bnnc your own HV. LV f),tem(l) 

• You briDe ALL nKelury sipa\.. BV. LV cahlel 

• Wan' prK1tlOn spatlallOfo" . bnns preciSion OCH holder 

• i.e. Worry about seometneal rem-eoee to nisunS OCH"s 
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Tracking 

Proposal for Capillary/liquid Scintillator 
Tracking 

Tracking System Design Requirements 
Tracking Rlgorithm Oueruiew 

Segment Clustering Track Finding Method 
TRF: R Track-Finding Package for 

Solenoidal Fields 

Silicon Tracker R&D and Engineering FY 92 
Silicon Detector Deuelopment in Japan 

Oueruiew of Straw Tracking System Design 
Modular Straw Tracking Sustem 
Progress of Straw R&D at Duke U. 
Straw/Fiber Tracker 

Progress in Simulating Combined Silicon 
and Straw Tube Tracking System 

Pulse Rttenuation in Straw Tubes 
Straw Electronics and Interconnections 

Oueruiew of Fiber Tracking System Design 
Simulation Studies for a Scintillating Fiber 

Tracker Trigger 
ULPC Status/Plans 
Cosmic Ray Tracking Using Scintillating 

L. Landsberg 
(Protuino) 

W. Ford(Colorado) 
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K. O'Shaughnessy 
(UC/Santa Cruz) 

K. O'Shaughnessy 

D. Rdams(Rice) 

H. SadrozinskUUC/SC) 
H. Miyata(Niigata) 

G. Hanson(lndiana) 
H. Ogren(l ndiana) 
S. Oh(Duke) 
S. Reucron 

(N 0 rt h e a s tern) 

F. Luehring(lndiana) 
D. RustO ndiana) 
W. Ford(Colorado) 

D. Koltick(Purdue) 

R. Lewis(Penn Stote) 
P. Besser(Rockwell) 

Fiber Ribbons and ULPCs M. Rtac(FNRL/UCLR) 
Summary Report of the Fiber Tracking Group FTG 

Tracking System Requirements for the ITO 
Simulation Studies of Microstrip ITO 
Test Results 
Gas Microstrip Chambers - Deuice Status 
Layout, Material, and Tracking Length 

Considerations for the Intermediate 
Angle Region 

Work on ITO 

R. SilHRochester) 
S. MaHfield(Liuerpool) 
E. Barasch(TH R&M) 
M. DiHit(Carleton) 

R. SilHRochester) 
J.Dainton(Liuerpool) 
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Proposal for Capillary/Liquid Scintillator 
Tracking 

L. Landsberg(Protuino) 
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Light attenuation in the capillary bundle. 
¢> 20 fIom, without EMA. 

l =60 em 

30 40 50 
L(cm) 

'-"l-
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Light attenuation in the capillary bundle. 
q, 25 #Lm. with EMA. 

1~--------------------' 
1 II 

(a.u.) e 

7' 

e 

5' 

" 

L l:= 80 cm 

~ 
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897 E lCr:>e'litVIehto.e ResLletS 0'" t/lte 6e~M'
The det~do't wa.s dl.{aied tv! a 10GeV pf- CeQ~. 
[vex.d photoefect'tDh f!wr., the. II! phofocafhod 
p'tDau ted a spot -c.euste~ 01., t~e C.C:D, lot LVI, iCJ 
we. Q.lI\ct e!j zed: 

0) pl,dse he.~ght i~ each pixef j 
g) 1.otQ€ p"1fse. heiaJ.,t ot the ee(,(Sftki 

(' iJ"e coo~diVli~fes (X,Y) Ql cu,t'te ~l SJ[Qv'i( 
. oJ the c.&steJt. 

"The ei~jtat .. o", \VQ~ i.MposeJ 0..., the Mj"'i~Qt 
pL4e.se nei3ht i!..1 ea.ch pixd. 
The W\ini""qe ltlIAM'e-t Df ct«sttJt.s O£f the. hael 
is e1IA.Q e to i{. 

The r...cV\tte;; of H'rP.vl·t~ c{ the. cl.1A.S.&A~ 
lII!..i~ll*d. tJ l:Lei-'t tofa.€ P'A(!f he!~hf.[ 
IWe,,'1.x. £~'!.aC~h+: li~....e.. liH~d. . 

Si\l\Sfe. pctlttic fe t1ttch wrJre ()'Vtt~e:/z.ed. 
-:-\c. t~ h~ ~'rA*~etl1 rrLo,J'A':.tt) /Y:J 7{" G-~.v p to (r::r'~ 
!~!.+~'1.;"\~ Ff.J1pellJ.ic..'At~'t ~J ~9 +he €1Av.J/€. '.,,;~!, ft 
The hv\r\1ge>t 0/ cfusteJr.S DlAtsiJe the twck U310v. 
lS V€\1 s'fI,1,().fe. 
ILlIte lto.c.ti6) lit S' iV\siJ(, He t(.{ .... Jfe.. stakd. ol.d 
~eee (}.9CA~h£i ~aJ(.8'to/'(kJ s/l'\oi.se h. 

iO 

Light attenuation in the capUlary 
rt> 100 fm 

896 

I 9 
(a.u·)s ~ 

: ~:.. !$"O em 

50 

,:'1 
~J~ 

: ~ 

898 

}_~ag~~!_Sin~~e track produced 
by 70 GeV pot particJe 

1rnm --. 

000 '$0 . , 'ltOO' , • • 'ISO' • • '500 ' , , 

PIXEL PIer EVENT H6 Rl/N 25 

c ... . ..... ,. . 
~ Inln -

L. , '300' , , , 3S0 ' , 'too' , , • If so ' , . ~oo' , . • 

-1:1. -

i 
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2-PIl<SL PIeT IIYIM ~ lUI as _ 
~----===~, 

. , .. -. 
",'~~' '.a-- ". .. . ' . . 

. 300 . '3S0 

~ III'" -
'49)' . 'SOC' 

901 

Distribution of track residuals. 
bundle with EMA. 

-/5-

600~-----------------------, 

N (fLr= 28.3 I-'m 

400 

200 

-50 50 150 
R ~m) 

900 

CLuster profile in X-projection. 

60~--------------------, 

EA . 
(a.u.) : 

40 

20 

I a.= 23 I-'m 

, LL ~ 

I _J ,-
-50 50 150 

X (I-'m) 

Distribution of puLse heights 
transverse to track direction. 

Bundle with EMA. 

902 

80~--------------------~ 
EA 

(a.u.) 

60' 

40 

20 I 
nOLSe 

±?><\t. -Hi. 

_~ \..!3G'it 
o-~. ~~~~~~~~~~~rM 
-2 -1 0 2 

R (mm) 

-/4-
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Distribution of pulse heights 
trans\'crse to track direction. 

Bundle without I~MA. 

o'u= 61 f-Lm 

T 'AID - i~Q.ck Resofc..diOh - 90~/'?
The dis.t>ti tt.A. Lovt o~ p"dse heiShts t'rqhSVe'r£( 

to the J, Heel t'rQcK ailted'-Oh Ill'ekE' oUai I'\(ld. 
g~ ~lAl'tlti~pO:iti~8 SOD uu,h. L-

A~i:e't tac.k~ltoCA Vld st.A.U:tcad'On the . '(I 
Jidft.i ~utiollt is Gal.lss,·alt! (V! IOlr.wr, 

Q{t = 57 14M - gk~dee wiH Ek, 
('J0r WI - e.\f .r.fa) t..:a i.Sfl,.'II 

~t .: '1 ~M - wit~out EMit 

The R.r~s vatues \Itt ~().'tac:te'tize the ~'W'o-tkad 
'te.soevdiDI1. 

Not"se 
The eight Jetecfed olA.t.si~e He tJtack 'Uaibn 
i.s t~e. ~olse, 'N'hidt MO\kes /.AI' 

Of,At~iJe .t~~t -··lltt (I)t 1..::'!'5~-"" 
oJ the totoe dete.tted. e~ht 4o! the. £u."Jfe 

1 , (. lVit~ E MA . 
It. 0pp'toacl1 e.s ro a PhYS'Cae e;~"i~tioVi of -.i-O/' 
wheh l!nDck-Dk e fec.fJtDllts (0' ->r.a:/s) Make -the (7 

\"II1Q(lt\ c.ov..t.l(.{BIAiO"1 to t/.(e lItoi.se 
Fo'1. the. Cf)p,.eRalr.~ t'AVtdh VlI'f!,oll fHA; 

noiSe - 3&~o o.t l.. = l.S~ ~~ 
!)Q" Itt I. = 320 trlWi 

904 

The. ceuste'ts 'Nete ~v'e.l[a3ecl with 
the c~hes 0.( 8"cQvity S~?HiYv1pPsed. 

./ . ceuste>c p'"tofife 
-li~ Ox =.2. 3 Jrn 

is detelt~iV\ed the 'tesOelAt."Oh 0/ He. II -CCj) 
. system. 

He>t e a~J 11'\ whal %offol4ls He .sizes ,,~~e,·e.d 
-to the fiJr.st 11 iVlPL/.t a>te ~jve/t}. 

( Ux. =: 1. It fM ot\ tl" eel) S~~~Qce) 
2P-Q1io.f Re.so€uii0'i 

The spo:/.;af ~eSOetALOh of the JetectD1: was 
d~!i\l\ed as lye sidlAaf deviC{iiOns Of t/..e CR.l1ie'l:£ 

o~ .3I(Qvdy of the ct(,igt~ItS ~IfDk1 01 st'ro.ight 
fine ~,'Hed t.\o.ck. ~ ... 

Rr1E:".e.:id,).f).e; ~'t = 28 ftYt ...... (FWHH/2. 36 
( .I. () +. .j.. ~ rl.J... 0..... 't",,1 ,.1'1'., ".; r' \ ,'(H, £ ,(I 1<." ~ () v,~ ., On : I ~.~ .. 

i. The tvI~i~ c.Ont"jBLo(t;oh it W1~Je 8:f Glh IkSI4J(icielil 
hi~h ql.<alify 01 heatjh~ ih" glA ... tle~ ihMate ,,_ 

- The c.apiUolty C"ross -sec'l.iOl1 size~' 
('toss -to.ek 

',. The detec.tio~ o~ the ei8kt /.Ahcaptu'red l~ {ap;ffQ"'~ 

Hd ])e~.~d~L 
!he hV:Mge't oJ htts pe't unit hack eeh8{~ 

(hd. dehS.1.y) \VC\S J.e..teJtMihed /'10 .... ihf 
di~t~igutioV\ of eO~i{(.(diltl'd d ;stQ~C:~s S C'lt",e~r 
~Jj~ct!~t fOCQf MQ)Cilt.1Q illtsiJe ~~e -('tQck tR.3'DI1(!: 

Ihe Jisf~iglAiiD'" s w~s %iHed eC! UpOnel4t,o 
. /V',..e:tp(-t/s.p, .. ), 

~heJ{eof SCI-V (5 'HI aveka8e f0I181ff.d,·vu:;d d,'s:tc{, 
be.tw~", LM. The h .. t Je",s;t~ Vl=.i/Sav 

n. : Lt. 4 .t 0.1., httw."~ ( (} ~ L = !.S~:; ~. 
Fo't ~he tVlVt,I-:'e 

1I"-'oQ 1/ /). (.I. l.le t- wifj, EMA • 
Vl~'·\1T Tl'\e {~h( 'lIT h~q IOItt ct.{'lVe \l/e o£fa, 

n Q~ L=.O : 

n.o = 9. 6 ~)M-1 



90'lT'ta.c.k Iy",po..ci Pa'cq~ete>c. P'recislOh -~/
The ptt.ec.is,ioVl wiH whic.h the MI3ih of the 
h().ck C.t.\h 8e ~etHMi"'ed (iMP~C.t p~.J(Q~de'r. 
e'tltD>t 8) ~epe~~s. ~~ ~~e lt2r.iJ~Qe Gilt (HId 

-l~~ ~~~R(-'l o~ hits [L M) Dl1 i~e {kQC t - ;V': 

~ _. 6i't .1 .i2,v 
- 2. Y(,4I+1) (,vt 2) . 

Fo>t -I:hp. t't~tk 51-\1"-\ .eIO\I\~ af L=.1SSM'v-'l 

o = g.? fM 
COhC et.< S ioVl S 

A ·bla.cb IIIg ~e. t-~ctOI( CaseJ OH ~pif~~r'es 
\!lith ~ LS. (lxpoJed to ike 10 c;.tVpT CeQWJ 
hQS geeh i 111 IIl!sf '8 Qteol. . 

p,"t4Ql'\'\ohce o~ {ht. ((tpiP/a",,, d~~p.d·,')"r: 
ct'Asie't size G-" ~ 2~ j-fr-t 
TItQc.1c 'resid"'Clt ~t=30 J'f~ f3! 
Two-t'tCltk Itesolutio.. 6"u ;: 5 ~ /fttlt (~: 
lJoifStt. 0" iMDse 4lt' 
Wi! Jeh~i{~ o~ l,,: I$t"'t~ h: It.'!,","-· 
Wi.~ cJehSti-ly at 1., ': 0 .,o~ g.& ... ~-: 
"Uek",Qtio" teh3th e C:: 80 eM 

t-O>t. c.ap' tta>t~ 9 iliUfVV1 we.. V\a.v'e~3-
e= jitOc.m (at L>12ct>1?09 

Vt~5.Lt at L=O.S'Mj h~ 3.8 ~t L=.1M, 
how' \,lie Mcd:.e Sf"ss cqpiffaJ.cies w,'fh t~ 

'tt.f>tQc.fiD~ ill1Je>c: ~c( =- J.4lr (ft..DJc;~t-p4os/l"1. 
n )( i.Lt Se~JS ): 

~) Mo>te easy to .,..,ake E~A tO~ c.a.p,eta'tie.s. 
1,) 

."...... 

l...OMpOJUSDVI e.o.p-I t:.Ca}(~ c<e.reCCO"Cs -,.2.;;..- :, 

\VLth p&stlC. SC-rF! defuc.rok.S ' , 908 

~ The scivJi eeaf;ol1 elticie/l1c~ ot LS CoseJ OLf 

1M); is. i. ~ tiMes highe'r iha~ ihC4t 0/ 
peClstic.' sc;~+iepClfo"t. 
The. hCt~pi\ll.~· ~>tactioV! in co-pi fealties wiH L.S 
is, 1.~ iik1e5 fo.'lSfJe 

~ 
The. test k-eSlAef ,foJc pfastic. seIFI wiit, 
,sWl(.\te cl;U\4-\e1V\ .... ¢ ~or~: 

no'" ~-S/M~ (PS.dl-U:, K~O\AlA r,.(A~.1~ 
. (CEeAl89-IO, vi, p.i16 ) 

c..o.piUahles with LS (lM,vt- MBMP) 
ho - 9.6/101...., 

a) AHe.lo1(Acdio~ ee"8t~ Of pfCl.stic ~c.lF=1 w"t~ 
fo,a.e f'2-ht eUA;SS'-01tt ? jDr~ : 

e =1tSc.tI1 (.i6<L<43c,,") 
. PS t-~!-!l:, /C.cfvIAIA 

C()pi elo. 'ties with LS <1 j~;:~-.iO, vi} p.2bi) 

F, . • e ~ ~OC.M (L > .iO-2Dck4) 
0':- c..a~ef'J.o..'tJe .... w' t~ LS the. v"e",e of ( is Jete'r.J4Irin.e, 

plulll"rlft. ~ ~~ rite. gue~ fI(Q/It~~Jrel1ce 01 L.S (t&e 
'te f- e"t '0.... l'o.s.se S oJrI1 1: /1040 PJ'. 4 _() ,.. '_0. m- 5 ) 

!.~ rlopo~"t' {n ('t,-'''( ~.Ql 11tlCIlel. -.:1.4-

wll" ctlpitf.,it\ wm l S 
910 

n .J'~' 
( "Ilt '''',''''fki", ("' .. ltS of 

ca,i(t~'lit\ "'i.~ L ~ : 
.) ~i'''ti~~l Ijt_fJ tI .. ~ J..iI~,tlsil~; 

t) 1.1,,, .H"tlu'i." tf .. ,I~ 'OJ srrt.ff (J' 
. (e ... ,~ I.~ ... f·' .d=Ioor ... ); 
c) f"f "r.tf"~i.t I., , •• J 'l.~i.li'" 1($;sJ.w 

0,,01 Q 'Inititil'J .. u,.t.ct Lei 
I ~) , .... s'II.Ii.' ltSet"li"'. 

• SfflWlS ,."i#( .pto .... i9i .. ' I. I4f' Ctl.pdt.,i,j 
",,·tL l t , I ") ,., .I.f SSe 4t4(cI'1~ 

n, 11 ... CC.I 'l,II'/o .. f is IA/s, fU"'''S''''' ' 
1ft ... ".' oJ. J I I f S"'." ......... ,. ,,,.""t'~. 
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(apieeatieS wilh L S 101. Cllliu",e 

It"cJ(e't • 

<P = i00.r~; ,.p;ttq\~ t ... ",4t, 
GlCHvf .UQ S = SS"% 

Pi'OIl~: n3t':I'~~1 K= S".~~ 1 '"o:!~ ~ill""ln 
we IoSf +~is v.' ... t 

i .. fArt ~.fc .. t. ~i."S 

Resnve: /) fulive tAU'. -> S:to~ j Arliliotlaf' -
2) h"s -= I. "It J kd.1% 

i"otClS' 

~I t'YIo 
LS \oIi'h ,~.,,~e"flp~ fkflPrOl 

-v. 7-
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fil! ... 
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G f '. 912 d< 
et\et"e S "l. ... ch..'Ze of cerd'l .. e 12tH~t'l 

3 cO"'cf",hic c" 'il'l~l;C ... e $1A,nf4~('rs (J ~/~ 1.92.' 
R= 60clftj 90cWlj 120'111 (~p to Iroc ... ) 

II " ( ) ) X •• .1 V, \ 
'I 2'/. XIIVXVV (11 e.~f)' 

~=:!IO( 

ik 5 lAptl f."" XliV Xu V (, e • .,us) 
Peo,,,,,: €OI.JCQP pe"nn - ... " f. I'?i ~ 2 .. t:; 

The c"pi U"l~ B ..... Jers lilt 4tt.natJ i... ~i f(OllS 

(J I'll'" l~i(k ~ 2. -:- S' 'In wi.lt) GIll" ",. 1110 .... .1 0 • .10 

CA ei1HloIti9~~ swrrnl (~tillJel. T.I., ,.Ji.liu, 
e'YI~f"~ 0' CT a4 .. n .... e i ... ci~tllct f.67. .. ·.'z.e. 

Th, J'VIClfioh of (ql'iee"lies f,otYI p.HtM ,diahllln€'td 
is res ... tI,'1I Ys dialWleln II CfApi ffu'1 

alit en e ... ~ilht f~f ,1A"Jet 'IS ho",o,ttlE'owr ,.",rlilA. 
'01 p.nli,frs; rI 1\ ,ossitt't 10 "".S_1I' co01./i""lr$ 
0' h"clCS 'If e.4ivt ~o lhe to .... tAU) of 110, t .... J,,, 
(01 III",) I, 'lift ... ). 

~/l'J /hif : ~Or'" 
l.) IS"pn' .. .,n ~ S-7 r"'" 
r ... I!', (VO) so'pet ~ .. ~n 'V( ~(flS'41( 

1- J i 1'>\(" ~ i 0"" t Vtdol. 

10 

(~,..... ." ....... 1 3..,..,· .. ~ <: 10- 2 ) 
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Light yield from capillary bundles 
in the ease of central reading. 

• n 
-- R - 60 em 
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Reo.d O&,4t s.y-sfe,,". 
5 8 

10 Hz 0.8", 10 Hz iMQge 9t.1iJE.' 
CC]) ~ KJlIlI \ u).c:=:G. - . ., 

/ opto~e~ctltoni~t.o.pex. CApttealty 6'AVlJ·k 
fo.pex. . de rOo Y Q 

d.el"'\o.~l'Ii~icoho~ ¢ 1clTl, 27D/<L 
'>- 2. . 

The "opL~ae SI~VlCle defay (d~s.), heCeS$a.>ty fop'tOJl.lt 
t~e .Hh eNd tJtig~e)L, is Ireofized. g~ the Dptoefe<::bcDI 
~eEa.y with iWlCl8e Lllttelo1sifielt (II). 
Photoe ~ec1troVts dJri{f i It? e0l19 ifl,(rJ.iV1a{! WI~l1eii( ft'e ft, 
of <:.eV\t~Qe ~e+eC+D>r. FOJ( fl,;e Jefay p~fot~pe IVa! 
of,t~; l-\eJ He '1.e.SOelAf,'OIll 2.5 f''M.. 
The llltroJt...".,~i,·oV\ "tR~d 011.1 e~ a Cc.JJ.. 
:nda.;! d'tl't.tls t~e. Jato. cd· ~11 lV1~LA.i: rr.a.f..", OJ..!O':'./f:. 
A £s IA ~H; It\~ IJ. 'T..Q.je.c.. +-i.o VI co.pa&t Pi tx Ijj 10?' ~c·t ~t !.. 
1.~'/f.£ ~lti8~e>t. -~ Outpu.1 I(o,te 10 SIh (o.ca.l-'~al;Pe 
It~h~ ~O>t Cc..])) 

TiM~ V!soflAt;oll1 is JefekM'Vled ba dtc.a~ t;tt.tt 
o! L S ~ sp~o.J il1 the ti~e of Si:!~Qe {'COI'''', 
~iUVC2\11t poi~ts of iht CQ"ieeM~ gUlilClee (~~)(i~(.\ .. 
,,:3 hS) o.\'\~ {he ~i~~ dLVtoJio~ o~ f~e ~Clfe af & 
ortoeeee.h.D~lC. deea.~ (,:,_@LoIS) 

Til\ol.~ "lRSof"diOLA. "- is t'lS 

c: C.]) 'lead OcA t _ 
o..dllG.".~':'\.!e.P. -r:. , "t •• 

C 

.' " 

91'1 

f ~ .. .1:" .~ .. ( ,"\. ; -. ' 

The Mai.," J ... is~dlltlht4gE' oj'rc])- faJtlt 
'teCldout ii ..... t - i~ ~'~ov"d i~ usiu, 

t~e. or.~cehdlt'fHC tI. f fn~ Ahd ohf'l 
(\ pa"t oJ CC,1\ irnQ!lf. :'0'" pe'tOhe f'ltt"'. 
Ohe ""Q~ hove tlt\~ (e~t ~l(i9'f"r Bw/ft 1(.ihl J 
... L:.1. .. -"tauJt In ,,~,l'It~ 1\1 Jeef'lDttic$. 

Q) 

E 

'"'0' 
<\I 
£ 
.~ 
~ ... 
"" (;l 

~ 
Cro 
t1 
E .... ... 

':S ...... 
0 

U 
I ,~ s: 
i ~o 

~ • ...> 
c.J-'> 

c:::.JU 

tcol ': 
~Q) 

til 

" S I: 
': CI) 

\1 
N 

tep Regdout. 

916 -.,"3 t -

918 

... 
'" ... 

... ... 



919 

Lnef J L t~tt 2 Levee j 

I "Pl'~ "!'l~( 60 "'Hi 10 +100 /(Hz OJ + l /(Hi 
..Df! i si O~ Ii"" .~.s ~Str lo+rOj4f'( o.~~i S~( 

R(.irci;." ti"'l\ ~ It ~ 10/( 10 ~ 100 10 -i- iOO 

Thl' ~;l'S or f~t illlQ,' Zon(, iouI'd f~l GI 1tr,t" or ,vul 
(4", lllAWl8u\ ot 'lows ", .. aI's 'to) J,l.lIl1jll +~. t.f.t 

",,,, ... en.. or CCJ)(lnf). J41\ r_niU. ~. If' .... cr 

f\.t (he'll ii"" if 0 .. , ,IHU'QStS fl., "",,,,Ins 01 CClJ 
• ",cl cli"'illi~ L.s '''I' "' ..... Ins ., 'UW'f 

Fo, ,~or,.llsU' cC'~ Hto cr.Dl TII~.t~~~ ti"'t 
J ~ J Il~ 

921 
\ 

R.~.h'l\ ~OSP '01 oilln d,~~dol ~ 0.1. ~ D. S IftQJ 

( II • • 4 I '~.I-' 
. t""""no~1 'I' 10 (14. 'tc ; 10 )'.11 o( 't""~i.J ) 
R • .ai.tiyt lfSi\I .. (. 0' fl.f c.ri"II'., ~.l.cI.l '>IOJ4'II" 

n.t1f u. cclJ "'if~ '1«,(i.4i"( 't~fiIJQMf' 0/ ,.VIl.' 
~, .... r..... II It pw.i((( ~ ptliCt ccD 
I,,\i~t 1\ ... lsi.l. • ... s.!"Il.i~ .,0/ .... (. 

T~" t"'!:Uilit"/, I. pt." 'I.t".1.,,~ S~S/f"" 
""'Il (Col) ... .1 ,." 0' II o .. fci~. II ... "e/.r4t 
\fot..... • •• 'l-nu .. i' I", ti,U ,i, ... ,j ''I 
~e ... c ., ex4n".t i_,. ,"'i.l~ (h ... sti .. IIU .. ~i"J 

fiCus) : ~r¥not III'~"S t ... ~. A(l" Il.e 
II • r.~'" .H"'I4 .. /i... ttl t\.f'U' ,l4i IIts (.., 11-10) 

I~ ho' i .... et f. "t . 

-~<I_ i 

• f ~\.e Co ,itP, i p~ wi H L S 
920 

Arc.,.(i .. , lo ~~c !itd "'"uOC""t"ff ,I IS .... t~ ftll" 
4"Q" tlo.1 of rfHfir sci.ddl./o". 
~odi.lio~ u~ iS~--tt of I~, ,.,.iff.l., cA'/re/" IS (til" 

, ...... ~O~·"a"·. 

1.0 

(
1\)0.8 

a.u. 
O.S 

0.4 

0.2 

l=118 
k1! '. 
1- 93 
~= 85 

-- l= 64 

em 

em 
em 
em 

(0 Mrad) 

(i~';' ~~~d~" 
(32 Mrad) 
(64 }drad) 

0.1 -±O---"-2:-':0:--r-40-'--r-6-rO~---'80.......,r-l-r-O-r-1"""'2 0 

t(em) 
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The development of the central tracJc1ng detector for use in 
the SDC detector 1s proposed. 

Compared to the IU8h resolution plast1c SCintillatlon filler 
detectors. cap1l1ary tracklng detectors have a numller Of 
advantages that s1gnl!1cantly change the situatlon with central 
tracklng: 

-owlng to the IU8h scintillation and trapplng efflclencles 
the hl t density on the track ls several t1mes larger than for 
the plastic !tilers: 

-large attenuatlon length I = 0.8 m for the caplllary 
d1smeter d • 25 ~ and 1 = L 4 m tcr !l = 1 Co(, ,:ro. t~.at exceeds 
sevenl tlmes the att,=nU3t!on ler.g:h !c:- plastiC t'1t~e!'"s. allOWS 
one to construct detectors Wl!h le!".gth ~ 2m an~ spat1s.1 
resolut1Qn 20-40 ~. 

Thanks to the large attenuation length ar..d by ~~d!.ng the 
informatton from the centre cf the detectcr. It ~s ;r.ss1ble to 
ach1eve compensatlon of attenuat1Qn due to the tra~kS belng 
1nclined at the remote end cf the cap1l1ar1es. Central rea<1out 
also relaxes the demand on tM radiaUon res1stance of the 
optoelectronlc Chain. High spatial resolut10n allows one to 
reduce the s1ze ct th!S !!etector. So !t bec;;mes pcss!ble to 
create the WhOle !!etectcr "1 th smaller Size. 

Some ideas ~! the ;!C:l res::1out at h1g.'1 eve::.t :"3tes ( image 

compresslon. data bu!!er1r~ for 2nd an!! 3rd. levels :! tr!.gger 
lrmnedlately on CGD ) al.!.cw to ~..ave ~ 2400 output ct'..snne'::'s fu!" the 
tracklr.g detector. 

There are poss1bll1tles to place the CCD re~dc:!: system 
1r.Slde or outs1de the detector volume a."1.d alSO tC use the 
optoelectronic readOut system ( outs1de the ~etector vcl'Jme )tor 
scinUllating plastlc flber detector suggested in the !.col bY the 
SDC. 

A prototype o! a tracklng !etector has been invest !gated. 
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CJJI'l'JIAL !IIlCltIIIG llft!CTDR 

BASED 011 !lIB CAl'ILI.UII!S Il'DI LIQUID SCIlI'J:IWTOR 
POR !lIB SDC 

The traclUl'lg detectors wlth scint1l1atlng fibers (SClFl) 
are very prom1slng detectors for cOll1dlng beam and fiXed target 
expertmentS. A preclse tracklng detector wlth SClFI may be 
about 2 m long w1th spaUal resolutlon better than 20~. time 
resolution of about 10 ns and radlation reslstance Of > 10 llrad. 

A new type of SUCh devlce 1s a tracklng detector based on 
cap1l1ar1es w1th a llqu1d scint1llator (LS) [1,2.3.4.5.6.7). A 
central tracking (CT) based an cap1llarles wl th LS 1s proposed. 
for the SDC. 

1 • CllARAC1'ERISTlCS OF LIQUID-III-CAl'ILIJ.RY FIBER Il!'1'ECTORS 

The 11stlngulSh~ !€''ituro;-s Q! S'.lch jete-:t·:.rs 3I"e : 

a 1 high light yield: 
b) large attenuatl~n ler.gth 1n th~ !!.bers (;1' sn'.3.11 

d1smeter ( 30-1()O ~): 
t!) the potential tor good rad1attor. reslstar.ce: 
e) a poss1blllty to replace LSs. 

1.1. L1Iht yleld 

1:1 creer tc !r.':'~3Se the ~:-'3.~~.~r'.g ~r!!~!en-:,y by 
total !ntemal !"l::!lect1on 0:1, the :£-.:ap1l1arJ !.:1ter!3ce 
(K .. 0.5·(1- :1. /n1S ) one needS an LS with:;;. hlg!'l r-;!I"S.CtlV,= 

index n 1e " An!] 'Cased. on '-me~hYlnaphtt'..aler:.e (1MN. n!s':: 1w617) 
wlth an IfiiP c'r IIBNP :!yes tase~ cn pyrazoHne has beer. ob':a1nec1. 
Th1s LS has h1gh locall ty o! ll"mt emlss10n and sclntllhtlon 
ef!1clenoy 1.3-1.0 times n1gher than that c! plast1c 



sclntlllators [31. In sMltlon the trapping fractlon K in 
caplllarles wlth IS ls 1.5-2 timeS larger. For example, for a 
conventional polystyrene !1ber K .. 31. For the quartz 
caplllarles (ngl - 1.46 ) II1th ll1N - K .. 4.81 and tor all IS 
baSed on phenylnaphthalene ( nls = 1.664 1 K w 6.1 S. 

The emlsslon spectrom of these dYes Ues In the green 
region, IIhlch matches the sens1tlvlty spectrom of linage 

lntens1!lers (II) used to ampl1fY the optlcal slgnals from the 
detector. The green reglon also re(\uces the attenuation in the 
t1ber and makes the radlatlon reslstance hlgher [8J. 

A tracking detector based on the glass caplllar1es ,,1 th 
ngl-1.49 ( 25 ~ In d1ameter an(\ active area fraction ot 55S 1 
tille(\ IIlth the IS (l1lN T 0.D07 moll 1 NBIIPJ "as tested in a 70 
GeV/c pT beam [6J. The slgnal lias ampl1t1ed by an II system.and 
1ntormaUon was rea(\ OUt by a CCD. The number of hlts per unlt 
track length obtalne(\ In the tests was no ~ 1 S/""" ( at 
caplllary length being laO ) "!llch 1s several times larger tllan 
the hlt (\enslty In plastlc t1bers of the same dlameter (1,9~. We 
plan to pro(\uce glass caplllar1es "lth ng1=1.44 3.'ld 1n',rease 1:0 

up to 14lrml. The act1 ve a.~a traction in the capl113rj' bund!.as 
may be ~ BO%. 

1,2 L1gIIt attenuatlon In the !1ber 

Because of a hlgh re!lection coeft1clent at te .• :.£-glass 
interrace (1-R .. 4-8.10-5 ) the attenuation L'1 the ~a;:!.~la.·'·y 15 
(\etemlned by the IS bUlk tn.'lsparence. The atten:.:at:::o ler.,gth 
(\ue to reflectlon losses , :l~ attenuat10n 1n the :.£ ':olu:ne, 
1-R '" 8.10-5 ) 1s equal to lr" 1.3 m tor the d.13..'n€:!:=- -::! 3c.wn 
and !r- 43 m fer 1 ItI11 dl3.:n:t:-r. Tte tellow!:-,.; v~:·.l': ... '! the 
attenuat10n length have ~ee!1 :tta!r.e:::!. tor the LS: 1~! ... y'::~ !.;~: 

I = 0.8 m 3t d. = 25uJn ' tig. ~ 3 ). whic!". excead.s ~-=.:~:-::.. :: ~:rIE:S 
the attenuat1c-n ler~th t':r p.!3.st1~ !lbers o! 3 ~~~! ~ :'!a'!':-:-!~=

w1th local emlss!~n ,I •• 0.2 - 8.5 ~. d. := 30 u.."n; ~;':' •• ~ ). r~.E: 

attenuat10n length 1.4 m "as :.:-:ained. tor d. = 110 urn ~ t~J2. 1 b ). 
The attenuat10n length ~: ~ 1 m allolls tc OC:lstruct 

(\etectors III th the high spatial resolutlon ~ 2 m lor"",. 

2 
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glass only a fell lISve lengthS. F1gUre 2 presents the light 
attenuaUon curves versus the ra(!latlon dose. These data shells 
thSt ra(!latlon reslstance of cap1llary detector ls about Of 60 
1Ira(\. At the dose 64 IIrad. the light output ls fallen to 
appro:Umately one hal! of the or1g1nal value at the dlstance of 
1 m. The sclntlllatlon ef!1c1ency don't change up to 64 1Irad.. In 
sMl t10n the replaceabl11 t:y of ISs s1gnl!1cantly lncreases the 
rad1atlon reslstance of the (\etectors themSelves. 

We propose to explol t a hlgh spatlal resolut1on tracking 
detector baSed on caplllary llUnd.les III th an IS slnce 1 t has a 
number 0 f advan tases: 

1) flne spatial measurement accuracy; 
2 J high tIIo-track resolution: 
3) large attenuation length; 
4) compactness; 
5) !ligh h1t (\ensl ty on a track, lie ~.ave ~ !l1 t per 7.10-4 

ra(!latlon length (P.r.) that 1s better tha.'l tor gas ct'.3IIIbers: 
6) very high granUlarl ty; 
7) fast response ( slgnal !.':tegrat1on tlme , 15 ns l; 
8) radlatlon reslstance: 
9) replaceab1l1 ty; 

10) flexlb1l1ty: posslbl11t:r to pro(\Uce curve(\ su.-faces: 
11) small number ot output channels Oiling ~o verl large scale 

lntegrated optoelectronlcs: 
12) lOll cost. 

2.1.General CT structure 

The centrsl tracker cons1sts ot 3 concentric c:,-l!.'1cr!csl 
"superlayers" III th axls along the beam an(\ ra(!11 ot 60, 90, 
120 cm, respectively (f!g.3l. CT covers the raplttlty range of 
TJ = 2 • 1.92 (9 = 17').Central 3.'l(\ outer shells are d1vl(\ed 
along the axls lnto four parts an(\ lnternal shell is dlvl(\ed 
lnto tllO parts II1th separate read.out systems. There are tllO 
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1.3 Spatial resolution 

The cap11la.."Y :11ameter So'!(\ also ampl1!1catlon So'l(\ rea:1out 
systems detemlne the spatlal resolution ot the detectors baSed 
on caplllary bundles IIlth an IS. The straight-llne RIS resl(\ual 
(Otr .. 30 ~) an(\ tllo-track resolutlon Ott .. 60 ~ lISS obtalne(\ 
In ret. [6J for the bundle Of cap1l1arles 25 ~ In (\1ameter. At 
present lie have 0tr ~ 20 ~, Ott w 30 ~ for these bllIldles. The 
maln Contrlbutlon to the spatlal resolutlon gave an 
lnsutt1clently high quaIl ty of processing of the cap1llary 
bllIldle en(\face. The best results for capl11ary detector IIere 
attalne(\ In paper [7J: Ott = 15~. At the cap1llary (\lameter Of 
100 ~ thls slze ,,111 glve the maln contrlbutlon to the 
resolutlon. and the track res1dual ,,111 be about 0tr w 40 ~. 

1.4 Time resolution 

The time resolution 1s (\eterml.'le(\ by the IS decay time (ot 
3-6 ns (3.5il. the time spread of l1gtlt slgnal propagatlon along 
the f1bers and. tlme cl".aracter1st!cs or tt.e optoelectron!: d.elay 
requ1red to organlze the tirst level tr~r. An optoelectronlc 
(\elay ot 1 115 ls being (\esigne(\ an(\ lts prototype has been 
l.'!vestigate:1 (121. It ls posslble to produce thls :1elay up to 
2 115. The delay 11111 alloll one to obtaln the time resolutlon for 
the detector of , 15 ns. 

1.5 Radlatlon res1stance 

At present the ra(\latlon reslstance of the cap1llarles III th 
an LS is UI".(\er lnvestigaUon. Accor:1ing to our tirst 
measurements it ls much better tllan that' of plastlc 
sclntllbtors, slnce the IS ra(\lat1on reslstance ls higher tllan 
that of plastlc sclntlllators. Glass d3rkening cause(\ by 
ra:11at1on 11111 have a IIeak e!tect on at tenuatlon because the 
sclnt1l1at1on light, trapped In a cap1l1ary bY the total 
lnternal reflectlon 0n the IS-glass lnterface. penetrates 1nto 
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poSslb1l1tles to place reS(\Cut Systems: near the superlayers 
( !1g.3a ) or outslde the external shell ( !1g.3b ). The lengthS 
of the lnternal and external superlayers are 2.2 m and 4.2 m. 
respec t1 ve ly . Inner and outer super layers con talns 6 layers 
of cap1llary bundles ( 21 IlL l, arranged along XUVXUV d1rectlons 
(X-along the beam. stereo angle betlleen X and V, U ls equal to 
: 10'). Central superlayer contalns 12 layers II1th the same 
structure. The thlckness ot layer is 1 DIll. The (\lameter of 
caplllarles ls 1 00 ~. The capl11ary bIlIIdles In each layer have 
a square cross sectlon "1 th an area of 1 D1112. The active 
packing dens1ty makes up 80S. 

A pecUllar feature of the superlayer is 1 ts capabl11 ty to 
measure not only the coord.lnstes of the passing part1cle, but 
the track vector IIhlch sighlticantly s1mpllt1es the search tor 
the corresponding track segment In the adjacent superlayer and 
reconstructlon of tr.e event. In ord.er to 1mprove the accuracy Of 
the vector dlrect10n tllO layers are located at 3 distance 
of 3 11111. 

Thanks to the l~~ attenuat10n le:-~th ! & ·140 em and by 
rE:Sc11."lg the 1n!orm3t!~n !!"Cm srr-.all n en:::!. o! shells. 1 t 1s 
possible to 3ch1eve sc~me ~!)r,',pe!":.sa!'!'Jn I): sttenuat!en d.ue to 
~racks being 1ncl!.'1e:1 at the r~~ote end. : large ~ en:::!. ) o! the 
caplllarles ( f!g.4 ). 

The eap11lary bund.les 3..."'e arra. ... ..ge(! berore:!':.and. 1.'1 r1bbons 
~ IIIJl thi·,k, 2 - 5 cm "lde IIhlch are wou.'l(\ onto a lightlleight 
car~n !1ber lepoxy support cyl1nder, 1 I!III thlck. Total 
radlat10n lengths of CT ( the verslon tlg.3b ) at nomal 
lncl:1ence ls equal to 8.10$ P.r.. 

Acc<:r(!1ng to our prell:n1:Jary data the :11v13tlon or 
Cap1l13.. .... 1es tram parallel a1 !,gnme!'1t. wh.!ch 3ttects on the 
resolut!o!":.. 15 less than 1/5 ~1ametE:r ot cap11l3..-J in the 
cap11lar'/ ot:.'ldles. The parallsl al1gnment or bundles shoul(\ be 
of the same oM.er. It there ls no necessl ty to obtaln the 
spat1al resolutlon bet~.r t~ .... ,: ~ capl11ar"/ (\lameter (\ ( the 
stra~.ht-llne P.NS res1:1ual a._ ls not better tr.an the 
contr1bution of capl11ary size to' the resolut1on: d/3 (1 J ), one 
can conslder the bundle as " homogeneous medlum tor the passing 

",-, 

II 
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partlcles. In" th1s case lt is not necesS8l"7 to measure the 
geometrlcal posl tion of each capillary. The sole <lemand is the 
small !levlatlon of capl11arles from parallel al1gnment that must 
be less than (\/3. We measure coordlnates of tracks relative to 
the bounc1ar'y of the caplllary bundle and must malte the geodetic 
al1gnment of this trundle as a "hole. The caplllary ribbons In 
each layer are fUed preliminar1ly on the thin plastlc substrate 
"ith thiclmess about of 0.1 II1II. After that these substrates With 
bundles are wound onto support cylln!ler. We develop a ne" high 
preclslon method Of the measurement of coordlnates Of the 
Capillary bundle In each layer and positlons of t~.ese layers 
w1th resper.t to one another ( Apperm1X 1 ). This metho<1 uses the 
addl tiona! capillary 8lT8IJ8I'd perpendlcular to the trundles 
inslde each transparent substrate as a spiral with a pitch about 
of 10 em (f18.6). Coord1nates of a bundle are measured bY means 
of reemlsslon 1:, thlS bundle of the diffused blue 118ht from the 
moving menlsC"JS of a llquld column In the add1 tlonal caplllary 
118hted up bY a laser. A posltion ot the column menlscus 
boundar1es 1nside the a!dl tiona! capl1b.rles !s dete~inE:d. W1 th 
acC\lr3cy or , 5 ~ by means ot 1nterterc:nce me-thee:.. NeCeSSary 
precls!ons along o-cocrd.1r.!.tE: :. 1 tmI : can be l'r'.ak~ sure Cy 
mechanical construCtion. The fim<l geometrlcal al1gnmer.t of the 
Whole ietector 15 realiZed 1n the beam. Ch:irged ;:·art!cle~. 

~corded Without magnetic !leld.. cr.eck the me~!'l.U:.:!.':al al!gnrnt:~:; 

and the f1b:-o co~.erency. It ls pcsslble to measure posl Hon of 
each bundle "ith accuracy P<fJ ~ 1 a U1D. 

118ht sl€1l81s from the vacant end of the part o! caplll8I""J 
bundles (large T1 end) can be detected. by means. for exar.:;"le. 
fast vl~lble l1ght photon co:.:nters ( "'..PC ) amI used !cr :c.~ 

l-St level tr18ger. 
There lS a possib1l1 tY to cover the rapidity ~"1ge up to 

:T1: = 2.5 bY using planar enc1cup planes. 

2.2.Rsadout System 

The opt1cal signal delay (-1-2 ~S). necessary :or t~.e 1 st 
level tr18ger decls1on. Is real10ed bY the gated optcelectronlc 
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capab1l1ty ls lcf ). 

The maln dlsadvantage of CCD - large readout time - is 
removed by using the optoelectronic !lelay and only the part of 
CCD matrU per one event. It means that "e can have 2-00 and 
even 3-rd tr18ger level data buffering 1I!IIIedlately on CCD. 

In the case of l/f 1 .. t2 ( f18.5 ) the image lS shifted and 
buffered for the 2nd level tr1gger In the memory zone of a CCD. 
At the worst, when the 1st tr1gger regection capab1l1ty ls 103 
and the event rate h18h enough fl • 10 Hz, at the shifting time 
of each event of 2 us ( transfer frequency 2011Hz) the dead 
time ls equal to las. The Sizes of the 1JDage zone used for a 
record Of events (the number of rows equals 40) !leterm1ne the 
total number of CCDs (1548). It 15 poSSible to redUce th1s !lead 
time up to 4' if one dlmlnlshes the number of rows by a factor 
of 5 anI! lncreases the number of CCDs by the same factor 
respectively. For h18h rate of transfer the CCD electrodes 
should be made of li. and the CCD shaull1 be l11umlnated from the 
backside of the substrate. 

For the second level trtgger decision time o! 10-50 lJ,S 1t 
is necessary to have the trJ.!!er In the !mage ~one about 
10 events. There is a posslb1lity to read out the event 
during ~ 25 ~s ( t.'1e CCD reac1cut !requency 16a IIH::.. e18ht 
parallel output reglsters (14 J) to use it 1!'l the third level 
tr1gge:- or to make the event b'..l!1er1ng c!ur!... .. .g tl".e :1eclsion tlme 
o! the thlro leve~ tr1gge:-. At the rate or events passing level 
2 tr~r fZ • 10'""' H:. the l1ead time equals 2.51. At the worst !~ 

• 10'" H1:: snl1 t . ., = ,03 H= tl:e total cead time c1 the readout 
system equals ~ 201 cr 5!- at the total 1l'Jmber o! C~Ds o! about 
~550 :r 7750, respe::tlvel:;. At the ra!es !1 = 104 ?~ and. r? = 
100 H.:. i.!'l.e tct3l :!~ac1 t!me :!::':.e~:!.!'le'1 ~.:{ the .s!".!ft::"'''''~ t:!.me - c:! 
e3ch ~ver.t 

~550. 

2! ~ equal~ 2.3~ at t!1~ num.!;oer :.! (;CDs C;! 

'!'~ :-educe the "-esc tim,:: ::.:r to relax the demamls en :he 
reac10ut frequency c! C':Ds we a..~ considering a poss1bility 01 
compressing the track ~ !.."'l the 1!:-e~t1on perpend:!.cular to 
the beam ( p-dlre(;tion ) while transmi t!1ng the !lr~ into !he 
memory zone ~y S'.lIIIIIing adjacent rows. EaCh layer t!1 vlt!e:1 lnto 
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jelay ",1 th !.'tage :!..~tensl!1cr II 112.131. Photoelectrons (1ri!t 1n 
10ngituc11nal magnetic field produced In our case by Solenoldal 
magnet itself. Fer the c1elay protOtype (12 J the resolution was 
obta:!.rlec to be 40 lp/Iml. The !iea!i tlme o! tr.1s r!elay equals 
40 ns per selected event. The !n!ormation reads cut by a CCD. 

The length of the optoelectronic system is 80 em, 
photocath"c1e dlameter is 7 em. total dlameter is 8 em. total 
thiclmess of 2-2.5' RI.. The delay tubes are arranged In such a 
way that particle will penetrate < 1 tube. The optoelectronlc 
a.elays wlth lIs consist of glass tubes wlth photocathodes. 
phosphors and metal grlda without !irS electronlcs. This system 
can be reliable and placec1 lnside the detector volume. 

At the II output the !mage is demagnlfied 6.7 tlmes In each 
:~ and <&) direction by conventional taper so that the size of 
the 1mage of the cap1l1ary becomes equal to the CCD pml sl~e 
(l~).The caplllary bundles are coupled to optoelectronlc 
systems by means of image guides ~ 0.2-0.8 m long ( f18.3 ) with 
118ht attenuation ot 20-50%. respectively. The tech:lology of 
manufact..:re of these tapers and !mage guides "ork up good 
enoU&~ .. The srr.all f!'Jer d.!sme!e~ ! ~ 5 j.llIl !or tapers on the CCD 
surface and ~ 30 urn to:, image gu!des ~ a.~d ~ precision 01 the 
geomet!'1':al al18nment p!"3t:t1cally do!'}' t g!Ve contribut1ons to 
the spat!a.l resolution. 

:'hcre is a poss!!;!l! ty to pla':e the CC!) rea~out system 
outs!.:':: the detectcr v'::lume 3.."lC tra..r:.smit the light signals ty 
me3.n5 ,:;! image guides {no!'l-sc1."lt!llat~ fibers ) 3 - e m 
lc!'.~. After the !I light 3tten'..lat!on 1:' these guides ! ~ ~O ) 

~)er ~.:: ;!x::l. ":::E'~!.:.~ ":~.\ s!~:::.~~ !!"'8r.': ?a£sL~ ':!".3.!'~~:! 

;,a:-:::-:-: : .... _'"?~ .. ". 50 .:'::' :.. ~.- ~:~:,::--: .... r·;izo?l a.~:! t."":-=- :~~:' 

n':!.!'::- ••. :- ::-:=-:'t:--=r..!' :!r'2: i!:: ::-=-::0;0; "l :!" ... -:-~!"Ja:::. 

adva.":t~~s. In ::r!er ':.0 !"e3.1!:.e :h~~~ '!I.~va. .... tages 1t 15 necessa.. .... y 
to have t!".e optcE'!ectron1c delay and a high rejection c3pab1l1ty 
of thl? ~ St level tr!gge:- 50 as to have t, . 1 05 H~ event rate at 
the CCD input. (At the event rate ct 109 H.: the rejection 
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several SUblayers. where all pulse he18hts are SIIIIIIled up and 
ass18nec1 to the middle of each sublayer. The centres of gra"ity 
of obta1nec1 distrlbutions we18hted by their tOtal pulse he18ht 
are stra18ht 11ne fitted. AS it follows from the calculat1ons. 
that at reasonable number of se~ts ( 003-5 ) SUCh compresslon 
( 3.5-2 ) dOes not s1gn1flcantly worsen the angular and spat1al 
accurasles( - 2D-SOS ,. 

The IlUIIIber of capl11ary bundles. optoelectronlc systems and 
CCDs lS shown In Table 1. The number of output channels (-12400) 
ls less then for other central traCkers by many orders of 
magnltude. If we use add1 t10nal planar superlayers In ( P.'" )
plane ( SU dlSk arrays ) to cover the rapldlty range up to IT1: 
- 2.5 the IlUIDber Of output channels 15 lncreased by 301. 

This gated optoelectronic readout can also be usel! for 
sclntillating plastic fiber detector. suggested In the Letter of 
Intent by the SDC. 

2.3. CT perfonlllDCe 

TM estlmatlons of CT :r.a1."l pa.'"8IIleters are s1llllll8I"1zed 1!1 
Table 2. All calculation are based on ?3I'3meters or ::aplllaries 
that "e have Just no". These results a.-e p:-Ol1."Il1n8I""J and the 
turther deve lopment ls neeCIel!. 

,\JJIOunt of Caplllary Bundles 
and Readout C~.annels 

I 

Super
laye::o 

ller.gt!1 
m 

I 

, I ! OUte!" ~ 4~2.0 l center: 4.1.5 
Inner ...l 2·2.0 I Total i -

! P.ead- i 
I OUt I 
[Section! 
I "m2 -. : 

1810 
2710 

450 

3970 

Bundle 
length 

I'.:l1 

3C2 
4ctr 
90 

859 

9 

: 
, 
i 
i 
I 

Table 1 • 

Delay I 
tubes No., 

! 
47 
70 
12 

129 ! 

CCDs 
No. 

564 
840 
144 

1548 

I 
: 

i 
i 

Output I 
~hannelsl 

No. 

I 

! 
4512 i 
6720 i 1152 

12284 I 



Hl t densl ty on the track lias est1mated from the results 
Ilo .. 10lDlD obtalOed for glass IIlth ngl = 1.49. The bundles of 
caplllarles II1th ngl = 1.44 are be1ng manufactured at present. 
por the caplllary trundles IIlth a IS (nls = 1.617) lie shall have 
no .. 14/D1D. II1th an acCOWlt of 11ght attenuation 10 the 11ght 
gulde - Ilo .. la/DIll. Some compensation ot l1ght at tenuation ls 
obtalOed. slOce the 11ght yleld at the remote end of the 
caplllary bWldle lOcreases due to the track be1ng lOcl1ned 
( f18.4 ). A reUect1ng surtace used at the remote end ot the 
bundle 11111 also alloll to lOcrease the 11ght yleld. The expected 
h1t denstty ls 4-18/DIII. 

The coordinste and momentum resolutlon are presented 10 
Table 2. The spaUal resolution ot one superlayer 1s 0lC7~ 

4-7 1JJIl. o.~ 30-50 1JJIl. two-track resolution is 100 1JJIl. The 
momentum ;"soluUon calculated for CT ltself IIlthout any other 
detectors 1S 0pt/Pt ~ 3~ Pt ( TeV/c ). 

Tha."lks to a small diameter ot capillaries I lOC UJIl ) and 
h1gh hit der.slty the spat1al. two-track. a..,d momentum 
resolutions are much better than that 0: plasUc !lbers ( 750 UJIl 

in d.lameter ). s~sted. 10 LoI by the SDC. 
Time resolution 15 determlOed by the d.ecay time c·t the 

11ght emlssion of the sclOtillator. spreM in the Ume of stgnal 
trom <litterent palms ot the capillary b'.mdles al1ei. tt.e time 
duration ot gate at the optoelectronlc delay. !he tlme 
reSOlution ot the detector 11111 be .. 15 ns; occupanCy ~ 1% at 
1034 cm-2 s- ' lumlOosity . 

0perat!on or thiS t;T at h!gh lurn!nos!t:{ (~034. ~m-2s-') 1s 
qul te posslble OlliAA t~ h1gh granular1ty. small occupancy and 
h1gh spatial resolution. At the lumlOosity 1034 0",-2 s-' the flux 
on one capillar:, IIill make up 0.013 charged particle/bunch 
crossing for lnner superlayer (R • 60 cm). 

The denslty of oharged partlcles 10 the centre O! a 1 TeV 
Jet w111 be .. 10/crnZ at the d.lstance R = 10 em (~: J. It seems 
poss1ble to reconstruct all the tracks of energetic charged 
particles 10 Jets IIlth large p., Monte Carlo studies or the CT 
track performances are under IIaY nOlI. 

10 

Radlation doses were estimated. Por the toner shell 
radlation dose ls equal to 0.2 - 0.5 IIrad at the lum1nos1ty ot 
1034 cm-2s-1• Rad1aUon reslstance ot the caplllary detector ls 
better than 10 1Irad. At present there are CCDs II1th the 
radiation resistance ot several IIrad (16l. Theretore CCDs can 
place inslde or outslde the detector volume. 

There ls posslb1l1 ty to use a hYbrid of th1s detec tor and. 
the sclOtillat1ng flber detector. suggested 10 LoI by the SDC 
( like a hYbrid ot strall tubes and the !1ber detector). Such a 
hYbrid detector permlts to reduce the number ot sclOt1l1at1ng 
t1bers us1ng them malOly tor the tirst level tr1gger and have 
smaller number ot output channels at h1gher spatlal and. momentum 

resolution. 

3. COST ISTIJU.TION 

::ost Estimation ot CT 
(Thousands or roubles) 

:'!.::;~1::1 Sc!.ntl!.lator 
Ca?l11a.-J oWl:1les 
Optcelectron1c delay 
CCD 
Electronlcs for CCD 
Fac1l1ty 

Total 

!n::lude Research 1: Development 

'!'ab!e 3 

eoo 
3000 
7:JOO 
~ :00 
500 
500 

~3.300 

4. 0'l'IIER APPLICATIONS or IS-IIi-CAPILLARI!s 

1. Vertex detector: 
2. Intermedlate Angle Tracker; 
3. Image preconverter; 
4. Ij)-traeker. 
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I 
I 
I 
I 

I 
I 
I 
I 

Item 

Piber dlameter 
OUter radlUs 
Magnetlc Ueld 
Total number ot 
elements 
Number ot superlayers 
Number 0 t layers 10 1 
superlayer 
Approx. occupanCY per 
element 
To tal radla tlon length 
at normal incidence 

Number or c~.annels 

R~ccnstI"'.lction ~:je-:t 

!n superl~ye!' 
~lrne rescl '..! tlcn 
~J'). ~l~s/t!"3ck 

Nc. hi tslnrr. 
c_t-'P.. : flbe!'s ':mly} 
~~:~it 
0xy/S:lperlaye!' 
0; Isupe!'laye!' 
c X7 {ve!'tex} I tra:k 
o (vertex )!t:-3ck 
o~ /track 
0e ,ttrack 
Two-traCk ~solut!:::m 

i 
I 
I 
I 
I 
I 
I 
I 
I 

Table 2. 

Design performance 

proposal 

100 IJJIl 
1200 an 
2.0 T 
0.5-10" 
bundles 

3 
6 (12) 

10-3 

... 8e6S .J 

~ 240C 
3-:11mens!:~al 

~ 15 ns 
> 150-250 

3OS,pt (TeV.'c) 
40 urn 

5 - 7 ~ 
30-50 u.m 

10 IJJIl 
100 II1II 
0.015 rr.rad 
C.l0 mrsd 
~100 ~ 

I 
I 

I 
I 
I 
I 

SOC (LoI) 

750 II1II 
1600 1111! 

2.0 T 
1·10" 
tibers 

4 

8 (16) 

10-2 

. 6.7 • 

1.000.000 
x - 7e:=.tor 
U, ,.' - hits 

I ~~ .2 
!,ocs· p t tTeV/C) 

55 wr.lmeasur. 

1000 II1II 

.) for the ar.ar.gement of !1g.3b. For !lg.3a the 
optoelectron1c system g1ve an average 0.41 RL 10 add1tlon. 

11 

5. RId) l'IIOGIWI All!) ITS 1IIL!S'rDII!S 

The goal ot the R&D program is creation and. stUdY1ng the 
prototypes ot the traek1ng detector. 

The R&D program m1lestones are as tollows: 
1. Investigation ot IS (solvents and dYes) II1th h1gh 

etUciency and. long attenuatlon length. 06.1991 
2.. Developnent of glass caplllarles and capl11ary bundles 

IIlth lOll retractive index. 10.1991 
3. Creatlon and. studY1ng ot optoelectronlc delay tubes. 

11.1991 
4. Devel0Jlllf!llt of h1gh resolutlon image lOtensiUer 

systems. 12.1991 
5. Developnent of CCD readout technlque IIlth tast clear. 

dsta compress10n and dsta bur!er1ng on CCD. 12:1991 
6. Electron1cs. 01.1992 
7. Creatlon prototype ot track1ng detector. 02.1992 
8. StudY~ ot the prototype of CT :n test beam. 03.1992 
9. Simulation to optim1Ze the design of CT. 12.1991 

13 
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Ie develop a new hl8h preclslon method or the measurement 
or coorcl1nates or the cap1l1ary bundle in each layer and 
poSl tiona or these layers with respect to one another. 

This method uaes the adl11 t10na! caplllary arranged 
perpencl1cular to the bundles inalde each transparent SUbstrate 
as a splral with a pltch about or 10 em (rlg.6). A moving l1quld 
column ( With h1gh rerractive index. ror example undope 111N ) in 
the aMl tional caplllary ls llgllted up by a laser along the 
cap1l1ary. The blue llgllt from laser ls cI1rrused rrom a menlscua 
or a column and reemlted in the nelgllbouring bundle in a l1quld 
SCintillator wlth a green dye. A posltion or the bundle with 
respect to the menlscua lS determined with accuracy or , 10 II1II 
by means or the measurement or the ampl1tude cI1strlbUtion or the 
light plcture on the output or the bundle. A posl Hon or 
the menlscua along the adell tional caplllary ls determined wlth 
accuracy or ~ II1II by means or interrerence between back 
re!!ecte1 light rrom the menlsoua and part or input lig.'1t rrom a 
laser. 

FC'r only one bun<i!e 1:1, each layer on a sut's!r3.te the 
geodetic al1gnment bas tc De perte·rmee!.. With resoect to this 
bundle one ca.'1 r1rul the 1.'1itlal posl tlon or a men!s",," 1.'1 each 
turn or a l1quld column in the splral capllla.-y. 

Due to thls cap1l1ary being placed in the transparent 
substrate and the menlscus or the l1qUld column could illuminate 
two layers, lt lS posslble to measure positlons or these layers 
with respect to one another (with accuracy or , 20 um ). It ls 
posslble to determine more exactly a coordlnate or the 
addl tlonal cap1l1ary in the dlrection perpendlcular to thls 
cap1l1a::-J ( wl th accuracy or , 50 II1II ). 

The length or the addl t10nal caplllary rer the layer or 
the outer shell ls about of 150 m. For the empty quartz 
c3pl11ary with polymerlc cover the attenuatlon length ls large 
enough to use such caplllaries. 

This method can be used ror the geodetlc alignment or the 
sclntl1l3ting !1ber detector suggested in the LoI. 
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r1gUre captions 

Flg.l. LlgIIt attenuation or the buncl1e or cap1l1arles 25 II1II 
in '1iameter (a) and 100 II1II in dlameter (b) ror solution 
1I1li + 0 .001 mo 111 NBIIP. 

Flg.2. LlgIIt attenuation in caplllarles or 100 II1II in 
dlameter ror solution 111N + 0.001 molll NBIIP at dlUerent 
radlatlon doses ( preliminarY results ). 

Flg.3. Deslgn or the central tracker. 

Flg.4. LlgIIt yleld or CT. 

Flg.5. CCD readout. 

Flg.6. Method cr the geodet1c alig11lr.ent or bUI1Cles. 
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~::.1 :s~:~~:~n c::.te:!'i! 

~.4.2 c->l-X 

4.. Jet.s 
4..:!. H..::tip1!city 
.to.2 Sha.?e ?~:a::\et.e:-:!i:, a=: 
~. 3 Iso!.a':.:'on 

5. Det.ached. ve::':ices 5.:!. Keavy qca=ks 
5.2 Ta\:s 

6. T:i;ge~ 
E 1 Level 1 
E 2 Level 2 

.:!. i'~~~~~~S;:~;~~~::-.;~':. :":,:':.e=~!!o1;.e.':.e ~;.s:e :eg:"::-:. 

7.2 Tr!qqe: 
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(9) First level trigger with momentum resolution (TpJ./pI $ 10 
(TeV- 1) - implies a 10% error for a 10 GeV lepton. 

(10) Second-level trigger with momentum resolution (TpJ.lP! 
2.S (TeV-I). Gives a 10% error for a 40 GeV lepton for 
triggering on Z -+ e+ e-, W -+ ell - needed for calorimeter 

calihration. 

(11) Discovery potential - hard to quantify. In general want 
maximum cap1lbilities from detector. Based on history 
highest priority (other than isolated lepton of Higgs case 
above) would be reconstruction and impact parameter mea
surement of leptons within jets up to the largest jet PJ. 
possible (at least ~ SOO GeV). Desired reconstruction effi
ciency ~ SO%. 

(12) Measurement of jet fr"b'TIlent1ltion at modest luminosity 
for QeD studies 1IIId for modelling backgrounds from jets. 

(13) Survivtlbilityat standard C. for ~ 10 years. 

(14) Allows a natuml path for upgrading to a system with sur
vivability of ~ 10 ye1lI's at lOx st1lIldard C. with emphasis 
(e.g. momentum resolution, pattern recognition, isolated 
track efficiency) to be decided based on what is learned 
during initial running. 
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Requirements (or Tracking 

(1) I'll coverage out to I'll $ 2.S, implying J{O -+ 4 charged 
lep~on geometrical efficiency ~ 60% for mH ~ 200 GeV. 

(2) Reconstruction efficiency ~ 90% (for I'll < 2.S) for HO -+ 

4 charged lepton~, for e1lch lepton having PJ. ~ S GeV, 
at design luminosity, but assuming twice the occupancy 
calculated by GEANT (exclusive of lepton identification 
and trigger cuts)~"""' , 

(3) 
\0 . 

Reconstruction efficiency for same as in (2) ~ 7S% at ,( x } 
design luminosity . 

(4) Reconstructed (as opposed to para..metric) vertex constrained 
momentum resolution of (1PJ./ Pl < ~ (TeV-I) for I'll $ 7'1. 8" 
(leaves room still for a contribution from misalignments) 
for HO -+ 4 charged leptons. /' ~~....... \" l1. 7" ~ 

(S) Efficiency contribution from lepton identification of ~ 8S% 
for electrons " .. ith PJ. ~ 10 GeV AIId ~ 95% for muons with 
PJ. ~ 10 GeV. 

(6) Position resolution 1It the calorimeter of $ 2.S rom in r - ~ 

or Z (W1lIlt error ~ (1/2 of calorimeter position accuracy). 

(7) No special position resolution requirements at the muon) 
system. Achievable numbers $ 1 clI!...:, 1 

~;, . 
(8) B single tagging efficiency ~ 30% for 1:!5 GeV $ m .... $ 

2S0 GeV. ? ........ t/ 
(8' \ 't tA" ; .. , 

O~tline ot soc Trackinq Des!.qn I\equiremenu 

1. IntrOduction (brief) 
{Pl:rpose ot this document] 

2. Overview 
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(This sect.ion Ihould 'U~:1ze the conclusions o~ those that rollo'" ) 
2.1 Briet Survey of phySlCS per!ormanee conlide~&tl.ons 
2.2 Envi rorunent tor the traclunq system within the SDC detector 
2.3 Sumnary of rec;:ulrements: parl . .'neter tables 
AngUlar coveraqe and herm:.tlclty 
pyerp relolutl.on 
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theta resolution 
:..mpact parameter resolution 
precilion of pointlnq to the calorlmeter 
resolution for muon trackinq 
t~e resolution, pileup, occuoa:-lcy 
pe.t.tern recoqnition efflcit::-Icy ar:e false 
t.!:'iqqer funct.ionality 
material 

[':':,~ fo~lowinq lectlOns sho:;!.d lock at phySiCS anc ot!'le: issues, 
con_lus:.ons about performa~ce rec;:c.:.:ements, and jus:.i!y t.he~_) 

3. Isolated. eha!:'qed tracks 
3.1 PhYSics processes 
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3.2.1 Tracke:: mat.e:-i.a::' 
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... Jet.s 
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6 2 Level 2 
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3. Iiolated charc;ed tracks 
3.1 PhYli', proceues 
3.1.1 H->41 965 
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8.2 The P r distribution or electrons in Higgs events for MR = 400 GeV. 
The hatched bins indicate the contribution from non-Z source. in Higgs 
events. 
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Figure 3) Sche.'l1&lic of top production and deay into leplol1S. 
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a:ld Me- III 1.50 CeoV. 

by requiring ~-o taggtd b-jeu (from tbe decay of t~e 
t and t) ea.e!::l. .... ·hh PI> 30 CeV It: and \'1\ <_2.0. \\e 
used IS.\.JEt venion S.31 to tene!'ate the tt e\."!!nU. 
Tbe b .. c:kground from IlOn-ti e~zu, is neglisible . 

In }.Iethod (i:) .·e teareh rot l~ e'l."!!nts (e.g .. 
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if BR(H- - ':"v) is not small. ~ would detect an 
eXten o( C, e'l.·enn O'I."tt the uDi'I.-eruJity prediction . 

Tb.e 5tatlltical si:gnificance of the exce55 in the obo 
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3. I101ated charqed tracks 
3.2 tl"ct=ons 
3.20 1 Tracker Mcerial 

S,'9",'1-;'I<& ot o.~rv .. fi.~ 
! .... Ir6 bnAcbiaa ~oa. 

0.9 0.5. .016 0.1 

1 
] 

0 0 .1 0.2 20 SO 

FIG. 25. The JOlid cunt: shoon tbe statisth:al 
IipUieanc. of chI' U~ or isolated pions due to 
1-6"'6 H- - 'rV &lid,. _ -:'11 math"!! to upee· 
wiaal ~r t _ W-b (amtmitt, leproZ2 wth-ers.alitr) 
.... a tlmcrioD of tpJ (bottom. labels). We ~ 
quire u ifOlattd ltptoD witls PI > 40 c.V/e I.ZId 
&II isolated piOD .. iU& Pt > 40 c.V Ie lfor lit > 100 
GeV/e tbere are i u mu:y .tandard dni.aticua.' . 
The duht'd cun"C' .!lOW! the !tatiJtjeal sjpi6e~ee 
or t.he B- peak in lbe two-aono&-jet hwariaDt mass 
dUtribution IS a funetion of WI:;. Wt assume O1Ie 
sse )"eat of running and ha'l.-e takeo MWo , = 2M! 
GeV ud MH- _150 ~V. For tan! values _he:e 
the cun:'tS b«omt dotted. Uzeo C!1'~ techz:z.iqueo hv 
fflomeo ma:Jinal !or B- disc()\'~" 'tbe up~e: 
labels Ih'eo tbe t _ H-b bra.nch.ios ratio. _hieb. 
ruches .. miDimu!:t1 at tall. 3 == $, 1M FiS· 27. 

a 250 CeV lOp quark decarinS to H- (0: "._) .... i:\: 
a-(n:-) - ud 0: ei (with tht ,ame lepton triggtr 
u fo: Method (i)). Jets are formed by clusltnng 
fiDal.state pazttdes appearing in ... e regioD ['I( < 3.0 
~thiD .. CODe of ud(us R < 0.;. Tbe ._momeoot;]. 
of these jets art then smeared wizh t!le &S$tuJled jf't 

:uoluzion o( the SOC ealorimec~r. 

An!' two jets (exchadibg tbe laned 6 jets) ... ;tiur. 
!'Ij < 2.5 and P: > ZO GeV are tbltn used to form ir.· 
\'ari&tlt mus comhin.ttio/U. 'I'bf' combUt ... tor;al back· 
JrOulld C,f.n beo rtduct'd br mtrictms t.ht' dijet Ut'l.'a::· 
ant m.us plot to tbe t1\·O (Don.b) jttS ... ·ith tht' higbest 
U&nS'"tne Ql.omt'nta that in combination ... ;th ~itht': 
Ollt of tbe taS;ed .II je'U yield ... three·jet im-ari· 
ant mass smaUet th:a.n 400 Ct'V. 'this requ.irt'tnt'nt 
is consistent with th~ top qu.ark U\&SS of 250 Ce\' 
alte3dy measured Is~· the methods desc:ri:bt'd abo"t' 
The combinator!.,l ~crOUhd is 1t\"teeIY r«Iuet'd 
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FIG. 12. m",tration of &he. reuoD. for tbe im· 
provement o{ 1II000utum raolut~ eomUlI from 
azimutballlleuuremealS ill tbe muon ""Item WIth· 
out the IDUOEl t}'uelll meUUreaHCu. ~he ",1\t& IS 
~ by 4. W'hertas ";th the IDU,OD '~'te:D lIIIea· 
IUtmIftlts. the etiect,,,. J&litu II 1llO'C'II by /I TJu 
(Uf'\'atUR o{ .. n:-y Iovr IIIOlIIerm~:l uac.k W ~ 
used for tbe purpoM' of ilhastratlOD. 
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abollt a factor or $0 leu, ladxatiA: that V J.. 
.,...tem will rt'1IlaiA opera&aoul at ftfY qb .... 
ac»IUH ne IDOlQelltWQ rno1utioll obt~ .,t~ 

just tbe muon system and tbe ouur auper"""" or 
tbe Cft,Lral Uader is abowil ill r" 14 

Fie 14 Muon momentum rnoiuuon u a :.,a.CUOfo 
0( pHudorapic:,~' for hIChr.·th&tl.dtsliD. lum~O"I" 
For 1'1: < 1.7, U lS assumtd that tbe 51 l\lte:D a=! 

outer superlaye: o{ the outer track1nl '~'tt::. au 
operatloui For i'Ji > 1.7. oai~· U!,{O~lIor ~ 
tbe muon '~'te!:1 lS u.td 

Ensmee~int: prosress 

\\'ork is undenuy on tbe desl§D o{ the aroD. tOlO'';' 

and tbeir &Uembl~· in the underground h&U A pr. 
~. dl!$i,~. takm;: into ac:;ou:u ~anu(u:~·!!1 
£e:Utbility ill Japan, the United States. and thlli: l'SSR 
will be completed and re\-ie'nd by ~Iard:. 1991 [). 
l.&i1ed uscmbh- Kenanos .-ill then be roruu.d .. t..e 
b~· eDpneers a~ the t:nh·enit~· or WIKonSln rPSl 

10·l:,O~~0l:,5~......J,L.O~....l, 5~~2J.O~....J2 5 ~~b ~:p~~do~h~:~~~~ :~;:o~~nhde~~:~!:: 
PHudorapidity " 

nc. 13. Muon mome:ltum resolutiOD u a rUDCUOn 
o{ pHUdor3.;.idlty for n:tOCS n.I~es of tr3.r.S\"t'TW 
momeD.tUfn. A resolution DC 0:'5 {TeV, C)-I (rom 
Table 1 is used to cb.aracterlle the UDtr&l uadut, 
perfor1n&nce 

Conceptual engineering dUlgn of c:bamben &~..: 

tnUn cowHers and their supports .... ill be comp:"·,: 
b~ July 1991 Funds to support the englnn-:.fil d
&I;;D or Lhl!' mlOOD SYitem are requested Ul this Lol 



uk' 'he ID&IS resolution for bo,b )ow- aDd b.icb-Pc 
Z aDd Z' production for. 'he ADIC of ca1orime
ler puConnance under iD.vadlatioD by ,be SOC. 
Tbe physics .tudy of wp quatk detection 'brouCb 
multi-jet mass recoDStruction (Section 4.3) confirms 
this conclusion. For lOme coDditions in 'I:bich tbe 
iDtrins.ic 8.uC'uatiODS ate wuy small (loW-pt Z' for 
example), estreme e/h deviation &om unity pro
duces de\ect.able de(fadation. We believe ,ha, 'he 
desip COals c1'"tn in Table 1 "ptese1lt a reasonable 
ma'ch to tbe requirements sUliested by \be analysis 
described here. 

4.5. Z' of mass 4 TeV 

Dmllnutnltt tJu acccptance and re.loJution (not tJu 
I:!::i.!~. UI Ml.n at c:tnnul" high Juminosi:ie.si ;;1 :'\e 
lqton 4etector b" A Itu4" oj A Z' with A mu.. oj 
4 Te V. SMW A mCCUUrrTnmt oj thc mc.II And up· 

me"" lor JOOO produced Z' - e-c-, ,,--,,-, .,.--r-
...n. 

To answtr 'his qucstioD we assume tha, ,he Z' 
bas the same couplinss to quarks aDd lep'oDS as the 
st.anda:d model Z. Such a Z' bas a larger produc
tion cross section 'ban tbe E, Z., discussed in 'be 
[oI~69:' In 'his study we ba'"t required ,bat 1000 
events be produced in each ohhe e-e-, ,,--,,-, "'-r-
channels witb the in,...nan, mass of the lepton pair 
in 'be !'ange M z' =rz', whert rz· is 'he full .. idtb 
of tbe Z' (112 Ge\' in Our model), Tbe running time 
to collect tbese e\'enu at L. co 1013 cm-'2s-1 "'ouId 
be about 10 yean: therefore, such a heal:' object 
caD on1~' be e:tplored in detail with bieber luminosity 
rwminC oftbO! sse, To 1!1! .. "t!' tbe qt!~'i:on as posed, 
':'i'1! assume 'be detector performance expected at tbe 
Dominal sse lurninosit~·, as de!ned in Section ".1. 
Mort det&ils of this analrsis can be found in Ref. n. 
Thc Z· MfUJ Ant! ""t!:.; MtlUurnncntl 

Fjgu~e 35 sb()\\'s the fn\-ariant mass Jpectra £or 
e-c- c.c ",-",- p&irs from the Z· as weD as 'be back-
(found from continuum OreD· Van processes. There 
ate no olber rel~\-ant bad:,rnunds: Tbe pseudora· 
pidity co\·er:a.ge of the soe detector corresponds to 
a ICOmttrical acceptance or 86ro ror tbe tile c-e
and ",-",- modes. In tbe c--e- channel, tbe mass 
resolution or 'he detector is less 'ban ,bc natural 
width of the Z' so thOlt the mass and .. idth can botil 
bc me3.Sured. For the 1000 e"ent sample shnwn in 
F". 35(,,). after decon\'oluting the resolu'ion of tht 
detKtor "'e obt:Lin an etror on tile mass or :3 GeV 
and an error on 'be .. idth of =7 GeV. 

3. Isolated charged tracks 
3.4 Isolation criteria 
3.4.1 b->l+x 
3.4.2 c->l+X 

80 (a)Elec:trons 

=: 
~so 
:I.., 

!20 

Tbe peak in the " ch&IUI.el. shown in Fig. 35(b). 
enables a measurement of tbe Z' mass ~itb an error 
of :::10 GeV. Tbe resolution in 'his c:h&nnel is dea:ly . 
not 100d ennugb to obtain iD!otmation concerning 
'he width. tinh-usality is kSted by comparin, 'he 
e\"ent rates in tbe e·c- and 1-''-',,- channel!, cor· 
rected Cor 'be differeDCe in resolution rOt 'be , .. '0 

ch&IUI.e1s, The two plou sbown in Fig. 35(a) and 
Fie. 3:;(b) give 993 and 9().f, events in tbese channe~ 
respecth-ely if we sum O\'er dUepton m&!ses in tbe 
ran,e 3 TeV < Mit < :; TeV. In tile absence of 'he 
Z' U1ese ,-aIues would be 3S and U Tbe dOmln&!lt 
error in this measurement or ell-' l1nh-ersality ",ill be 
'bc 4.5% sta'istical error. . 

Tbe situatioD is more complex for 'he ';'--:-
ch&IUI.el. Pairs or isolated tracks &om tbe dec:a.~·s 

.,. - e"", .,. - """, and .,. _ ;'" can be uploittd. 
The e+e- anal state (but Dot tile 1-'--",- iDal state) 

"The absence of serious b&ck;rounds for bJ&h.P1 diJep· 
\GAS bas been demonstrated in tbe UA11'r3j, lJAZ [.{. 
aDd CDF [.51 expe!'imenu. The ratin nf the Z' CO$S 

Metion U) QeD ~;!;p'''''nd at tbe 55C is similar W 
die ratio c:.f Z productiGQ to QCD al current coUider 
t:lI.UJies. 
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8. Opezat.ion at 9re .. ter th .. n desiqn luminosity 
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Requirements lor Tracking 
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(1) 1111 coverage out to 1111 S 2.5, implying no - 4 charged 
lepton geometrical efficiency ~ 60% for mH ~ 200 GeY. 

(2) Reconstruction efficiency ~ 90% (Cor 1111 < 2.5) for no-
4 charged lepton.~, for each lepton having PJ. ~ 5 GeY, 
at design luminosity, but assuming twice the occupancy 
calculated by G~T (exClusive of lepton identification 
and trigger cu ts). \0\ 

(3) Reconstruction efficiency Cor same as in (2) ~ 75% at .[ x j 
design luminosity. 

(4) Reconstructed (as opposed to par~etric) vertex constrained 
momentum resolution of (lpJ./P1 <'15% (Tey-I) for 1111 S ~/. go" 
(leaves room still for a contribution from misalignments) 
for H O -+ 4 cllarged leptons. ..,. ,.~~ ~ .. 1l7,.a; 

(5) Efficiency contribution from lepton identification of ~ 85% 
for electrons ""ith PJ. ~ 10 GeY and ~ 95% for muons with 
PJ. ~ 10 GeY. 

(6) Position resolution at the calorimeter of S 2.5 mID in r - t/J 
or z (want error ~ 0'/2 of calorimeter position accuracy). 

(7) No special position resolution requirements at the muon} 
system. Achievable numbers S 1 cm. 7 

- S' • 
(8) B single tagging efficiency ~ 30% for 125 GeY S m,., S 

250 GeY. ~ ... r"fl 

(8' ~ 't taT' ; .. ., 

9. Praetical coesiderations 
9.1 RAdJ.atio:. hs=dnes. 
9.2 e&l ibrat ion 
9.3 Computational resouree usaqe 
9.4 Aceess requirements 
9.5 Safety 
9.' Failure modes and t.heir I114ne.qetnent 

~ '.7 Cost < $t1G 1"\ (c.ar~ ... -t 't ... ., &.'t ) 
1002 

(9) First level trigger with momentum reaolut~ (lpJ./P1 S 10 
(Tey-I) - implies a 10% error for a 10 GeY lepton. 

(10) Second-level trigger with momentum resolution (lp /~ ... 
J. J. 

2.5 (Tey-I). Gives a 10% error Cor a 40 GeY lepton for 
triggering on Z - e+ e-, W -+ ell - needed Cor calorimeter 
calibration. 

(11) Discovery potential - hard to quantify. In general want 
maximum capabilities from detector. Based on history 
highest priority (other than isolated lepton of Higgs case 
above) would be reconstruction and impact parameter mea
surement of leptons within jets up to the largest jet PJ. 
possible (at least ~ 500 GeY). Desired reconstruction effi
ciency ~ 50%. 

(12) Measurement of jet fr:lgment:ltion at modest luminosity 
for QeD studies and for modelling backgrounds from jets. 

(13) Survivnbilityat standard t:. for ~ 10 years. 

(14) Allows a natur:ll path for upgrading to a system with sur
vivability of ~ 10 yenrs at lOx stnndard t:. with emphasis 
(e.g. momentum resolution, pattern recognition, isolated 
track efficiency) to be decided based on what is learned 
during initial running. 
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MAJOR ACCOMPLISHMENTS: 

1. Demonstration that double-sided silicon detectors will function properly up 
to doses of 1014 particles cm-2, implying 20 years of lifetime at a radius of 
15 cm for the SSC design luminosity. 

2. Demonstration that bipolar and radiation hardened CMOS electronics will 
function for the same ftuences as listed above for the detectors. 

3. Design, fabrication and testing of a fast analog front-end chip with power 
consumption of less than 1 m W /channel. 

4. Construction of a prototype wick-cooling ring demonstrating the removal of 
heat for hours by a fully passive system (i.e., without pumps). 

5. Finite element calculations for the major mechanical elements of the detector 
satisfying our dimensional tolerance goals. 

6. Demonstration of the basic mechanical structure of a detector module, with 
sufficient rigidity and ruggedness. 

7. A first critical path decision choosing 12 cm detector units with a two-chip 
set (bipolar preamplifier and discriminator plus CMOS data storage chip) 
as the bailic detector module. 

8. Detailed construction schedule and cost estimate for an SSC silicon tracker. 

9. Distribution of work among institutions for the construction of an SDC 
tracker. 

r------------------------ -
~-------------------------------------

SILICON rnACI<IHt2 51·STEM 

cnoss Ski:CrlON 

LOS ALAMOS 

I 
'l 
o 
If) 
o .... 

v .... 

&ndIa .... ., I., ,.. CWO. CIdp "- UTMC wI&II U ...... Co" 
..,.. N- t'·~':i~ ~ ..,.. p. 1'"':''''' -.;r,;; ... H-
"'m ~ r:-a.-

r-
~ " Aller !:;:;I=-' 

,... ~ 17 ~.t'"" 
10- .. .. G-'~'. Cwt-----;f· 

1.-

I" 
Tl I- r-I-.. - J- 1-1-

~-I-Aa. 
~-r--rl 

.. 
.. .-"w ..... -. . 

VI .. 

"141 :8 10 ,. 
"1M -m 

T I>J 

10-
1-

. .,. .. 
I. 

·s 

- .. 

~~'"'" 
L.. 

"" 'AI. 

10'" f-h II- .!..;. 
~ II!=" ... ·I-

19 
we 'I • . ...,. ..... 

loll ERTEl! '""tE 

.~ 

,-- .~ - r-

,I 1 J-l-I-..... J- l-t-
I-of-
f-r-~ 

-
100.. .. • ..,. •• CWI -

s-
O ..,.... 

, .. d .-
sJA <S 

d 
~ ~ 

E \,.. 

11 5 
0 
~ 

. i i t .., 
II ~ .. 
J r I . -
I ). 

:> 
f ""IS 

I >t-.. 
t 

.i 
IoU 
~ 

:2 
<t: 
=r 
U 



" , ., 

-100.000 n. 

"" 

/' I'\E 
(41/ \ 
L \ 
J 

) 
(b~ r\ 
j 
J 

I MIP 
150.000 nt 400.000 ft. 

'\ 
~ . '&.~ ..... .... 
~ 

. ...-- -yo 

\. 
........... 

W •• :... :. ~g~6l':':ll~'/cnv R! ,::t : :~:oAoo ':!U 
..... M,." - '0.60 .'1. u/en" 0' Jut - ,II 01 .VolU ..r:n •• o... - aG.O A_/al'l o.hY - 1~.OOCI ft. 
~79.17. RecQ;l!s oflhe oulpul signals from Ihe BJT·JFET circuilfor inpul charge of " 

.. fe and inpUj. capacilance of 10 pF; (a) preamplifier oulpUl, (bl discriminalor Oulpu1. 

PR£r; AMP + c..OI1PAjt.~TOR. ~ I"", .... i/c l~ ..., 

('BIPOLPrR- + J FE"T ) 

BETA 
( I 

100.0 
E+OO 

• 1. 1 ,':,_": 

-: .. t. L ,: • . /~I. • ": .1\ • ' ...•• I • 

1,,1 

A~ALO<i 

10.00 
Idlv 

tof- ,IC'% o\f,E1t, 

5. ill" ~ 
(.0..' 

.0?gg~00~~~--~~·--~--~----~~~1.000 
Ie .1000/dlv (m ... ' 

FiC. 47 P before and after irradiation 

~ 
0 

In 
<:> 

. I. .-4 

.~ · ... f t .... tto4t 

0-

.r ,.... 
~ III 

U 

1- ~ i 
~ 

..., 
~ 

~ :l-
n 
\ ~ 

r::J. -"110 4:':7,., 

~ Ie.) it 0 
Q.. 

~\~ ilJ d :: 
II ~ 

1/'1 U. ... 
0 ~ /1 0 x ~ 
1.lJ ~ ~ 
oJ') ~ • l-I-- VI 
0 ---+- 4 
2 " (u 

% 

.= 
\J 

... on TI'8CkIng System 
Detector Cooling Components 

: .•. 1 

\n 

u N 

0 0 
0 0 ,; 0 
0 0 
0 0 
0 ~ ~ 

3..l\:l~ 

o 
o 
o 
o o 

0 
~ 
0 

~ 

0 
~ 

~ 

IZHlkluenbe'l 

J.N(lO) 3Sl0N 

0 
0 

'" 0 



Silicon Tricking System 
Detector Cooling Components 

QNphItelEpo,XJ 
~Rlng 
(wIItIout COWl') 

Ii " .' II .!I' ,,,, ' 

~ 100ooo~--r--r-""-T"T'TT'1-r--....--r-'-TTTT'1rr--..,...-r7f'""TTTTq 
Q ... 

1 
~ 10000 

; 

6T AclOss CooI'ng RlngJWlck /. y 
Line ... Temper.ture 
Dependence 

No Bulalne 

.. ! 
- Syalem SlaIrt""" 

6TrC) 

Figure 3-12. Contoured polystyren~-vick cold boundary test heat 
flux results expressed as a function of teaperature 
change. 
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• 
Maximum uncorrelated positioning errors: 

Silicon detector: Circnlllrerential 5 11m 

Radilll 

Loligitudillill 
so 11m 

2r.o 11111 

Straw slIJ>erlayer: Circumrerential 35 IIIll 

Radinl \200 11111 

Longitudillal 2&0 11111 
MI\.'i:iIllUIII corrdall'd NYl<tellll'rror. silicon rl'lative 10 straws: 

Rotational alignment: JO-s radians 

Rndial alignment: 600 11m 

Longitudinal toordinate: 250 11111 

Displacement or detector centroids: lailin 

Note, all the nllmbers abov!' IIrc meant to br stwldard devia

tions, not the edges or box shllJ>I'd distrilllltions, which S(lWI 

a range or ± I. 73 til1ll~ the Villucs tabulated above. 
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Our first critical milestone-selection of detector length and type
has been met, with the choice of 12 cm detector length and double
sided detectors. This is based on considerations of cost and mate
rial (argue for longest units) and signal-to-noise and POW.~L (argue 
for shorter units). It also reflects the progress in Japan on the 
fabrication of double-sided detectors and ~!f! on low-power 
bipolar front-ends. 

Our pext milestone is a selection of the stereo angle for the second 
side of the detector. This should be selected by the end of calendar 
1991 and will be based mainly on simulation results for the full 
tracking system. 
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TABLE 5. 

l!!!!.~orCMOS F .... ,·Elldi .: p~ .. , + P .... ,.' 
... I.p.' No, .. O • •• d s.rip ...... ~ L 

.. 
Strip CopodWICC- 1.2 pF/em; Ol.·RC Sh'pin, T"unc .- 20 ns 

Shunl Resistance R, - 200 kQ 

Power of Sto, •• Followin, Pr.amplifi.r I'IjE- 0.5 mW 110 5101. 
Total Noise- 1.1 x Noise orlnDut Transistor Alone 

• __ 10t4 C111,.J 

DoIecIOr .... U Cam •• - 100 &A/em 
Q., [.11 Power [mW) ... Strip "'nllh 

6em 8cm 12 em 18cm 
1000 
1100 4.0 
1200 2.8 6.9 
1300 2.2 4.4 
1400 1.7 3.4 
1500 1.4 2.7 8.3 

'.1.-27<111; 10,..nlt L.IO'J ........ , 
DeleclOr laUKt' Carrenl- ~ nA/cm 

0.[·11 Pow., [mW) ... Strip ... nglh 

6em 8em 12cm 18cm 
1000 6.1 
1100 3.5 
1200 2.6 5.6 
1300 2.1 4.0 
1400 1.6 3.1 10.7 
1500 1.3 2.5 7.1 

PCW£.R. G"o,.,t.. 
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TABI.I!7. 

~p_or!l!F"'.'EII" = ", ..... , +1', ... ," ~ 
, _ 27 .... , 10 V .. n •• L- IO'J ... -2r

' 
Strip Copodta ... - 1.2pF/em: CR·RC Shapin, Time .-lO ns 
Shun. R.sistance R.- 200 kC; LcaI<.,. Canenl- 60 nA/em 

Preamplifier 
Supply Voltae. - 3.5 V; CaIT •• ' i. Output Burr., - 10 ph 
Total Noise - 1.1 x Noise of Inll\lI Transistor Alone 

DC Ca .... nl Gain of Inpu. T,ansistor B -100 
Q., PrcampIiIi., Ca .... 111 [PAl 

[.11 .... s.rip "'.&lh 

6cm 8cm 12cm 18cm 

1000 46 134 
1100 34 66 
1200 27 49 171 

1300 22 39 102 

1400 18 n 78 

1500 16 27 63 183 

DC Oarrenl Cialn or Inpul Transislor B. 30 

O. PrClmplifi., Cult ••• [p AI 
[.11 "" Sirip Len,lh 

6cm Scm 12cm 18cm 

1000 
1100 
1200 34 
1300 2S 56 
1400 20 38 

1500 17 30 

Powe' PC' Channel [mW) 
.... L_CI' _~.5mW) 

6cm Bem 12cm 18cm 

0.70 1.00 
0.65 0.77 

0.6.' 0.71 1.13 
0.61 0.67 0.89 
0.60 0.65 0.81 
0.~9 0.63 0.76 1.18 

Power pcr Channel [mW) 
... L';';. <! - u.s mW) 

6cm 8cm 

0.65 
0.62 0.73 
0.60 0.67 
0.59 0.64 

12cm 18cm 

Htlnwdt Spider 
"Sqf./ff, 
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WORK DISTRIBUTION AND PLAN FOR NEXT YEAR 

~lfo/t[Qnics, 

• Front-End Electronics 
~ 

... 
"" Q .... 

The development of front-end electronics is the responsibility of 
LBL with contributions from uese, KEK, Oxford and RAL. 

Scope 

Front-end electronics for the silicon tracker includes: 

1. The circuitry immediately associated with each detector, i.e., 
the readout chips with preamplifiers, shapers, comparators, time
stamping, data buffering, and sparse readout circuitry. 

2. Bus selector chips that organize the signal flow to the output 
lines. 

-Fiber optic drivers and associated circuitry, i.e., serialization and 
transceiver control are included under data acquisition.-
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Architecture 

The front-end electronics must meet the following specifications: 

Noise 
Timing accuracy 
Peaking time 
Power per channel 

Double-pulse resolution 
Inefficiency per channel 

Qn < 1200 electrons (i.e., SIN ~ 20) 
t < 15 ns for 1 fC ~ Qs ~ 8 fC 
'" 20 ns 
Pcb < 1 mW (including data buffering 
and sparse scan) 
tdead < 160 ns 
< 0.5% (including losses due to pile-up, 
circuit recovery time, finite buffer 
capacity, etc.) 

The stages including the preamplifier through the comparator will 
be implemented with bipolar transistor IC's. 

The time stamping and sparse readout circuitry will be imple
mented in radiation-hard CMOS. 

• Module Design and ~Cablin~ 
~ - ..... 

Detectors and their associated readout electronics will be combined 
in individually testable modules. 

Critical issues are cross-talk from the readout chips to the detector 
and minimjzins the ~ 

Cabling for the silicon tracker electronics must also be of low mass 
and designed to provide adequate isolation, both within the bus, 
and between the bus and other parts of the system, especially the 
detectors. 

Since the silicon tracker has several million channels of electronics, 
efficient on-chip data sparsification is crucial. 
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• ~a ~ition~J'ri~g R&D 

This area is the responsibility of the collaboration members from 
the U.K., in particular the Rutherford Laboratory, Oxford and 
Bristol groups. 

The work on data acquisition is related to fiber optic readout. 

Three alternatives for the driver are under investigation (lasers, 
LED's and optical modulators) as well as a study of fiber radiation 
resistance. 

Trigger studies are emphasizing the reconstruction of high trans
verse momentum tracks for a second-level trigger. 

A specific second-level trigger scheme using hit patterns has been 
defined and an estimate of the number of trigger cards completed. 

At lower priority, schemes for generating a contribution to the first 
level trigger are also under study. 

Detector Program 

• Barrel Detectors 
~;:Iopme~ad-hard double-sided silicon detectors (DSSD's) 
is being continued by our Japanese col!aborat?rs in conjun~t~on 
with Hamamatsu Photonics Company, III particular emphaslzlllg 
the barrel part of the tracker. 

... 
c::a 
CID ... 

p IHh""/f! \IS 

Optimization of the DSSD's (minimize capacitance) ~"L' 'L.~ 0'" W-II •• 

Extensive radiation damage tests will give a deeper understanding 
of the expected detector performance. 

The schedule aims at producing barrel DSSD's in 1992 and an 
extensive beam test in 1993. 

A consequence of the manufacturing runs in 1992 sho~ld be an 
understanding of the yield and cost for detector productIOn. 

... 
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Electronics Tasks 

Test system aspects, i.e. cabling, cross-talk and techniques that 
allow low-mass structures. 

Produce a test system that includes aU of the front-end electronics 
circuitry through the comparator output (bipolar transistor IC). 

Produce a second prototype chip that implements time-stamping 
and some form of data buffering and sparse readout (rad-hard 
CMOS). 

Details of FY92 work will be determined by the outcome of several 
key tests that are currently underway: 

(1) Radiation tests of several commercial bipolar processes. 

(2) Cross talk measurements on various detector-electronics-cable 
configurations. 

(3) Initial circuit analysis and design of preamplifiers, shaping cir
cuitry, and comparators ... 

c::a 
QO 
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Mechanical Engineering Tasks . 

Construction of a full-scale replica of a central region super-layer 
section with associated graphite support structures, kinematic sup
ports, and an integral heat pipe cooling network. 

The stability will be monitored with an external optical set-up. 

Confirmation of data extracted from an internal fiber-optic optical 
position monitoring system which will become part of the overall 
detector assembly. 

Demonstration of alignment/assembly concepts. 

Demonstration of all steps essential to performing a highly repeti
tive, precision assembly operation. 

Development and demonstration of opto-mechanical work stations 
suited to performing important elements of this task are planned. 

Operational tests of the prototype central region for ES&H plans. 

Compatibility tests of materials in a combined radiation and hy
drocarbon environment (fully-active strip detector with associated 
cabling in an open butane vapor atmosphere). 

CFNTR"L TU~r '·1 r,' ,'I, r 'I 

• Forward Detectors 
~ 

The development of the forward detectors, which are arranged in 
the form of disks, is being done at Lawrence Berkeley Laboratory, 
Johns Hopkins University, UC Riverside, University of Pittsburgh, 
and the University of New Mexico. 

These detectors will be similar to the barrel ones in their functional 
design but their geometrical lay-out will vary. 

As for the case of the barrel detectors, collaboration with lIama
matsu will continue. An alternative source of the forward silicon 
detectors is the Institute for Space Device Engineering in collabo
ration with the SDC collaborators from Dubna, U.S.S.R. 

Mechanical Engineerin& 

,,,,,,, ',II ,,," ' .... , ........ ,' , The mechanical design work for the silicon tracker is being done 
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at the Los Alamos National Laboratory. 

Critical mechanical stability and cooling tests utilizing a prototype 
of the central region: 

(1) wick development tests; 

(2) design and construction of a graphite composite cooling ring; 

(3) development of a mechanical support method for the silicon 
detectors . 
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Silicon Strrp [Jelector 
Fabricability 

Silicon Tracking System 

Stress strain· reliability 01 bonded Joints, stability characteristics 
Adhesives materlailluid compatibility In radiation environment 

C l '::)lrULllJle:s 

Fabricability ultrallghtwelght, low Z cooling ring 
Material stabilIty cooling fluid absorption 

Allgl1"'t'''! Assembly 
Silicon strip detector array· repetitive placement to < 25 microns 
Silicon shell assemblyalignmentiverillcation techniques 
Prototype stability demonstration by FY93 

QQQ!iml 
Wick performance characteristics 
Wick labricability • construction defects, cost effective 

anufacturlng techniques 
Functionality in a radiation environment 

Los Alamos 
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BUDGETS AND SCHEDULE 

R&D priorities for next year, have been organized in order to: 

Establish Proof of Principle for the unique aspects of the SSC 
silicon tracker . 

.B - Complete the design to allow further costing and confidence 
that our contingency estimates are correct. 

C - Remain on schedule for 1999 installation. 
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SPACE FRAME STRUCTURE 
METAL MATRIX SPACE FRAME 

UNIDIRECTIONAL MATERIAL PROPERTIES 
I.' r---,r-r---,r---,r----,----._~ 
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DETECTOR THERMAL ANALYSIS 
Average CTE c .(l.5 ppml"C 
AT=-20"C 
Overall Lenglh Expansion = 0.055 m'" 

--J~r -- 2 microns 
-- maximum 

__ ~ dlslorllon ~ 

Local CTE varlallons = ± 0.1 ppml"C 
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TA8lI1 "'1~ IIUOONTAAOCER R.DCOSTS 

TAIlII "'ltN SIUCONTRACKfA III. DCOSTS 

TASK -ACc:..,~ 
I 

OE'tIflOPlCINOMnt IIOJNT St.PPOAT I'AOTO~_~OW·~.lOW:l K~W.TIC 
foitCoOt..--..o~·Sttnl···- M)lMT 

II" .120 

S~~ffESU:ONSHfLLIoIOOU.E 0 CO:HOUCTSTATIC STABILITY TESTS t-------

SUBTOTAl IMf:CtiANCAq 11.140 1515 II ~ 

1-- --

A The unique aspects, also critical for costing, are: 

(1) Rad-hard electronics with sufficient speed and signal-to-noise. 

(2) Simultaneous input/output system functionality; i.e., no in
terference between clocks and analog front ends. 

(3) Double-sided detectors with capacitance/cm of :$ 1.2 pF, 
stable under radiation. Need both rectangular and wedge
shaped shapes. 

(4) Wick heat removal system. 

(5) Very light mechanical system stable to :) p.m. 

(6) Large system which can have assemblies removed and re
placed. 

C To remain on schedule: 

(7) Electronics/mechanical integration. 

(8) Development of large scale mechanical support structure. 

(9) Material compatibility tests. 

TABllEt fV lttt SILICON TAACKIEA A. 0 COSTS 

'" -r-i'" - IIGll 
"iii-- -,"---en 
, .. ... ~ 
,m 1125 

~ .. 

..,0 1115 'J. 
...JICU 

1110 .- II,tOO 



SILICON TRACKING SYSTEM 
Silicon Wafers and Space Frame 
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Contributions other than SSC R&D Fulli!§ 

• Technical Management, $90 - UCSC 

• 1/2 FTE for radiation testing,$47 k (from Texas) _ UCSC 

• 1 1/2 Technician FTE for chip testing - UCSC 

• Development of detectors with p isolation - Japan 

• Devel?pment of wedge-shaped detectors (from Texas) _ Johns 
Hopkins 

• Development of fiber readout and DAQ - U.K-

• One bipolar fabrication run, $85 k (from Texas) - UCSC 

L 

c 

TASKS not incluued ill FY92 Buuget. 

Electronics: 

Bus Selector Chip 

Tramallissioll Protocol 

Mechanical: 

Forward Region 

Space Frame 

Graphite Shell 

Full arc Cooling rung 

Outer Gas Enclosure 

Beam Pipe 
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Table 1. Silicon Subsystem IUlD Milestones for Next Year 

\fiIHlonet and Goals 

1. f'ront·end Electronics 
Establish final dc!liiD parameters 

~ Fabricate first. prototypto prcarnlJlifirr /shapei' /comparat.Of chip 
r Fabricate second prolotyJ)t' front-eod chip 

If n~essar)·. third iteration of chip 
Otolcrmine uchitecture for time Itampini/daLa bufl'rrinl 

;- Fabricate Prototfpt' chips AI nf'Cftsary uline MOSIS Lo Lest. circuit 
c~Dr~pls. roll~,,·ed by r.brication oC rad-bard dip'.l c:.hip 

Prdll'llmuy desl,n of data t.ransmission sySlenl 
Comp~le protot)'pt' data.transmission I~·.trm for initial system tests 

'1. R&LD, Double-Sided Detecton (DSSD), Barre' G~metl')" 
P,o<olyp< lull·l.nl'h 0550 
Tnt prototypto 
Mock-up detrctor with LSI chip 
Prototypto of tinlll DSSD 

.... Combine detKtOrs. chipll. bUSlIini 
Bum and radiation tnt 

3. R"D Forward Di.k DetedoH 
Finaliu size!' and art'AnsemeDt of di,k {~lec\Or5 
Muk 'p«ifiratinns (or ,i\~ dP!lip 
Proc.urement of .eod,r df'te<'tors fpet'ific to SDC ~m~try 
TestwK. DC ADd !lipal characteristic. 

4. Major Mechanical R"D 
Coolln« rinl df'\·f:lopmcnt ('omplct~ 

;t Coolin, rin~ bl.riro\lion for prolotYrf" 
, Study o( adhel1\"fl". n,nd,dat('S f!ltabt~!lhed 
r. ProlotyJ)t' Si dt'lrclor usembtit"S f.bm'aled 
" Si·shcllu~mbly loolin, comptf'te 
.$ Slut ('omponrlll·lhcli bnal df'\"elopmcnt 
, rff'd~i.on protO\yJ)t' ali,nm~nt test con\pl~te 

A'$en'!blf' .bell 
Forwud felloe. CQnccpt defini.tlon 

D.I~ 

10/91 
12/91 
4/92 
8/92 

12/91 

7/92 
8/92 
7/92 

11/91 
2/92 
3/92 
8/92 
~/92 

9/92 

11/91 
1/92 
4/92 
7/92 

2/92 
6/92 

12/91 
2/92 
1/92 
6/92 
6/92 
8/92 
3/92 

IlO 1 

~g 
r§M-..... --

~E ... 
~ 

..J 

lJUO 

Conclusions 

• 1988-1991 R&D has answered many basic questions: 
Radiation hardness of detectors and electronics; 
Low-noise electronics with low power consumption; 
Evaporative cooling concepts; 
Material studies for modules, space frames, cylin-

ders, etc.; 
F .E.A. for stability; 
Alignment / assembly concepts. 

• 1992 R&D plan covers essential engineering tasks to 
evaluate unique aspects of the silicon tracker: 
Fabricate chips and detectors, build mechanical struc
tures and modules, build tooling for alignment and 

assembly. 
• Limitation in funding forces delay in engineering 

forward structure, space frame, graphite shell, en
closure, chip development. 
Note that there are large non-SSe contributions: 
foreign countries (Japan, U.K.), Texas, Universities, 
unburdening of rates (LBL, LANL, uesC). 

• Schedule for 1999 turn-on is in jeopardy without 
increased funding. 
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I. Detector Intelration 

(l) .le.£!t.!'!l£.all~l.J!..!.tl0E ~a~Pl!!_ 

1l For the 

2. 

3. 

lechanieal lock-up 

SSD Alignlent 

SSD Gluelng 

Bonding 

1108 

1110 

t

1
est ;~ 

•• Aeeurael of the Di.ension of SSD senser 

(Position of Fiducial .ark etc.) 

2) No connection to readout electronics 

3) Samples 

I. Single Sided Samples Available bl the E~d of Sep. 

P side (Axial Strips) : 120 Samples p." .. 
N side (Stereo Strips) : 120 Samples A/-se 

2. Double Sided Sallples Available _l!!..9~~~ 

120 Samples I..L~~ 

3. Cu t Samples 

For the test of ~jl.&Mr. 

No strip patterns 

40 Samples have been made. 

..,...... f-I f..J.. 

1109 

SSD R&D Subject In Japan 

I. Detector Integration 

(I) Mechanical Evaluation Salples 

(2) Microbump Bonding and Double Side Wire Bonding 

(3) Wafer AI igner 

11. Double Sided Strip Detector 

(I) Capacitance Evaluation Samples 

(2) High Bias Tolerant AC Coupling Detector (VB; •• ;;: 100 V)1 
(3) Environmentally Robust Detector (Passivation of SiN?) J) 
(4) Full Size DSSD Prototype ( 

These 2 subjects concern 

to Popcorn Noise. 

III. Radiation D .. ale Study 

(I) SSD wi th Polysil icon Resister 

(2) Popcorn Noise and Leakage Current Increase 

(3) Effect of Bias Voltage Feed during Irradiation 

(4) Future Beam Test Plan 

1111 

Specification of Mechanical Evaluation Sample 
T.Ohsugi 

-I -

To develop mechanical aruU.l~alintegtli.tion ideas and 
techniques. mockup barrel detector element (double sided strip) which 
has demensions of real detector should be designed and be prepared to 
the integration study group. 

This is the first idea of the specification (geometrical) of the barrel 
detectot element. 

Specification: 
Only AI electrode is installed. 

Double sided polished substrate 
size: 33.?'mmxST.tmm 

strip geometry: 
pormal.ljtrip side: liO !$I pitc;.h.parallel. 60 mm lqng. 
.§i&nt strip side: 5 mraclian ill.t&..cI,compared with normal 

strip (started at the same edge of 
normal striP. and ended at 6 advanced 
normal strip edge). 

bonding pad: ..e!aced inside guard ring • 
SIze -- 50 urn x 15..QJ!!!!. 
implemented on both side 

Strip number should be printed at both edge of strips. 



J II> 

3370 0 

(2) MicrobumR BondinJLand Double Side Wire Bonding 

M;c.~.j._p 8.,,)..;,:£ 
Developed in 1987 by Matsushita Elec. Co. 

50l1m pitch and 3001111 thick silicon bonding 
»CC~ fo~ ~; ... {;..... ~ 1 f..as;",. 

I) Bump 

2) Resin 

Material 

D i aile ter 

AI!: IndiuIR 

ill 11. 

U12 

~ 

1114 

has no probielR, 

Acryl ic with a .ixture of S types of resins 

Cured by UV. li ght 

Dielectric constant: "'3. 7 

Resin will be soft over 70...,SO·C 

3) Radiation Damage Test of Resin 

5 kinds of resins were exposed to~£~r~-!!:~ 
Mechanical. Electrical Test: Looks OK 

But found possible evidence of severe shrink. 

Next test wil I be for ~ 

PouJ.f ... SiJ.I- W.'''~ 8.,..l;'jJ 

L '<J-f~" A."',"'A+ 

r 
This aight hurt SS~ 

1',;7 

" ; 1113 , ~ 
rr'" .. 
-l t. 

~! 

.. + ~ 

, ! 

I 

., 1115 

1 : t 1 'f' 
.llY. 

Fig. 2. Process of microbump bonding method. 



(3) Wafer Al i.&!lSL 1116 

Wafer Aligner has been designed and beinL fabricat~d at 
ArK bx Kohriki-sa~ for development of techniques of 

a) Glueing between detectors ... ·making ladder. 

b) .l22.uble sided 'ir~DSS'D S.&>44i- (13_", 

~~-?~~<-

60!,- ,D),,'" (I)/,,>-

I y ........... o{. -s~ (1,,-__ ) 
l 1'1 ..... "1 !or.SI UJ 

UV light Curing Glue 

difference: -±IO~ 

This project is not for SDC proper. 
different source. 

BUdget is from 

U18 

Capacj~nce Measurement Samples 
Ulnm. 6cm 
Pitch: 50 fJ.lIl 
No. of channels; 64 
~ 3.4mm 
Strip Geometry 

I p-Side samples; 
p-strip width: 

n-side samples; 
6 fJ.lIl. 10 fJ.lIl. 20 fJ.lIl.30 fJ.lIl. 

n-strip width: 6 fJ.lIl. 10 fJ.lIl. 20 fJ.lIl; 
each of these is combined with folloWing fi " . . I . our 
P-lSO ation width: 6 fJ.lIl. 10fJ.lIl. 20 J.1lIl. 24 fJ.lIl. 

E.t.,... Se",e<-, J~~ soo '}oo 00014"" 
.- - J. J .I I /. 

II. Double Sided Strip Detector . 1117 
(I) Cru>acitance Evaluatio!1Ji~ 

1 

For the minimization of detector capacitance. 
Samples will be..!.vailable by the End~'..:.. 

I) P side samples, 1.2...pieces (= 5 wafers) 

[ 

PN sIde: 

side: 

different .idth of p strip on one wafer 
6. 10. 20. 301l m 

Flat plane 

2) side suples , 20 pieces (= 20 wafers) 

[

pside: 

N side: 

Flat plane 

All co.binatlons of 3 different n+ strip width 
x 4 different p+ isolation channel on one .afer. 

n+ strip: 6, 10. 20p m 
p. isolation channel: 6. 10. 20. HI.j m 

~1.Plantation density: -10 u 8/cm2 

lU9 

:'! .-~~-{ ;~ ~ 
'" 

~ ·1 
J 
I/' ., 

""'" "1S 0 
"... 

I/' 
I 
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""-~ 

/ " . 
~~ 
-'I~ 

0" • ..... ~ 

~~ 

~ 
.. d ~X~~ 

'G... 
0' f cr- i r,! 

"~ 
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(4) Fyll Size Ds.sD Proto\lle __ 1120 

"-rI.. 
1f..~ 

Additional funding (S70K) has been approved for this work 

by ]SD Executive Board. 
~ .... .!:J 

This prototyp-e""ljll be ilvailable by the End of April. 1992. 

Goal of this work 'ill be to !leasure Cosmic Rays. -. 

(In Fall, 1992 .ith Ladder Detector) 

I) Senser 

DSSD 33 mm x 60 mm 

640 channels on each side (Axial & Stereo) 

2) Readout Electronics 

We hope it "i II be supp! ied from LBL. 

P S,),.L 1122 

Btas Ring 
Ring 

IOJIm 

D'strlP UUU 
F;~. f (4) F;9. \ (b) 

Bias Ring 
Accumulation StelA 

111111 

II. Radiation Damage Study 

O)ED with Po!ysilicon Resister 
1121 

The bias feeding resister of Polysilicon seems to be stable? 

{(~O. SV) 

1) The voltage drop at the resister is much smaller in this 

case than those in the previous case with 

Accu!!1ulat~oa Laver. 

Punch-Th rough and 

i 
1 P side (~) 

N side ( ( lSV) 
~-

2) Isolation between strips keeps being &.Q.QQ for the 

irradiation of 4 Mrad. t 
R •• ~~ 

The results .ill be .ritten up as • SDC report. 

E2!~lic~':1 biased DSSD _ 

AI readout 
electrode 

300---l 
~. SOD ~.;----] 

Size: Active Area of 6.4 x 6.4 mm2 

1123 

channel 
(AL) 

Tbiclmess: 300~m S-f:h'r ri-toJ..: /00 J""" 
Bulk: - 4 k,Q n-type . 
Bias Supply Resister, 

p-n Junction side: - Polycrystalline Silicon (trlNll) 
(-400 k,Q) 

n+ ohmic contact side: - Polycrystalline Silicon(!-r""v9 
(450- 700 kn) 

Channel Isolation of n~side; 
lloatingjl+ surrounding n+ strip; 

Two different implantation density on p+ 
1) 5 x 10 12 B per cm2 (=10 17 B per em3 ) #1.1 
2) 10 14 B per em2 (= 10 19 B per em3 ) ~ 
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~ 
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~ ... 
~ 
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AI readout 

p-siCle 
striP 

Bias 
Polysilicon resistor ring CAl..) 

1---+-_ 300 ~ 
- 500 ~m 

Al reaClout 
electrode p. isolatIOn 

channel 

PolySillCOn resistor 

;I.' s;J.a... 
Voltage Drop @ Biasing Re~stor 
1.0 "1""::--------------, 

·O.B 

0.6 

0.4 

0.2 

0.0 
0 

~ 

June 1 1 ; Vbias.BOV 

- 1Mrad~ 
- 2 Mrad(Nb1-4) 
- 4 Mrad(Nb1'5) 

'" '" .. 
20 40 

Strip Number 

.'11 SiJ. ... 

..-/ .. ~ 
60 

Voltage Drop @ Biasing Resistor 
1.0 
0.9 
O.B 
0.7 

0.6 
0.5 
0.4 - • 
0.3 - • 0.2 

0.1 a----O-

0.0 
o 

June1 1 ; Vbias.BOV - 1Mrad~ - 2 Mrad (Nb2·3) - 4 Mrad (Nb2.4) 

• • • • 

• • • • 
III -iii iii iii 

20 40 

Strip Number 

F;" 12.0,) 

• 

• 
III 

60 

1124 

1126 

1125 

l~ 10 

1 1 Ml"ad 
2.2 Mrad 
4.1 Mrad 
61 Mrad 

;; 
~ 

>, 

10 

f Sok 
Voltage dlfrernce btwn Bias 3. Strip 

'0 

Str,g- POsItIon 
1-4 Edgf' 
5 - e Center 

12 9 -12 Edge 

o Mrad 

~; 

I:>: - ::~-----.l 

1 I Mrad 
22 Mrad 
41 Mnld 

6' Mrad 

Strip· POSition 
,. 4 Edge 

.. 
u 
c 
IO-
u; E 
-.c 
.. 0 
":IE a: _ 

c 
!! 
iii 
"0 
.!! 

15+-_-r_~"-_..,...._-r __ "-.J!: ,8
2 

~:;;er 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

Strip MumDer 

F;~.lo\.\') 

f S;J.& 

___ :':n:\~er~-:s:t:r:'P:':s:o:'a:t:'~on::~~f~·~ ~~ 
10, 

~ 

0 

20 

p S.-J..~ 

~"'SS"lV,F.I).7 

~ No Irradiation 
1.1 Mrld 
2.2 Mrad 
4 I Mrad 
6 I MraCl 

60 

Vt>las (V) 
100 

Interstrip Isolation 00.'.,. Si ;'."" 

20 

June 2; Vss.1 V 

__ 1Mtad~ 
_ 2 Mtad (P·3) 
_ 4 Mrad (P·4) 

40 60 BO 

Vbias(V) 

F;~. 9 (,b) 

100 

1127 



(2) Popcorn Noise and LeaKage Current Increas~ 

1) Preliminary Result 

1. PC cOUDI ing readout is bet ter than AC coupl ing. 
2. FlQAting of AC readout terminal is better than 

grounded. 

1128 

3. Previous types of SSP which are using "Punch Through" 
Qr "Accumulation Laye!:.." look better than SSP with 
polysi I icon. 

2) Piscussion wi th Yunoto-san 

We had .eetlng with Yamamoto-san at Hamamatsu on Sep.21 

about this problem. 

The reason of the popcorn noise and leakage current 
increase above - IOOV is. 

These SSP's are desilned to use lith Bias Voltage of less 

than -Rgy 

3) "Ne. Polysi licon SSP" 

Ya.amoto-san .ill design "New Polysilicon SSP" which can be 
used with higher Bias Voltage. 

~. I) 
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1131 
.Lea)sage Current with AC terminals P.',"' i.~'r.._ 
~~ _ . . "o$:J.",,-

1000 r-======--------, 

c) 100 
~l ". 0' 

~ 10 .. 
""" .. • -Ii 

a 

Poly·P ; Sep.9 

. __ ~-~~x... .... --.--..... 14 Mrad (F) 

~-:::...;. .... ._;~~a---t:t---t:t--c>--Q 2 Mrad (F) 

:.._ ...... +-=-e>-......,...--O---O---O-~ 1 Mrad (F) 

50 100 150 

Leakage Current with AC Terminals :J,.'y.:.:~,,-< . 
Free or Ground ;, ~"J. ... 

1000,----------~~--------------__. 

C 100 
~ 

'C 10 

~ 
:0 
0 .. . 1 '" .. ... .. .. . 01 ... 

. 001 

1 Mfad (F) 

1 Mrad (G) I A2 
~- -- ~ 

a 50 100 150 

Vblll(V) 

I'".(.~ 



l 
8 
II 

Leakage Current with AC Terminals 
Free or Ground 

1000 r------------_~ 

9.! '! .;J .~, c._ 
,11' $,'J. ... 

1132 Poly-Nb 1; Sop.9 

i 100 

~ 
:> 
(,) 

II 10 ... .. .. .. • --0- Nbl(2Mrad)-F 
~ - Nbl(2Mlad)-Q 

0 50 100 150 
Vbl •• (V) 

Leakage Current with AC Terminals 
Free or Ground 

1000~------------_______ -, 

P.!f.s/:~":''''' 
. ",' f,'J.A-

.1100 

:> 
(,) 

II> 
'" 10 i 
~ 

o 

Poly-Nb2; Sop.9 

50 100 
Vbl .. (V) 

2 Mrad(Q) 
I 

1 Mr1d(G) 

150 

4 Mrad(F) 

2 Mrad(F) 

1 Mrld(F) 
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Polysilicon biased DSSD 

AI readout 
electrode 

I resister 

f--::O~oo ~.;----j 

Size: Active Area of 6.4 x 6.4 mm2 

1136 

Thickness: 3001J.ID. S-4:h'r pi-/;c/.,: /00 JI""'-' 
Bulk: - 4 k,Q a-type 
Bias Supply Resister, 

p-n Junction side: - Polycrystalline Silicon (tr1roJtl) 
(-400 k,Q) 

. n+ ohmic contact side: - Polycrystalline Silicon(trJO<.-9 
(450- 700 k,Q) 

Channel Isolation of n:.side; 
floating p+ surrounding n+ strip; 

Two different iInplantation density on p+ 
1) 5x10 12 B per cm2 (=10 17 B percm3 ) IIJ., 
2) 10 14 B per cm2 (= 10 19 B per cm3 ) IIU 

1138 
1.EAKACE CURRENT.z;::!!L 19 hours p.ol .flor I Ollred ir..J"Nt~ .... 
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Polysilicon biased DSSD 1137 

Strip 

300 ---------' 
~. soo ~,;---] 

Size: Active Area of 6.4 x 6.4 mm2 

Thickness: 300l1m S-4: ... ·, ritcJ..: /00 JI"'"' 
Bulk: - 4 k,Q n-type 
Bias Supply Resister, 

p-n Junction side: - Polycrystalline Silicon (tr1Nll) 
(-400 k,Q) 

n+ ohmic contact side: -- Polycrystalline Siiicon(trJO<.-9 
(450- 700 Jdl) 

Channel Isolation of n-side; 
floating p+ surrounding n+ strip; 

~ 

I e . 
~ 

.3 

Two different implantation density on p+ 
1) 5 x 10 12 B per cm2 (= 10 17 B per cm3 ) /11./ 
2) 10 14 B per cm2 (=10 19 B per cm3 ) "".1. 
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(4) Future Beam Test Plan 

Beam test will be done for following samples at RCNP 

(Proton 65 MeV. Osaka Univ.) in March 1992. 

I) Ne.ly pesjnged DSSP wLtb. ftliHili.~QJl. for Higher Bias 

Voltage (-150V). 

6.4 11m X 6.4 Mm. IOOiL m pitch. 64 ch AC coupl ing readou\. 

With the Bias VQ..l.LU.e thrQlulL\he jrradiatiQLl 

2) Cap'acitanc. M~..'!'ent . .s_~.'p'le. (We have now). 

6.4 11m X 6.4 Mm. IOOiL m pitch. 64 strips 

Strips are connected each other once in 2 strips. 

l' ssp 

I 
I 

l 
yc...r~i~~ 

ML1:Lr 
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Oueruiew of straw Tracking System Design 

6. Hanson( Indiana) 
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1* 4.000 , 

I 3 000 ~! l 
W~fl::a 

~ /' D; ',700~ __ '1=1.59:t-

t: 1Uf-IIIJ LL-1-1-H-

I 

ilil '!T lJ.J.l- '-- '1 =2.50 ----------

tiow ma.n1 sl.Cpe.rla.yer5? 

~ 0.-+ large mdi LlS rtwUd. .fer 

tri gqe.r - nuL~t pu~rlYt a.t 

high lu.mir\O~;+y 

One /1..+ in ... itt.L rad.iU5 (1OaK.t (m..?) 

+0 (inl<- to -ai licon +ra.clc.er 

~ - one aT + 3") one a:t -3 0 

W~u.ld.. Ii Ic.£ +0 \.lSI:. o",,+u one in 

u.ve.1 I <:z.?) trigger ~~ inform.a..tion 

N~ c.cru:.q1tt.ta../ #5igrl ~ propos a. ! 

• Detai led. usign. 

• Engirteeri rtg 

• Sim.lLla.tion ~ puformtlJ\ce.. 

• Ccs+inq 

• SchuL(.t. Ie 

PAOPOUD CENTRAL OUftR TflACueG S'tSftM 

~ e============" 

... 
,.., 

Fig. n·2. A section rhrouIh _ qaadna. 01 tile desoopod aII-.... w cattnI"""" tractiq .,.,..... 

IS 

1144 

1146 



Supcrlayer 

1 

2 

3 

4 

5 

1147 

Table. C .. "",IOulerTrockerDesign 

Radius(m) Sua~ Modulea LayenlSuper _(m) S....,AnJle 

1&vtr 

0.708 1112 84 6 2.80 

1.04 1640 124 6 3.20 

1.35 2120 160 8/lri&lCr) 3.90 

1.48 2328 176 6 3.95 

1.61 1536 192 81rriuer) 3.95 

3.51'0 Xo a-t'1"'O (not incl~ing 

last ~u.pullLye.r) 

(") 

a 
+3 

a 
·3 

0 

Cost"" «5~M (working on. d.etr.tilt.cL 

cost ~tiWVlfe.) 
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PROPOSAL FOR CENTRAL OUTER TRACKISG SYSTEM 

Introduction 

G. Hanson, F. Luehring. H. Ogren and D. Rust 

Indiana Univentty 

We need to decide on a central OUter tracking design for the proposal since there is a 
put deal of work 10 be done . engineering. simulation. and costing. The decision will 

also influence the use of the FY 1992 R&D money. which is very limited. This notc 

describes some of the thinking behind the conceprual design proposed by Gail Hanson at 

the Tracking Group Meeting at the SOC Collaboration Meeting at LBL. At this meeting it 

was proposed that the decision on outer traclcing tcchnololY be made by a panel consisting 

of members of the ncking groups and collaboration members outside the tracking groups. 

We feel that it would be much beau if the trackin& groups could come to a consensus fU'Sl 
one! then hi .. the d<cision reviewed by the panel. 

Fibers VI. Straws 

Scintillating fibers offer an advantaae at hiSh luminosity because of their finer 

segmentation and therefore lower occupancy. However. dMm is still proof-of~principle 

R&D lO be done, as well as costing information forthe Vl..PCs. It is likely that we will noc 

hive enough information at the time the d<cision must be made for the proposal 10 be able 

to decide on an all·fiber Outer trICker. An affordable all·fiber outer tracker may not have 

enough layers for adeqUlte panem rccocnttion and Stereo measurement Since fibers 

inlnXluce more lnIlCriaI per supcrlayer, they Ire best used where really needed in ~cions of 

high occupancy for maws at hip luminosity. 

A system of both fibers and SIraWS could offer some advantages. but the cost will 

undoubtedly be higher because of canyina: out both lechnologies. The Hybrid Tracking 

Group claims Nt this is not the ease; bach groups Ire reviewina: costs. 

We wouk! like to maintain the capability of upgrading to scintillatinC fibers for the 

inner superlayer(s) if needed for high luminosity. either luer in the design of the delCCtOr so 

that we could have scintiUating fibers It turJH)n, or I few years after DIm-on. It is expeclCd 
that it will take rwo to three years for the SSC to reach design luminosity. Meanwhile 

snw inner superlayers should perfonn well. It seems likely that the sse will ruc:h a 

The conclusion is thai five slI.ptrlayers would provide a minimal system with 

reasonable performance and essentially no redundancy, especially for the z measurement 

It has been sua:ge.5ted that due to budgeW'y conSD'liJus four superlayen would be mauCh. 

In that case, two wouk! be axial and two stereO. There are two possibilities: two axial 

superlayen at the outer radius for the mller. or one at the outer radius and one at the inner 

rad[US to provide linking to the silicon. In the former case. linking to the silicon would 

probably be diflkult, although more simulation sNdies arc needed to substantiate this. In 
the laner case. we would nOi have the possibility of using two ourer axial layers in the 

aiJF. whiCh could be needed at bia:her luminolities. 

It has also been SU&gested that we reduce the number of maw layers in each 

superlayer, alIowinlllXlR supcrlayen. However. this would increase the material and the 

COSt Most of the material is in the supports for the SIraWS, not in the maws themselves. 

The cost is dominated by a fixed COSt and then by a COlI per superlayer. The incremental 

COSt per channel or module is ~latively smaU compared with these. 

Tbe Proposal 

The Table lists the components of the proposed outer tracking system, which 

consists of five superlayers of straw tubes. three uial supcrlayers and two stereo. The 

desi,n is also shown in the figure. The three outer superlayers are placed as in the 

engineering baseline design. The inner superlayer is placed at about 70 em radius, 

consistent with the envelope for the ourer axldn& system. The ICCOftd superlayer is 

equidiJunl from the imler IUperiayer one! the three outer superlayen. The radW positions 

of the superlayen one! the CltI<t man_I (Illial VI. stem» an: raIhcr arbitrary here and 

an: the subject of ,imulalion SNdic:s. The l<nJllts of the superlayen an: in "_met" with 

the 11 covcta,e as in the en.inecrina: baseline design and would be adjusted to 

accommodate the in1Cl'l1Xldiate ansle tnc:lcing sysllem. The rwo outer axial supcrlayers are 

rriJlCr layen and have 8 maws per supcrlayer. The other superlayen have 6 SInIWS per 

superlayer. The amount of materia! in the outer tracking system at 9()0 is 3.S" of a 

radiation lcncth includina: all supportS (not including the last superlayer). A preliminary 

cost estimare, based on the c;osting struc;ture developed by Westinghouse Science and 

TcchnololY Center and Indiana University. is S34.8M. The c;os( ts bein& reviewed, and 
there is some possibility of reduction. That: Ire a lOCal of 1.35 x lOS straws. 

We would like 10 conlinuc the scintillaDng fiber RAD so that the inner superiaycr(s) 

could be upgraded to santiOacin, fibers if needed at bi&ber luminosity or even by tum~ if 

teChnoIOIY ...,.,... and funds pcmUt 
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m&XlnlUm luminoSity of - 5 x 1033 em·2 5.1 rathcrthan loJ.Scm·2 s·l. and In any case that 

will take several ye3fS. Our proposal encourages the scintillanng fiber R&D to continue. 

with funding from several sources (Sse. HEP. Th"RLC). 

How Many Superlayers'! 

The mmimum number of superlayers nceded can be detenruned from the following 

Rquirements for the outer tracking system: 

I. High·PT track segmenl trigger 
2. Momenrum measuremcftl in conjunction with the silicon iMer traCking system 

3. Sufflcient panem recognition capability 10 link traCk segmenlS in the inner and 

oUler traCkin& systemS 

4. Measurement of the coordinate along the: beam direction (l), in conjunction with 

the silicon tracker. 

In order to provide the high'PT track. segment Diller. we need at least one axial 

superlaycr at the Outer radius. At higher luminosities we may require rwo axial superlayers 

for the trigger. 1berc is also the possibility of includin& one of the stereO supcrlayers so as 
to obWn the z-coord.inate for a high-PT track in the triller, although we haven't included 

this in our proposal. We propose ""'" trda/ Sllperlaytn tU WIt radius/or 1M triggv. 
Momentum measuremenl is accomplished by usina: both the inner Ind outer 

tracking systems in an integrated manner. In order to do this, track segments have 10 be 

linked between the two systems. This is the main focus of the tracking simulation effort. 

lndications ~ that we will need an axial superlaycr ~latively dose to the silicon tracker. 

The exact radius cannot be determined until we have progressed funher with the simulatron 

srudies. This inner superlayer might be upgraded to SCintillating fibcn at high luminosllY, 

if needed. TIuu we propost a tJUrd a:cia/ superlayer tU a NJdius of about 70 em. 
The minimum number of stereo superlayers is two, one with wires nmning al abool 

+3° to the beam direction. the 0Ihcr II ·3°. The best choice would probably be to have both 

of them It lara:e radius so as to obwn the best resolution in angle and the best coordinale 

measuremenl for linking to the calorimecer and muon SYStem. However. some information 

about the z·coordinate may prove useful in linkinC to the sfIic:on tracker. since it also 

provides 1 information. Note that with the present very small angle stem) (l nnd) in the 

silicon traCker. the ~soIution per measurement in z is about the same (3 mm) in the inner 

and outer tt'aCking systems The exact location of this superlayer needs to be delermined 

from the simulation studies. We propose two slereo superlayers. oM betweell 1M ouur 
IWO axiIJJ supulayeTS and OM CU all ~f1Mdillu radius of abow J m. 
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Conclusions 

This proposal offen a c:ernral OUter trICker that, with the silicon inner trac:ker. forms 

a complete tracking system thll shook! perform well II luminosities up to at least the design 

value. which is important for presentation in the proposal. The unount of matenal is 

minimal. The COSt is within the W'cet value for the tracking system. The proposal also 

offers the possibility of continuing the sc:intillating fiber RAJ> for upgrading the inner 

superlayers, where ocxupancy could be I problem with snws for higher luminosilY, on a 

time scale consistent with the foreseen tum~ schedule for the sse. We can use this 

proposal to plan future RAJ>. carry out definite simulation studies. and do the deStgn, 

enpneerin&. and costing needed for the SOC proposal. We would like our proposal to 

receive serious consideration. 
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Modular straw Tracking Sustem 

H. Ogren( Indiana) 
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Modular Straw Tracking System 

Basic Straw R&D 

Performance tests with 64 straw modules 

Construction Techniques 

Design and building of 4 meter system 

Materials consideration 

engineering aspects 
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Performance tests with 64 straw modules 

Six chambers have been produced. Each has 64 straws. 
I'\ow in operation at Indiana University, Colorado 
University, University of Michigan, University of 
Pennsylvania, and KEK. 

Performance tests with 64 straw modules (and 
longer straw prototypes) 

Attenuation 

High Radiation testing 

Electronics integration 

(Dave Rust) 

(Dave Rust) 

(Bill Ford) 

We have developed construction techniques that will we 
applied to the larger and longer chambers. 

Thin carbon composite skin 
Wire support 
Low mass end plate 
Electronics interface 
Data acquisition electronics 
Electronics test bed for all groups 

Alignment Requirements 

The momentum preCision requirements set a limit of 

Osuperlayer = 80 mlcons for the track position 
measurement at each superlayer. 

For the modular system we can write: 

02superleyer = (o2lntrlnslc +o2wlre plecement}/6 

+o2modUIe Intrinsic +02module plecemenl 

Measurements of straw related errors: 

Close packing alignment 

NOT measurements of complete module 

Measurements of Module related errors. 
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DoubLe-V wire support 
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Alignment of straws within a module 

The precision is set by the position of the wires ( not the 
straws). 

The wires are held by wire supports every 80 cm. The wire 
supports are postioned by clamping and poning in a close
packed geometry. 

Direct measure of wire supports- clamped, glued, and self 
supported. 

Array of x- y position were fitted to an ideal close packed 
geometery. 

Resulting deviation was found to be q= 30 microns. 

Alignment Requirements 

The momentum precision requirements set a limit of 

O'superlayer = 80 micons for the track position 
measurement at each superlayer. 

For the modular system we can write: 

o2auperlayar = (o2lntrlnaic +o2wire plecementl / 6 

+o2module Intrinsic +o2module placement 

Measurements of straw related errors: 

Close packing alignment 

NDT measurements of complete module 

Measurements of Module related errors . 
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Module construction 

Material In 6 layers of straws= 0.23% Xo 

Material In lid and 
base ( averaged over sldes)= 0.301% Xo 
(3 layers-0.0015 .• , IG31 foam) 

Total material = 0.53 %Xo 
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SHELL ASSEMBL Y 

Material In 6 layers of straws= 0.23% Xo 

Material In lid and 
base ( averaged over aldea)= 0.301% Xo 
(3 layera-0.0015 ", IG31 foam) 

Total materiaf = 0.53 %Xc 
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1 meter prototype is under 
construction 

Composites Horizons, Inc. , Covina, Ca. 

• six shell for 64 straw modules 

• 30 inch long layer trapezoidal shell 

• Foam core panels for more stiffness. 

First tests on panels indicate thickness 
variations less than 25 microns and flamess 
better than 35 microns for I meter sample. 

The top an bottom parts are each formed by 
a set of matched graphite molds. These are 
machined by 

Coast Composites, Inc. , Irvine, Ca . 

• I meter mold set, Sept. 30. 

1 meter shell to be delivered October 18,1991 

4 meter shell delivered December 13,1991 
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Summary 

• Straw placement precision has been 
measured.We can locate the relative positions 
of wires in a module within a =30 microns . 
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• The Intrinsic module straightness must be less 
than s = 50 microns. Carbon composites with 
a foam sandwich can be formed with this 
precision. Delivery of 4 meter module in 
December will allow a direct measurement. 

Engineering work on cylinder support and 
tracker support will set the precision we can 
expect module placement. 50 microns will 
probably not be a problem. 
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Progress of straw R&D at Duke U. 

S. Oh(Duke) 
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KEK TMC module test. 

Chamber operation under SSC environment. 
Current draw. 
Resolution measurement 

7 meter long working straw tube cells. 
Efficiency near wire support 
Efficiency near wire-glass-wire joint 
Do we need a terminator? 

Wire position Measurement using collimated 
Sr90 source 

Accuracy of 50-100 microns. 

First Modular syper-Iayer constryction. 
100 channel shell-less module. 

Progress of the straw placing machine. 
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Constructlon and periormance of a _ .. rr. long straw drift tube 
prototype chamber for the SSC 
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We ~rt Ctl~ eotIUnlCClOn ~Cllnlln. at 1 : • "" 'on, II ..... "'" dnl. tft& .... ~r .::.ofI5III'I'I, ~f /iIJ ena!!"." ilM In,. .. ""DCI_" 
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co 110 110m oand Ute" .... "o ... \eIl,ln 01 $00 ~'" arc _.lIMa 

1.IDlrMuction 

The desl'" oi Inc cenlr:al Ir.aclun, enamOt.' ,n a 
IOleftOldal deteCedr [11 ior the S~per:::onc.uel:n, Su~~ 
Collider (SSC) calls for a cYhndrlca! Ua;;ll\Inl c!umCC~ 
:t. 6 m IOn,. Vlln, straw tube, ""eh smaU ra':l1 IS ont 01 
tht oemons [21 for the Iraclun, t~amoe:: Duc to Ihc 
bunch spactn, and the OCC'Upancy UIC. Inc tube ra~t~s 
mould not be VUler Ihan = mm The cell:n.l Ir:!,clun, 
Chamber will likely conSISt of scYeral ~hl\Ona.1 wper· 
layen. wuh e.ch ,uperlayer rys!IC:lUv made ~p ot abo",e 
ct,tlliayers of lUbes, tn order 10 tc)O<t:r a Lu,e IraclUn, 
woI~me. superlJY'en ace separaeed 0., aoe .. e 10-l.5 em 
from each Ocher. tn thiS chamocr. craCK seaments ue 
fo~nd 'n each s~perlayer fine and Ihell Ihe se""ents 
from dlfferene superlayen ate linked to torm a com· 
pMle UIIca. 

For a feasibility studv. we have consenaaed a:'1 m 
kMl, SlqMlnayet On a llat sunacc. In the DrOCOrypc. 60 
uraw NOes "111'1 2. mm radi .. s are stKlted ,n a D')'I'amld 1ft. up 10 eelht lube layers. The luba UHd In the 
plOCOCYPC Ilave a .aU Ihedtncss of !O 110m of mylat on a 
8 ot l~ .. m thICk alumln~m calhode. Beause of Inc 
lenllh ot" ud\ cell, sense wafa h.ve to be supponed 
ad our sNdy sl'lows Ihal the sUOJ!On IS needed above 
every meeet. TIlIO .. "e sUpelOns ate plac;ed IftSlde each 
Nbe ,n ehe pl"Oloryoe. 

a, suecasiulh' construct,n, Ind OQeratlll, the pro-
1OfYPC. we Ilavc wenflCdlllal the bUlc destin concept IS 

sound atId Qn be Utended 10 a full SIze CYhndt~ 
central Chamber. Speclficall~ _ "-"e demoMtl'1llld 
1M fl»kJwln,: Finl •• e showed ttlal laycn ot tubes can 
be pLaced stra'ihe With an aa::utlC"l' beller ,h.n 100 110m 
ower M¥eral meten 0fICC • nat base ,unaee II pfO
wtcIcd. Second. a Gouble· ... 11 Indpl.ee dUI,ncd !)y our 

,tOup provldcli a "mple .... ay to lo~ppLy pi. Ie_II I"t 
SCMC "'lfe and mo .. nt electroniCS ThOfd. ehc .. "ru ,an 
be SUppOf!t~ Inside t .. xs al 1 m IneefV1.l, 10 nu"t • 
lon, "'orltln, urI.'" ceU. Fourth . .I lar,e n~mOt· ~~ 
Cl\I.nneis can be madt oper.llilonal "mullaneo,.nl~ .,1" 
OUI dlfflCulno ThIs 1.lo 'm~11anl "nce ene tcQl'(te: 
number oi channels for Ihe final uaclun, d'lalr'lOe' li 
aooul :00000 F;nall~ .... e Ihowed :rue IDaUat ~14' .. 
lion ot Close 10 110 ... m can X acnl_~ and Ifte 
a!fen~a!lon len,lh IS lon, enouan Inal "",als from t"t 
.nd of ehe deeector brenese irom Ihe readoue lIec:1'Of'I 
ICI art ftoe SllnlflCandvde,raded 

A.!thou,n It"n, a IUOe for a dnft cell 's ftOl _ .: 
and lhere have been ciforh La ult small r::1C:,~S ten ... 
tubes I~J. o~r prolorype IS Inc fine 01 ,ts lUnd .n ee".." 
ot lenllh. lube radiUS and nll.mDer ot Cllaftnel$ 

Thes &rllde IS or,antnd u tOllOW\ In sec;!1QtI': _e 
present results ot an IlectrOStatlC stabritt'\l' SIUC~ ""t 
rnauured the DOImon ot the Itnse .lI'a IIISlC1e a : 11'11'1'1 

radIUS tube u a funcnon of 1'11,11 <oOttatc .,tII dlfferenl 
teftSlOn ,n tbe "'lfe ancl different ,nlllal ch~meftl 
In sectIOn j, we dISCUSS a deStin ot I .-!nI SUOOOI'! 
SIICUOn 4 conllaM details ot the destlft and conlin.( 
elOft of Ihe 2.1 m prvtOfYpC. In sectIOn S, _ Pmllli 
Ihe raults of teSts to rne.uure ehe ,.,n • .Il1enll.lllO" 
lenllh and raoiuuon of ehe ptoeofYpC. Wc praene Our 
condllSlOnl In ICdi0n 6 

Tbc dw,n lot Ihe central trael"n, d'lamber In a 
I06eftOldal lleleclor at lhe SSC UKS : 111m radlld SII1l ... 
cube detectOt clcmenu. The sense ... lte would be gpcr 
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Straw Placing Machine 

One of the design concept of the tracking 
detector is to place single straws on a 
cylindrical base made of carbon fiber 
(rather than placing modules on the base). 
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This concept requires a straw placing machine. 
Duke has been designing the machine. 
The necessary parts are in order and the 
construction should start within a month. 
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Fig. 1.12 Straw tube detectIon efficiency near the wire support. 
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Fig. 1,14 Straw tube attenuation length measurement 
(7 m straw tubas). 
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Source (Fe55) 30cm from the readout end. 

20ns/dlv 

IIrawtub. 

J 

e wire-glass-wire join 

ator 

mylar luba 

Glass 
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conductive plastic 
wit. suppOrt 

~ ____ ~I L-
), I I, LA------.--.------.....----"""--..,-,..r'--.... ,.J~--.... ----..... x:::: .... ----

Mic Tube Terminctor ~ 

Source (Fe55) 30cm from the readout end.· 1210 

the wire-glass-wire joint 

20ns/dlv 
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Terminator. 

For: Without the terminator the dead t'm f 
the cell is increased due to the leo 
refle:ted pulses. The reflected pulse 
may Interfere with another pulse 
and distort its timing. 

Against: One more assembly procedure. 
More material. 
More electronic noise due to th 

resistor. e 

? ~hat Is the gain In the dead time, and 
time measurement. 

? IHOW can we deCide If the terminator 
s needed? 

Beam test. 



Source (Sr90) 1213 
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Advantage of the Shell-less module. 

1. Reduction of material by about 35%. 

2. Shell-less module Is rigid enough to be 
handled, but flexibility enough to be aligned 
while being placed on the cylindrical base. 

3. Cost less. 

4. Can be made to 7-8 meter long module. 

5. Sense wire breakage will be none during 
the transportation. 

Straw Tube 

Sense Wire 
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Fig. 1.10b Trapozoid shape band around tube stack 

Conclusion 

•• There are no intrinsic problems with the 
straw tracker. We believe all the major 
problems are solved or are well underway to 
solutions. 
We should be ready to start the prototype 
construction in the middle of 92. 
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R&D in 1992 

"Continue the evaluation of the 7 meter long 
straw cells. 

"Determine the necessity of the terminator. 

"Instrument and evaluate the shell-less 
100 channel 3 meter module. 

"Construct a shell-less trigger module. 

"Feasibility study of a 7 meter long shell-less 
module 

"Evaluation of Penn and KEK electronics. 

·Preparation of the prototype super-layer 
consisting of about 1000 channels. 
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straw/Fiber Tracker 

s. Reucroft(Northeastern) 
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Progress in Simulating Combined Silicon 
and Straw Tube Tracking System 

F. Luehring( Indiana) 
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PROGRESS IN SIMULATING COMBINED SILICON AND 
STRAW TUBE TRACKING SYSTEM 

F. LuebriDC 
Indiana University 

16·Sep·91 

STRAW TUBE OCCUPANCY REVIEW 

Simulation conditions: 

Beam pipe included. 

Full silicon ,eometry (except pixels). 

Full 8 luperlayer Slraw tube IJstem. 

Magnet coil (wltb • unIform "BIDetie field over 
ilS enlire thickness) included. 

1235 

All parts or the detector have reasonabie material 
allowances. 

:\1inimum bias events are aenerated usina Pytbia 
version 5.4 and Jetset version 7.3. 

Full accountina ror niCbt tiDle, drirt time, aDd 
propaaation time. 

Ennts cenerated over the time ranat rrom .. 20 to 
+~ beam crossines. Hits from e.rUer tracks can 
sh:adow out later hits. 

INTR.ODUCTION 

1234 

• Previous results 

• New Segment Linking Algorithm 

• Conclusions I Future Plans 
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NEW SEGMENT LINKING ALGORITHM 

Alloritbm Requirements 

Links previously found silicon and stra.. lube 
sllments witbout requirinc either system to 
aDcbor tbe track. Tbe alloritbm sbould lreat 
both systems equilly. In particular, "e didn't 

1241 

want an a1lorltbm that extrapolated a track rrom 
one .ystem into tb. otber. 

The ailoritbm sbould not require any particular 
luper •• y.r to b."e a hit to ."oid losin& tracks. 

Tbe allorllbm must be able to "ork "ben tbe 
selment nndlnl allorlthm fails 10 find an of the 
lelmentl on tbe track. Seamenls can be lost for a 
variety or reasons, both hard"are and software. 

Tbe alloritbm Ibould take ad'anla,e of tbe 
curvature and Z Information associated ... itb 
seamentl to aid in the pauern recolnition 
process. 

NEW ALGORITHM DESCRIPTION 1243 

Looks ror bill alonl phl/cur •• lure :lODes. The 
number or tbel. zone. il nnile (a rew tboutand). 
Tbese lonel art trial trackl. 

Ulel roadl based on 4>. (4) at the ori,ln). For Iliff 
tracks tbele lODes look lome"bal like a pizza pie. 
The zone ed.a are euned lor lower P, track •. 

All luper.ayers are examined ror Itaments lbat 
ran wllhln Ihe zones. Bolh for"ard and barrel 
silicon •• ements are considered when lookinl for 
lee menU within the zones. 

Z is considered in recolniziDe tracks. The Z 
matchiDa alaorithm uses stereo information for 
Ibe slra" luperlaye.. and Z information from Ibe 
silicon leaments. 

Ir a seament Is found .. It bin a zone, its ~ 
me. lured 'pry.ture is compared with the zone 
curvature. If tbe lelment passes this 
comparison, It is recorded as part or a potential 
track. 

If enouah superlayers are It ruck, the potentia. 
track is recorded. A IIlment is allowed to be on 
any Dumber of potential tracks. 

A second pass routine eliminates potentiai tracks 
that contain a larle fraction or ItlmenlS found on 
other tracks. When two potentia. tracks contain 
mostly the lame seaments, the one ,,·ith selments 
linked in a .araer number of superlayers is kept. 

(\Jt\VAiVRE 

ON/:': 

U·"~· 

F'OI( 
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FIRST TEST OF NEW ALGORITHM 

Types or Tests: 

One track event (track stlm. 
Two track eyent (trackl stim. 
Ten track event (tracks Itim. 
Th. usual HI"s event (no minimum bias 
backeround). 

System Tested: 

1247 

Full set or silicon strip. (I double·slded layers). 
Fun set of straws (7 superJ.yers of , Itra. .ayerl 
and an 8tb outer luperJ.,..r or I Itra.. J.yers). 
No pixels (but indudln. pixel .elments once they 
exist is In principle ea.y). 

Genera) Observations from Tnts: 

The algorithm found the re.sonably stiff tracks 
once it had been tuned up (even In the HIIII 
case). 

The algorithm found ,xtra tricks where the track 
densities we" blah. Tbe part or tbe alaorltbm to 
remoH~ the extra trackl removed lome of tbese 
tracks but not all. Additional work remains on 
this point. 

The CPU time consumption is hither than otber 
segment rindina a'aoritbms but the time 
consumption Is not totaUy unrealonab1e and 
much could be done to reduce it. 

The sheil il now ulable tor this kind or work 
because III ot thil .. al done .. ithin the Ihell. 

~ ~ONE~ OVERLAP 1'246 

FOR A (Ul\vA1V(e 

DETec.TOIl 

1248 
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RI\ \,J itMk~-

CONCLUSIONS I FUTURE PLANS 1252 

Occupancy 

Material increases tbe number of loopers but 
decreases the a.eralt looper track 'eDltb aDd 
time in tbe .y.tem. 

The occupancy Is 10.. on tbe Innermost layers ot 
tbe dui&n luminosity. 

The occupancy is 2 .. on the outer •• ,.er at the 
design luminoSity (may be slllhlly overstated). 

The Si tracker has • small errect on the .tr." 
tube occupancy. 

The macnet coil has • much lafler erteet on the 
straw tube occupancy • 

• New Segment Linking Allorlthm 

The algorithm is very promisinc and works in the 
test cases tried 10 r.r. More complicated types of 
events (HiCIS + Min Bias, Jets) remain to be tried. 

Trial descoped systems can be tested easily 
because the a1lorithm dOes Dot require a certain 
geometry (other than the existence or 
superl.y.rs). 

The track findin& a1lorithm must be extended to 
fit Ihe found tracks. 

Sec Y'all in Dallas this Noyember .•• 
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Pulse Attenuation in Straw Tubes 

D. Rust( Indiana) 
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p'ulse Attenuation in 
Straw Tubes 

V= Voexp( -az) 

z is the length along the tube 
a is the attenuation constant 
RI is the sum of the of the cathode and the 

anode resistance per unit length 
Zo is the characteristic impedance. 

ZO=304 ohms 
=279 " 
=262 

for a 25.411m wire in a 4 mm tube 
" "38.0 " 
" "51.0 " 

Resistance of 25.4 llm gold plated tungsten wire 
is 116±4 ohms/meter. 

Resistance of 51. llm gold plated molybdenum wire 
is 30±1 ohms/meter 

Resistivity of 0.2-0.25 llm aluminum coating 
is about 0.3 ohms/square 

Resisti vity of 0.15 llm copper coating 
is about 0.12 ohms/square 

Skin depth at 160 MHz for W/Mo is 10 llm: 
No correction to the cathode resistance 
-10% correction to RI for 25.4 Jlm wire 
-50% " """ 51. " " 

Measurements: 

\~,; t 

126:-1 
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25.4 llm wire, 0.25 llm Al cathode, a=0.26/m(calc.) 
=0.26/m(meas.) 

51 llm wire, 0.25 llm Al cathode, a--Q.14/m(calc) 
=0.14/m(meas) 

Estimates: 

38 llm wire, 0.15 llm Cu cathode, a=0.14/m 

51 llm wire, 0.15 llm Cu cathode, a=O.II/m. 

Amount of material: 

0.25 llm aluminum = 2.8xlO-6 R.L. 
0.15 " copper = 1O.5xlO-6 " 
35. mylar = 122.xl0-6 " 

For a total of 34 layers, copper = 0.1 % R.L. 

Conclusion: attenuation length is 7 m; a tolerable 
attenuation over 4 m. (44%) 

1264 
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Straw Tube Operation in 

High Radiation 

Charged Particle Induced Integrated Current in straw tube: 

Using £ = 1033/cm2/sec 
I yr= 107 sec 
tube length = 3m 
tube radius = 0.4 cm 
tube gain = 2xl04 
ionization in CF4 = 180 e/cm 

radius 
69cm 
82 

Occupancy(50 ns) 
0.116 
0.088 

Integrated Charge 
13.3 mC/cm/yr 
10.1 

95 
108 
122 
135 
148 
161 

0.070 
0.052 
0.040 
0.024 
O.oJ8 
0.011 

8.0 
6.0 
4.6 
2.8 
2.1 
1.3 

Neutron Induced Intgrated Current in Straw Tube: 

Using: 
Neutron kinetic energy = 1 Me V 
Neutron fluence = 3x I Oil /cm2/yr 
20% isobutane in gas 
5% hydrogen in straw wall 
Neutron cross section = 4.5 bams on hydrogen 

Interaction rate = 1.2/cm/sec in gas 
Integrated current = 0.8 mC/cm/yr from gas collisions 



Interaction rate in tube wall = 15/sec/cm 
assume 1/4 pass into the gas and deposit 1/2 
the ave kinetic energy: 

Integrated current = 1.2 mC/cm/yr from wall 

More than half the current in outer layers from 
neutrons. 

Limitations on the lifetime of straw tubes operated in a 
high radiation flux. 

No problem at wire using CF4 and isobutane. 

1267 

No whisker growth; but there is a small gain change 
at levels of -lmC/cm. 

Possible limits of the cathode: 

Ablation appears to occur at a rate not exceeding 
.1 ~m/C/cm; or .01 ~m in 10 years at 70 cm. 
Assumes no breakdown currents. 

Measured from resistance change of an irradiated 
strip. 

Alteration of an aluminum coating which causes 
breakdown. 

0.5 

0' 

04 

03 

0.2 

0.1 

After an extended exposure to radiation. a tube 
with an aluminum coating will breakdown 
at high gain in a high radiation flux. 

Problems at the level of twice the dose. five 
times the gain and ten times the radiation 
level. for example. is a fair estimate. 
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Bypass the problem. Use copper coated tubes. 
No breakdowns. 

Besides better stability with respect to radiation 
they have better and more predictable 
conducti vi ty. 

Minor drawback: .1 % R.L. vs .. 03% R.L. 
for 34 layers. 

Polycarbonate base material is inferior to mylar or 
kapton. Dimensional stability. adhesion. 

Conclusion: Straw tubes of mylar or kapton with copper 
coating will endure many times the radiation levels 
anticipated at the SSe. 
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Straw Electronics and Interconnections 

W. Ford(Colorado) 
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~. '! pro;'.'~l.til)-:l ti:".:- of !.';.: :.;:~;:;.;o to !':"t er.': of Lllo! s~:.:l.··~· Tb:::; ~"'.:~:c!e ~.'>: .<';"~: 

r.:ght time v:l.:-:cs o,'er a !'!:""'.5'~ of about. E::! ::-:.': :s t.::c:':fo:e tl:·~ lr.:l.~ur ~o:-.!rlbi,;~or 

to the spread in the Ur:"'a.l t;~e!, 

Mean Timer Trigger (6 Tubes) at Design luminosity 

Trcc< Ft (Ge'/~ 

FIG, 3 The effidency I.S a f-.:nc:io::. of P: Ie: a digItal r.:.c.:.::. t::::e: bMcd trig;c= 

opera~i.-:g on s:gna!s £:or.:: an 8 tu'!:le c.c~;> !:';,":·c;:~,,:'=: of p • ..:l ... :c !Hra·.~· cells. T.he 

poin::!: a:e ftom a GEAXT !imula:ic:1. c: H:;~~ _ ZZ eo .. c:-:~s a: lOll l· ... r:'l!~.O!:ty ",."d 

the !h.!ced histograI"":": is for a fLi: p:.:":-:'':~L·r:<:,::2. !:;,.· . .:.l:-.t;o::. tu~,-::' to r:'l:l.t~h t!":.e 

GEA~T points . 

1:. ... t:~t!ct~d) a:,:d t~c ST;f. :1,",,: ~ ••. !;.'.:,' ..31:; : •• :, ...... , 
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(.l..ncludes some elec-:.=cn.:..-::S) 

We consider proof-of-p:::..:..nc!ple to incluce ~he followino;;:: 

1. Fabrication of a 4-mete::: lonq module shell: measurements to sl"'.o ... that 
it meets tolerances' for st:::aigh~ness, rigid:.~y, dimensional s~ab':"':'.:.ty, 
uppe::: limit on number cf radia~ion lengths, e-::c. Place:ner.-:: of s:.=aws 
and wire supports, and rr.easurer.;ents showing tha:. their pos:.:.icr. acc·.;=ac,/ 
is within tolerances. Assessment of cost.s showing tha~ they are ... .:.::.hir: 
budget. 

1a. The backup for this is demonstration 0: a tec!"":.niC?e fc.::: 
reproducibly placing st.raws directly onto p:-ecision cylinders; 
measurements showing that posit loon acct.:racy 0= straws and wi:e sU.9por-:.s 
is within tolerances. AssE'ss:nent of COSts s~o ... ing that they are with.:.n 
budget. 

2. Performance measu:ements wieh custOm arr:plifie!'!shaper chips Showing 
good straw chamber efficiency and resolutio!'! a: gas ga.:.n levels 10"" 
enot.:gh fo= operation ae sse desiqn lu:'!l':'r.os.:.';y . 

.ta. Development o! c:osstalk-!:.:::ee connec:icr. t.:::c..;:o. w.:.re to elect=on.:.cs. 

3. Continued radiat::"on damaqe tests cover.:..ng options for cathode 
conductor materials, thicknesses. 

Bench test 8-chann'!1 10.-5-0 chip. (in Electroni<:s b'Jdget) 

5. gench test TVC!AHU. (in Electronics budget 1 

125.1 

6. Test JI.-S-D chip ope:at.:..on or:. sa:r:e board as TVC!A.'1'C to invest.:.qa:e 
crosstalk. between diq::"ta~ and low-level a:-:&"-09 1ir.es. (l.n E:';'ec~rCnl.Cs bucqe,,) 

Nex: are long lead-t; me issues where irr,portan:' questions are 
outstanding: 

1. eonc~Ptual desiqn o! basic structure to support modules and at~ach 
the:: .. 

2. f!.:..gh-density packaging 0: custom =eadct:: c!'l.:..ps d.:.=ectly on 
sl,;.;:;s:.:ate. (l.n Elec':ro~.:..cs buc;etJ 

Low mass st:'aw ter~inatl.on resistor!ca9ac:'to::: asse;:-.;cly. 

5::0=-:' .:..solaticl". tc::: Ell c':",:c'.!it. 

~:~ ~.~ ~ ~~~ =:~:~~~ ~;~:. ~~~~~~. ~ ~~ ~ ~ ~:~·~o~ ~:~;e -:. ~~;g~~:; ~:; ~;.~~. to::c~ ~ng 
Y',:l: ~:, ::ec:u':"rea ~::: s::!:: c::-: t!;e SO: co:-::;:::: .. :::..:..on :.:!!!c;.::"e. 
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Oueruiew of Fiber Tracking System Design 

D. Koltick(Purdue) 
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Schematic of Setup for T·639 Experiment 

Movable table 

I Light 60x 
I 

Super layer placement 
Fiber Diameter 830 ~m 
Cladding thickness 60um 

n r 
I 

Muon 
Detectors 
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Inside Light Tight Box 

Distance between doublets 
approximately 40 mils Distance between super~yers 

approximately 10 inches 
Supertayer 

Doublet 

.___ ~ There are a total of 96 fibers going 
~----"".-,"",--= . .=-"'-:....-----../" ,nto the phototube 

ZS6 Anode 
Hamamotsu 
Phototube 
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Schematic of Experiment 
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Macintosh 
IIci 
Using 
Lab View 

__ DIDnUII. DI __ VU • 

..... le-.p-.l " ••• l4.03.12 

1306 

~2S6 ~ amplifiers I 

, 
I 2280 

I . ADC i System 
GPiB I I 

1308 

-
o .: ........ y ....... : ......... ! ........ ~.L .... ' ......... : ... . 
H'.,W-~ ____ ..... , 
"'d."" 

.\ 

V'Wrj" 

1'(".,\ ~..-I 
Tt'-n-- Li. 

!'.r.,···,~ ~ .... "0 I"!'ft. °t ' • 
..... .. ..... . ' ..... ,. 

130'7 .. --ze.v" . 

-P~ ./ 'PI-/.clplr .f JJ.~ ~~~ 
~t/ ,ItA",.) .J..~+. 

1309 



1. 

~, J, 
-<'.1'" : ,. 

13Jf' 

7_ ~."'. r"'::. JILt ~·,:f ~ .p.r. ~~:~i"!"'~ T/~\ 
.. ~! 'I.~ ~ 8~F'I.f~ ,., r!'t~ 

- St~!!:.~ C~.,~.~~ .. p,.'/"'''f~:':'' 
, '. 

3. E"'!JjJ«"i~r dn~-,.; M!~f 61.f /';.I. , 
c~ Ii~Jer~ 

- ~\) ppel4 f>/ •• c. ~, .. t 

Co,," p!e~«. d.~I~ bc..1 tofu .. 

'!. F:~s~ + ":!f ~ !~t'l ~+r .... ,,: It.,l' !-:: 
"'T12~ P-<{.'<"!-·!J 7: ! '. 

."if rt<".e~ 41: !-~ ..... ':.-"".p~".:: . .; 

.. 13i"~-: 
- ~'.I "'"", 

1311 



Simulation Studies for a SCintillating Fiber 
Tracker Trigger 

R. Lewis(Penn State) 
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Superlayer 1# 
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Levell Central Tracking Scheme 

2 

MULTIPLICllY V. LUMINOSITY, 
~'O .3 

~ 
(4,3) mult 

3 out of 4 mu1t 

~ 10 2 • 4 out of 4 mult 
o 
"-

"6 

licl,;r~ f 

2 
1 

4 
3 

870!-,m FIBERS 

8 

Axial Fiber Group ,; 

1319 

l 
.! 
I 
I 

~1.2r-----------------------------------~ 
.. TRIGGER EFFICIENCY . 
'" ! 

1. 

O.B 

06 

---
o ~ de ;: 't .... ~ .... 
.~ •• o· 

.6A ~- .. 

.. ~ 0 c.o ..... 'C'.". 
.. ~ .. Cc",;u· 

-
--

.. : 

6S0 11m scintillating fibers (SPUT> 

'0 ' 

tOO 000 
0 

to-I 
0 

10-2 0 

0 ., IS .:\ 
10-3 0 o a 0 • . 61 ~ -:, 

10 .... . 6. I b .. ' . • 
10-5 

10.() 

10-7 . 
10 30 10 31 10 32 10 33 10 34 101> 

L ...... osIlV 

1318 

13..'/· 



1321 
ASIC-3 

1323 

C1 

YES/NO 

t 
1322 

250 MUON BITS ---~ 
5 ASIC-4'S 

II i 11111 i I :Z~M~T~ TL~R~E Cp~ ~ERY LARGE P7) 

<1.E6 COMBINATIONS. INTERNAL> ~ ~ ~ 
260 ASIC-3'S 

'60~~ I1~RAc~\~\ 
SEGMt:~TS 

~~~[[,[[,§ 
600 ASIC-2'S 

~RAC~ 
~~~~~~~§~~§§§~~~~§~~ 

2000 ASIC-l'S 

Ilililllllllllllllllllllililllilllllllll;I:I: i : ! 

260000 FIBERS ~ I • ,! . 
1111111111111111111111111111111111111111111:li : : ii, , , 

'" " -'" 

:> 
;" 
r. 



A /~, ,/"-, /'.'\ 
~---

I 

M-l 

iI~' I I ! i , " fin(!I' _''--'_'L_ 
! ; 

R-l 

Ii --
I 

CODOC 0000 

S .. ;:~r;a~er Cross Sec!!'" Sci· Fi TrOlckt-r 

(!)·····v 
I ' 

1_: .... ~~~1~ 
--_ .. --\..1-

Boundary Fiber Sharin& 

s.. ........... 1, ... , .. ,., .. · ••• _.1._1' .... ·• 
(0-) ("I ,. ••• I.... _ ... 

'0'1. 

t 
c",. 
COIl' 

"'" " ; ". ,~ n. 
0;1':' : oc,,' 

~ 
01111 

;1$ ;~ , ... ; .::'0 

."''' t .. 11 :::01 ., 
: G ~'X 

~ I'll ... if".:,·,,", ... ,,· , ... tOO11 "" , .. c:. 

; t l~~ ; d ~, .- '.' ............... .," .. 

1325 

1327 

so:! 

SDC Fiber Tracker 
Reciever Board 

9 U x 400mm 04.437" x IS.75O") Printed Circuit Board 

~ata WOUI from neighbors 
LI Buffer 
It Secmcnl 

640 in 1640 out Finder 
ASIC. YMEIntcrfac< 

r---, 
r=:::J 0 

0 
r=:::J 0 0 

Rcciever 0 0 r=:::J Array 0 
0 0 

r=:::J 
0 0 

r=:::J I 0 
I I 0 - - - - -

1326 



ULPC Status/Plans 

P. Besser(Rockwell) 

1328 



HISTORY OF VLPC DEVELOPMENT 

AUGUST 1987 APPLIED PHYSICS LETTER ON SSPM 

SEPTEMBER 1 987 CONTACT BY M. ATAC, FERMILAB 

APRIL 1988 EXPERIMENTS BY PETROFF AND ATAC USING 
FIBERS AND WITH SSPM 

NOVEMBER 1988 

JANUARY 1989 

PRESENTATIONS BY PETROFF (IEEE) AND 
ATAC (SSC WORKSHOP) OF EXPERIMENT 
RESULTS 

HISTE PROPOSAL SUBMITTED (SSPM) 

SUMMER 1989 VLPC DIFFERENTIA TED FROM SSPM (PETRI 'FF) 

JULY 1990 

APRIL 1991 

PURCHASE ORDER FROM UCLA TO RI For 
HISTE 

VLPC CONCEPT DEMONSTRATED 

'1' ~,1~~,;:rl'}" d 
Selenct" I?nler 

HISTE 

PERIOD OF PERFORMANCE: JULY 30, 1990 - DECEMBER 31, 1"91 

VALUE: $435K 

GOALS: 

• PROVIDE DETECTORS FOR FIBER TRACKING EXPERIMENTS 
(SSPM/VLPC) 

• DEMONSTRA TE VLPC OPERA TION 
• IMPROVE VLPC PERFORMANCE 

TASKS: 

• MASK DESIGN AND FABRICATION 
• MATERIAL GROWTH AND DEVICE FABRICATION 

• • • 
DEVICE CHARA CTERIZA TION 
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HISTE STATUS 
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- DEFINE TARGET MATERIAL PROPERTIES 
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- VLPC 2 

• FIRST DEVICE LOT FABRICATED AND TESTED 
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• HIGHER IMPLANT DOSE FOR TRANSPARENT CONTACT 
- REDUCED CONTACT RESISTANCE 
- LWIR FILTER 

• IMPROVED AR COATING 
- INCREASE QE 
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• FABIRCATE REFINED VLPC LOT 
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Cosmic Ray Tracking Using Scintillating 
Fiber Ribbons and ULPCs 
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SUMMARY REPORT OF THE FIBER TRACKING GROUP (ITG) 

FY 91 PROGRESS REPORT 
FY92 PLANS' 
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Indiana University Purdue University at Indianapolis 
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ABSTRACT 

Tbc F"abc:t TrKkin, Group (FTG) is dc'ldopUlJ: I hilh-tMe u.ctin, IUbsJSICIII 
appn:I(Jriau: [or sse uperimerns baed on scimilllliq abcr -hnoloIY. Tbc lISe of 1cinIiI.., fibcts U 1M dctrcUoI"I modulm lIfordllbc praIpOCC for a.:kinJ pWcIcs wim 
bip raoIlIUan. low OCCVJIMCY. and w:ry short raoIYin, lime. "T1Iae ~ aft 

bema uptoilcd in the devekJpIneN of • ccnlrll ncltillJ; cIcIeaot for the Solenoid 
[)racaarCo&a.bcntion (SOC) in wbidt: (I) ~ IInIC:IInI oflCirtlillllial ftbc:n 
are usod &0 provide • rU'lt k¥d lriuer fer CYeDl sdcction on die basis 01 panicle 
~ -. and (2) uceUenl panaalIrity IlIOWI net recopUlion and J*Ia1I 
ICIC:OpiIiCJD wiIb raoIution sWrcient 10 mcuure Jlllfticle _ up 10 1 TeV/e. nus 
document ~ the laIat deveklprneft&s and ,..111 obtained fmm 1be secaad ,.. 
(FY91) 01_ JUblysu:m program. and deWls _ objeCtives and ~ for physal yell' 
FY92. 

-BUDCiET REQUEST Vr'JlJ.. B£ MADE SEPAIlATaY TIlROUCiH soc 

I. COLLABORATION INSTITUTIONS AND PERSONNEL 

1354 

1386 

The parlicipatine inslitutions and parlicipants in the Fiber Trackine Group 

(FTG) include: 

• Univenily 01 Calilornia al Los Aneeles 

M. Aw: (Conllct Penon) 

C. Buchanan 

D. Ouisman 
D.Oine 

J. Koionko 

J. Kubic 

I. Put 

e Fermi Nalional Acceleralor Laboralory 

M.Atac 

A. Baumbaulh 

M. Binkley 
A. Bross 

I. ElilS (Conw:. Penon) 

D. Finiey 

G. FoSter 
R. Kephan 

S. T1caczyt 
R. Wagner 

e Universily 01 Illinois al Chicaeo 

M.Adams 

H. Goldberz 
S.M .... IW 

I. Solomon 

e Universily or Illinois al Chieaeo 

F.Meiere 

H. Pait 

K. Vasavada 

1355 

I. 

II. 

TABLE OF CONTEI'oTS 

Collaboration Inslitutions and Personnel 

Progress Report on FY91 Research and Development 

A. Ex;ccutiYe Summary 

B. Review of Progress on MiJCSlones for FY91 

C. Review of Progress Toward Proof'-of.Principle for Fiber Trackin, 

6 

9 
27 

III. Researeh and Deveiopment Program ror FY92 

A. Overview 

B. Desaiption of the Development Plan 
C. Milestones for FY92 

IV. Progress Reports from Collaboratine Institutions 

on FY91 Rand D 

A. U~JRockweU 

B. Fcrmil.b 

C. Umven.uy of Dhnois at Chicago 
D. Univenity of N~ Dame 

E. Pennsylvania State Umvcrsuy 
F. Purdue University 

G. Rlce UnlVC-Suy 

H. Uruversity of Texas II Dallas 

V. Appendil 

~~:~a:,~~~c:r:standmg between the Fiber Tracbn, Grou:r tnt I 

.. 
.: ,. 

•• 
,. 

.. 

MassachuscliS Collel:e 01 Pharmacy and Applied lIulih SClf"ftu, 

C. Kelly 

e Northeastern Unh'ersily (e) 

C.Unkis 

I. Leedom 

S. Reucrofi 

T. Yasuda 

• NonhcaAcm UniYaSity has bocome. fuji panic:ipuM in FTG in Sprift, 1991 HOWI"'W F'nl 
rundine rotd\is~_dcriWid from &he Hybrid TrxkinC Group. and &heU' FY9t R.-d Dn 
rep:MUd lhrouIh .,.. coIlaboralion. 

e University 01 NOire Dame 

B. Baumbaugh 
J. Bishop 

N. BisWis 

N. CaJOn 

R. Kehoe 
M.KeUy 

J. Jaques 
V. Kenney 

J. LoSccco 

R. Mounlain 

I. Piekan 
R. Ruchti (Con1lC1 Person) 

W. Shephard 

BalJmurali v. 
M. Wayne 

• Oak Ridle National Laboralory 

D. Vandcrlriff 

e Pennsylvania Siale University 

T. Armstrong 

A. Hasan 

;J5i 



S. Heppelm:uln 
R. Lc"is 

R.Moon: 

B.Oh 

1. PasSiftelu 

R. Scalise: 
Q. Smilh 
W. Toothaeker 

1. Whianore 

• Pbiladelpbil Collqe or Phnmacy and Science 

J. Kauffman 

• Purdue Univenity 

B. Abbolt 

R. Davies 
O.KoIlicl: 
E. Shibua 

R. McDWIin 

• Rice University 
D.Adams 

M.Con:onn 
H._en 

1. Skeens 

• Univeni'l1 of Texas II Dallas 

R. Otoney 

E. Fenyves 
H._ 
B.Lowery 

1. 0rJercm 

• Tsuk uba University 

K.KoncIo 

K. Takikawa 

proceeded in two steps. In Step I we have optimized the devices for visible wavelength 

response. Such devices (designaled VLPC-I) have been successfully produced with a 

measured quantum efficiency of -8S~ at a wavelength of 56Snm. have been produced in 

linear anays. and hive been delivered in signiflcanl quanlilies (hundred ehannels) to the 

UCLA croup. Highly successful preliminary sludies have been perfonned with lhese 

devices coupled to individual fiber elements or 10 16 element amys of fiber ribbons. Saep 2 

is 10 optimize the devices for speed and to minimize the infrared n::sponse. Fabrication of 

the rUSl lot of these new devices (VLPC-U) is in propes$. with initial ehuacterization and 

tcslina durinllale FY91 and carly FY92. 

• A study of c:ryoeenie prcamplifaen for use with VLPCISSPM devices has been 

initiated in consultation with Honeywell. and Studies continue within Ihe F1'Ci coOabontion 
on lite deYelopmem and use 01 lite room __ preampllf ... option. 

• MoniC Carlo simulations continue to be carried out by several of our 

coIlabontina instirutions directed lOWud desi,n and implementation of superiayers of 

fibers for aiuerin&. panern rec:ognidon. and momentum analysis. As part of this effort. 

the simulalion pack.,e SFI'SIM bu been developed which provides .OEANT-bascd 

simulation of a scintilladna fiber D"ICkina SYStem. as well u the associated track-findina 

code TRF. AdditionaUy. lIte ..... P has panic:ipated in lite ~ of lite SOC ,1obaI 
simulation "sheU". SDCSIM. of which dae SFI'SIM and TRF propams arc now 

componenlS. In a complementary effort. trac:lrine simulation INdies are underway 10 

optimize I powerful transverse momcnwm aiucr aI,oridlm appropriate fex'incorporation 

inro a fill Level-I eIcctronic: aiger INUt in ASIC (applic:alion specific intepoaed oircuiory). 

Simulations of fiber waveguide SU'UCtures. scintillation ctrlciency. and optical 

transport usine our OP'I1CKS c:odc: are heine continued. 

• Limiled enlineeting studies suUlCienl for a preliminuy fiber uac:kiol SYSlem 

COStin, hive been carried out in collaboration with Oak Ridee National Laboratory. A 

wat-bueIinc: struc:ture (WBS) has been developed in order to ...... c:osu and ",hod"", 

and critical path issues in the development. fabricaDon. and assembly of dlis deteCtOr. 

Essential enpneerinc coocepaaaJ delicn SIUdies could not be implemented in FY91 because 

of funding limitations. 

• A beam test facility rn39) has been developed al Fermilab in the New Muon 

13boralOl'y. equIpped with I remotely operable IrInsponer to posinon fiber ribbons and 
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II. PROGRESS ON FY91 RESEARCll AND DEVELOPMENT 

A. EXECUTIVE SUMMARY 

The speed. of response and high Ir.anuluit)' (very low occupancy) of scintillating 

fibers make them an ideal choice for high resolution. charged panicle uacking. for 

providing a fast. f1tSt~leycl maer based on p:utic:le transverse momentum, and (or 

operation at the highes1 luminosities exptQcd at sse. A ncang detec10r wi1h these 

fearurcs would be an important elemen1 for many sse experiments. 

The goals of the Fiber Tnckinc Group (FTG) are to: (I) develop fiber tracking 

technology for eenera! applications in sse experimen1ation. and (2) 10 provide central 

O"lCkinC and first-Jc..1 Pr aiep:rlnc for lite SOC experiment 

To realize the potential of fiber nekin& technolOl)'. a challenging R" D proeram 

hIS been initialed which includes major developmental effon in die foilowinC areas: (I) 

high efficiency. low-loss, and radiation resistant fiber sc:intiUalQrS and waveguides; (2) 

high quantum efficiency. visible lilhl sensitive pholon counlerS (VLPCs) based upon the 

existing Rockwell Solid Slate Photomultiplier (SSPM) and incorporaring associated fronl 

end electronics; (3) 11m-level aicger electronics based on ASIC (Applicabon SpecifIC 

InleSttllion CinJjory) 1eCItnolou, and (4) simulalion packqes capable 01 c:lwo=rizin, fiber 

uoclcinC desicn~ 

Fro has been punuine tIte5e IaSks, and FY91 has been productive. Spec:ifically: 

• A number of promisinl prototype nuorescenl dyes which were synthesized in 

FY90 fundine year have DOW been incorponIed into scintillatinc fiben for studies of fiber 

efficiency and menuation Ienctlt and for manufocture of protoIypO fiber ribbolt~ When 
read ou' witlt Visible Ucht _ Coon_ (VlJ>C-1). tItese fiben and ribbons pn>Yide 

excellent pIIOIDII yields. Additional new _ nwerials ..... been developed durin, 

FY91. and tIteir incorponIion into poIyaymae have indiearod hich ICintillaaion effICiency 

and excellenl adiaDon resiaance ehlrlcleriscics. We expect thai the avenues opened by 
tIte5e new _ wiD yield r ........ imprDvemcnts. 

• The developmenl of the Visible Ughl Photon Counler (VLPC) has been 

underway at RockweU International Science Cenrer. This device is an cvolutionary venion 

of lhe Solid State Photomultiplier (SSPM). but optimized for visible wavelengths and 

higher rate capability, and desensitized for infrared response. The development has 
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superlayers II various angles relauve to lhe beam. Initial beam studies arc beginning now 
(end of FY91) using fiber ribbons and multianode phococubes for lighl deleelion. until such 

time as VLPC-U devices are availlble for beam teSls. 

• A ndillion test facility (1'851) is being developed al the CO in1eneCtion n:gion at 

Fennilab to test die cffeelS of rulistic levels of ionizina radiation on fibers and ribbons 

maintained under diff~t ambie ... oondirions. 

.lIichly suc=sful initial teStS 01 individual scimillaline fibers uacI ........ ides uacI 
amys 01 ribbons of lhese sD'\lCtures have been performed nsin, VLPC·I as .he 

photodetecton in Iabcntory-based ..... peaformed by lite Fro ..... P at UCLA. The fiben 

and ribbons have been ICSled wilh radioactive sources and cosmic rays. Fibers and 

waveluidcs an: of 830tun diameter. with scintillalOr lenphs of 4m and waveguide lenphs 

of 3m or 4m dependine upon lite teSt c:onfi ..... lion. When spliced toptltu to form lCNaI 

fiber deta:Iion elements, lite tOtal fiber lenJlhs are 7-8m. The ..... detected photC>elecu"DII 
yield at the VLPC when lite far end of lite scinliUllion fiber is excited by cosmic: rays (7m -

8m from lite VLPC) is renwk.ably JOOd. and has been observed to be -6 photoeloc:aons 

when the fu- end of .he fiber is minored. Since 2.5 del:ected photoc1ecuons is the 

minimum acceptable IeYClIO establish an ctrlCien. double layer of fibers. our result shows 

thai lite fiber _nc concept is sound. uacI that lite _nique -u and -0 well 

1391 

We now ruicw Ihe propus on our FY91 milestOnes as swed in the Memorandum 
of Uedcntandin, with lite SSC Laboratory. It should be IIOIed tltat agreement on this 

memorandum was reached in April, 1991. and lhat seven! poups have only recently 

n:c:civcd funding. This cirf;ums&ance, as well as the overaU limited available resources foe 

SSC rdated RandO. haw: substantially slowed (and in some ..... impeded) lite _55 
.,., hoped to haw: IChieved in FY91 IS outlined in OlD" Sumnwy Repon to lite sse 
Laboratory for lite .... fisc:aI )'elf. dated September I. 1991. 

Followinl the J'CYiew of FY91 mileSIOReS are two seaiOftS. The fusl outlines our 

FY92 R " D p1aD. fundine for wlaic:h wiD be .... ucstcd within lite R " 0 bud,e. for lite 

SOC experiment The second section contains _ rq>orIS from individual instirutions 

for FY91. 



B. REVIEW OF PROGRESS ON FY91 MILESTONES: 

Miles10nes for Scinlillarin, fiber Traekin, Research during FY91 as liS1ed on 

Pages 7-8 of ahe MOU '91 agrecmena (sec Appendix. A allachcd) are presented in this 

scclil'n. Insliluaions conDibutinglo the R &. 0 on a Jiven wk are lisled alphabetically II 

the head of each section. 

Task 1: Scintillator 
(Fcnnillb, MCPAHS, N_ Dime, PCPS) 

Substantial effort has been applied 10 refinements in the composition of scintillalon 

for use in fiber detectors. These effons have included: 

The development of several new primary dyes It PCPS: including' sexipbcnyl 

and rwo ocdphenyl compounds hiving very hi&h molar exlinc:tion coefficient (greater than 

twice thlt of P'" Terphenyl) for short ranae of entl'lY transfer and fUI fluoresc:enc:c decay 

and which are soluble in eonc:enD'ltions of I" in pol)'Sl)'l'Cnc. These materials have been 

found to produce, in one SECp, scinti1laton of comparable efficiency to rwo step 

scintillation slI.ndards such IS polystyrene with pTerphenyl and dimcthyl-POPOP. 

Additionally. these materials have lonler wavelength emission, in the 425nm-43Snm 

ran .. , aJlowin, for Ihc u-pcnlion of new aJlCmItives for secondary dyes. 

The development of several new secondary dyes based on intra-molecular protOn 

IrUlSfcr 10 minimize Idf.bsorption and 10 provide lang·w.veJen"" emission. One series 
of these involves several variants of the weD-known dye 3-hydroxyflavone (3HF) 

prodYCCd a' PCPS. with substi,udons for longer wavelength response or improved 

phocostabiliry. Another series involves a signiflCall' new developcmern in a JrOUp of dyes 

c:aIIed hydroxybenzochiazolcs (HBTs). ....vious pioneerin, worIc by FcrmiIab and od!cn 

had produced dyes in rhis family of rou,hly half the efficiency of 3HF .. beSL New worIc 

by MCPAHS has producad I candidaIc dye which, upon puriflCalion, yields performance 

~ 10 lHF. Because of dilrain, c:bcmic:aJ IIIUCtUIe, dyes bosed on rhis ~ 
may affORI better 1ong.1CI1II phocoslabilily and improYed n .... scenc:e efficiency. Pi"", I 

shows 'he fluorescence emission and absorp'ion for ,his new dye. 

Tuk 2: 
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W .. ecuicle Dewlopaaent 
(UCLA, FermiIab, _ Dame) 

Gi .. n the rdaIi""ly short period of time for R .t DID_Ie proof.of. 

principle for fiber nctin" we have elected eo coaCCllIrale on JCialillalin, aDd DOIl-

ocinlillllin, fiber w ........ s havia, poIysIyIOII< ..... and ...... form of acrylic or 

polymeric_I- CUm:ady_ ... -. ... PMMA~). 
Fibers ha .. been lUCCeIIfWIy produced by ....... CIIIIIIIIOI<iaJ ........ usill, ...... 
_raWs. 0Ihcr iD......m, opIioas (_ u PVT an) _ DOl _ doveJopod 10 Ihc 

__ cJc..... We ... pursuiD, iaidaliwl iD Ihc _y of c:Jaddiq 1IIIIaiaJs: (I) Ihc 

iDcorponlion of primary dyes 10 allow Ihc fun volume of Ihc sciIIIiIIIIiq fiber to be 
_~and mau:riaJsof __ .. iDcJcxlhanPMMA(.-1.49),ofwhichlhao ... 

....... possibilities iD the 1.3-1.4 no... Cunenl fiben have diamoton of 830jtm and 

eladdin, thicknesses of "3O!Lm. Studies bave shown that the bell of Ihc elcor fiber 

w.vquicJcs yield optical ..... uation Ien""s of -10m in Ihc ..... Ien"" ..... of intaell 
(centered around S3Onm), and ........ on lengths for the best ocintillatina fibers ... -8m 
when viewed duuulh • 4m IenJIh of clear fiber waveguide. 

Tuk 3: Spliclnc Techniques for Fiben .ad Ribbons 

(UCLA, N .... Dame) 

Several couplln, tccbnique. for the splicin, of fibers and wI""",ides have been 

proposed. includin, permuten' connections such as thermal fusion, chcmkal melting. and 
,lues. and quick-disc:onnca options based on oprical couplanu such as opcica1 peases and 
sels and mineral oils. For a vuiery of reasons, we now favor the quick disconnect option 

because of its conventence and because of Ihe simplicity h affords during delCC,or 

consauction and restin,. Several differenl connCClOr opcions have been explored. wbich 

have produced &ood resulu for oprical tnnsmission and low liCht loss. These: are based on 

drillinc precise holes in small acrylic blocks inlo which fibers and wavecuides may be 

insened. The registralion is maintained by aJignmenl pins. These initial i.deas muSI now be 

developed ror liUJer scale fiber syslem5. 

Task 4; Ribbon r.brica'ion 

(UCLA. Fcnnilab. Purdue. Notre Dame. trrDallas) 

Figure 2 provides a schemalic represenlalion of fiber ribbons. and 'heir 

aJT:ln£emcnl inlO layers. Severol methodologies have been developed for ribbon fabrication 
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Figun:: lb. Auorescence emission of the new MCPAHS dye. 
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Fi,ure 2. Schematic of a sUl?CriaYc:r of fibel'1. composed or two doubk:-Iayer ribbons 
Offsel by )/4 spacing. Fibers are of 83Omicron d.iamelC:r on 870 micron 
cenrcr-to-cenrcr spacing. 

I 2 

1393 

1395 



depending upon whether or not the: fibc:n arc scintillalon or waveguides. In the 

scin<illaQaSIibe< -. the wa.e1\lideS ..... be prociJely posi!ioned reIalive 10 one.

in the ribbons SO dIU this spaIiaIRpsay can be maintained on sappan _ such IS 

stable base cyliDdc:n. However in the case of clear fiber waveCUides. repay is only 

requiralu the _. oacI the fiben IDly in fact be loose (~) between the 

cads. Repsraed sciaIiIWin, fiber ribbons have _ produced It BicftIo Ccrp oacI u 

Kuruay. The ribbons u Bicroo ...... produced uslnS' R&ia=d drum, &ad fiber> c:ouId 
be produced in siqIe and _layers in """"" up 10 3 ....... (dnw _was 1m). 

&ad in _ of up 10 b_ of fibers. The Kunny ribbon manuflCNrinS procedure is 
_ known. but die sinpe-Iayer ribbons _ are of biBb quality. TypicallY. fiber> u 
_ ... Kantaybave • __ of<l .. and __ repsaywlthin the 

ribbons is ,00II to an ICCUnCy of" -25_ Fl .... 3 indicates the mc:as_ R&isay of. 

sinlle-Iayer BictO. fiber ribbon with fiber> placed u S2O\1m pitcb; Fl .... 4 f .... sinpe
layer ribbon fabricated u _ u 87~ pitcb. 

Task 5; VLPC and Preamp Development; 
(UCLA, Rockwell. UTDallas) 

Development of the pbotcdeteaor optimized for fiber _kinS bas proceeded 

sipifieandy in FY91. bu~ because offundins delays. ua p ... 6 months behind wbere 

we should be. The VLPC development is taking place at tbc Rockwell lncemacional 

Sdenee Center and bas been divided. operadonally. into twO evolutionary steps from thc 

ori&inal solid state photomultiplier SSPM invented at Rockwell. Step I is to develop lin .... 

ana)'s or devices optimized for visible wavelenllh response. Step n is to refine the 

strUcture for improved device speed and minimization of infrared response. Devices 

produced at each step are desipued VLPC-I and VLPC-II in an obvious notation. FiS. 5 

show1 a scbernade of SSPM and VLPC SlI1IClURS. 

To date. VLPC-I devices have been _'ully produced and sevenl hundred 

channels have been delivered 10 UCLA. nc:se devices have been demonstrated to havc 

-8SI1o quanlum effICiency at a wavelenlth A -S6Snm (which is optimal ror the larlc 

Stokes' Shilt dyes reponed under Task I above). Hence, VLPC-I amy. hove been used 10 

dcmonstr:ue proof-of-principle of the: fiber traCk-inl concept in studies usinl individual 

fibers and waveluides and in struCtures of fiber ribbons exciled by radioactive sources :md 

cosmic rays. These resuhs are prcseRied in Seclion lle below which summarizes these 
import:lnl measurements. The VLPC·I devices (like SSPMs) are resaiclcd under IT AR 
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F_ 3. Repay ofa ribbon fabricated by 
Notn: Dame at BictOn. Mean is at 8:lO!1m 
with ,,-25JUl1. 

.. ......-... ..., 

Figure 4. RegisD)' of a ribbon rabnciUCd at Purdue 
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(IntcmJJional TraCfic:k.in1 in Anns ReplaDons) because or the IR sensitivity. and an:: nOi 

pennined [or use in beam teslS .. Fennilab as directed by Iab..-atory policy. However. 
silIice UQ.A. Noae Dune. and Purdue are aUlhorized. to use these devices. lC$ts usinl 

soun:cs, cosmic rays.. or in a beam at a conD'OUcd access laboratory are possible. assuminl 
dIU_ 0<_ oftbese _.....".. responsilIiIity. Al this date, aU of the VLPC-I 

_deli_to fTG (with die CIICCplion of. ~.t amy asoi&ned 10 _) are 

ill the haads of the UCLA P'OUP wItit:b bas acroised exclusive control over their 
_. The 5-clanent amy bU ___ "'y byl'llrdue andNotn: Dame 

.. optiatiae the perf ......... oC 32_ of IIIIISitDpodaII ampUfion which are heine 

used ill &be c:osmic ray IIeIU. 

The VLPC-D device fabrication is underway at Rockwell. A lint atu:mpt IaUed UI 

produce userul cletec:ton because of an impurll)' contamination durinl the podUCDOlI 
ptOCCSS. A second anempt is now in propess, with results expected. by the end or 

~ ... early Ocwbcr 1991. When successfu~ the VLPC-D should maintain the hiBb 

visible lilh. quantum efficiency of the VLPC-I. but have improved device speed and 
_y reduced _vity .. m r ... impoved immunity UI thenna1 noise. AddidonaUy. 
die VLPC·D should be free or the ITAR. resaicUons. and will be available 10 lhe Fiber 

TrocItinS Gtoup I ... open use in beam lCS1S U FetmiIab 0< elsewhere. 

The eryoaenic preamplifier option is belne upl..-ed by UTDailas in collaboration 

with Honeywell Research Center. usinl CiaAs cechnolos)'. If successful. the: futest 

possible operation of the VLPCs could be realized by this approach. Tests of pnxorypc 
preamplifier componentS have been mode uliquid niaoc" and liquid belium ...,..........s. 

Task 6: Test Beam/Source/Cosmic Ray Studies or Fiben and VLPC 

(UCLA. Fennilab, UlChicaso, Nonheastcm, Notr< Dame, PeM Slate,· 

Purdue. Rice, UTDalllS) 

A main loal or FTO for this fiscal year was a beam tCSI or up 10 2S6 channels or 

fibers and VLPC al Fennilab. This objective has nOt been realized in FY91. To dale 16 

channels offlbers iU\d VLPC have been tested al UCLA on IwooccaSlons (luly 1991 and 

September 1991). 

However a beam Lest f3.CililY tus been developed and located in the New Muon 

laboratory al Fennilab for fiber studies and Ihe leslS have been officially designated T839 

For Ihcse leSIS, a CUSlom, remotely·operable tr:lnsporler has been built onto which full· 

16 



leap fiber ........... """ be _ and posilioncd in any _..wM: 10 lIIe beam 

(secF'l'ft6). 

.E.zp-=-&&I eel.p iA lOd.. 

FIJlft 6. The 1r:lnsponer system In the New Muon Bci1m at Fennilab for 1'839. 
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srrucuU'c. stereo-.ngle for meuurcmena of longitudinal coordin.1C. Iwo-dimcnsion.1 
rec:onstruclion (,. measurements), lhree·dimension.1 reconstruction (combining,. and 

DatTOw .nSle siereo measuremcnls). patteI'D recolnilion and trillCr options. These 

imporwlI Ruches are cominuins. An example of a reconstruc:1ed evenl contain ins a Hi"s 
decay 10 four leptons is shown in Filun: 7. How well such alcorithms function in • 

ruhsue sse cnvironmcnl depends upon pileup cffc:cu from minimum-bias evenlS. 

Fi,lfts I and 9 show the n:consavction ctrac:ieney and the ralio of false to INC ncts as I 
function of the number of events in I crossin,. Curly the efficiency for U'Uc tracks Stays 

hi8h. but the false crack rates increase signifacandy u &be number of C'IIeftlS per c:rossin, is i_ 
The second objective has been 10 incorporale fiber nckin, Ilpthms inca. global 

soflware shell (SOCSIM) for studies of combined systems such as a liIicon tracker 11 

innerndii (r < SOcmand. fiber tracker II oulerradii (7Ocm < r< 17Ocm). and for srudies 

of performance with other detector components such as ealorimetry and muon sys1ems. 

Imponant r'eCenl propas has been achieved in this ~ and liobal simulation studies by 

our poop and ochers i. _y. We cxpccllha'!he inc:orpontion oIlilic:on layers inoo 
!he ......... IOCOpIiticn RUdy described __ wiD climina ... _ 01 !he fllse tricks which 
_in onlNllysi. oIfibcr-only IrIdcin, infcnnaticn. 

The lIIinI objcai .. has been 10 incaponIe nckin, dcICCOOrS at in-... on&I<s 
(1.6 <h)1<2.!5). Topo1ocic:aJ.ly, the delectOr' SII"UCIUreS are expected to be different in Ibis 

reJion. rOl' example planar disks. rather than the conccnaic sheD confipration of the 
_tn1 rqion. Examples 01 candida .. supcrl.yer _ .. shown in Firun:. 10 and 

II. This wmt is diRClCd spcciflca\Jy IOWan! (us. level lriucr fOllllllion (see Task 9 

below) and development 01 alpithms is in_ .. 

The fourth objective bas been 10 oplimi~ • .,.,...nul .......... IIIOIIICIItum Iriucr 
alSoriduD appropriate for incorporation into I rut Level· I elec:1ronic Diner built in ASIC 

IeehnoloO· FiJUrCS 12 and 13 show the aiuercfficicnc;:y ror sin,le muons and cIccIrons 

U'1 .0.5 in one analysis (R.ic:eJln'Dallas) as a function or Pr for a fiber InICker in me 
CIUTCOIly ravorod c:onr.""";on willi IUpcrlayers .. radii 0170.100.130 and 160 em. The 
triuer threshold shows a clear, sharp onset, and effects of bremssnhlun, should be noted. 
1ft lhc: e1ecuon case, Fi, 13. Fennilab and PeM Slate poups an:: wcwXinl to nnslatc such 

tracking alSorthms (and others) directly inlO Dilger electronics with implementation in 
ASIC. (Again see Task 9.) 
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Cunently. tests of >96 fiber channels ~ underwlY II the facility by Purdue using I 

muhianode PMT and fibers wilh blue emission (BCFIO) appropriate to Ihe vlcuum 

pholocalhode of the tube. The goal of these teS15 is to verify the spltial resolulion of 

ribbons of fibers llTanged in superlayers for studies of correlaled registry between the 

various layers. Thesc .. teslS are bein, pursued wilh the PMT option and blue fibers because 

of lhe unavailability as yet of VPLC-U for beam lests. 

Task 7: Studies or Radiation Dama,e and Environmental Aspects or 

Scintillating Fiber and Wne,uide Perrormance 

(Fcnnibb. UIChicago. Nom: Dame) 

Initial activity on this task has been confined to studies of radiation damage effects 

on the optical properties of scintillalOfS in small boules of Ian diameter and in lengths of I· 

100m. Based on these measurements. a number of different scintillation rnalerials have 

shown good performance at doses of I Mrad or pater, and therefore willsurvivc for at 

lcasl 100 years It SSC design luminosity. Blsed on lhcse important suec:esses in bulk 
malenal. significant activity is now in proaress 10 establish a lest racility II the Q) 

interaction region II the Fennilab TevalJ'On coUider 11 which scintillatinl fibers and ribbons 

can be subjected to realistic doses and dose rates of ionizjnC ndiation under different 

ambtcnt conditions. Stainless steel pipes rabricated by UI OUcalo are to be positiorted 11 

Q) which contain scintillatin, fibers and waveguide fibeR. individually and in ribbons. in 
nitrogen. air. oxygen. and arSon aonospheres as well as vacuum. OpDc:al and mechanical 

propcnics of Ihc: irradiated samples will be CX>I1IIII"'d willi unirrldiated samples maintained 

in similar atmospheres, but well away from ionizin, radiltion. Based upon lhese 

comparisons. fibCr'/ribbon deJrldltion and annealinS will be studied as a function of time 

and aanosphc::re.. 

Task g: Simulations 

(IUPUI. Notre Dame. Penn Stile. Purdue. Rice) 

MonIC Carlo simulations continue to be carried out by several of our coUabon.tinc 

ins<ilUlioa. di=1Cd IOwan! desi", and implemcnwioo of oupcrIayers or fiben for rncan&. 

Diucrinl. pattcm recognition. and rnomenrum analysis. 

The flrSl objective has been to build a simulation and panem recognition program 
(or an III-fiber O'acker in the barrel region of the central deteelor (1Tl1 < 1.6). The 
SfTSlwntF sofrware pacDse now exisls and allows deuiled studies of: superllyer 
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Ficure 7. An imcnction conwrung high PT parades: .boY.e., GEANT trICks; 
below. reconstrUCtion of ncks of PT above I minimum threshold. 

20 



_·oc=i_l __ 
1404 

Figure 8. TIKk-finding efficieac:y vs !he number of _ntslcrossing for selec:1cd _la. 
The 001 ...... for 3 degr= aeroo. !he circles for 8-13 degr=~ 
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FiJlft 9. bOo of false ncb to candidaIc ncb u a function of &he number of events 

in a crossin,. n.e crosses are for 3 degn:e stereo. the circles for 8-13 degrees. 
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XYV Fiber Sublayer Construction 

2 X layers 2 V layers 

2 Y layers 

Figure 10. Superiaycr option for !he intennedillo ~pm. XlN c:onliClJ'llion. 

........ 
\ 

Curved Fiber Subla)'er Comtruc:tion 

2 -~ laye .. 

R-canst 
layers 

Figure II. Supalaycr opaon for !he intennedillo ~Jion. Spin! c:oafiJ1lRlioG. 
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1405 

1407 

The fifth objeceive has been the continued development of fiber waveguide 

simulation usin, the OPTICKS so(cware pacu,e developed by Notre Oame. This work 

has focused a"ention on several important issues. includin, the effects of daddin, and 
exuamural materials (cOllin,s and adhesives on the outside wall of ehe fiben). The 

effICiency of scintillation lipt production and collection in the scintillating fiber. at the silt 

of dtc ener&Y deposition by ionizinl radiation. depends signifteantly on &hac charKl:eristic:s 

and will hive a sicnif.cant influence on &he selection of dyes and adhesives used in the fiber 

and ribbon manufaaurc. n.e odIer significant aru of study hu been optical D'Mspon 

within the fiben and waveguides. particularly die undemanding of reflections at core and 

daddin& interfaces. and of bulk absorpDon within &he muerials. This work is onJOin,. 

Task 9: Triner Development 

(FcmUlab. Penn Slate) 

A level-I tri&&er is under development. based on recognizing high Pr tracks in the 

scinwWin, fiber uadtcr. 1bc effons this year hive been conccrllnted on U'allsladnl thc 

basic: Diller algorithms inlO Diner dcaronies usia, VerUol propms 10 dcmonscme that 

the (ASIC) clccuonics can perform thc appropria&e pipeline Jocic. Tbrcc imponane issues 

have inf1ucnc:ed lIIe saocIy: physics performance. deaeaor grsnulariry uod sermenaation. uod 
descoptnllscagin, issucs. 1bc first rwo issues affect triner efficiency and &he suppression 

of backpound pileup from minimum-.biu events. n.e final issue hu influence on the 

development of ll'iuer slrategy. Figure 14 shows schematically an uran,cmcnt of four 

fiber superlayers m<U\lrin," coordinate (i.e. diR<tly measuring Pr). Also shown ... 

clustc:rl of hilS in the fiber laycn;. Note Ihat nek position and angle an: provided wilhin a 
superlaycr. Figures 14 uod 15 _doer provide a diagram of lIIe opcntion of du= ASICs 

which ue used lOanalyz:e Ihe pauan. ASIC-I findsndiaUy continuous sets of hits within 

a superlayer, ASIC-2 foams IrICIc SNbs willi c:enaroid uod an&I- within the superlayer; uod 
ASIC3 links Slubs amon, &he supcrlayers 10 form InCks. The system is initially being 
desil"<'l uod protorypcd usin, disaac ,""hnology. AcOlal ASIC development is .. peeIed 

10 bep in FY92. 
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Figun: 14. Superlayer struc .... in<ficaling domain of ASIC ....... 
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Figun: IS. Canoon indicating information sponification through 
Ihe ASIC oig"" pipeline. 
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C. PROGRESS REPORT ON ACHIEVING PROOF·OF·PRINCIPLE 

FOR FIBER TRACKING 

The principle aims or the Fiber Tracking Group arc 10 demonSlra1e proof-Dr

principle of the fiber nekina: lcchnique, 10 develop and build. 1024 channel procOlypc, 

and ultimaldy 10 build. fiber ndtin& detector for SOC. During FY91. our program hu 

achieved several imprasivc suor:esses. and proo(~r·principle has been established. 

PoIySl}'ml< doper! wilh scintillation dyes and <lad wilh polymethylmcthaaylate 

(PMMA) has been dnlwn into fibers of varying cIiametcn from lam> down to ~ by 

aeveraI -.nereial vendors for studies by our poup. For a variety of reasons in<:ludin, 

fiber efTlCiency. U,hl c:oJlecuon and transmission. and 10la1 s),slem COSI for I fiber nckcr. 
we are working with 8JOw.tm diamelef fibers. This diameter value may chanF in response 

to (urther RandO rcsulls and sNdies of syslem costs. As hu been observed by ourselves 

and Olhcn, 11 J. radiation resisllnCc of optical transmission in polystyrene is impressively 
better for wlvclcnJlh5 l. > SOOnm and general optical transmission is besl in uninadil1Cd 

polysryrene for wavelengths peaked in the visible portion of the speccrum SOOnm < l. < 

6SOnm (2). By opcminl in this wlvelenlm ru,e, leu lhan 1'" cransmission loss is 

observed for polystyrene maintained in a niD'Olen atmosphere durin, irradiation to 10 

Mtad. and annealed in oxy",n (see FiC. 16). For Ihe pRICIIt design of !he fiber _ for 

Soc. 10Mnd eonapoads to Ihe integrated dose expeeled far 100 yean of opention II 
sse desi", luminosity. Tbc:se rcsuhs live us conrtdcncc thai opdcal transmission or an 

SOC fiber tracla:r will not be in1pIftd over its ....tOnc lifetime by nadiation llama", effects. 

Candidate sciQlillllors have been produced and dnlwn into fibers and ribbons of 

fibers for fun.het sludy with sources. cosmic rays, and in beam Ic:slS. An example is 

polYSlyrcne doped wilh p·terpltenyl (PTP) and 3·hydroxyflavone C3HF) whi<h hu 

n_ emission peaked near 5JOnm. goad radiation stability ., aeveraI IOMtad. and 

reasonable speed. (5· 7ns). Figure 17 shows the nuorcscence emission spearum of this 

scintillaEOr'. Several other candidates with improved chll'lCtcristics for photostability and 

quanrum yieJd an: under scudy. 

To delCCl li,hl II S30nm is difficuh and impractical with conventional vacutam 

phouxathodes and is properly the domain of $GIld stale materials (silicon and GaAs). The 

problem is 10 combine good quanlum efficiency with hip enough gain 10 do single-phocon 

counting. which is invarilbly the circumstance for fiber ncking deleclon IlIcmptinglo 

record the presence of minimum lOrtizing paniclcs. Possible conventional options include 
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Task 10: Mechanical EneineC!'rin& 

(Purdue. ORl'I.'1.) 

Limited engincerin&: sludics sufficicnt for I preliminary fiber tricking sYSlcm 

costin, have been curied OUI in collaboration wilh au Rid,c Nalional Laboratory. A 

work-baseline SD'UCtw!: (WBS) has been developed in order to usess costs and schedules 

and critical path issues in the development. fabriation. Ind usembJy of a fiber ncan, 

dClector. This effort wu assembled by Purduc and ORNL into a document prese;med 10 

the SOC coJllboration at Ihe collaboration meeting hcld II LBL in AUIusl 1991 II). 
Essential engineering eooeeplllll design studies could not be implemented in FY91 because 
of fundin&: limitations. We arc paYCIy concc:mcc! that, unlcss lhis situation is corm:ttd in 

FY92. imporunl initiltives in syslcm devclopmenl will be seriously delayed. Section m 
below outlines these initiative$. 

References: 

[I] O. Kohick and O. Vlftder.olf. ·Seintillaun. Fiber Tracker BueliAc Costin,. Schedules and 

ConsuucUon Conccpu". SOC Report.. AlipsI 1991. 
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ima,e inICnsifiers. multianode photomultiplic:tS. avalanche phOlodiodes (APOs). solid Slale 

photomultipliers (SSPMs). and a varianl of me SSPM optimized for visible lighl sensitiviry 

only (dcsicnilcd. VLPC for visible lighl pholon couRIer). V1..PCs arc the beg of Ihese 

ahemuives. havin, a demonsDilted qu:uuum effM:icncy of 8S% al S6Snm and the capabiJiry 

of successful operalion II an SSC luminosilY of 1.. _IO'Acm·1s· l . NOle thai the VLPC 
quelurn effICiency is a factor 10 better than lood photolUbes in this wavelength ran,e. and 

il is me combinuion of hi,h QE and higb rate performance which makes me fiber nclcing 
IeChnique viable and powerful. 

For Soc. chc basic dcrcaion dement is an active fiber scintillator of:!a 4m lenlth. 

coupled by a 4.zo..6m Ion. clear fiber Wlveeuide to a hi,h-rate pholOdetec:lor. In recent 

lests (fusl al Fermilab and more recently al U~). a polysryrencJPTP/3HF scintillating 

fiber of 8~m diamelCr' and 4m lenlth was optically spliced to a clear fiber waveguide of 

830Jun diameter and 3m lenph. and read oul with I Visible Ughl PhalOn CounlCr (VLPC). 

The VLPC has a quantum efficiency of -8S". an elcclrOn ,ain of -30K. and ex.ed.lenl 

si,nal 10 noise characteristics. Figure 18 provides a diagram of the experimental 

uranlemenL The scintillalor wu excited by positioninl a collimated. beta source (9OSr) 

ncar the fiber elemenl and clara is recorded inlO a QVT (ADC) usin, a telescope of 

scintillation counlers 10 provide a coincidence PIc. Observed photoelectron yields for 

several source positions alon, me scintillatinl fiber are shown in MpR 19. It should be 

IIOIed dw clear peaks ITO diJ=nable in Ihese fiJlftS for up 10 6 (or """") simultaneously 

cIcIeacd pboIoele<:aons. and demonS1Tlle clearly WIllie VLPC is. superb single phOlOll

countin, device. The mean deIecIed plKaoeleca'On yield u • fun<1ion of position along lIIe 

scintillatinl fiber is shown in Figu.R 20 for IWO cases: fiber with mirrored end and 

unmin'Ored end. As the rieure shows. we have delccted -3.8 phOlOClcctrons when the 

source is plac:c:d at the far end of I scintinatin, fiber in the case of a mirrored end, and an 

a.nenuaDon lenlth of 3.9m was deduced from this set of measurements. However. even 
Ihese cxc:eUan pholocleccron yields have been exceeded by I factor of I.S in our most 
m::etIl rats described below. 

Since the sin,le-fiber measumncnts were performed and reponed in Spring 1991 

(3). further improvements have been made in Ihe fiber scinlillalor and waveeuide 

fabrieatior;. and in the optical coupling technique between the scintillalor and waveguide 

fibers. These have resulted. in significanl funhcr (SO%) improvemcRi in detected. phOion 

yield. The rabers are now fabricaled. into fiber·ribbons wilh wcll-regisccred cenler-to

eenler spacing (pitch) between adjAceRi elemenlS. IArnys of fiber ribbons unngcd. in 
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EXPERIMENTAL ARRANGEMENT 
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supcrlaycr SttuciureS represenl1hc bOlsic elements from which. fiber nckcr is cxp«ted 10 

be builL] Ribbons have been fabriciued al scvcr.U commenc&! houses including Bicron and 

KUr.lJilyand scvcnJ of our own groups have developed fiber fabrication lechniques .1 !heir 
home institutions. The cUlTenc configuntion is 83~m fibers registered It 87~m piech 

(see Fig. 2 above): Double layers arc formed by placing a second layer of fiben in me gap 
between me fibers of me fmllayer, and • lypiea1 SOC superlayer lattice is comprised on 

tWO such double layers for measurement of me ... coordinate. Multilayer lattices of fiber 

ribbons are now being teSled wilb cosmie rays and in me Fermilab beam in the New Muon 

Laboraeory. The beam studies which use multianode PMTs to ~ad OUI fiber ribbons ~ 

directed IOward spatial resolution of me fiber lattice. The cosmic r'IIy eeSlS utilize VLPC·I 

devices for readout. and are focusing on me question of phocostaristic:s and dficiency of the 
fiber lanice. It is this lancr work which we now describe. 

The teSI mangemene is basiea1ly of me wne configuration as indicated In FIfW'" 

19. However. now a lattice of 16 fibers is under teSt. wim me laetice composed 01 a .... ' 
of 4 ribbons contatning 4 fibers each (see Figure 21). The fibcB ~ of 8~m ~ 

and dose packed in centc:r-to-cenCCT spacing. Each scinlillaring fiber is opocaJly COIC'iId • 
ilS own waveguide fiber of identical diamelCT. and the fiber/waveguide denwau 1ft .... 

oue individually by VLPC·I phoeodelccu)B. The VLPC signals an amph'''' ... 

nnsimpedance amplifiers opcfalcd It room lCmpera~. Data Cs ruordccl ..., t ..... 
ADCs (LRS1882 and 188S) when a cotnCide~ is recorded in a two-countcr ~ 

IClescope signaling me paenct of I cosmJC' ny. 

FiJ1ft 22 lncbc:atcs cosmic "y evCfttS in the 16 dement laroec .sed ..... __ • 

July 1991 at Ua..A. The pulse hei,he in each Ktive fiber is IhowII .. ,.,.. ..... 

equivalents. Sever'lll thousand eventS of mis kind have been recorded Nvtt: , ...... 
Sepcember 1991. and we are anaIyzin, Ihesc dill for C'YIdc:Dce ol dela ran. cw. .. _ 

fiber layer erncaenc:y. In the mose ~ceru rem (September 199 I). I'l!r-. KUIOu.. ...-.. 

and wlvegutdes from KlnnlY an: bean, ICSI.Cd.. The quallry of the nbbolh " ......... _ 

we are observin, substantially unproved pboeoelecuon "dch fl,.,. 2' --. .. 
dacaa:\ pholoelcaron y;eId !rom !he far end of fiber ribboo ) CIa,.. ) .... _ _. 
softw~ trigger 15 Imposec1. requinn, Ie lease 0.5 pholoelcc1nJfts III cac" DI , ..... w... ! 

and 4. We observe I mean detected yte1d of -6 phocoeleca"'Otls Geornnnc ,n_" _ •• 
gaps between fibers and claddm,mlcltneu which lead 10 tne(r)("ltnc~ 1ft uw .. ~ ...... . 
as Ihe peak belo.,. .. 2 phOioeleclJOns In ehe fllure Since a mini"",,,, 01 : ' .... tal 

phocoelecD'OnS IS required 10 assure an eff,clenl double Ilycr of flbc"n CIWI' "' ___ ., • 
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phOtoelectrons shows thai Ihe fiber uackinc concepl is sound. and Ihal proor~r·principlc 

has been established. Indeed. these resuhs establish a new standard or pcrfonnanee and 

Jive us confidence lbal we arc: well on the way 10 achieving our pcrfonnance loals (or 

SOc. 

It is now essential to conccnualc on system development and to produce I 
conceprual engineerinl desian (or fabrication of the basic elements 0( I fiber ncker and (or 

construetion of the overall deleclOl'. Ocarty necessary are continued rermcmcnlS of the 
basic detection clements: scintillator. wavepidc. splicin,. VLPCs and amplifiers. 

HowcvCf, we must now desi," and fabricate at leut one workin, prolOrype system 

containm&1024 fiber and VLPC elements 10 validate the concepts. And. a conceptual 

engineerinc design must be besun! These tasks will require subswuw support (or R and 
o am engineering in FY92. 

RderenCH: 

(I] A. Bf'OSI and A. PII-DaJmau, Amcric:ID Cbemicll Sociay Symposium Series, OcIObcr. 1990 and 
FenniIll>lPUB 9().22A. 
[21 J. AWui, eta&. IEEE TIUSIaioas CIa NudcarScicncc, VoI.36, No.1 (1919),29-34. 

[31 M. AUIC. ea aI. -SciftliIIaUq: Fiber Tmc:kinl_ the sse thin, Visible LiPt PhoIon Counacn-, FifUI 

l.mr:ruIionaI Pill CoGrCIaICCOII AdYlftCCdo.aon.. May. 1991. To bcpublished in N..c:Dlnsuumenu ............. 
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III. RESEARCH PROCRAM fOR fY92 

A. OVERVIEW 

The physics Coals or SDC inc:ludc studies or clccrroweak symmetry breakinl. 

propcnics or the lOp quark. searches (or new physics. including heavier ,aule bosons, 

evidence o( compositeness, new particles implied by supcnymmecry, and totally new and 

unexpected phenomena. 

To meetlhe chanen&es implicil ill these &oaIs. SOC is proposin& a general purpose 

deteCtor (see Fipre 24) with central tracking in a solenoidal magnetic field, hermetic 

calorimeuy, identification and energy measurement (or electrons and muons, and high 

resolution vencx detcclion. These capabilities will provide power Ind a level of 

redundancy essential (or the undemanding o( new phenomena It the SSe. h is the 

imention of lhe SOC collaboration to design a detcctor whose subsystems are (ully 

functional II the desien luminosity of 100lcm·'s·'. and which can _ """" specilliud 

physics issues at subswuially higher luminosity with somewhat reduced functionality. The 

&encra1 charlclCristics o( thc SOC experiment are well summarized in the EOI and LOI 

documents. Here we limh our discussion 10 issues of cenual tracking and the santiDltin, 

fiber tracking option. which are tWO aspectS o( the detcctor in which the Fiber Trackin, 

Group is makin& signiflalll conaibution. 

The ncJc:ing syStem plays a major role in exploruory physics. Icplon and helVY 

quark identification. mass reconstruCtion. and in the (ormation o( the Digger. SDC has 

placed emphasis on reliable pattem recognition and precise momentum and vcnex 

resolution over the pscudonpidity ran .. Ill' < 2.5 roquu.cs for SSC physics. As $Wed iD 
the LOI. the basic: JO&Is or the SOC _I include: ......,. =o,nition capability within 
jetS o( P'r up to I TeV/C; hi&h resolution vertex delCClion capable 0( identifying jets 

containin& b hldrons with eood efficiency; c:apabililY o( providine level I or 2 Diner 
infOl1lWion II> idcnIify _ or Pr _than 10 QeY/e:; and functionolity oh'lease pan 

of the _1_ at luminosities siJnificandy ._the sse desiJII value. 

In order of inc:rc:asing radius. the central D'Kking system CFiguJ'C 25) consists 0(: 

two dimensional pixel silicon delCClors to aid the pattem recognition and detcci secondary 

vertices from heavy quark decay; an amy of silicon sDip dclCC1(X"S to provide panem 
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recognilion and mornenlum measurement in the range I'll < 2.5; and a suaw-tube or 

scinlillating fiber SYSlClll to provide the curvature detennination needed (or high precision 
momentum and vertex mea5urctnCNS and Digger information for high Pr panicles oycr the 

same ranee .,,1 < 2.5. 

Scinollatin, fiber delccton are an atcractive choice (or meetine the challenee of 

central_kin, II hip luminosity and h ... the followin, fcacurcs: 

[i) Oood _. precision. Multilayer _ or 8301un diameccr fibers can 

raule iD • _, rosoIuliOll or S 150tun per double-fiber layer. 

-100tun perqllldruple.fiber layer. and provide sood rwo n;k .. solution. 

[ii) Fine cnnularity. FIX" fibers of 8301un diamccer placed at ndii r ~ 7Ocm.the 

oc:c:upancy from aU sources is expected 10 be S 1 ~ per fiber. per bunch 

crossing. 

[iii] Sin&le-aossinC time resolution. ScintiUalQr has an inDinsically prompt 

response. 

[iv] lnscnsidvity 10 ma&nctic rlClds and 10 RF noise. 

[v] Simplc eJearonics as a binary (yeslno) readout is used. 

(vi] No power dissipation orelccuonics in the ncking volume. 

(vii) The .... lementation of ....... fiber Iaym is rdativcly Slnighdorward boc:ausc 
or the f1uibltity or the fiben and fiber ribOOns. 

[viii) Oood _10 radiation llama ... 

Now with proo(-of.principle for the technique established.. thc Fiber Tracking 

Group intends 10 DIOYC forward with ~ncments or lhc dctcctor clements., the development 

or sy ...... CllllCCpIS. and. conceplUal desien for the fiber _g detector. 
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B. DESCRIPTION OF THE DEVELOPMEIIOT PLAN 

Research and Development is focused lOwatd syslem concepts and the development 

DC a concePlual engineering design (or fabrication of the basic clements of a tiber O'ackcr 

and conSD'UCtion of the tnc:kin,c detector. In suppo" of this plan. R &. D to ~finc of the 

basic dCIec:lion elements will be conllnued in FY92, a workine prototype system 

conwninc 1024 fiber and Vl.PC elements is 10 be buill 10 vahdale system concepts. and a 

conccpN&l enpncc:rin& design is lO be initiated. 

i. Sclnlillalin& Fiber .nd Wavquidt R It. D: 
(Fermillb, UI Chica&o. MCPAHS, Nonhcastem, NOlle Dame, Purdue. PCPS) 

Optimization of scintillating fiber chanelensoes (or the SSc/sOC environment 

focuses on li&hl yield. robustness. ndiarion hardness. and time response. The: principal 

areas of development conccm nuorescent dyes. claddings. and CXU'mIural coatin,s. The 

loa1 is selection of the final scintillating materi,l and claddings on Ihe basis of well 

undemood and well demonslrllCd propcnies and performance ch....,..;sties. 

Dyes • We plan to continue our systematic srudies of large SlOkes' Shift dyes in 

polystyrene using vuious multi-step combinations and concenD"&lions. A portion of this 

work will be done in <:OIIabontion with induStry IS evidenced by die exceIlenlli",1 yield 

and attenuation lenph obtained this year with BCF99-05 (PTP!3HF) scinli11atine fiber 

spliced to clear BCF98 waveguides and similar resultS obtained with Kuraray fibers. The 

most promising scintillaton will be fabricated into prefonns and drawn into fiber for 

ccxnplete chltlClCrization measurements and ndiation hardness evaluation. 

Wavecu1cles - Wavepidc R &. D to date has resulted in rusonably low-loss clear 

fibers with anenualion 1enphs in the rance of 8-9 mctcn for light already colliawcd by a 

lone scintillating fiber (u it is in our case). We will work to improve this further by 

concentrating on material purity and the care and cleanliness in preform preparation and 

fiber pulling. However. the cumm resulu ue already adequate for die SOC applicaDon. 

Oaddinc - A systematic evalualion is planned for the set of low refractive index 

cllddinls available. Use of such materials can improve oven.lllighl collection efficiency 

by D"l.ppine more of the scintillation light, provided thai this is accompanied by an 

improved rdlcction coefficient bcrwcc:n the cote and cladding· large trapping angle implies 

more "bounces" as the pholons propagate down 1he fiber wavcguide. In addition. we will 

4 I 

ii. Readout Researeh &. Development and EneinHrine: 

(UCLA. EG&G Monll<ll. Fennil.b. Nonhcastem. Rockwell. UT Dallas) 

The leading candidale and basic elcment oflhe readout system for scintiUatin.c fibers 
is the visible lilht photon counter (VLPC) developed by Rockwelllnlcrnational Science 

Center in colJaborarion with the UCLA group of M. Alae. VLPC deviecs operaae II 6K to 

7K and therclorc rcquiR a helium cryostal and special teehniques for pacusin" biasinl 

and phouJcouplinl in a cryoaenic cnvironmcnL In collaboration with Rockwell. FI'G will 
continue to develop and optimize these devices for reduced IR sensitivity. high spccd. 

quanlum efficiency. and simplicity of cryocenic oporuion. This indttdc. deYcIopmonl of 

IR reflective coaunC" reduction in the ohmic resistance at the VLPC ourpw. and 

refinemcnu of the interaction berween the VlPC and preamplifier to prevent occasional 

latching. 

Durin, FY92 and 93, tesuof IK 10 10K fibm, waveguides andusociated VLPCs 
will be undenaken foc system tests of stability.li"'l yield. and 0YCnII performance. To 

implemenllhese systemS. a elose interlClioo with industry II JaluiRd. EnJin=in' desilll 

efl'on and ~I_ is essential 10 benc:hmIIk enJinWinl parameten and opc:nting 
condilions as the desip proceeds. The eoncepl eaJls for a cryostat unit which COftllins 16 

individual modules &hat can be independenlly removed or insened. Each module would 
contain 1024 VLPC channels and provide an appropriate optical quick disconnect and 

multipin elecuical connecton. In Ihis desicn only the VLPCt will be cold. the 

ampIifierlshaperidiscrimirwor being operated wum. The conceptUal desilll for this unil is 

bein, ptepared by Rockwdl under t:OIID'lIcl wilh FermiIab. DcveIopemcnl of cryoSCnie 

preamplifla'l will be continued IS an imporrant allCm&live. since this c:onfipntion affords 

the flStCSl overall systOID R$pOOSO. 

An alternative readout melhod is the avalanche phorodiode (APD) which functions 

well al or near room tempcratu~. btn which mU51 opcrI.led in a geicer mode to achieve a 

hiCh quantum effICiency for sin.cle photon countinc. To achieve thc improved nte 

capability JaluiJ<d for the sse operating conditions. the APD mull be operated in I fast· 

quencb mode or in suO-cei,er mode. These techniques and the associated elecD'ODic 

circ:uiD')' are under development at EO&.G Monaal in association with Nonheastem. 

Subswuw numbers of fibers (96 channels) with APD readoUt will be u:StCd. under similar 

condilions to the VLPC lests, so Ihat appropriale comparisons can be made on the 

performance characteristics of the twO devices. 
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be lesting the option of lncorporaling prirIWy scintillation dye inlO the cladding material. in 

order 10 render the full volume of fiber sensitive lO ionizing mdialion. 

Extramural Coatings - MeasurementS of the performance characterislics of 

scantillatin, fiber urays using a variay of extramural coatings is planned. The issues ue 

reduction of oplieaJ cross lalk. reduction of backpound Ulumination. and possible 

improvement in the lighl yield. Among the COIlines to be studied arc polysiloxane and 

op:ique acltesivcs. TiOz and vacuum depoSition of aluminum. 

Wavquide Simulations - Initial work on waveguide simulations will be 

extended with S1udies of corckiaddinC inlCrfaccs. UV absorption. cladding thickness. 

exnmuralabsortJers. and optieaJ attenuation lenph. Results of the simulalions will be 

compared to measurements with VLPC detectors and ceo images of the spatial 

distribution of the emitted light and wiU help guide our choices of fiber profile. nber 

spaein,. and the mechanics of ribbon manuflClW'C. 

Radiation Damlce and Environmental Issues - Controlled exposure 

studicaan: planned lO invcstiglCC the impacc of normaIlir venus oxygen-free environmenL 

Previous work has indicated that oxy,en can boch aid annealing and increase permanenl 

damaJC. Mosl of these results have come from very hi&h exposun: rate tests where doses 
of several Mnd are delivered in minwes.. The planned effort wiD involve a modeme dose 

rate over a six month period. The Coal is to deIerminc whether an oxy,en-tree environment 

will be necessary I. the sse. 

SplicinC - The splicing of scintillating fibers 10 clear waveruide fibers has been 
successfuDy accomplished in die laboratory by thermal fusion. adhesives. solvent fusion. 

and opcicaI _ in I ti"'l.fittinl sI ..... When carefully performed. all oflhese methods 

have shown nnsmission Jl'eater than 95'1.. For the fiber D"l.Cker. it is ncceuuy to 

consider the rcqu.imnc:nu of both the larJC scale utilization and de cqanization of fibers 

inlO linear ribbons. The ideal solution would be a quick disconnect linear connector 
SIrUChll'C chat joins leveral thousand fibers CO their waveguides with die same 95'1. 
transmission as achieved. in the lab. This is potentially Ralizable. as our best splices have 

been obWned with optical p-casc. The current R &. D work: is aimed &I desicning lhe 

splicin.c lCCbnique and sequence for joinin.c tmrel fiber ribbons 10 the clear waveguides. 
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iii. EnCiDeering Issun for the Fiber Tracker; 

(Fermilab, Nonheastcm.. NOErc Dame. ORNL, Purdue) 

Fi~r En.cineerin.c - The technique of fabrication is a very imponant faclor in 

the production of scinDUIIin.c fiber of adequate lip .. yield and anenuation length. Diameter 

COftD'OI is crucial to the final assembly into ribbons. The wort. planned is to cany out a 

systemalicen.cineerina uudyofthe process variables includinC inteJl'ltion of quality 

usunnce (QlA) Sleps in an IUlomated wa)' toopcimiz.c yield and quality. Processvariables 

include molecular wei",1 profile of the polymer, fused venus non·fused preform eIaddin,. 
prefonn temperature during drlwinC. drawinl spccd and tension. normal venus oXY&en 

free environment and diameter of the ta.keup spooJ. A collaboration widl indusD')' is 

foreseen with preforms provided by SOC and pullinc IOWCI'1 and quality assurance 

inmumentation provided by indusay. During the study. a signiflCanI amount of fiber wiD 
be produced (up 10 300km bein, envisioned). 

Ribbon Manu(ldurinc En,inferin, - Initial attempts to produce fiber 

ribbons of.cood quality by windinl fibers unda' ICDIion on a repstcred drum have been 

successful. This represenu but one approach to ribbon manufacture. Other opproachcs 

include winding fixtures similar to those used with wire chamber winding machines and 

placement on reJi,sterc:d planar frames. The ehoice of technique may well influence ocher 
parameten such as the type of adhesiv< and the need for I backinl layer. 

SmaIl scale onp-,", and pn>to<ype SUldies ITC planned for aIIlCChniques so thai 
the besl ICCbniques can be selected by comparison of the resulu from several methods.. 

Subsequend)'. a production desian will be enaineered appropriate 10 luge-scale 

manuflClllrC. ApproprialC quality WIIrIIICI: issues will be Iddressed by the desilll as well. 

En,ineerin, (or Placement o( ScintiliaUn, Fibers into Superla),f" • 

CwTendy underway in FY91 are the developmenl of proIiminary enpnemn, conceptS for 

fiber uaclcina in the central bmel region and in the intermediate an,le repon. In FY92 

IheJc ideas must be deveIopod in .. I full c:onecpaIII desilll. A key elemenllO be decided II 

the support 1U"UCrun: (stable base cylinders for the barrel resion is the c::urrent prefencd 

choice). Subsequcndy. the next phase eaJls for the development of appropriate ICChniques 

for placina: fibers or ribbons of fibers onto thc supportS with adequate regisuy. Tooling. 

fixlurine. and aUlomaled procedures including reaI·time alignment 1nsnmcnlation arc 
included in the design effon. The principle dcsign responsibiJiIY resides II prescn1 with 
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Oak Ridcc Nationall..aboralory (in the cum:nC soc arrangement) with strong consultation 

(rom me fT(j collaboration. Indusaial affilwes such as Westinghouse or Rockwell may 

be eonsidctcd as well. 

For lhc blm:1. a prococypin, elfan is planned which win place fibm on a>mparable 

(or actual prolOIYpC) cylinders 10 lest mcthodoqy.accurac)'. and technique. The unique 

rca ..... fer lhc SOC application will be included: li,ht tightin" lhc pIOVisioo for lhc flow 

of dry niavscn within and among the superlayen 10 assure an oxy,cn-(Re environment, 

and thermal_IlOIlO minimize linear expansion in lhc lon, fiber wanblics. 

The intennediatc an,le region uses • disk format to support fibers in I plane 

perpendicullt 10 lhc bum. Both die panem of r!ben, ndial ar spin1. and lhc number of 

layers per disk present si,nificanl challenges in design, toolin,. placement, and 

"Ii.tration. It is essential 10 deyelop lhc conceptual de.i .. for disk .uperlayen and 10 
build sevcnl procorype ~s 10 validarc &he conceptS-

jy. First !.eYe! Trice.r: 
(FcrmiIab. Penn Swe. Rice) 

The ..... of lhc fiber lI'ICIcin, crouP is to desil"'1eveI 1 lria<r bosed on die fiber 

IUJI<daF _ which for lhc central n:&i<XI of pscudcnpidity repar1S lhc motIICIIta of 

individual .... Its in uniu of .. lina. Given lhc fiber diameter. _in" and .uperlayer 

SU\lcwrc. the momentum resolution at level 1 is expected to be approximately 
"p-r/PT -. 004PT (widt PT in (JeWc uniu) for. 2 Teola _lie r",1d and 1.7 meter 

_,ndius. 
Goals of the R .I: D propom include: simulaDoft studies far lhc aptimizadOll of 

required channel counl and supcrlaycr ID'1ICIUR to achieve the desired IDOIDeDtum 

resolution for lhc IcYe1I triger: lhc implemenration of. ptOtOtyp< tria<r _ bosed OIl 

_ t:in:uiD'y farvaJidadon oflhc mger_ durin, beam lC$1S of the fiber_, 
_ and lhc desicn. _ and 1<5' of lhc ASICs by which lhc IICIuaI experimental 
DAQ and IriJcaInc wID be implementot!. 'IlIis wID include ptOtOtyp< 1cYe11 and 2 ___ 11<0 

• sepMlli finder ASIC. and • Ie,menl-linker and nc:k eXll'lpolatioa ASIC. The 

encineerinl or lhe craie mechanics will be audied. inc:ludin, IeSU of cruc-ro-cn,te 

pipe\incd lriger inu:n:onnec:u. and selaon ofappropriate hi,h den.ity cabtin" A loll< 
dealn for • pipelined intamediate uack D'iner similar to the bane) nc:ker will also be 

detmnined. Fanally. we will perform. reliability analysis of the fiber ncking oilIer by 
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C. MILESTONES FOR FY91 

Hen: we !abulale &he milcslOnCS and Ioals far FY92 and estimates far FY93. 

MiIc: ...... andGual Due 

I. SciD~R.l:D 
Chanctcrizatjon of and ...... 1/92 

2. Wavepide R .I: D 
SeJeaion of wnepidc composilioa IIJ2 
Selection of daddin, aweriaI 1/92 

3. SpIicin,R.l:D 

=:==::"h~':. 1.'12 
~2 

ScIcc:tion of splicinllCehnique and_ 1/92 

4. Fiber~~::r.= 91J2 DewIopment of au_ ~ apparatus 1193 
ProdUClion of significant quancidcs U fiber :zm 

S. Ribbon Manufaaurin, Enpeerin, 
SdocIion of ribbon ra_:= 1/92 
Enpeerinc _I" ofproduaion .. 1193 
Detamination of QlA proc:odurts and equipment 1193 

6. _IR.l:D 
FunllerlRdesensitization IIJ2 
Rcduaion in ohmic contact ~sistanc:e SJ92 
Latehinc/pramplifier issue5 1/92 
Ooyaenic preamp stUdies 1/92 

7. - EnJineerin, Cont:epIIW _I" forlhc readout_ 1ml 
En~1 _I" blhc n:adow_ ~2 
Funy fllllClional pre-produt:ticn pooxype 1:1192 
Operation of a IK fiber1VLPC _ 4193 
OpentiCXI of a 10K fiber/VLPC sy ...... 1/94 

8. Ribbon ~t 01lIO Superiayen SIable-'::=....pooxype deveIopmenl 9192 
1/93 

En~,pJacement_ 91J2 
Oousvuetion of placement ji,. and lWura ~3 
PIaocment of !ibm superlayen onto 

potD<)'p< cylinder 9/93 

9. Triuer/ASIC Developmen. 
Di"""", toc:ltnology pttIlOlYP" ~2 
ASIC Development 91J2 
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studying the effect on ainer efficiency and momen tum determination of dead (missing) 

fiber channels, dead interconncctS and logic channels.. and detennine the approprialC level 

of redundancy in nck aiuer components. 

v. Beam/Cosmic Ray/Source Tests: 

(Ua..A. Fermilab. UIChicaCO. Nonbeastcm. N_ Dame. Penn State. Purdue. 
Rice. U'IDaIIas) 

EssentiaJ to the systematic and successful Rudy of fiber rrackin, clements are 
conlinued cosmic: ny. source, and beam tests. Tests of ftbers ribbons and supcrllyet 

........... are planaed for FaD 1991. Subsequent teStS wID be performed u needed w~ 

test beam is IVIilable a with cosmic: nys. 

vi. Simulations: 
(IUPUI. _ Dame. Penn State. Purdue. Rice) 

Substantial wort is underway 10 simulate track. n:constrUCtion and lriucnn .... 
fiber cenlral InCiter and intennediale ncker. The aoaJ of these srudics is 10 I"CftM .. 

concept of me supcrllyer. and 10 dc&c:rmine die minimum number of required ~ 

and lhcir deployment in the bIm:I and imamediaJe n:&ionL 
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IV. REPORTS FROM COLLABORATING INSTITUTIO/loS 

ON FY91 R A"';O 0 

A. UCLA /ROCKWELL 

The Ua..A rlber _, poup has made very cood pro ..... towanIlUI_ '" 
scinollatin, fiber nckln& for the SSa. notwhhscanding &he lon, delays In rcc:cn1.' 
fundiD .. The n:suIu Ii- in the pmentation .. die PiA ConI_III elearly __ ... 

aa:ompIishments. The Ua..A JIOIIP has WOIItetI OOlhc followinc projects: 

SSPM and VLPC D ... lopmenl: Pre.ently Rockwell and UQ.A ... 
devdopinllhc visible li,ht "";00 of lhc Solid State Photomultiplier (SSPM) _ ... 

VLPC. The VLPCs and SSPM. neotIto be t:ryOJenicaily c:ooled. since lhc bondIap CIICrIl' 
of the exainsic: semiconductor is aboul O.046e V. The optimum opeRDn, eempc:raat.ft .. 

around 71<. for &he VLPc. sensitivity to infrared photons will be pudy reduced. drIe 

count me capability will be incn:ased. anti time resolulioo and quanNm etrlClCllCY wt111Ie 
improvod. The _ .... dl'1Cicney of lhc VLPCs has been optimized b __ ,.as '" 
-565 ......... tel'S by anti-reflective (AR) <oOtin" to spectnlly nwch lhc CIIIISIICIII of ... 

scintilluor. Figure Al depicts these qUAnIWll efficiency lCSlS. and • QE u - ., ....... 
obtained. IDitiai cont:emS that poIystyn:ftC fiber _ve,"ide. which .... smit lhc ...- .. 

lhc VLPCs mi,ht be intol ..... t of t:tyOCenic temperatureS and tempt:IONn: podIeau line 
pn>ved unflltlllded. Repeated tesIS haye .hown thaI lhc rtbers are una/fCClCd by eaRful. 

thermal eycIin .. 

VLPC Cllaroderization: WorItiD, .......... with Dr. M. _ of Rod<..u 

lntemaDoaal Science Center. we have _ device chanacristics of VLPCs IUCb as 
quan_ efticiency u • function of temp<nttIr< and biu 001_ at eacb _ of lhc VlJ'C 
R.I:D. Ficun: A2 iDdical<5lhc n:sulu of_ oflhcse impo" .......... _ and .. 

alJowai us ID deIe:nnine Ihc dfcclivc operuina painl for 1M device. 

Cooar Caudt .. : ThClC are small bouM,. that hold VlJ'C chips of ~ 

and ripIIy hold clear optical fibers with provision 10 aliI" them apinst lhc VLPCs .. a' ... 

micron prKlsion. Repeated teslS showed thai the cusene dcup wu succeutul .. 
opcn.ting at &he reqUired c:ryoaenic ICmpcralW'Cs. The thenna! cxparuton cocfftewm U 
cavar and sibcon (VLPC submuc) are weU matched 
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B. FERMILAB 

Research and development has been focused on the areas of scintillator 

devc)opment. radiation ciamalC stUdies of scintilbtion materials. development of • fiber 

ribbon transponcr system for beam tests tT839) and cncinecring suppon for Ihcse tests, 

and the development of electronics for. level-) PT Diller based on fiber aackin&. 
AddilionalJya Oolllrlet has _ liped with Roc:I:wcU for the cIc .. 1opmcnl of a c:ono:eptUll 
dcsien fer a VlJ'C.,...... "",,"W c:apable of supponin, up 10 16K channels 

Scinlillator Development and Radiation Dama&c Studies: A number of 

srudies were performed 10 invcsaptc various effects on polystyrene-based scintillator. 

Since 3HF scinlillaa has shown much promise reprdin& light outpUt and attenuation. we 

ha .. imdiared a.umber of sample£. Fi,. B I shows the results for a 10 Mnd "pol'" of 

polystyrene doped with 0.1", 311F. As can be seen in the fiJUre. even .. this close. the 

sample shows vay little induced aboorpIion (arw- annealinJl in the relion of fl_scenee 

525-600nm. 

We also imlesopted repons dW scinlila- thaI bad _ thennally eyeled before 
imdia1ion _ more clamqe than scinliJa- mil hod "'" _. Three .... scindllalOn, 

pT + DMPOPOP. 311F. and BBQ. in addition 10 pu .. polystyrene ...... tested. AU 

samples when: ploc:ed in COIIIOinen and c:omp1eu:ly depssed. Then the canlOinen were 
_·rilled with nilJO.... One SCI of samples wu heated 10 9O"C before the _on. 

Af1cr the imdialion (10 Mnd) the samples were annealed in oxy,en and measured for 

induced ablolpcion. No cliff.....,. wu fooed between the heared and W1IIeaIod samples. 

A study to ......... the effec:u of oxy .. n durin, imdialion was also performed. 
Four samples of pure polystyrene wen: plaeed in c:onlOinen and then clcpssed. One 
eoncaincr was bet-filled with aiaopn at IS psi •• one with dry air (also ac IS psi,), one 

with pure _p .. 30 psi .. and .... with pure oxy ... 11600 psi,. AU wq>les where left 

in their rapee1he -.. fer IWO weeks before they were imdi&led. AU the SImples 
were imdiarcd 10 alDCll close oliO Mnd .. a _ of I MndIhr. Fi, B2 shows dW _ 

the irradiation (and annealinl for the nitrocen and air samples, the cwo puR oxygen 

uznplcs "self·anncaled'") the samples showed progressively more damage for inaeased 

panw pressure of oxYCCn. Obviously. the presence of oxYl:en during irradiation causes 
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A high voltaIC divider. 64 channels of analog amplifien and delay cabling were 

buill for the multichannel pholOlube. A mechanical mount for &he lUbe and clecaonic:s 

incorporaleS an adjystablc inlCl'face place for alienin, the optical fibers with respect to the 

lUbe pixels. Noise spean. have been recorded for all 64 chaMels of the s)'IIeaL Detailed 
siudies with • nd.ioacDvc source have dcmonsD'aled the sinlle phocodectron resolution 

capability of the lube. 

TriCler and Data AcquisitioD Electroaics R "D: The data acquisition 
and lrinor_for thefl .... _islhowo _y in Fipre B •• and CIInallly 

several elements ol this _ ... under clewlopmenL Theae include: 

(1) A trlCkin, readout board which i_slevd I pipeline dati _ .. and 

trICk se.....". and Jinkin, alpUluns. The results of the sepnentJinkin, ore also stored in 

a pipeline on the board. A1..,nthms an: implemented in dec:1ric:ally ...... ble PAU. 

(2) A tc:st dati .... unicw board which c:an be pro .......... bly loaded with dOlO 

pa1lc:I1IS to '"" the lrIddn, board. 

(3) A c:onc:opruaI _en for!he 1evel I _ .. ASIC-I and ASIC·2 which usor:iate 

cl ...... of bits in a fi .... superlayer. 

(.) A c:onc:eptual delien foc the IrICk IiII1ccr ASIC·3. This delien is bein, 

developed in usoc:ia1ioa with the Penn Stale -. and depends IlJOII&1Y on the superiayer 
""""""'oftheli .... _. 

(') In caUabemion with the SOC Triuer Oroup (W.Smim ... all. interfa:a1O the 
Iriuer _ Theae include lienal _Is and PI" and. bits ~ by the -

and ac:nt to the tri&Jcr IyJlCm. and eonvcncly nckcr clcc1ronies responses 10 • triuer 
lienal iniIiaIOd dJewbere in the SOC deIecIor. 

(6) A c:onc:opruaI _en of the readout..- and readout boards. Amon, the 
problems under c:onsicIcnIion are: in_nec:u, _ ...... power and eoolin, 
requiremems, <rIIO oa:uponcy. clocl< Iimin .. and lrinor diSlribulion. 

This _ is expected 10 ewIve tae1ic:aUY. u the fi .... superlayer an:hitecture is 

e ... blished and lrinor al,orithms are .. fUled. and IeChnic:ally. u the ASIC de\OC1opmcn. 

proceeds. 
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siguiflClnt damage. especially if sufficient oxygen is praertt in the bulk to keep up with the 
ionization nle. 

Previously. it was reponed thaI the oXYlcn anneaJin& of irradialed polystyrene did 

not seem to be mediated by diffusion of oxyacn inlO the sample. However. we have 

meuurcd the ratc: It which Ihe annealin& volume chanaes U I function of the lime that an 

irradiated sample bas been in oxYICft. and observe that the rate at which the annealina 

peneD'ltcs &he bulk follows. simple square I'0OI "W. Fig. 83. In all cases which were 

studied.: anncaiin& in air, pure oxy.cn. and in 300 PSil of oxY&en. we measured a square 

root dependence. 

Additional fundamental wuI: has been pedormed c:olIabomivdy with NOIre Dxme. 
MCPAHS. and PCPS poups. An example of this cffon is the continued search for 

effICient. fut. hi,hly stable $clnlillators. Examples arc indicated in Table Dl below. 

Fennilab has considerable focilides for (l)the _lion of smaU .... samples. and (2) fer 

the f-.:a1ioa of larJe preforms from which fibc< may be dnwn. 

En,lneerinc Suppol1 for Beam Tests: The Physics Section and the Resean:h 

Division .. Fennilab ha .. provided .......... 10 inataU T839. ScinIiJWin, Fib« TracIdn, 

Srudies. in the New Muon hall. Commissionin, has _ CGIIIPlesed on a darl<boll and its 

IrIIISpOIIer (see Fi,.6 above). which has _ dcsipIed &0 scali paraIld .... ys of 3 m lon, 

fi .... ribbons across the beam and ..,.... the ribbons Ihroulh 70 dqrees ., limulale inclined 

tracks. Mechanical mounts and abc electronics required 10 operate a 64 channel 

pIIoIomultiplier lUbe ha .. also been prepared. and the detector usembly hu been 
__ &0 the T839 dati acquisition sys ...... Orden have been placed for a second 

pborDIIIbe. which has a fi .... op1ie faceplale IOreduoeopcic:al CRJSSIIlk. 

The _ includes a Ii .... ribbon suspension system which provides stability 

of ±2.S1J1D in reJau.. alicnmenl of f_layors of ribbons. Ir has mnoIe _on conaol via 

ueppinllllOlOn. and posilion and ancJe n:adbIct ha .. been provided with 1oc:al displays 
and anaIoc vol..,.. .. be .... 110 the data acquisition _ The darl<box has _ made 

&0 -.. dine type. of deIec:u>n forroadin, oul the fibers: (I) Visible UlhlPhocoa 

Coo ...... (2) mul1iehannel photomultiplier lUbes and (3) avalanche pbo<odiodes. The 

nnsponc:r was ru:cnuy modified 10 ac:comodatc I separate darkbox brought &om Purdue 

University. 
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C. UNIVERSITY OF ILLINOIS AT CIIICAGO 

UIChicago has been responsible for coordinalinglhe be:arn leU, II Fenn.il.lto Ii '" \~ 

and for development of facilities 10 wulcrsWld in a conuollcd way the radlloon ~m.I't 

and anncailnc of fibers and ribbons. Our work on this projecl his been sl,Ippnnrd tt-t 

SSruooE and die TexIS Nalional Research Lab.nllOty Commi.~on (Th1U.() I .. ,...., 
wilhoullhc supplcmcnwy (undine from 1NRLC, most of the work dcscnbed brio- could 

no< have been aa:omplished. 

Radiation ".rdnas of KinlinaHne and clear W'ay",cuidr tiMn.. T. ('0 

syStems to measure fiber properties are belne conmuctcd. The rU'St allows SClnoU,onl 

fibers up 10 4.5 m long to be excited &I predelermined positions by cnher I,IltnVlO~1 lJ,.,! (W 

monoenercelic: conversion eJeclrOnS from 207Bi Fiber liehl OUtpUI is deleelcd b)" an A8'= 

QuanIlCOn PMT whose spec1lll response is approprialC: 10 the scinollaong fiben under rio: 

This system operIleS under mic:roeornpulU conuoL 

The JeCOnd syscem exeilcs scintillatin, fibers al ptedclet'mined posmcwUo ... ah 

ulaaYiolel li,hl and employs a sc:annin, specvomeler system 10 measure the ft'",lun, 

fluoresecnce speeD'llm. lbis syslem h also eapable o( measurin, Ihe aansmlU10f1 

spcarum of clear WIVe~pidc fibers by inaoducin, liehl from a broad·tand SOm'a' lnlO ant 

end and measurine the output with the spccU"Omeler. BOlh modes of opcnllon art 

controlled by a microcompner. 

The syaems described above will be used 10 measure fiber properties before and 

afler imdiation. A varic1y of scintillalin, and clear wave·pick fiben. and nbboM. .."u be' 

in'adialod lillie (l) "cion II Fetmilab ( .... TlSI) where acceleruion losses and aborts 

provide • ralistic radiation environment. Samples will be imdialed al vanous I'1Ilet. 10 a 

variety o( maximum doses in almospheres of air, dry nitrogen, oxy,en. and IfJOft. and 

unirndiated conaol samples will be maintained in these aunosphcres m well 11un~ ant 

inc;h4ilmclcr by 4.3·m-lon, ,wnlas-steel cubes for holdin, nber s.amp~s ~ betnl 

COIllrructed. alone with (our l.S-inch-diL by 4.3-m.lon, tubes 10 hold nbbont. The 

imdiation tubes are expected 10 be placed in the CD recioa Oft about I Oct. Mcasuremenu 

or fiber propenics be("", and If..,. imdiaUon wiU be made boIh .. Fcrmilab and UIC 

Bum tests a. Fermilab: ule. to,ether with 1 Pielcan of NoIre Dame. has 

coordinated the developmenl of a fiber beam'lell facililY al FermHab (leSt T839J The 

(aciliry.loca1ed in Ihe New Muon Laboralory. conwns a remotely controlled tnnt.porter 
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which aUows fiber StI"UC1Urcs such IS ribbons and superlaycn to be exposed &I various 

positions and orientations to a muon beam. 

We have also wrillen an off-linc analysis progam for these tcsU which finds 

lUCks. COmpUlCS etncicncics. and plots various hislogams. This program contlins • 

simulation section which allows flke uads to be Icnctated as inpul to the a-ac:k-findinl 

seedon, thcroby 1IIowin, tesu or various cIetectot- _tries. 

Various Studies: Prcliminuy studies of Ihc heal loads presented 10 the VLPC 

cryogenics syscems have been performed.. Under most conservative wtX'Sl<ase conditions. 
the: 10id at a luminosity or 1034 cm·2 .·1 is expected to be leu that ISO W. For 

c:omparison. a FermiIab Tcvatron rin, rna .... uses 10 W orrefri,omion. 

1be above calculuions have required. measwanent of die infrared nnsmission 

spcctntm of polystymle. which has been performed at UlC wjth the assistanc:e of our 

c:oUea&ues in solid-state physics. 

SltIdies have also been made of the baclo: ...... d countin, rate expected from the: 

neutron albedo existin, in the: tIeteetor cavity. This bocItJTOlllld is due principally to (o.p) 

and (n.C> clastic seatterin, wjth the: cons<inIon" 01 the: poIysl)'mIe-aft fibers. The results 

indicate thII this bocItJTOlllld should not be truublctome. 

rmaDy. we hive eumined the pulse-height specaum and the photon disaibution 

expeaed from alCinmlalOl' of circular cross-section in order 10 help understand RSullS of 

_ 01 photon yield fn>m c:Ucu1ar ICintiUarin, fibers. 

Publications and reports: 

I. Ii Ooldbcrc. S. MJrculics. and 1. SoJomon. "Cryocenic Issues far SOIid·S .... 
Pbotomultiptier OperatiOll·. prnccedin,. of the: S)'ll1posium on Detector 
R ....... b fOr the Supen:onductin, Super CoIIider. FL Worth. TIC. ISoIS Oct. 
1990. p. lOl>' 

2. Ii Gold ...... S. MJrcuti ... and 1. Solomon. "Transmission of Infrued 
Radiation llaou,h PoIy.tymlcs and Consequences far VLPC Cryol<nics". 
U1C·319J.1. 19 MaIdt 1991. 

l. S. MJrcuIics. ·Neu_lnteractions in Santillatin,·Fiber Central Tracken far 
SOC and D-Zero·. U1C-4/9I·I. 22 April 1991. 

4. S. Margulies. "Pulse-Heighl DiSll"ibutions from Scintillator'S of Various Cross· 
SocIional Shapes·. UIC-4,9J·2, 26 April 1991. 
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O. NOTRE DAME 

The resean:h and deYClopmenlptOllWll far FY91 has included several tASks. These 

inchlde: scinliJIalor development. studies of radiation damace. fiber wavccuide 

developmenl and wave.- simulation SltIdies. sptian,toehniques. ribbon manufoaurin, 

teChniques. studies with fibers and VLPCs. and panicipation in source. cosmic ny, and 
beam testS. 

SdnlUlolor ... d W ...... id. Sludleo: Subswtual effen has been apptied .. 

ref ......... in the: ~ 0I1Cinau-s far ... in fibercle-. These efforts have 

included: 

Studie. of the pIIorostabitity or poIySl)ftMlpTetp/letlyl/3HF seimillator. These 

materials form the basis for the cumnt best scintm.tinc fiber. 1berefore it is clearl), 

imponant 10 understand the cffeas of environment on the scability of such materials. such 
u ambient aunospbcrc. effcas of ionizin. radiation, and phoIosc.asitivity. The optical 

properties of this matcriaI are very .table a,li'" radiation dtunttl< because of the: lon, 
emission w.vclencth (S3Onm). panicularJy if the: .,.taiaI is _ned in an ambienl 

aitrocea __ and onneoled periodicoIIy wiJb air ar ox)'ICD. The awcriaI. thoqh. 
does _ effieiency _ exposod to UV or 0_. Ii,ht by becomin, optically 

absorllin, in the: 4O().SOOnm ranI<. However. we have found that the: matcriaI remains 
liable wben kept in a dark environment. and in cencnl we score Ihe material in dart 
eon&aioers sIowl), fiusbed with niaocen .U Ilaanospherie pressure. Lon, 1enD effccts 

..... be onnsidaed. and these _ on: continuinJ. In coIlabcntion wjth PCPS. several 

..... • _. or tile dye 3HI' have been .yndtesizod. and poI,--;.ed wjth poly"""", 
andpTcrpMnyl. Thesec:amposititw ___ yfarquanQllltelliciency.O_ 

emission and _y time, and also photDstabiUty propenics. 

The development 01 several new prinwy dyes. PCPS: includin, a sexiphenyl and 

.-oc:riphcnyl axnpotIlIds havin, very bleb lIItIIar .. tinction ooeIIicicnl (peoIer than twice 
that or po Terpllenyl) far shan ranI< or IIICrIY transfer and fasl 0 _ _ y and 

which an: soluble in _ 011 .. in polystyrene. n-1II&IOriaIs have been found 

&0 produce. in one SIep. JCintiUauxs of comparable efficiency to rwo step scinrillaDon 

_ such as poIysl)'mIe wiIh pTerpllenyl and dimethyl·POPOP. Additionally. these: 
materials have lon.er wavelenph emission. in the 42Snm-43Snm nn,e, allowing for the 
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5. S. Marculics. "'The Shape of the VLPC Pholoclectron Spec:uum from a 
Scintillatin, FibcrorCin:ular Cross·Section·. UIC·S,9I·I.1S May 1991. 

6. S. Marplics. -1mcractions of Albedo NeutronS with Scintillatinl Fiben-, 
U1C·7i91·2, 291 ... 1991. 

. 7. lulius Solomon. ·VAX Analysis Pro ...... for the Iuly 1991 Fiber Tesl Run·. 
U1C·7,9J-1. 161u1y 1991. 
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incorpcntion of new alternatives for secondary dyes, prospectS for which are currently 

under discussion. 

1bc development of several new secondary dyes based on inn-molecular proton 

uansfer to minimize self absorpUon and 10 provide Jonc-wavdcn,th emission. This series 

involves a si,niflClftl new devdopmenl in • poup of dyes called hydroxybenzothluoles 

(HBTs). Previous pioneain, work by FcrmiIab and othc:n had prnduced dye. in this 

family 01 rou,hl), half the efrlciency of 3HF II beSL Discussions with PCPS and 

MCPAHS has led .. new work by MCPAHS which has poduc:cd a candidate dye which. 
upon purification. yicIds perf_ -'* to lHF. __ of differia, chemical 
.tnICI ..... dyes bued on this prototype .,.y afford bertor lon,·term phntostability and 

improYed flUCJlUCCRCt efJ'aciency. The fluorescence emission and absorption for this new 
dye arc shown in Fie- 1 above. Since the molar extinclion c:oefficienl of !his material is 
also comparable &0 or peater than thai of 3HF. it is expected thai its fluorescence deca)' 

time or this family or materials will be atltast as rapid as that oIlHF and perllaps s1ilhdy 

faster (S.&Is). 

SlUdies or radiation dtunttl< effectS on the: optical-",e. of seintillaton in the: 
farm or.....u boule. dIem _ and in Iencths of 1·IOem have been performed in 
collaboralion wiIh Fcnnilab. Based on lbesc measurcmenU. I number of different 

scintillation awcriaI. have .-.. JOOd performance al doses or IMrad ar creator. and 

tberefIft wiD _ far u Itast 100 years at SSC desicnluminosity. Table 01 provides a 

poniaIlistin, 01 these _IS, whic:h on: oncoin, 

II ~ be _ that Ihe effective deYClopmatI of these ICintiJluion III&IaiaIJ hu 
been !wed Oft a ItrOII, eoIIaborati .. elf ... ber ..... Notre D.tme. _lab. PCPS • 
MCPAHS. and Bic:nIo. . 

OiwD \be n1ativcly shan period of time for R a: 0 to demotlltrate proof.of. 

principle for fiber nckinC. we hlvc clcacd 10 concenD'l.tc on scintiUatinc and non

scintillM:in, fiber wawpides havin, pol)'styrene cores and some form of acrylic or 

~ _,. Cam:ady we are COIICCIttratin, on PMMA (polymetltyllDetl.-ylate). 

Fibers ba .. been suc:c:essfully produced by several commercial house. u.in, lhese 

material .. and <MIler _, optiOllS (StIth as PVT core) have nOt been developod to the: 

same depa:. However. we are punuing initiatives in the srudy of cladclin, mucrials: (1) 

the incorponrion of primary dyes 10 allow the full volume of the scintiUltin, fiber 10 be 

effICient. and (2) materials or lower refl>Clive index than PMMA (n-I.49). of which there 
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are several possibilities in the 1.)..1.4 ranee. Cwn:nl fibers have diarnelers or 83OJ,im and 

claddine &hicknesses or S ~m. Siudies haye shown &hal the best or the clear fiber 

waveguides yield oplical auc:nuaDon lenphs ol-10m in the wavelength range of inieresl 

(centered uound 53Onm). and anenuation len,&hs rot &he beSI scintillating fibers are -8m 

when viewed lhroup a 4m Icnph of dear fiber wavepide. 

Splic:inC: Several couplinC leChniques for &he splicine or fibers and waveguides 

have been proposed. indudine pcrmancnl conncerions such as &hennal rusion. chemical 

mellin,. ond lIu ... ond quidr:-<liSCOlll>eCt oplions bued on optical coupl .... such as optic:aJ 

peasea and ,ds and miDCtal oils. For a vanecy of reasons. we now favor me quick 

disconnec:t option because d its convenience and because d!he simplicily il affords durine 

dClCCtor constn.K:don and 1CSCing. Several different connector options have been explored 

by both UCLA ond NOIre Dame JIOUps. whidt have produced ,ood .. sullS for optic:aJ 

nnsmission and low lipl loss. These are based on drillinl precise holes in small acrylic 

blocks inlO whidt fibers and waveluides may be insc:ned. The registration is maintained 

by alicnmcnl pins. These: inidal ideas must now be devdoped for larger scale fiber 
systems. 

WaYe&:uide Simulation: As a pan of our waveauide investications we have 

continued !be: development of a fiber wave",ide simulation packa,e OP'IlCKS( I J. This 

worIc has foc:used attention on sevcnl imporwn iaues, particuJarly!be: e!feelS or ciaddiol 

ond extramural materials (eoalinp ond adhesives 011 the oulSide wall of !be: fiben). The 

effICiency of scintillation lipi produclion and eoUec:tion in the: sc:inD.llatine fiber. at &he site 

of !be: <nerI)I deposition by ionizinl~. depends siJllilic:antly on Ibc:se chancterisIics 
and will have an imponanl influence on the sdCClioa. of dyes and adhesivcs used ia cbe 
fiber and ribbon manuflClUrc. The OIhcr sicnuacant area of study hu been optical 

nnspon within !he fibers and wavepides. includinC the understanding of reflections &I 

cere ond tladdinl in-' ond in bulk IboorpIion within !be: nwcrial. 

Ribbcta DneIopmea': SevcnI methodoloJics have been developed ror ribbcta 
fabricalion tIependina upon whcIbc:r ... noc lite liben 1ft seintillaton or _~ In !be: 

scinDllarinC fiber ease. the Wlvepides must be precisely positioned relative 10 one anochcr 

in !he ribbons 10 thai dUs spaIiaI repsuy can be mainWnod on suppon SD'VCtUreS such as 

slable base cylinders. ReCiSterCd sc:intillatine fiber ribbons have been produced by the 

NOire Dame group usine racilities aVlilable II Bicron Corporation. Fibers have been 

produced in sineie and double layers in lenphs or over 3 meters and in wid&hs up 10 128 
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Table 01. 

Uellt ,ie:ld bdOre &lid alter ID )bad I'&di.tioa dose from "Co 

1Oa.tte ,ia .,mint)' uit'~. 

SCIN'IlLLATOlLo l' Lip'7IcId 
( .... ) Bofon Aft .. AA. All .. kilo' 

I'd' Ud' 
NOrON 00 D.Tt OM 0.0 0..- o.n 
NOPON+D.oIUBQ 470 US 0.1' D." •• 11 US 
NOrON+D.I2UBQ 470 0.11 G.1. 0. •• 0.11 •. Tt 
NOPON+D.OIlI1C27 100 US • .27 US .... 0.17 
NOPOM+ .... ""27 100 US • .27 D.TS •• 14 0. .. 
OnsA. 415 .... 1.4' •• Tt D." D.H 
04'SA+o.olUBQ 470 LOI 0.42 .... O.IT D.H 
041SA+ .... UBQ 470 L02 U4 .... . .. D." 
04UA+o.ol!llt21 100 U7 o.s7 ... 7 0." .. " 
04UA+G.I2!11t21 100 I." o.u .... ..H .. " 
0401 410 .... . ... 0.71 0. .. '.14 
O4OI+O'.'UBQ 470 L .. .~ 0.17 .... 0.'7 
O4OI+D.O.!IIt21 100 U7 o.s7 .... 0." LOI 
DU '71 0.13 Ltl .... 0.47 '.14 
DU+D.OI!lDNPOPOP ... .... Ul 0.70 0.71 I ... 
DA.T+D.DUUlIF ... .... .... '!" 0.1t 0.11 
pT uo OM Ul 1.41 0.42 o.so 
pT+D.'I!IDNPOPOP .go .... LSI a.n 

-ri .. COIlCClltn.tiou are b7 =at: tC _tratiou Of ~ an'I" 

(1.25" for DAT .... pT). 'W.~ 01 paak amUoioa. °rus' I. "1" ia 

- ead 'b ..... ill ,be aU. 'Aller 53 d/Bolore. 
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fiber dementS.. However in &he case or clear fiber ..... :aveguicles. RCimy is only required at 

Ihe connccloJ'$. and me fibers may in fOlel be loose (unrecistetcd) belween Ihe ends. 

Unl'!:listercd waveeuide ribbons or this ronn have been produced in facilities located al 

NOtre Dame:. Typically. fibers at Bicron or Kurvay have a diuncccr IOIcranceol<I" and 
cenler-~ter relisay wi&hin !he ribbons is Cood 10 an accurac:y ol" -lSJlI1l (see Fig. 2 

above). 

Beam and Source Tests: Notre Dame bas been a participarll in lhe developmenl 

ollhc: lieS! facilities ncccssary 10 Rudy &he performance of lCincillatinc fibers wi&h VLPCl. 

This ineludes c:oordinaIion of !be: te .. beam elf .... 1139 at Fermilab. (l.Piekan has been 

one of twO contact penons; S. Muplies of UICbicaao is lhc: omer.] We have also 

participated in deoelopment ond fabrieation or 36 eIwuteIs of trartsimpedlrtCe ampbficn .. 

support of !be: VU'Clliber .... y IIUCties eanied out at UClA. !be: SlUdy ond c~ 

of olher room lemperalure amplifiers ror use wilh VlPCs. and Ihe Sl~~ aftd 

characlcrization of fiber materials and splicinC technique5. (B. Baumbaulh Iw c:aarcia"'" 

our electronics inilialives.] These effons were: perfonned. in pan. _II" .aa., 
eoUabomion from Purdue. and with consulwion &om Rockwd1 ond UClA 

[11 RJ. Mc.nIWn. "McMuc CaI10 SlmulaUons 01 ScinLitla&in, Fiber Opuc w ........ · ......... -
IlcIearebudDc'fdoplnc:ntrorIheS~SuperCoUIIIcr.T.DCIn'Ibctd.. ~..,." "I .• Y_ 
ods. (1990). 278-210. 

(21 J. Pietan. "Mcaurane:au 01 Ruoracencc Ef'I".eiIncy 01 SciMillaan Idcw .. ~ ----
sympoIium .. RcIIcM:b"'DndaprDcnlror"s~SllpaCol*r. T~" ...... 

.G.P.V .. ". (1990). 281·213. 
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E. PENNSYLVANIA STATE UNIVERSITY 

In FV91. Penn Slale ha.s been concenD""l.ung on &he developmenl of k .. r' I C'·U"· 

aleorilhms and. in collaborauon with Fermilab. Ihe devclopmcnl of Ihr .;'rr" .... ' .... 
eJecaonics implementation of &he aigcer. SpeculCally. an algon&hm 'or l'U0rnllll", ,. ,. 

PT ncb in the Sc:i.Fi neker Iw been described in ref. (II. lbe slmulabon ("fI'W'1 I"·' 

year have been conc:enD"lled on anslaling lhc: basic: aJgoriihm lnlO Inger elec'ImftA' ,-\11'" 

VenkJc prosrams 10 dcmonsnrc dw ASIC elceaonics can perform the psprluw 6op. 

1. Granularity luues: The main challence for the Inccer elec:B'OftlC\ n 10 

compwc Scifi hit information &om widely separated IRI.S of the dctc:clOl' 1M numtw-f ctf 

interCOnnects required increases with the fineness or &he Jranulanty choKn 10 ~.trac' tht' 

azimu&h and PT of aac:ks from the clal&. On the other hand, lhc: resolutIOn Impmtl'(", .nt 

finer cranulariry. 

The locic fot recoenizin, and linking D""I.ck slubs is mUSO"lled In Fie E I 1M fl1\>1 

level or logic. ASIC· I. rec:opiw radially continuous leIS of II leasI 3 OUI 0' • nmnQilv«n 

hi! bya aitrnek. Track RUbs an: formed by ASIC·2. passing on informaDOn abouI InCt 

position and an&1e wi&hin a superlayc:r. The aac:k stubs are linked In ASIC ':\. _turh 

dc&cnniftC$ &he uimulh&l anales of tncks which pass various PT euu . 

Twochoiccs of granularity. dubbed "Ian,s of one" and "pnes of fow·. have bern 

evaluated. The foDowine table describes lhc: granularily panunclCrs for lhc two cholc:n 

~ &IJ1WIl..IllIII 
ASIC· I I fiber diameIcr I fiber dwncocr 

ASIC·2 ancles left. middJe.righl left. nuddle.nghl 
position I diameIcr 4d&amrtcn 

ASIC·3 Pr CUIS 10. SOGeV/e 10.SOGeV/C 
azimuth aneles 128 128. 

1be only difference in lhc: two granularities occun in ASIC-2. ira which loelc SlpalS .-t 

POled after !be: anile combinations ... formed. 

The mulliplicities of sienals which mUSI be poned between leveli of me 10," 

(excemaJ ASIC conncetions) is depicled in Fig. El. for &he eangs of 4 10'lc. 'or Iht " ,,() 

half or the ecnn.l tracker. Wuhouleanging signals. ASIC·2 would produce 100.000 nck 
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$CementS. which is more man me 60.000 available inputs. Gancinl inlo croups of 4 

reduces the number 01 outpUtS. 

The imponancc of reducin& ASIC to ASIC conneclions is due 10 physical 

llmiwion. OIl LQ ....... A sin,ie ASIC could have 64 (or moybe 128) LQ ....... Incla 9U 

VME card could handle 640 inPl} channels. 

2. PII,sics Perfo ..... nce: Two crileria are used to judge the physics 
petformance. for • choice of panularity ia &he qic: lriJ,er efficiency. and pileup 
backJlOund suppression. FiIUR E3 sbows ,be D'iuu ctrJCienc::y versus Pr (or the 

foUowinl' 

.q ...... : _ofone.culnominaJvr>IOGcV/C 
llWI,les: _ of 4, CUI II 10 GcV/C 
diuooods: popofone,CUIII~GcVIc. 
cirdcs: pop of 4, CUI II ~ GcV/c. 

The moI.don for both !he 10 and ~ GcV CUI is nodceably _ whh!he ,lOp 

of 4, makin, SIICb I lil"ll Jess elfOClive in !he lrincr. The elfeclivencss of die popof. 
4 \osic in rejectin, bockpound is cur=>dy bein, evaluated. 

3. DaaJped Trocker: Anolher i .. m whicb wu simulated II PSU WIS a de· 
scoped version of !he fiber _. The ,uper·layers were teduced from doubJe subJayers 

10 sinlIe sublaycn. The backpound rejeccioa ¥CIIDS luminosity CUl'W:S for the de· 

Icoped tracker is shown in Fi&- £4. The conclusions are similar 10 those derived in ref. 

II]: II a lu""-ilY of L. 100'cm"s", four Inckin, layers lie adeq .... lO achieve 

bacItpound ...... below !he pbysics leveL More: a:dandaney is Rquired lO Khic:ve a 

superb lri .... rojeclion II L • 1O"car2s-I. 

·W"'_~OOE"'TNlJIC 

III -su..&auc. StIIdia for • Sciatillaaina Fiber Tnckc:r," LA. LcwiI .... Pn:IceediIIp of Ibe 

5,....... 011 DetecIDr aaun:t. .... DeveIopIDeDI. rar Ibe Sapcn:Clllduc:IiJII S., CoI1icIer. eds. T. 

~ V. Kelly MIt G.P. V-. World Sc:icncifc. SilllJIIPCR (1991). P. 215. 

I-
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Pi ..... EI. SuperiayerllnlClUn:incIicIlia,_ofASlC ...... 

. YE$/Nll ........ am--. :5 1\SIE:-4'S 

. DlIWI !:..~-~ ---... I 260 ASIC-3'S . 

IA 11>=. I laD ASIC-e'S 

L"TaACX~ 

Pi .... E2. Canoon _0, information ~ Ihrou,h 
!he ASIC lri ..... pipeline. 
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F. PURDUE UNIVERSITY 
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In FY91. Purdue has eoncenuated on several essential FTQ wks including: 

coordinalion of enpneering issues in collaboration with ORNL. me development or 

cryoslIbie c:useuc: SlnlClUR$forreeiSlea:d moundn. oftibenand VLPCs in dip cryoslIlS, 

!he developmenl of !he dua acquisition ,ySlem for !he beam lei .... Fermilab (1139). and 

!he eon.ll'IlClion and npendon of a 96-<:hannd tiber 'Y ...... for beam _IS of !he 

redudon of fiber superJayers. 

£Dei_ria, Coordhsalion: Purdue has ..."ed IS !he enei_o, eonllC:I for 

!he fiber Inckin, poup. W. have ...... worItin, elosely wilb Oak Rid,. National 

Laboralory to develop the cost and schedule ror the outer and inwmcdiate anile 

scintiUarin, fiber nckers. In order lO develop the COlI and schedule it wu Rquircd to 

develop and oudine the melhods of consavc:tion. tesein, and mana,ement for me 7-year 

duration of the nckinl consauc:tion proaram. This work has mulled in the wrian, of a 

c:ost. schedule. concept and manaaemenl repon which will serve as the foundation for 
_ .. of !he ovenJJ COlIIlnIClion eoneepL The elfon has also had !he errOCl of more 

aocunldy dcoornlininJ when !he crilicaJ mil ....... muJl occur in !he pojecL 

CryOCeniCl R &: D: Purdue bas also been actively involved in the tellin, and 

insaumentin, 01 the IOlid Slate photon deteCCOrS mat wiD be used to rnnsduce the U,hl 

produced in lb. fibers. We have deli..... and produced precision Covar ..... ne. duo 

hold the fibers accurately on !he surface of me photon dcIcclors. The desi.,. or mae 

casseac:s is baed on the use 01 computer conaolJed millin, macbines. Each anay of solid 
Stalc photon daectorS is CU'CfuUy measured usin. a scannin. microscope. This 

informodon is Ibcn lnIISfemd lD !he computer eonll'Olled millin, machine and a uoique 

...... is quickly made for each anay. 

Thi. procedure yields a very simple cassene delil" and a IarIe COS! savinp. The 

cost savin, comes from not havin, delicate pans to adjust in order to ali.,. Ihe fibers onto 
lhc: _and a_savini in lhc: lime lOaliplhc:&ber_lhc:easaena. We feel 

duo lhis desi .. _ will have 10 imponanl impact on lhc: filial desil" of lhc: nnsduoer 

'Y ...... Inlhc: .... _ have plDfcrmed wilb lhc: lIIIIsducen !he ........ -"ed very well. 

Purdue hu done itS best 10 conuibute to all me lipt yield tem and cosmic ny teStS done 

usinl the solid stale pholon 1nIlSducers. 
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Purdue has also produced an ahcmllt cryostll desi,n and has build. protor)'PC 10 

lest its functionin,. OW'desi,n is based on Unmcrsinl ahe housin, of the photo--nnsduccr 

direclly inlo the liquid helium and then uun& • small healin, clemenl, raising the 

temperaaUfC of the nnsduccr to Ihe desired 6.SK opcratin& tempcralure. Our lCSl resullS 

show that this technique provides an elftmely stable operating environment. funher 

R:finemenlS and ICStS will be carried out. 

Tat Beam Meuurements: In order 10 measure the R:soludon pven by • 
scinlilWiD, fiber Incldn, S)'SlClD, .... Purdue ",,"p is ... an,& prociscly a1il"ed amly of 
_ scimiIIaIin, fiber superiayen in & .... beam AI Fermilab. This NIl is pan of .... beam 

nperime:nl n39. A li,ht tighl box containinl I toW of 96 fibers has been placed jus. 

below lhe center of the muon beam in the New Muon Lab. The amngement in the lest 

beam is shown in Filure FI. 

As shovm in Fi .... Fl. each superlayer consists of two doublets of ribbons, where 

• doublec is made by ,JuinS two ribbons lOcelber wilh • half<eU offICI in position. In 
addition. die two double" in & superlayer an: offset with rospect to each other by I quaner· 
ceIL 5_ we an: osin, ribbons of eicJu fibers _. _ of our supetiayen contains 32 

fibers and .... whole test amy of three superlayers consists of 96 fibers. The ",perlayen 

an: ~ by'-' 10 inches. The arran_t inside the box is shovm in F ...... Fl. 

The Iichl from the fibers is sensed by • Hlmamauu 2S6-channel mullianode 

pho<omultiplier blbe. w ..... outputs ... amplified by tronsimpedance amplifJen desi~ 

and built by Purdue. and fed into & LeCroy 228S ana!o,-to-diptal (ADe) system. Two 
scinIiIIation ~ ... used todefinc the __ beam and .. put in _ with each 

other and wim an anode sia:nal &om the photomultiplier lUbe. The lilhl liaht bo:l is 

DXMIRIDd on • movable table. 

Purdue has been responsible for providin& the dill acquisition computer and the 

necessary IOftwarc fot. the n39 beam CSlS. The dill acquisition SCI-up is shown in Fiaure 
F4. Au Apple MacinO>Sh Dei microcompurcr with lopm (0eneraJ ""'- _ Bus) 
can! bas beco set up for this purpose. The tiara acquisition software bas beco _ 

within the _ of the NatiooaIlttsauments UbVIEW prupammin, pocIcace. 

iii.., precision IcintilWiD, fiber ribbons ... the key for IChievin, hi,h momentum 

resolution in sse uperiments with • practical method of assembly and without a larsc 

number of calitnrion conStants. OIannel-by-dlannd uscmbl)' methods Ire costly in both 
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scnematlC or !)etup ror i-Hj!;t Expenment 

Movable table 

Muon 
Detectors 

1456 

1458 

f-MUOns 

Fence 

-Tricks for Movable Table 

"ewe Fl. Schcmalic of the beam ICSlln'Uccmena fot fibers with multianodc PMT _to 
75 

time and money. A JO&l is 10 fmd. way 10 manufacture ribbons of up 1024 fibers. which 

can be joined 10 dear fibcroptics usin, mass lenninarion techniques and hive enou,h 

pn:c:ision to know lhe ioeation of all the fibers in • ribbon if the position information is 

known fot one fiber in the ribbon. The ribbons for Ih.is ICSI beam expcrimenl were made 

by posilionina fi~ on • pm:isely milled meW plate and then ,Iuing them IOJClhcr as I 

ribbon. A .... FS shows die measUlOd .,........t aocurocy of fibers in two of our ribbons, 

The goal was 10 achieve a plaecmcal accuracy of about 20 microns. and this has been 

achieved. For wider ribbons the milled plait method of fiber placement appears 10 be 

impractic.al. so we are buUdin&. wire bed. syslCnJ with very precisely drawn wires. 
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Super layer placernent 
Fiber OiItrneter 830 IfITI 
Cl;tdding thickness 601f1T1 

Fi .... Fl. Schematic: of I S~perIa~ of fibers. composed of two double-layer ribbons 
off ... by 1/4 spaornl: Fiben ... of 83Omiauo diameter on 870 micron 
centcr-lD-CenlCr spaan,. 
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Distance between doublets 
approximately 40 mils 

1460 

Inside Ught TIght Box 

256 Anode 
Hamamatsu 
Phototube 

Distance between superlayers 
approximately 1 0 inches 

Superlayer 

There are a total of 96 fibers going 
into the phototube 

Ficure F.l. Anu ...... t of appomus witlUn the tiJht tiJht"" for beam __ 
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Ficure F5. Rep"'Y of fiber ribbon f'- at Punlue. 
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Schemotic of Experiment 

UghtBox 256 M amplifiers 

Macintosh 
2280 
ADC Dei System 

Using GPIB 
Lab Voew 

Ficure F4. _1IId DAQ ICIIemoIic far __ ...... 
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G. RICE UNIVERSITY 

Durine the past )'CIf. lhe Bonner Lab group his focused on simulalion IS its 

conlriburion 10 the FI'Ci. We have continued dcvclopmcnl of the packilc SFTSIM which 

provides • CiEANT -based simulation of • ICinu.llllinl fiber ncklnC SYSCCftl and have 

devoted _Ie offon to the .... k-fUldin' c:otIc TRI'. Wo a110 panit:ipatcd in the 

devdopmeaI of the SOC Ilobol simulaIioo .hcll SDCSIM IJtd then expended effon mavin, 
SFTSIM IIId TRI' in", IIw ~ ~ we brieny describe the ....... of the5e off!XU 
IIId _ ....... 1IUdics IIw wa-c: _ted at the SOC mceIin, .... Aupsl. 

Software Development for Simulation Ind P."em Reeocni1ion: The 
fiber simulation paclcacc SFTSIM is described in ror ....... I. Durin, tho lut ycat we have 

made sene small additions 10 the code. One chanle was 10 allow the USCI' 10 redefine the 
fiber IIId _t _sties (briJhtnCSS. anenualion Ien,th. quanNm efIiciency, eu:.) in 
the SWJdud input file. One of our major ef(ons during me lUI year was 10 move this code 

in the SDC simulation shell. This worlc was done in collabontion with UT Dallas. The 

digiciutioas (i.e.. the simulalCd response of the decec&or) lit: now put mlO lbc SDC dara 
........... aD IIw they ..., cully avoiloblc to od1cr pons 01 the SOC ohdl. 

The nclt-findin, paclcacc TRI' is also described bridly in reference 1. It hIS ...... 

major pieces: ciusurinl and I:I'aCk finding. In the clusterinC slip. hit fibers within a layer 
are combined 10 fonn clusters and then nearby layen are combined 10 form 2D 

superdu...... One of our Iddition. durin, the past ycat bas been to odd code 10 that the 

2D supe:n:lustcrs from different orienwiOftl can be combined 10 farm 3D superclus1ets 

Cspoce points). The nclt fiodin, has been modifted 10 IIw it can make either 2D .. 3D 

supeseIusIcn or a combination of the two. A1thouJh the clustcrin, is ~ '" the fiben, 

we intend ",...,...me the nclt·ftndin, to include the sitioon IIId possibly the lIS-based 

__ proposed for the SOC The propwn make. use of tood-followin, rcchniqucs 

which ue CPU·in&ensive but inherendy very effICient in findinC «raCks. We feci thai dais 

me&bod wW allow us 10 Jeldle maximum information out of II"ICkinl systemS wilh a small 
number of layers. This is very relevant 10 the SOC where cost and mawial concerns 

sipulCUllly consnin dle number of layen. 

Triaer Saudies: In collaboration with UlD. we looked at D'iperinl efficiency 

as a function ofpT for a scifi tracking Digger with superlayen a170. 100. 130 and 160cm. 

The Diacer makes use of four closely-packed layers of fibers in each superlayer. The 
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Diuer lhreshold was chosen 10 be around 100eV. The efficiency for muons is shown in 

FiIUR 01 where the "tum-on" is seen 10 be very sharp, with ne,ligible efficienc::y below 

9 OeV/C and full efficiency al 10 GcVJc. Fi,urc Gl shows the same efficiency for 

electronS with different &mOUnU of nweriaJ inside the safi trac:Jcinl system. NOie the 

sil'uJac:ant dqndation in etr.c:ienc:y due 10 bn::r:Dsstnhlune. This dcgadation is one of the 

nweriaI concems mentioned aberle. 

Pattern Recolnition JaUeI: We have looked at lbe sland·alone pattern 

recophion capability of our proposed scw IrICker as I rust step in undusll.ndin, the 

capabilities of a combined silicoa &Del fiber .ystem. In our first srudy involvine 30 

-. we piIod up diIf ..... JIIIIIIben or PydIia QCD indlRic.-1S and mcasuraI 
uac:k·rlftdinl efficiencies and false uac:k nICS. The dclccUlt aptn had four superta)'Cl"S, 

each with four uiallayers. two :aereo layen in one direction and CWo stereo 11ya'S with 

equal anile in the opposite direaion. Two cases were considered: 3 decree SIereo in all 

superlaya'S and I constant pitch with the stereo anele vuyin I from 8 depees in the 

innermost suportal""" 10 18 depcs in !he outermost. 

The lIIClt.findin, elflCicftcy i, measured with • subset or IIIClts which have PT > 
0.5 GeV/c and do _seaact sipif"ac:andy in !he _,_ .... w. also require thaI 

!he .. candidIIe nco pus lhroup alilayen or !he scifi "",,kin, _ which implies 
h'J1 < 1.7. Each reconstructed vack is assigned the candidate track responsible for the 

plutalil)l of ill supetdUIICIS. If IWO lOCOIISaucted IIIClts ... usianed 10. 'inSle candidate 

tnelt.lhen !he 1eut _listenl one is dcdued • false tnek. Fi' ..... G3 and G4 show th. 

efficiency and falschrue net lUeS as a funccion of the number of eventS in I crouin&- We 

_that !he efficiency remaiIIs hip bul thaI !he false trade ..... are incteuin, sipificandy 

as !be number of events/crossin, is increased. We expect lbat infomwion from. a few 

_ layen will be able 10 eliminate moR of these false IIIClts. Fi ..... GS shows !he 

....... CPU lime ... an mM R$6()(lQ/!I30 (34.9 MIPS) toquired 10 IIIClt and...........,.. 

crossin&-~ is a siPWClI1I rise as the number or evenlllcrossini increases especially 

for !he Jar .... ......, an,les. For tef ....... note thaI dte oc:cupancy fnlm an in ..... w, 
evat sucII uH -> ZZ -> 4 DIU is 2·3 limes that from Ihe QCD inelIIIie evenu conside:rcd 
here. 

We expect 10 be reconsDllCUn, events usin, both silicon and fiberdecectors in the 

very near future so that these and other studies can be carried out with a more holislic: view. 

We are also very IClive in the physics and detector perfonnance lfOuP and pllft 10 

emphasize processes that provide an evaluation of lhe performance or the U'Iclcin, system. 
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Anolhcr hip priority is 10 complele those p3IU of TRF WI dcal with disk shaped detectors 

so our covcta,e can be eJuended larJer etL We would also like 10 improve lbe CPU 
performance, t.e. ra1ucc the CPU lime/evenL 

RefClOllCCS 

(II D. Adams ca aL, ·S)'IIIPOSiuna on DucIar ItacarU and Dcveq.nea& few Ihe ~ 
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n,.... HI. 0)0up0Iic .... fldlily far _pIifior IIIIdies. 
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II . UNIVERSITY OF TEXAS AT DALLAS 
1469 

UT Doallas has been involved in seveDl imponaru aspeclS of the readout electronics 
for !he ~ The ruu of these is .... dcodopmenl of. cryopil: _puroe,. ClOp.1ble 
of opcrI.tion at liquid helium temperalure. the function of which is to amplify the VLPC' 
signals in silu in tbc O')'OSW. If suctessful.lhc fUICSI. possible operation or me V1.PC WlU 
be ..aU .... by "'is approKII. The ....... _ is !he dcwIopmenl of low ..... ·10 ......... 
capaciWlCe cable for siJll&l __ ... , of!he..,.,...._ 

Cryopnic Pnamp D .. etop ...... t: IIoneyweII Re ..... h Cenre'. BIoonwI,. ... 
MN has eoouidcrable eopericnce wi'" cryopie preamps baed 011 GaA,...,....,.". _ 

for iniliallNdics. UTIl has been .. SIln, same HoneyweU VaA, poumplif'lCI' __ • 
liquid ni ...... oempenI\IreS. Addilionally •• ICSIin, device for liquid hebum _ 

has been developed and c:ons1:rUCled in our laboratory (Fi,. HI). Rccend} . ., ... ., .. 
GaAs preamplifier c:omponcnlS wert iniDued at liquid helium ICmpCraI\aln -. ... ...... 
dcveIopcd _I device. Improyemenl of !he dcsi", of !he pramplif'ocr __ 

be based on me resullS of theIe leSU. and connchlll arranp:mtnu a..w ... _ ... 
Honc:yweU Symms and Resean:h Cenl<r for !he produe_ of ... __ 
GaAs_ur .... _ will be _ and ,,_ .,liquid .... __ • ,'"'t. 

Low Loa Cable Onelopmenl: £Scellenl succ:cp. hs .............. 
~ oflow· .... 1lal cable. and 20 unilS of3 milscflalt· __ . __ 

cables have been reeaved. rrom Gore Co .• whtch are ... ... • ........ ., .. 
VLPCiIibcr ..... (FiC. Ill). This eabIe is of hlp qualuy .......... - • __ 

(6pFIfI). 

................... " .... , ... 
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APPENDIX A. 

MEMORANDUM OF UNDERSTANDING FOR FY91 BETWEEN THE 

FIBER TRACKING GROUP (FTG) 

AND 

THE SSC LABORATORY 

1474 
A. Pcnonnel 

The Iisl of putic:ipatinC Uwirutions. die names of dI~ people in Qch (idcnlilyinc die canUCI 
_nud ovcnIlIlWllF).ud die _I of dleir .... which wiU be decIi=<d to die pn>jcct 
mliSl<dbelow: 

Dr. Muzalrcr Alit 
Dcpll1Zll<ll,ofPbysics 
Uni_ty ofc.Jifomia .. Los ...... Ics 
Los .... Iel ... CA 90024 

ud Fcnai N __ J..aIIona>ry 

PO Box sao. MS221 
Buma,1IIiAcis 60510 
POl)l4G-3960 ~·.O'.",,~.,·,= 

Dr. John EIi>s Fcnai N __ l.abonay 

PO Box m. MS311 
_via, IIIiAcis 60510 • :~~ 
(701)140-4135 

Dr. Rudy RucIui 
Dcpor=aI ofPbysics 
l1ni..mty ofN_ 0.-
_ D ..... 1ndiaM 46556 
(219)239·7143 

The panicipadnr InstiNrions. _ person for each instiNOon. dcdieatc4 _nol. and 
........... of lime _ indiealod below: 

Ua.A: 

FamiIato, 

~/15i91 

M. Alle (Coo_Pcl1oaJ 

J. Eti .. (Cooael Person) 

M.AD<: 
A. E. 8.1umblU,h 
M'.Binklcy 
A. O. Bross 
J. E. Elias 
D. Finlc\" 
C.W. F~sl::: 
J. Hylcn 
R. Kcphr: 

25" 
100110 
2ew. 
20'l0 
20'l0 
20~ 
10~ 
509lo 
IO~ 

MOU '91 A,,'fC(mc:nl 

1473 

MEMORANDU)'I OF UNDERSTANDING FOR FY 1991 

between 

THE SCINTn.LA TING FIBER TRACKING COLLABORATION 

aJld 

THE SUPERCONDUCTING SUPER COLLlDER LABORATORY 

N~Dame 

Pwdue 

RCXkwc:1I 

S.11t=yk 
R. W.1Jne: 

S. M>rruJi .. (Coo<= Penon) 

H. GoIdbcrr 15l1o 
S. MoIJull.. 5OlIo 
H._ ~lIo 

J. Solomon 25'& 

R. Ruchti (ConllCl Person) 

B._Jh 100110 
1. Bishop 2OlIo 
No BiIwu 2OlIo 
J. Oodfrey 2OlIo 
J. Jaques 2M. 
R. Kehoe 2OlIo 
V. JCenney lew. 
Q. La 5OlIo 
J.Mon:honI 100110 
R. Moana.i.a 2OlIo 
J. PidI:m 4«Ko 
R. Roehti Ii01ro 

R. Lewis (CoolIClPcl1oa) 

T. """"""'r 2OlIo 
R. Lewis 3M. 
R. Moon: 2OlIo 
R. Sc:aJise 2OlIo 
G. Salidl 2OlIo 

B. Abbcxt 5OlIo 
R. Do';'s 5OlIo 
D.KoItick ~ 
R. MeD"';. 2M. 
E.Shibm 2M. 

O. Ad:uns (Canuel Pcrson) 

D. Adams JOCM 
H. MiC:r!c:nC:1 20~ 

E. Andcrwn (Conl:l.C:1 Person) 
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ljIDallas 

sse Liaison Pc""n 

E. AJide."'SOn 
M.Pc-:vif 

E. Ftnyvcs (ContaCt Penon) 
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£. FeDyves 
H._ 

Dr. Willi CIUnow.1cy 
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B. RaponsibiHdes ror Rescareh Tasks 
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&:!'.:.:r~I.i:~=;=~""""""::='., ~u~.nff= 
COIISUIiAu IOd ID .n=omrnoc!,[r .u __ Ii-= die sse Lobomo<)'. The Ion,
""" pis ol_cIcta:a>r deYelopmen' prujcc< ... .........uz.s iD Appendix l 

Task I: 

ICinduaCJ:.ep':' B=t:~~~~~-:=~~~~v!ae:r~= tJ~e~;: 
photon c:ounlC:ni VLPC developed by Roc~ we are eacoun.scd CO comin.ue with a SD'OnC 
effort on scinallalordevdopmen1 durinl FY92. We wiD be pursuinl sevcn.laVCftues or R and 
D. bu, _ principal roc:us will condoue ., be scimillalar IOd scinDlladn, fiber developmen' 
dirccIcd toward bilh4f("ac:ienc:y. CUl, yellow cmiacn which are ~yc ID raclWion dal'N.JC;. 
Panic:ular par.ameccn of incereS[ inc:Jude:: (a) Cor scindlluot. me quanNm yield. nuoresc:cnc:c 
emission Wllvelcnph.molor'-- coo:CIiti:ru.and [IdWian..siswlce; (1)) rorlCimilWinl 
nbeD. &he aa:cnIWion Icnph. effects oC yuyinl ebddinl thicknesses, ebddinl n:fr:le1ive 
indeK. die inclusion of utr.ltnunl absorbers. and the effeets of ndiarion darruJc on mcse 
Sa-uCNrcs. 

. Fiber-optic wavcluides of polyslyr~ne with "arious cuddenl m21eri:tls. cl:tddinJ 
1hleknesses .and rcfracliv~ indices ",ill be developed..and studied for optimlililht U"ansmcssion 
between sc:inlillation fibcn :u:d pholoCetCc:on, 

"/1St'll 
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He:-e we ":'ilI reYI~"'" splie:nS options . .tnd w.:l\r.iques for :Nanl ,,;naluun: fibers ~ 
..... ayegutd~s. Posslbl1ja~s I"dude lhe:nu.I fusIon Ie::-""~GI:::S :"or e:u.":'lplc ~ l;asc:-Lndlltcd. 10..:.:.1 
he!::I.:1g or :ibe: conr.e::ors whh .,pac~ sr=sc COUpilnt. A s1mple fonn of uns laue: proccd:un: 
was used in our sua:cssful fibc:- teSlS in March 1991. 

Task 4 Ribbon f;tbric:;tc.on. Cocm1in~ by Nocre: Dame and fc::nibb 

~ Hc."C we will review and develop options (ann ribbon ftWlufxrure for fibers. in 
which fiber diomc .... "" .... ee is coaoroll<d ID S 11\ and ftbct-.... fibct .. Jisay is ownWlled 10 
- 25 JUD. This hu:ludcs sNdies of rihbon baeidn, rm.tc.";:ili, adhesives. and mccbUlc~ 
~~. llId procedures (or plxemell1 oC ribboftS on supponinl sw"!:ces &0 the rtquU"C"d 

Task 5 VLPC and PrwDp ~ CoonIinarod by UCl.A, RoctwcllS-
CcnICf.and UTDallas. 

VLPC dcvelopmen, WIll conanuc expediDousi),. We cxpeCI to h."c \"LPC etill~\ 
avlil;tblc &0 us durinl this period and impon.:anc opcr.uion:tl c!unc1ensu;, 'uc~ 111a.1" as. I 

funetion of [Cmper:uW'e and bias voltale. quanNm efftc:ienc:y. m~ depencknct an.: f"\II' .... 
will be meuun:d. Develop.,.., or monoIidUc: cryoccaic p .. omps, discrcrc..,....... ... _ 
and mom rcmpcnrurc pre2mpS ( as a taU back:) wiD be punu~d. Room tt~htrt ~ ..... ' 

:::=u:'~e~~~:iJ::=-~~~::'''' - - .. 
Task 6 Tes, BcamSDldiesorfibcts IOd VU'C. 000rdiIw0d" \,,~_ 

Nocrc Damc. and Purdue. wich JUDDI panic:ipacion fram a:.. ."... .... '':' ..... 
CoDaboracion. 

Teas of lhc: fiber VKkinS conc:cp[ will be undenaken in • FCt'IIIIJ.M .. .".. ~,.."., 
bas been assiped me Fcn:nilab desipaOon n39. and f'TCi is ICce~J ~ /I' .. , ........ lor 
runninl. "pee[ed to bepn in summer 1991. Syscematic mcaurc~nna _, ............. ... 
fibeD. wave,cuides, and VLPCs. inc:ludinl: studies of cfflClenc,. .• ::e"w. .. ·,. .. -" ...... . 
resolution. mulci-D"2ck rcsolyabililY. and supulaycr SU'UCNn:S 1.. ~ 10 : ~t . IW , ...: _.'" 
clwtnds will be utilized ill chc lem. 

Task 7 SNClies ot Radiaaon D=DJC; and EnvironmcnQ! A~a 01 5o ..... ~ At'-. J ... 
and WaYeWde Pctf~e. Coon:lin.alCd by L'l C'MJI; .,..: ~ .-_ .. ' 

Radialion d::lim:tle srudies to scintilla lion ntalen.ah lot'''; •• I'·. t')or • ,-' , N 
wave,uides will continue 10 be curied Out. In panl;:":.a,: _f ..... •• • - ... ~ - , .. 

environmentlJ effeas on fiber .anneahnl and xinrilloluon 'UO.h:, 1";1' r ... -p of .......... .: .. 

fibers be rNinuined in a nia"OJ~n or aitenv\ronmcn:; should thr f.~· ~ -4 -_ ..... : • ~ I 

dark enyironmenl afler m2nufaetu:~. e:c, Wh.31 effe:" do , .. .;" t"~.tO'"~ •• ~.a-...... ..., 
~e ofndl2lion and independent of radiaoon. 

Task 3 S::':":;,;!l::'Or.S. Coo~;:hnlte:l by R:c~. Pel'\!'" S::'t r..""!.~ J" 

Slmul:::.:\o". sll:dl":s ",ill co!"'.:,·.:.:": !or bc~!' C~·~~· "- t 

1'1' < 1.5) :::.:\.:-; T:::,): s:.:iol,;;~ .... n (-n;:~.:::.,.~-:: rr:OI-::- .• -
occup::.::c~ In:;;~c'::.!::, t:"lcl..ln~ lnd prOIOI~pC fi3C' I,.t·· .. : 
spe':IJI eonS;=~':;:10n dU~".f (!'tl~ :vel: F,bc.:'1 rr.ly ""c~! p;J> l: .; 
.::! :,~i: 5 

:., 
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of oc:cup:anc~ .and Diller issucs. and in pan because lAc short m2p'Ct coil oplion has bee:! 
:!;~:-!If!~Fv~~~: whtch mUei opc:'lQon of Ju/witC m.i~ chmlbe.'"S rr.o~ difficuh 

Simulollion studies of sc:intillation Ulht II'IPpinl and opciQJ tr:lnspon in fiber 
wavc,cuides wiD becontinued. 

Task 9 TriuerDeve1op_nL c:-diJwod"FamilabandPennS", .. 

ilIt...".~:~'".f..P=I~is~fl~=::--m!"':'= .. ~~~r~~= 
:u-:e::,!.~~.;:o~l~t:~u;,..~~i!::=~=~t=~ 
IOd die mui.,.., exccllcm spaQallOd &Dplar moIuDaa.lD provide • (IrSt level Pr lriuer ror 
<he SDe experim=L Issue. of allQridlm dcvclopaIcIu for clomcn of fiber hia. liAlDa, 
_layers.1Od die depfo7mcn' of fibers iD ~ all bear ... _ SIUdies. 

e. T ... BcamIteq ........... 

We wlU requu. • hi'" eDefIY. c:lwJed paniclc beam (or .. sa or (d>cr n'bboa and 

~~1II-:r!~':~~:=~11'19~~=~~ 
che currcnr fixed &arp:t run at Fcrmilab. Addirional tea: bcuD lime may be rcquftd luu in 
FY92.1Od we ","y aeed ame II BI'IL or lJ.NL ror such s<udies if "'.y are deemed nocCUll)'. 

For r.\C1b._ dm1IJC and cnYirortmcIH:LI srudies oC flbcn and Wlve,cuicles. we intend 10 
request ~ion 10 place rrwcrius on IccmponlY basis in me FCl'llJit.b accclcnlor UlMeI. 
perhaps at Q)orsomc other locadon. We will apprvKh Fcrmibh informally co rcqueS[ such 
access. as needed. 

O. Special Conside~rions 

The eonQc:t pe:sons for the nber Tnelcinl Group (fTC). M. Ace. I. Elias • .and R. 
Rucha. alRe CO be responsible for cquipmcnl borTowed by our colbboralion and will 
insure its umcly mum. 

\Ve ut!C!e~st:u·.d. ~:aal fund ins for this projcci will be providcd in allocJtions of a sinsle 
)"C:lr .... uh suc::ni\'e yt!::Ii.(s fundii'll dependenl on successful pro:n:ss 10 C!;.ne :and 
:I\'li!l!)l~ fu:o:ds :s c!e:::':':'::!'\td b~ :In approprialC rC"iew p:"Qt:cu 

E. MilestOnes 

Mileswnes for SCln:Jbc.nl Fiber Traddnl rc1~:1 dlolr.:'ll n ... &.'. :''"!'U'''':C': ,. :":L\ 
seclion. This R&D. if success~u1. wdllead 10 thc eevclo;nncnt 01 • ~_t'-. ;J .. lf"· :-o.~"""C 
system for SDC bued. In pan or en IOto, on sanaJlac.n1 fi.bc:" tft!'ln.:..;s," .... .; .",O~Of"l;t:, 
solid stale pholodelCC1Or$ for the opoc~ r=douL S",:' I tnCkc: l' Il'.=-... ,J,";'~. r~ &11.':'.0_ &n 

occupaac:y. and is capable of ptovidin, a powerfu.!. fi.,"\1 level :I'1':c: S .. : .. a n..ae: "oi4!s 
pnxaisc forsucc:cssfW oper:lUoo to lhc: bi&hcstluminoSloesc~ a.t I."\e SS: 

Task I: 

Tal: 2 

~~,", 

Tut3 

Tal: 4 

Task 5 

Tuk6 

Task 7 

Task I 

Tuk9 

J/t 5,'91 

SciIIli1l>mr: (N .... Dame and Fctmil>b) 
Then:fi.nemena of scinQ1larorcompcmaon W!.U be ~e L~ ~".t ~.l.:~ ~. 
FuW H!cr:cion will be a:w:1c in FY92. 

w .... .-o..clopalem: (Nove D.-and FcnmIab) 
lldincmaKs of core. daddin&. aad exnmunl a\:nOrtICT IeIlrNa W\!: lie 
. ~ ill <his fiscal year. FuIIl selecDon w\l1 be mode 1ft FY9~ 

Splicinl Techniques for Fibcn.and Ribbons (Pw-dole. F~~_.l~ !'II=t' :lM':.~. 
UaA) 
Medtodolopcs for splicinl or individual fibers and fiber nbbonl .,;: be 
idcmiI'lCd. 

Ri'*>a!'alrric&Don. (N0lre Dame. Purdue. Fermilab. trr Dlll&sl =osies rorribbon r~ will be idcDliIiod_ P'-no<s 

VLPC IOd Pn::unp DevelOpmenLCUCl.A, RocloocU Sae ... ~ft ... ~"T Dallas) 
IR-=' Hi&h QE. rlR:_ VLPC will be ptOd_~ Up 10 
256_I.wlU bedeliverod",UCl.A. Addition&! VLPC ........ wi:' be 
pruvidcd 10 UCLA. Nacre D&rDe. and Purdue. for bench tests. o! K"'.nc.!UQ.n, 
fibers. wavcruidel. splices and ribbons. 

TestB=nSNdiesorFIbersIOd VU'C. (AU FTG _;:.) 
A beom .... or.p ID 256 elwlnelsor scinoUWI fibers oM V!.PC ........ ls 
will be underWc:en " Fennilah durinlme fU.ed wlet run The eSln 
dcsipsared n39. and. cont:tc:t persons an:: S. MarJubes et.:1 Oucal~) ~ 
1. Pickon (No .. Dome). 

Studies of RacIi.1lion Damase.and Environrr.cn~ A'pcc~ of S~~:;..l:.rl r.X: 
and Wavesuide pmonnancc. CUI ChlCollO and FettrubO) 
Sa:dies .... ill be punued vilOrousl),. No specific mileStone I~ F"'); 

Simubtions. eRice. Penn SUII::. Pvn:su~. :and NoD'e D~) 
SNdics ... ;11 be pursued vilorousl)' for rcfini!"'L1 rl~r c-ael..c! ~t1.·t· !o' II'1C S:)C 
proposlJ ior e:ntn.l2nd imermcd.iale C'::Iicklnl The C!e'I·:O l""" ... l· ::t rele~ b_ 
tt:::: eftC! o~ F'Y91.ln order 10 be Incolj)orat:::1! U1 Ihe SOC P~;;OtJ . 

T:-:;;c: :>:·"elopmenl. (Fe:-:nilab.1~ Penn 5;a", 
A"::"':'-: C"ll:=: schem~ b~t!d on c!.acrct: c .. '::.m ~!eme~a .,. ~: !l::~:lIC= 
for .ncII,;S:on \loll!'! the beam tn:, 
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!v{cchln.icl1 £npnC':!"ing. (Purdue. Fc:cib.b. ~O~ O:vne. OR.,\'L. WSTC) 
DeveloprDCnt of & concepcual desip for scincill.1an, fiber nc.i:inC in cc,..,1r.ll 
and inlCrmCdiarc a=ki.al rccions-

F. Roponin, 

The eollahon!ion will provide !he SSC Labamory witb eopies of all Wks I!Id publications .-mn, from IIIis R4<D project. A shan interim proems n:pon will be provided to SSa. by 
April 1991 and a deWJed wriaen .. pan will be provided SSa. by September I. 1991. 
Proposals for condnued suppon. with I budcet (or fY1992 arc to be presented lO the SSCL 
lOJetber witb !he _It. 
G. fuodin, 

J/1,5,') 1 

millis _ we specify !he _offlulds by _MIoo aid byRSCU<h iuk IS 
dermcd in Sccaon B. - . 

Toal 

Table I 
Soureu of Rosureh Funtls (SK) 

Table n 

SSa. 

383 
302 

685 

DistributiOll of Funds bl Institution (SK) 
CIPiiii EqIa_ opcr.uiii& 'untls 

(SSa.) (SSa.) 
16 90 

FCiiiilli6 70 2b 
OlChlClJo 23 0 
N~bIIDC 30 ill 

o o 
o 13 

PWiiue o 70 
RJcc u 
RcclcwcU 

Tot.1.l 3m 

o 
400 

1482 
H. SirnaNm 

Thc undc~i,ned h.1vc J.~:d to (ulfill to thc best o( thcir abilities the terms or this 
Mcmonndum o( Undenu.ndin, berween die Scintilluinl fiber Tnc:k:inl CoUabomion :wi Ehc 
Supereonduetin, Super CoWder Ubontooy. 

AGREED 

Sc:inlillatin, Fiber Tracldn, CoIhboration 
CooIICI Penoa(S) and hwi .. tioes 

M..~ 

j( SchwlCws.:ou;:ca 
Supero:ooducIin, Super CoWder l.abocu:Iiy 

IN CONCURRENCE 

Il Dlcbold.. bot O~St 

1. O·f>llon. DOE OHEP 

10 

---,...." .. =, .. 

~11,1'l9/ 

Table m 
Expenditures by Research Task (SK) 

CijilaJ 
Equipmen, 

TASK I 20 
,sCINTU.I.A TOR 

Task n 10 
WAVEGUIDE 

13k III 10 
SPLlCI:-IG 

Task Iv :m 
RIBBONS 

TISkv 231 
VIJ'C AND PREAMPS 

tuk vI 13 
lEST BEAM 

Task 911 13 
RADIATION AND ENVlRONMENTAL 

TASk val 0 
SIMUlATIONS 

Task IX [3 
TlUGGER 

tut x b 
MEOiANICAL ENGINEERING 

tOtALS 38J 
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33 

13 

13 

10 

U2 
.3 

0 

33 

23 

301 

The sse Ltbontory hu identified and. sclcc&ed the Scinulladnl Fibet Trxkinl project (or 
(undine. It is expected that the OOfJOSSC will provide lhc SC'intillatin, Fiber Tnc:kinC 
CoIW>oc2Iion with S302Kof opcnlin& funds andS313K in equipmen, funds in FY 1991 for 
!he above deIcribed deteCtOr R&D project. 
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Appendh I Physics G031s :lnd ~toEh'llion 

Discussion 

A ecnn tracltin, sySlCm should be capable or t=OI1SD'Uetin, low~mus swes such as 
die ZO with I precision or 1~2~. and should enable aoss.c:hedcs of the: elcctrOma,neric ~d 
hadronic c31onmeu:r c.1libnlion over a wide momenNtD ratlJc. funher. expected lOpOlOclcS 
such IS !he iii,,, boson. dell:l:1ed via !he clccay H ... ZOZO ... qq I I and !he decay H ... 

ZOZO~ 4 leptons. should be ideruu&able. with I' least a 3a ebltJe si,n determinarion (or 

ncksofPT;; I TeV/c. 

At an sse dcteClOt' operadna: at machine luminosides L _ 1033 em·2 scc-I. any 
viable ncJcin, devicc must open.tc tclilbly in I bi.lh radiation cnviroruncnt (Iypically lOS 
nNyr It I radius r - SO em from the inccnc:1ioa repon due ID beam inler2Clions and neutrOn 
albedo). The ncldn, system. which mUll have low malerW dUc-kness.. should be apablc of 
rcconsO"Ucan, all nC"ks. have ,ood rejccaon lpirw: spurious tI"ICks. and should be apablc o( 
sep;rarin, neks resultin, rrom multiple interaaions in oil bunch crossin" AI small radii 
(typiallY r < SO em) siUcon.strip d_ and/or pilocl deteaan ... beinr eonsidem1 ro..lT.>Ck 

=~~~ ~~c:. ~~~:~~t~ ~::~=C:;:ss:,n:~~ri!!!,rd~:oi~: 
arc complementary. 

Since the rU1t sur:c:cssful USC of fiber ncan, in 1 eoUider environment [II. sipific2nt 
proF's hu been rruc!c [2.3). Fibcr tr2Ckcn h2ve thc (oUowin, altr:l.crivc (C.1N~S· 

[illood axkinl precision: mululaycr JInlCNl'CS D( 8301,un di2mctcr fibcrl an 

result in ~ mc.:surcrr.cnl resoluoon of ~ ISOiJ,m per doublc·fib~r byer, - l()'4lm per 
qU2dNpole-fiber byc:'.:and provide lood two nclt resolurion. 

[iiJ fine p'l.ftul.ll'ity: (or rlbc:'s o( 83llJ,1m di2melcr pl:aced It r:l.d.il r ~ 6Ckm. the 
CKC:';i'lney (:0~.111 Sou:-ces is c'\pc.:tcd to be S I~ per rlber, pc~ bunch C:O:iSln; 
[i:il load :ir.-:.: r:soh;:On: :,.., i;':"InSlc.1Uy pf'Dfr.PI r::sr:onsc, 
[i\ !lnsenSln\'i:y to rnJlneric ficlds 2nd 10 RF nois~. 
1\ I s.~;i= c!=:=o~:.::s If ;a b,~,:,,~ (~cs:no) re.1GOU\ u u)e~ 

~nd I\'ij tlO po"c: d:SS:;l:::O~ In l!':c I:":d,If~: voh.rr.e 

II 
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For SDC, die b;&sic dcc=:don ele.-nenE is an xtive wCllaEor fibet ot S 4m lcn,Ut. 

~l~;:..~.:,r.A:'":f~~df:='lO~bi.e'::.:'~.pft'== 
fiber waYCJUidc of IJo,..m diaIIIcIer cod '",!alp. cod _I widla VISible LiP. PlIo.,., 
COWII ... CVLl'C) baml qU"'NIII elficicc.". of 10lI0. w. bav. measured ~, d.cccccd 
~-._(hca)-=isp-= .. dler..codofdle_,lihcr 
lLc._1ocacioo Is I .... fIIIID dIe~). W._dlelim ........... ~_ 
• renI~ cod die _I clearly embIislIcs a _.- of ~ "ThIs 

~d~....c..=:=:.=~e.".:r.::.::.:..':.\:!:: 
=:"I..!:f.!'!r~':::-""';'~=!:~onck~am!== 
(16 .... JPOCinIl: ___ .. _dle ..... ofdlcZOIO <2 .. in 
.lcpcDoiodacly. __ IIIIIIdcac .. _. 30 ............... oId1edwp 01. 

I T.V/C ponIcIc: IllllIIIIIiaOaa _1docIaa tor aII-..-a III"";VC tor_ 
~ or ...... ~ IipIlIc:acudcpladoa III capoIIiIidos. . 

II is ........ 1 dw chis pRI""" be pmocd vi-'y cod widl_, cod cadwsiascic 
support - SSe. in onIcr lor: (I) fiber ""d!:"J.;:.::.. ilscJudod c!racdvcly in die propoAI 
c=::~~~~ ... becamp/elodofia":=:;"',.:~~~~ 
ofliber_,iadleSOC_byl991. 

(I) 1. AIIiIII. .. II.IEEET_ OIl N_sa.-. Vol J6, No.I(l9t9) 

\lI Fora_cbcasI •• _ofdlelldd_-=priar ... F'l90_'Ibc_is 
ofchc Wao1<sbop oa ScIcniIIaIiDJ J'ibcrDaoccois tor die SSe:. FamiIIb. N_ 14-16, 
19". S. _IIIIIIL bdul;ocb. . 

{3) For. <OIIIpICIJeccIi _of _ ia die licId ...... dIe loa year • ..., The_IS 
ofchc fan WonII McccIa, ... DccocIIIr Dew:Jasrc-c far die SSe:. fan WanII, T ..... 0cIDbCr. 
1990. 
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Tracking System Requirements for the ITO 

A. Sill(Rochester) 



tl.: \ 
-tor 11":; ~ve~r 

Tracking System Requirements 
for tile lTD 

Preliminary list of responses to questions raised 
for inclusion in the tracking system requirements 
documenL 

Work still in progress, but enough information 
exists to reply to most of these questions now. 

Conclusions: 

- Rate of level I triggers is approximately 
understood for a three-superlayer tracker, on the 
order of a few hundred kHz. 

- Higher level triggers may be possible with the 
use of stereo layers·or coupling to information 
from calorimeter and/or silicon. 

- Basic resolution driven by total integral Bx dl, 
intrinsic resolution, and placement; adequate 
over most of the region 0.4 to 1.6) < eta < 2.5. 
Layout needs to be studied further to opdmize 
integral B x dl (or B dl**2, to be studicd.) 

14SR 
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(9) First level trigger with momentum resolution q , < 10 
1 ~/~ -

(TeY- ) - implies a 10% error for a 10 GeY lepton. 

(10) Second-level trigger with momentum resolution q 2 = 
I P~/P~ 

2.S (TeY-). Gives a 10% error for 11.40 GeY lepton for 
triggering on Z - e+e-, W -+ ev - needed for calorimeter 
calibration. 

(11) Discovery potential - hard to quantify. In general want 
maximum capabilities from detector. Based on history 
highest priority (other than isolated lepton of Higgs case 
above) would be reconstruction and impact parameter m~a
sur~ent of leptons within jets up to the largest jet PJ. 
possible (at least ~ SOO GeY). Desired reconstruction effi
ciency ~ SO%. 

(12) Measurement of jet fragmentation at modest luminosity 
for QeD studies and for modelling backgrounds from jets. 

(13) Survivability at standard L. for ~ 10 years. 

(14) Allows a natural path for upgrading to a system with sur
vivability of ~ 10 years at lOx standard L. with emphasis 
(e.g. momentum resolution, pattern recognition, isolated 
track efficiency) to be decided based on what is learned 
during initial running. 

1487 

Requirements for Tracking 

(1) I'll coverage out to I'll ~ 2.5, implying J10 - 4 charged 
lepton" geometrical efficiency ~ 60% for mH ~ 200 GeY. 

(2) Reconstruction efficiency ~ 90% (for I'll < 2.S) for J10 -
4 charged leptons, for ench lepton having PJ. ~ 5 GeY. 
at design luminosity, but assuming twice the occupancy 
calculated by GEANT (exclusive of lepton identification 
and trigger cuts). 

(3) Reconstruction efficiency for same as in (2) ~ 7S% at 4 x 
design luminosity. 

(4) Reconstructed (as opposed to parametric) vertex constrained 
momentum resolution of qp~/Pl < lS% (TeY-I) for I'll ~ 2 
(leaves room still for a contribution from misalignments) 
for J{o _ 4 charged leptons. 

(5) Efficiency contribution from lepton identification of ~ 85% 
for electrons with P ~ ~ lOGe Y and ~ 95% for muons with 
PJ. ~ 10 GeY. 

(6) Position resolution at the calorimeter of ~ 2.S mm in r-~ 
or z (want error:::; q /2 of calorimeter position accuracy). 

(7) No special position resolution requirements at the muon 
system. Achievable numbers ~ 1 CUl. 

(8) B single tagging efficiency ~ 30% for 125 GeY ~ ml., ~ 
250 GeY. 

._------- SOC ........... 1'ndIIIII 

Req. (1), (2), (3): 
abs(eta) < loS lor Hias .-> 4leptoas: 

_ Luminosity not a problem (see transparencies on 
occupancy from S. Maxfield, Uverpool. 

- Pattern recognition and reconstruction efficiency 
adequate (HJ Trost, S Maxfield transparencies). 

- Factor of two to go from eta .. I.S to eta ... 2.5 
(K. Einsweiler, July sse lab meeting.) 

Req. (5), (6): 
lepton identification" match to calorimeter: 

- r-phi resolution of <100 microns per layer (<SO 
microns per superlayer) for 3 to 4 superlayers 
should be adequate to separate closely spaced 
tracks (needs further study). 

- radial coordinate resolution from small angle 
stereo is presently understood to be <2 mm per 
pair « 1.5 mm per superlayer). 

- track matching to endcap calorimeter should not 
be a problem. 
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~-------... soc IDIera.d1ale TndIIq 

Req. (9, 10): 

Triuer tbresbold and resolution 

- sigma(p_ n/(p_ T**2) for 10 GeV p_ T cut has 
sharp tum-on for most of the intermediate 
angle region but is probably not as good as 10 
(TeV)**-1 with present layout 

- can be optimized with slight (-0.5 m) 
variations in placement for IT superJayers. 
worst at eta > 2.0 

- favors projective eta boundary placement 

Req. (13), (14): 

Survlvablility at "standard" and elevated 
luminosity 

- Strongest argument for micros trips. Not 
considered a problem at present. but aging 
studies. substrate performance need to be 
verified. (Preliminary results show radhard 
substrates can be found.) 

__ ------- soc IIItermediaIe Tnddioc 

Further work in progress. 

149n 
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Req. (11): 

Discovery potential 

- Hard to quantify. Impact parameter 
resolution provided mostly by silicon. but 
intermediate tracking does provide trigger, 
improved pattern recognition, and does 
contribute to separation of charged particles 
within jets. Improved lepton ID via matcbes 
to calorimeter. muon system. 

Req. (4): 

Momentum resolution 

_ p_ T resolution limited by total available B 
field, favors longer tracking length (4.0 m 
1/2) and best possible B field without 
re-entrant endcap EM. 

_ varies approximately linearly from etaal." 
to eta=2.S. decreasing contribution aaudiIII 
to integral B dl**2. Still useful up to at Ie.a 
eta=2.0. Negatively affected by shortening 
of the tracking length. 
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SIMULATION STUDIES OF 
MICROSTRIP lTD 

• Geometry ofITD 

• Event generation 

• Detector 'simulation' 

• Simulation of a track trigger 

• A few comments about reconstruction 

• Conclusions 

N.B. This simulation is not yet incorporated in 
the SDC shell! 

R-TILES at Z = ±4.0 m, ±4.03m. 

Rinel 0.500·0.700 m 32 tiles 10752.tripo 
Rine2 0.700·0.900 m 40 tile. 12600 .tripo 
Rine3 0.900 ·1.100 m 4Stiles 18144&tripo 
Rine4 1.100 . 1.300 m 56ti1es 188161tripl 
RineS 1.300 . 1.500 m 64 tiles 21504 .tripo 

1496 

Supn·la)"er 3 
z _4.0 m 

lTD 

Su~r·laytr 2 
z. 3.5 m 

Su~r·I.~·.r 1 
z.30m 

1495 

R l' \' • 

t!=~ 

R-TILES at Z = ±3.5 m, ±3.53m. j 197 

Rine I 0.4375· 0.6125 m 
Rlne 2 0.6125·0.7875 m 
Rine 3 0.7875· 0.9625 m 
Rine4 0.9625·1.1375m 
Rine 5 1.1375· 1.3125 m 

28 tiles 10752 _tnp .. 
35 tiles 12600 Mnp. 
42 tiles UH44 It"p. 
48 tiles 18f116 ""PI' 
56 tiles 21504 Itnp. 
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R-TILES at Z = ±3.0 m, ±3.03m. 

Ring 1 0.3750 . 0.5250 m 24 tile. 10752 strips 
Rina 2 0.5250·0.6750 m 30 tile. 12600 strip. 
Rina3 0.6750 . 0.8250 m 36til •• 18144 strips 
Rina4 0.8250·0.9750 m 42 tiles 18816 strips 
RinaS 0.9750· 1.1250 m 48 tile. 21504 strip. 

'STEREO' LAYERS 
1500 

For definiteness. we define U and V tile. as follows:-

• At the outer radius of the til ea. the U and V strips are located at the aame" 
pointl as the R tilel. 

• At the inner radius, U -tile and V -tile strips have their endpoint. cti.apJaced by 
ancle. +nAQ, and .nAQ .... pectively. 

• The number n determines the granularity of the ,ystem in ractius: 
nWDber ofc:rouinp orR and U·'trips (or Rand V'ltripe) i,just (n·l) 

• Properties:-
-The angle between successive U or V stripe it coD.l1aDt aDd the 

IaIDe as that between the cone.ponding R strips . 
• U and V strips are tangent to a common circle centred OD the z 

uia. 

These conditions determine s. the radius of the ·circle of t:anpnu' . 
"IlR and r are the muimum and minimum radii of the tilea. tbeD; 

•• Raimv. 
where tan\j/ is given by Rsin(nAQ) I ( R . r«>a(~» 

TYPICAL RADW- TILE' z = 3.5 , Ring 3 
Rmin = 78.75 ems Raw< & 96.25cms 
432 anode. 441- 0.01984' (between 
strips) 

441 (of plate) = 8.3714' 
Sense-sense pitch z 272. 708~ (at inner radius) 

:= 333.309~ (at outer radius) 

Sense (anode) strips constant u:idth (lOJ.l} and 
&,..-F~ld constant gap (BOW' some for all 
lu.s. 

• Fast rise time 

For drift. velocity - 70-75 .una, 

1499 

time to ,weep electrons from cell - "'SRI - 3 bunch crouinp 

1501 



EVENT GENERATION 1502 

Use PYTHIA Higgs + minimum bias background 

Higgs mass 200 GeV, 300 GeV 
Higgs decay -+ HH -+ 411 

-+ 4jets 
-+ 2 jets + 211 

NOTE: minimum bias includes elastic scattering, 
sundry diffractive processes etc, -> total 
cross-section -196 nb (about 1 /2 is elastic) 

For lTD simulation, require (see later) events from 
2 bunch-crossings before to 3 bunch-crossings after 
the event of interest, 

.. - generate minimum bias events in each 
bunch-crossing - number according to Poisson 
distribution with mean determined by above X-sec 
and Luminosity (10**33, 3%10**33) 
- superimpose a Higgs event in bunch-crossing zero. 

For Luminosity 10**33, each 'event'typically 
contains 18 minimum bias and one Higgs 
'sub·events' 

:~"c. ..... '. 

DETECTOR 'SIMULATION' 

• Simple propagation of tracks along helices, 

• Generate hits in microstrips. 
• Digitize hits by generating 'latch' settings 

(6 bits per hit strip). (see later) 

1504 

• No material but we conservatively approximate 
the effects of additional tracks from conversions 
etc. by 'replacing' each neutral with a charged 
track of same momentum (random sign). 

• Tracking was done in a uniform Field of 1.8 Teala. 
To estimate the effect of Field non-uniformities, 
we also tracked the events through a (U!ld 
reduced to 50% (10%) of its full value in the 
region between 3.5 and 4.0 meters from the 
interaction point (keeping it axial). 

... The tracks include 'loopers', but 1arge radius' 
loopers which achieved their maximum excursion 
from the z-axis before reaching the lTD were 
assumed to be absorbed elsewhere in the detector 
and so not generate hits in the lTD. 

Subprocess Sigma (nb) 

f + f -> f + f 1.006E+00 
f + tb -> f + tb' O,OOOE+OO 
f+ tb -> g + g O,OOOE+OO 
f + g -> f+ g 1.493E+Ol 
g+ g -> f + tb 1.853E+00 
g + g -> g + g 7,747E+Ol 
Elastic scattering 7,088E+Ol 
Single diffractive 2,569E+Ol 
Double diffractive 3,l04E+00 
Low-pT scattering 1.165E+00 

All included subprocesses 1.961E+02 

'DIGITISATION' 

• Precise read-out method to be decided. For 
definiteness assume the following in this 
simulation: 

• Microstrip cell takes 3 bunch-crossings 
(45 ns) to 'clear'. 

1503 
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• Each microstrip produces a string of bits, one 
per bunch-crossing, 

• A track passing through cell sets the bit in its 
bunch-crossing and those for the next two. 

• We concentrate on reconstruction and triggering 
on one particular bunch crossing (labelled '0'). 

• The pattern of6 bits ranging from B-2 to B+3 
then provides information about the presence 
of hits coming from BO:-

-2 -1 0 +1 +2 +3 -=r= Hit in Bunch 0 .. . 
For triaer in BO. examine these 
6 bits in pattern recopition 

• In the trigger simulation, we look at the bits in 
one bunch·crossing only. . 

• For track reconstruction, we can use the bits 
set in previous and later bunch-crossings, If the 

trigger was produced in bunch-crossing 0, the 
above pattern of6 bits would guarantee a hit 
produced by a track from the triggering event. 

• Other patterns may contain such a track: 

e.g. bits ftom bunch-crouinp ·1 and +2 would yield: 

• hit from bunch zero mayor may not be p_t too 
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- In practice, such bit-patterns might be generated 
by up-dating discriminators. It provides 'maximum' 
information for track reconstruction purposes. It 
has the disadvantage that the BO bit is set by 
tracks from the previous two crossings and so 
these contaminate the trigger (for which we only 
look at the BO bit) and contribute to the 'fake' rate. 

-Alternatively, the fast rising edge of the pulses 
could be used to set a single bit, and a dead-time 
imposed for the next two crossings. 
Although the latter would suppress some hits 
completely, the ceU-occupancy is so low that almost 
no loss of hits occurs. Furthermore, we would 
eliminate contamination by tracks from previous 
crossings and reduce the fake trigger rate 
accordingly. 

-In this study, the 'up-dating' discriminator case 
was simulated. The effect on the trigger-rates of 
imposing dead-time was simulated by choosing 
hits with BO set but not B-2 or B-2. 

OCCUPANCY 1508 

Number ofbitslevent/plane. -150 

'Event' means the composite consisting of 6 -+ 
bunch-crossings worth of minimum bias events 
+ 1 Higgs event 

Mean number of bits I plane I bunch-crossing: 
-20 

Maximum -33 

Define occupancy as: # bitslplane(ring)/crossing 
# ~tripslplane(ring) 

Ring Mean Max 
occupancy(% ) occupancy(%) 

1 .047 .078 

2 .035 .059 

3 .02 .036 

4 .018 .031 

5 .014 .023 

Mean .029 .049 

Low occupancy ~ low probability of 'masking' 
of hits 'by events from other bunch-cTOBSings 
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lTD TRIGGER 1510 

• Exploit projective geometry: 
• Tracks are straight lines in $ vs. z and approximate 

straight lines in r vs. z. 
~ tracks stay in one ring. 

The slope in $ measures Pt 
• Form trigger using one R-layer (these measure cp) 

from superlayers 1 and 2:-
• For each hit in superlayer 1, look for hits in 

superlayer 2 within ~1 strip (in the same ring). 

--------- ~ --------~.~ 

TriGer window 

1512 
• The two-plane ·telescope' has a high accidental 

rate (-4 per event for 10GeV trigger) 

• Use R-layer from third superlayer to verify 
trigger: 

For genuine tracks, 

~ - (112) (11 + 13 ) = 0 ±1 

(straight line in $) 

• This successfully reduces the accidental rate 
to acceptable levels (see later). 

1511 

TRIGGER SETTINGS FOR Pt 10GeV/c:· 

AI ~ track 1i<l>riN!' 

Ring 1 3 0.0020251680 0.0005843735 
Ring 2 5 0.0026926502 0.0004986654 
Ring 3 10 0.0033730555 0.()()03462954 
Ring 4 12 0.0040405833 0.0003339277 
Ring 5 16 0.0047267745 0.0002921868 

\ ( .... ..1.-.,,,) \ 
(angle between l1.trips ) 

i TID HlSTOS C 

!~s~ 
16 

I 
i 
i 

r
I 

(Change in • between superlayers 
for track with Pt= 10GeVIc 

II ~lri" 
~ 
RMS 

I UDFLW 
i OVFLW 

13 
200 

0·07 
34.13 

0.0000£_ 
0.0000£_ 
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TRIGGER STATISTICS FOR UNIFORM FIELD. 

200 'events' containing Higgs (mau 200 Gev) 

Pt threshold (GeV/c) 20 

Two-plane 'telescopes'. 756 

Verified triggers. 236 

... coming from genuine tracks. 219 3 

... with Pt > thresh. 207 

Triggerable tracks. 207 

Triggered events. 120 

.·Triggerable events. 114 

Events triggered by Higgs trk. 114 

Events triggerable by Higgs trk. 114 

Trigger 'efficiency' (per track) 100% 
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TRIGGER STATISTICS FOR UNIFORM FIELD. 

200 'events' containing Higgs (mass 300 Gev) 
H -+ 4jets 

Pt threshold (GeV/c) 10 5 

Two-plane 'telescopes', 2187 4537 

Verified triggers. 684 1581 

... coming from genuine tracks. 537 1262 

... with Pt > thresh. 498 1169 

Triggerable tracks. 517 1190 

Triggered events. 119 161 

Triggerable events. 119 153 

Events triggered by Higgs trk. 118 146 

Events triggerable by Higgs trk. 119 148 

Trigger 'efficiency' (per track) 96% 98% 

1'524 

EFFECT OF NON·UNIFORM FIELD 
on TRIGGER 

• Full field out to second super-layer oflTD . 
• Field reduced to 50% (10%) of full value between 

super-layers 2 and 3 

Field reduction factor 50% 50% 10% 

Pt threshold (GeV/c) 10 5 5 

Two-plane'telescopes'. 1194 2408 2408 

Verified triggers. 348 632 544 

... coming from genuine tracks. 321 572 490 

... with Pt > thresh. 307 529 453 

Triggerable tracks. 317 563 563 

Triggered events. 142 162 157 

Triggerable events. 141 156 156 

Events triggered by Higgs trk. 140 152 148 

Events trigger able by Higgs trk. 140 153 153 

Trigger 'efficiency' (per track) 97% 94% 81% 

TRIGGER STATISTICS FOR UNIFORM FIELD. 

200 'events' containing Higgs (mass 300 Ge V) 
H -+ 4 jets. Luminosity 3 x 10**33 

Pt threshold (GeVlc) 10 

Two-plane'telescopes'. 5548 

Verified triggers. 814 

... coming from genuine tracks. 552 

... with Pt > thresh. 509 

Triggerable tracks. 526 
! 

Triggered events. 141 I 

i 
! 

Triggerable events. 122 

Events triggered by Higgs trk. 11f1 I I 
Events triggerable by Higgs trk 119 I 

I 
Trigger 'efficiency' (per track) 97" j 

~ J»= .&t.!-~ ~ 
00..> ""11:,110&«' Eo FFICIEIVC'" 

No ATT&Mrr TO 
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TRIGGER STATISTICS FOR UNIFORM FIELD. 

100 'events' containing Higgs (mass 200 GeV) 
H ~ 2jets+ 2 leptons Luminosity 10··33 

Pt threshold (GeVlc) 10 

Two-plane 'telescopes'. 457 

Verified triggers. 175 

... coming from genuine tracks. 150 

... with Pt > thresh. 136 

Triggerable tracks. 142 

Triggered events. 59 

Triggerable events. 57 

Events triggered by Higgs trk. 55 

Events triggerable by Higgs trk. 57 

Trigger 'efficiency' (per track) 96% 

Evts triggered by Higgs lepton 12 * 
* i.e. for about 1/4 of the 'triggerable' Higgs. 

Relevant for combination with muon chambers, say. 
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PATTERN RECOGNITION. 

For pattern recognition purposes, the pattern of 
6 bits can be used to reduce background from tracks 
produced in neighbouring bunch-crossings:-

A hit with a track in bunch-crossing zero must 
contain the following pattern of 6 bits:-

I I 
o 

'Hard' selection: Hits with precisely the BO pattern 
Only hita from bunch 0 survive, 
but not all BO survive. 

'Soft' selection: Hits containing the BO pattern: 
AU BO survive, 
+ some others. 

A slightly looser 'hard' selection is possible:
Require: 

1527 
'BACKGROUND' TRIGGER RATES. 

28 

24 

20 

16 

12 

The background trigger rate arises from genuine 
high Pt tracks from the underlying minimum bias 
events and 'fake' triggers arising from chance 
combinations of hits. 

For minimum bias events with the 'up-dating 
discriminator' option: 

Pt 
threshold 

Total Trigs/200 
crossings 

Fakesl200 

If the 'dead-time' option is used, 
hits from bunch-crossings -I, -2 no 
longer contribute to the trigger and 
these numbers reduce to: 

\' ,.,.. ( ·f ",h 
... 1.. (,4 rH~. 

:::,t-e..e n.,."e1c1 ' 
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• For hits produced by genuine tracks, thfor. 
are simple relationships between the nwnb.n 
of the hit strips in the 4 layers:-

10 is zero in the approximation that the tr...-k 
has the same radius at the U and V .. ,..,.. 
It is < 0 for tracks with·increull1I nell. 
(stiff tracks from interaction reg1on' -. 

• A cut on the value of 10 can be u..d to • ___ 
hit combinations from real tracu 

• The radius of the track at the mid·pl .... 01 
the superlayer can be deduced from other 
linear combinations of the 4 atnp nwnbftoa 
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CONCLUSIONS 

• The projective geometry and fine granularity 
in q, of the lTD micros trips enable it to provide 
both tracking and contribute to a level 1 trigger. 

• Low occupancy (-0.03%) ~ hits from particular 
bunch-crossing can be 
isolated for pattern 
recognition. 

• The lTD contribution to the level 1 trigger 
can be:-

• Close to 100% efficient at triggering 
on high Pt tracks. 

• Between 50% and 75% of Higgs events 
provide such a high Pt track. 

• The 'background' rate is typically 
between 113 and 1 MHz for L=10**33. 
- must be supplemented. 
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Test Results 

E. Barasch(TH A&M) 
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6as Microstrip Chambers - Oeuice Status 

M. OiHit(Carleton) 



1+ 

TO 
A 

Q) 

~) 

~) 

/'1. S. bi)<i. 
:J7 st.JJ. 199' 

l.l\~~.ak.. '1 ... ,,( '" 't 1550 
4Q...) Mic,",sh-1p C"ow.b.,.s - J)t.ViC-e. S4-qh.., 

'" ...,to.... cl,.q".., ~qT hde c,..(~~ cJ.Q ... !..,. 5 

''''''. "",u c"t. seVfTe'!r .t.'"",.~ ; .. 
e'W!1'1)r"j_'1n 

IN If', q".oI. 
J,i," ,...k 

M ..... ""'... c.""f. r,1ts 

/iris ° ........ ·"ho" cl_,. .Ii"",; !oJ 4)' ?p.c. e"'-.,. e.Htch 
too".,u ",i,,} (I,,, o~ j>./M. J,t,,,,,~ 

1"" ~ ... }Afh.i; c-ha..J"..... ~. ....". ~I .. r/.DJ .... Me 

r~»IQr.cI~, C\lkT""h,,~ ",uro..., qnocl. St· .. il>s q"rI 
",,1<,1., -titlel t.1 .. r).,lde lOll+,-oelt) ,hi»s pTink" 0" q 

\'\t.Q' i"s .. lQh,,~ ,."bsr,."k 1",",,,,. fitlel Cl~ q"oclc.s 
C. .. IISts 5.... ..,.IIi/>I;(oVto". 
s""" II J) p .. d .. ~ Io.Not" Qnoeles ('" ~00 i' ) "''''~~><d +-D 
OT(::L .. Q,)' wiTt. t.ha ... bt-rs( ~"" ..... ) ,u"lk j .. )...;.,1,.,. 

p,.~c i Sio., , (0... occ .. "'~cy. 

VU)f I-,i,~ ,""It. ~.Io .. l.i); ........ i~ 1,_ ~'5t. I..,,.,jts 
L io .. s QTt col/te~ * -H..t " .... ,)' +i.loI .. 1t.cfwJts ) 

E.:II.pt.ckcl tv j,~ "' .. c.'- Ius A ...... ~hj,/. tv "'''''," 
q,,01 TQ.,t'o.liC>'\ clq_.p~ ( CI,.'1''jt. co)/t.c}.<.J pt. 
I.o\"i~ .h",~ of. .. I .. rboc:!e-> is ,,,, .. lit, "t.., .. ", cloStJ)' 

,," ... rul ""odt. t-r"-C~) 
.1) Elec:."""i'f si"".,,,,~ Si f< si-.;p,. 4<:vt ,QJ" . CJ. ... , 

F;,sf. , .. ~.,s p .. ~1 ;"l,t.cI O .. ,.~ cJ t I, tt) "JlI"! 

.7~' • 1'0 
A~tli"i d .. " C '''') "" M. 

TO 
A 

__ eouiJ'· ConooI_"_ 
c..- oIiIr"'eathode plane 

.ATI i 
F,'a'''' (Ca:::cce ( ~C·50 ;.U-:l )) I 
e'~~"'.e \: Ar.cce ( 5.10 I-1m ) • 3·5 t:lm 
0.2 mm 

\ 

con 00' 00" 0' oln 

.... 7 

1552 

TO 
A 

d' 

... 
.0' , 

.0' 

p.-n:LfS,.' , • 
1.' to' IMUC 
iii 

10' '0' ,.' IMPC 

•. oi.. ____ ... 

0 .. 1 

0.1 

0·",0" ,... ,... ,.' 
c:......(tIA''''' ... 

~i>5 ~ .. i" "'$ 

HISt:;I/C .. .,d 

;"7'" -f/U}l. 
~T_ .. d" .. d 

+ ....... 
HWPc. 

OAT' I 

F,a'''' (Ca:::cce ( ~:·50 ;.:1:1 )) I 
el~~"'.e \: Ar.cce ( 5.10 I-1m ) • 3·5 
0.2 mm \ 

., II 

., 

1551 

1553 



.+ 1554 

lo .. jI 
::. .... sh-"'Iu ",it<. ~~I" ,...,i .. l-iv,.", ""' 10 ..a.~ ... 
(su,f~~ ' .... i.Hvlry.. ot - ,o"..A/e) ~.,,\ diUi;q).c. 

1>+-. .. .>' ch.Q''3'" .l4>1cLo", hI +'.t. ~o." b.tw •• ~ q".ch 

Q",d f,°c.ld ,.,t-.;» ~ "ot 0 •• '),\0.;'. 

M.k",,\-iO'" of- ~1 ... l1c A~ bSf-,,,)U 

Lo", ..... os q"" ""~ nij.le .. c"ijfTi .. ~ 

i;) s ... -.u Y U"vhsn:,. .. 

iii) c.a" covu 110" ~Iq>l'" Qn.- ~ .. ",-.u~ .. j." ., 
IQ',L qrt.ov>. 

:=theMe!), Q.chvc ·kclcl of. TU~ .. c.t- LuOTldwide 

-+0 5o!V~ +'-~ TVVIny p"""/P",,,S ;" """",o",} 

.7 '1 • ~., 

-< 
2 

,. 
fl/. 
W 
..J 

pT"C h c.cJ lQr'lL "CAJ. d ..... , .... 

jl 

--
.-;~.-~ ... ~ .. ~~.~~.~~.-:-:;-... ~ .. ~~.~ ......... . 

.. 

e 
~ 

.. 

~ 

1556 

tV 
('r 

I 
0:: 
Ii;-..... 
4-

2 a. 
; ill 

" !' 
food 
~ 

'" 
t: 

....., 
r' 
t: 

-1: 

1555 

I- i ... ~14"luJ CV441h ,u\.sh-cJ.c 01100 

c\-A.",L, aJ- NItR C~~\I 
-h4 ... fY\I.!...., 

",,)..or ~J~u II' ~~5f.o,Jc o..,pfQrs -II. .......J<. weLl 
.r.Jy ,I t.&ION ....... ~+-s ° Sh..cI)' o~ .,~ 
-f... ,,-U 14T"'~ ~..,It q..l 1.;,1. tI&I~&. 
sJot-' )(t/)"e/c.~ • ll"'C/C'.l 

~;QJ/S 
PI ... hc,c.Iu:!",,~m ."It fc.,-ls -fvo,"p.".,,':1 

t.iccWo!.olo,"l\<S ( ~'''YS ) 

(IQ"",,,oY") BtQ"h-t.J lL~'Ps 0 ... '\Ap"'~ 0"'1 ~;liCCl't 
\.v i-\-c. Tes~\Nt 

u\<. 

1557 

Fl •• 51 



•• NIticIrW ~ CQ.rICI c:cn.I""" de rec-.c:r. c.- c.-
S" ~ut.~o.P../ ,pill (-l7'~"''') c..efl,l\I Nt./01 J._~ .. I- Q}-

-::. S-1I\./OS-/C ............ ~) 

TO 
ooa 

A 
1558 

00t0 

oot !!t 
::2 
C 

B 

oot 

0 
a.t OSt oot 08 oa 010 os 

(1911/1&11:) elilolq mse8 

~ - OOlot 

~ - OOSt 

-OOOt 

~ - 008 ... :r 
~ - ooa c 

B 
~ 00t0 

~ OOS 
I I I 0 

a.t OSt oot 08 oa a. OS 
(Iennstb) elitOlq msed OCWIM 

.7 I, ~ , .10.. -'':1 

156( 
»,IH c.t4.00"~ »1 ..... 'It " ... -
't' l' A 

Voltoges Geometry Support 

Anode 6!>O.OV Anode 
Cothode O.OV Cathode 
Bockpiane IIIO.OV Pitch 
Orift -710.OV Drift 

30 .• 0.0"," Th;C....... 105.0"," 
150 .• 0.0,,", , 1 t 0 

390.0"," p I.O·'O·Mllem 
4.0mm Before chorvi"9 

.7 _, e -,, 

•• 
TO 
A 

155!! 

CERN TecH~ .. C},.q,.,J. .. · r"k ~I-s 

Bo"cJie .. ,F/orr,,1- et .. 1 PP!/,,·Ioi 

. 5 .. 
" 

5000 

4010 

It-, 

TEDLAR Flux - 10' Hzlmm' 
Vb .OV 
V. _2OQV 

3000 t1 ... - - ....... - - _ _ _ V •• ~ 
[1 - - _ .... . .--

-.... !....MOV 

2000 ~ .... ___ ~~-::::;-____ -_. 

V .600V • 
1000 

20 .0 10 

Timelmift) 

Fia·9 

II 'eo to 

•• ~~ ........ =-.. -
f:~I .... e/.chic h~1oI L·"u • TIlJlo, c~ -< -. .. .,.) 

TO 
A 

175 r--__ 

'50 

'25 

'00 

50 

25 

VOltoqes 

Anode 
COV'Iooe 
Boc-.plone 
O"ft 

6!>O.OV 
o Ov 

'600v 
-7100'11 

GeOrT\et'y 

""ode 
C01hOde 
Pitc:" 
[)roft 

1 
1 , . .. 

... 
1 

30 .• 00,...,.., Th<........ tO~-:"'_ 
t~O .0.0-,,," , '1., 

390.0 ... ", P , o-'O'~-
".0,,",," Before C"O'9-9 

J5E 



I T Gas Microstrip Detector T ... 
T,Tanimori 

- 156 

od (5 10 20um width. 1 um thickness) . 
An e • • Cathode(40.60.100umwidth.lumthlckness) 

·500V--700V 

Kapton 
(16um) 

Backplane (o-+30Ov) ~ 

Size of Silicon Wafer. 5 inch 

Material of anode, cathode Gold 

Gas Argon 90%, Elhane \0%, etc. 

~~~: ... l 
Qoeo.-~ ... - -

lo_w-" (= r_ --.. ~ ..... 

(: 0.-", 
v .... y( .... .. c:.....lt) .... '- .. CoIIIId (1. 

Pc!t"""'.fJ.< (--
.... 
c-MtII .... 

~·~t~ e:.-u" . -V,ly..r-...,\C.--C .'- •• e:.--t;..-r Lt)~ (w.e c-M -1- .. ..... ... 
1.t~a..')+U ._ -"-101 -CI. ,....., .. --. 

..................... __ MIDft 

f2I .., .. ,... .. f'......- .... 
1., Met ......... ~1IIIH 

'I 
to .ft./C! 

47 , , "1 .,..,.. 

..[1../0 
....... ·-~lO~ 

.... tOIII 
10 .... \.. ~O' 
10. ,,,.. - !&'! 
'0 .. lOt. ,.., I. It.. 

11. "'. ""'" lO" 
J.J. "". ". ,." 
I" .. -I~' ,r •. p -h,·· 
, ....... -'.'-, ... ., -,.'. 
.,. • ... Pt - ,.'. ,...... - .e'''' 
33."Qt",,-,o1 
••• to" '" •• ,et .. 'I ..... ." "'-'e 
II .... 

"Ie 
.. 

1 .... ""c." .,- .. - e.' 
t'" ....... ". •••• ,J. '0" ,... '. ,\, 

5 ... '0" " ... ,. 
17. ,... ~IOrl. 

(00,._- 'U0r ..... 
f<-;..,.;(_) 

... -,-\ 

.+ =-""'- =_ae_ 
TF" ~ S A ~ M Ll""V~":f'Py 

TO 
A 

47 q • 71) 

~ 
N 
I 

f".. 
l'I') 

§l I 
en 
eo 
N 

.' . I > 
~ 

'" (!) 
..-

.J:: 
0 

·C 
"0 
0 -'. 

~ 0 
-::..'. (!) 

I L.t... 
c::l 

L.. 
0 

'+-

> 
I 

II 
f 
tI 
:s 
0-
II 
0-r» 
JJt 
Q 

:c ... 
in ,., 
~ 

1563 

G*~ JVllc~osmlP Ck~g~ 

R& D IilG-~LIC.~TS 

ElIC£LLe"T fU-fT,C rl)eNTIREb: 
'Sf G<\oDiICli eo Pot." C"T\i~ A'aS 
N'o S"Rl=4t1O 014/1.,",01'"1 011 AIle ~HA\lloR. 

N'o Tu"" eo~ 
~..,,- MMtt) 

SOB S'7"'AA-TE: ~~ Q. \ CA-;n: 

EX~ ~L~"T" .... ~. Ire~e-~ \ .. .1 

lJ!~(""'<:-1!KO:"" 1..1T'Ie>e...Mi>l-I'1 C3~or'" A"iei):; P.--:c..(' 

~'>:I'\"). ('.I/Myta~S" -'-
7S"/ ....... P!:c-". r!\.,-~,<. C_~:M.,=,-,,·/N ,~; .. ' 

\~""\I~ ~ ~ 'Kf;."'~r. l!o<E~~tO'I\'N) bL~aK;<. 
~~:'. 

CN\~S SYNC>1~"I!l!~- I3v~ FRO>lT ~t:: 

RIr\) 1 1-/" PIe.. £' c.c",\>t.E";-e 

2.-<:!..otJ< e..i~r: RE"c.ov~'1 
MO~ I( R.v'l/ 'TlHS ~LL 

1565 Ul • II £t 

" ~ 
'C> 

• \ C-

~ c-

'" ~ 
t;. 

\ r 
~ 
~ 

• % 
<' 

~ , 

~ 

~ 

~\ 4b, "b, 'b, 'b, 'b, 'b, 'b.., 

\. \. \. \. \. \. \. \. 
(.eJedwy) .1H3~nln::l 

--., -""" 
~1ip~!IIIIIUOO~~~ •• 

" !! 
0 > ....., 
..... ' 
() 

~ 
0 > 



:; 
\ 

t 

. ' > 

--

•• 

c 
0 .. 1\: :;: 
0 

=ti 

~ .~ I 
--' , 

N .~\' E 
U 
"-C 

'( 
0 .. 
~ -0 

N 
I 

'" ..., 
I 

en 
IX) 
N 
I -II) 
u 
o 
'0 

"'-
.i 
l-

'" "" ~ , 
. 
n 

u -. 
of 
III -::~ 
m t--
""...::. .. o -

! 
I 

i 
I 

156fi'"'''' 

., 
0 

~ 
N 

g 
N 
N 

8 
N 

g 
II) ..... 

III -0 '0 g > ...... 
&.I 

~ " "" ~ 
0 

g > 
N 

8 

1568 

6 ('M )<1 C"" "" ... Ii,· • ., ..Ir .. ict." 0"' +t .... IWl{. 'j/QSS 

b .. sstd C(",oel", q ... "A ~tc.odf<l 

~OO fA pi~ 

Sieble '3 cU"I\ .;). 1..",,$ f".. .... ;"'T" 0'" 

No "tpr""'r"'~ of- 5a.4"1 On r--.}..., ""tP>\ 

Cos",,;c ~"''1 +-e.,~ wi+"! C f .. b ..... ~.t ~~st.O i..., I>~ .... rs 

l1li .. 10(;"':1 ,., .... """" 

Li ... , pOD I 

,IIi<o" b ....... eI,v;,..." 

E-p'-iA "" b ..... l~ i.J.'.... l..i .... \,'.., r"'I ..... s ,~ ... J~;",' .. '-;. 
"'~..J. IIAL loo r joih.l. c,-,,&.. "'" i II I.e k-olc.d ..f 
1..;_1-" .... i~ i..,J.;.;,l....; ~".cIo rt"" .,J. 

IfIIUSYS ".41f11 
flUG 19 1991 
ZZ: 37: 01 
PLOY ItO. 1 
POST1 STRESS 
no. 
Sto: e6(16 

t. .1 
DlShllZ. !i 
XI eSt' 
VI elZ5 
EDGE • •• •• 

ZZ(' 
Z~" 
Z8" 
31" 
34 .. 
37" 

53 .. 
56" 

6"" 

~
~;l\.-- i 

.-- : 

~~"i~~~ 

1567 

fIIno._ Uelt •• e: .00 U 
fII"e.e Width: 10 ... 
field CAthode: 100 U 
11eld C. width: 10 ... 
IfIIne'."f1el. C ..... : .5 ... 
Orin Cathode (lU ":soo ... 

lack Cathode: (lU "'50 WI 

H1cro."tl'1p Ot"tector _4 (Z DUll, SUn,l,) IrOf1 OITLII@'C(RUUM.C(RH.C" 

lAL 156~1 

10' 

10' 

10'~----~!~J~C------~E~"0~----~7~0~0------~'-OO---J 

"NOC!: .. C).':'r'lC!;E r:07£~iI'\L (Va - Vb) Volts 

f:ilIW 
Cos gOO curve measu'ed in !he lest dtleclor wilh a 90S fiIinq 01 ar9O" " 

2)~ isobulont (Vc = ~. Vb = GY). 

ft will be noltd thol 90S qoins grtoler lhan 10000 art achieYed. 



.+ 

CAlHODE READOUT END_ 

UNf.r CEll PITCH 
~ 

· .. ,·I······· .. 

" .. ". -~-I [~ . 

BONDPAD~ 
«-- 80 X 80011'" 

. .... 'r 
TOP LAYER 

OXIDE WIDTH lDClO1Un 

.. ..... ~ 

" " " ......... ANOOE-cAlHOOEGAP 
ANODEWIOTH---If-: : ~ ..... 

.... ..... CAlHOOE WIDTH 
CATHJDEGAP 

900~m , 
t···· .. '>1 

BONDPAD SIZE 
<E--- 160 X 60011f11 

ANODE READOUT END. 

5 
unIt cell Pitch 200~m 200~m 200~m 200~m 100~m 
ca1hode gap 10~m 10~m 10~m 8~m 
calhode wld1h 30~m 30~m 30~m 35~m 26~m 
anode width 10~m 8~m 6~m 8~m 6~m 
anode-calhode gap 60~m 61~m 62~m 57~m 34~m 

tJB LHe d,.:..e .... J'a.\.J ! ;; 
I • 

__ C<u>co 

c..-

c 

157(1 

1572 
TO 
A 

I) 

... ) 

CElt", d&?i., ... ~cll"" cNII~,,",S oprrqko"l.,J Fe SS"+t51l 
S)'"S~_hc sn...l)'" ~ -f"11.",, . 
Pnclsi_ !.·-rc-o' ...... P7 0"1\ p\ot.Jic. co .... r .. ., .. J.)~ Jr, 

tW Qv ..... ) .. A.)e of- silico", q...,l ~1"sJ. l> ..... )o!-,.,.}

P>"»U). c.v'+co PPM, Mo" .... -c..J L;" coll .. bo .. coJiO'1 

wi-\-<, 5 ..... li 'j~ ... » ~ C:~PN) _ 1>- po.,'"us 

30) EI~cl-wA"'",hCA of: koys-n.-.t }-'-Shir '~O""'f't-ry 
( Gia.f;.ld - "0 c:li~)~~+vIcs) 

.7.1 • 'II 

171·9 '73.8-

~ ii'. c.~"'ie ;" ""u.f....rc r.:t..!oI f- lOOI. t.h.."'; .... 

j" -hdcl ... h-ip IV iolft, _ 

l"cLvi"".....J 0Il\.~'" 
\'vi ... J.."c:U~ 
E/l!cho,,;cs 
~~ \-t..,t-s 
N>.ol..- ",HoYl oI.""''''.,.c r" c.oll .. bor ... kll'" Lvi+'-

Tit! I)kf<. u,~ 

U"i vtT~i~ 0 t Mo.,!-rl.aJ 

I'I~T"'). 1'1 silico'l 1,....,.." '3q,.. "'SM; c.~_"'r 
,., .. ~ S I-no.J<., 

"""",~CcuncoI 

~.Ir.I'" 
,~ 

TO 
A 

Ptc( k. 

t>~ .. tt ~" 
r..:'h-

[1'\t't9,Y 

:) 

r-

,lee "'-
~'f.l .. 

(hv) C ~.....J""f; - -...-..~ 

9£" 

0 .... 
~-.-----,. 

. .. ~ 

.~~~%~""/" ":-: -~ 
~= 

!5!5 
II. 0-

'-' 0-...., zo-
~l!:I ...., 
'ioi 
c-
O::c 
Q;c 
co:: 

- """'0 
~:»Jap~~ 

/I 

<~ 



•• 
TO • 

Na!.ontll Resc.y; ~ CJ.r;: 
ca~ i571\ 

w..,!!,·", etc"ir&" cJ- """'",. l .. {,s RAL, NIKH~F, 
tNFN, te~N, oT"~"'A <I"" o~r~.s 

1100 C"'H"cJ l1ev h""";"'P"~ e>J. ce~~ IN/lJ4j .... ..., 

;0>\ i""\>I",,J-<../ 'I."'~+l <I"ot o.PPt4'S to 1\('1 ftliqb~ t"O 

r~l<., " 'i")C I o"/~ ... ~ Atot) 

11"""n.<J!, T"lt. t+ltt1'5 /l~1- "",J'rl.h>od f.., ...u ,,!.sr....x,.. 
S~T~ ~ ? .... to.~& ;:>",1,5""";'" ;" I>I...,hc.,/.~,. ""~)n,;...£., 

~o"'h""",.., . ~"b,1-nJe ..,ca T "" "' ..... ,,1;.- ],7 Tr ... ...., 4~11 
"..,A "Jloch.,k-r ~cL.: ... "'" .t .. ~ ......... ~ 
I:h, .... m-..k'" ",...,a ol>+i ....... ~..., op ...... H ... ~ ~o;.n "',"" 

-n, b~ be 'Hf'~ 1.I~'vsmn:l 

~"J.ivi~ q .. ....Ir rlP<d c..J..., '" i ><. bo"cLi"1- ~o,l... 
\.I""'ry~!otJc,I -G......11 .-7\.<4.1),...j.., , 

C l.,lC't o~ ...... d ... , .. U,i~~ C. 'i0ld -vtyS ..... ~-< ......... --Y 
q .. oir. o~ ~~ , Q.~ "'j "t .... o/-i c., <J..I".'t.oI to ~ 
cI ... e 

PTi"h.~.'1'\ />1 ..... h'" ,",CI"'-"."Jt 71 ~c --.h...c.J\ ...... / 
Jq,'rl coI,v;,o, ....u "i.~ «cldtJ (L~l.... 
~,",,1"" }-;.,J- of T&IO \ ,',,),<. ".~lc ..... 

M,,~ ~ss ~ ~~ .......rf. ,~,J- """cA TT •• , ..... ft.J fr, I.e 

"'-. 

.+ =-...~ g::_ao_ M. S. bi)<il 
:27 s .. ,.~. I" 1 

TO 
A 

iSiS 

'" ...,lO"'>. eh.qr,uI ~q. h·c.~ dT(f.~ es... ... I.r. s "",.+,- Q'Ucif 

'fM~ ""ires "re. se"rrel!r l.(""ikj ;" I,i," .. ..Je. 
e "" i 1'1ln _II ts 

M_",",""<I'" co",,1- r ... 1u .1t·""i~ 1,7 "~f d,,,..,~ ~~ftrk 
I'rl, ° ........ · .. ho.. ol~_,. c. ..... 'u ",ill,. C Ius o~ }>.Is~ I,"<yo~ 

1"" ~"" }Asj-,;~ C.Na...b ... , .,.,. ""I" ~1~c/ooclc.<1 Me 

r~pIArecl~, r.lkT""h"~ "QHO"," q ... clt 5h-ij>s q,," 
wlc:h, +llid t.1~<~de la.+'-.cle) ,h;~s )>Yi"kJ C"I q 

I'\'tQ' i"s"l"M"~ ",,,bsr,.,,k l"~,,St .fill ... A~ Q".oIu 
c. .... StS 5'" .... ~lh"l;c"'h.". 

Q) !' .... "II /.Ip .. t'''~ I..N.,,, q"oclu ('" "oo},) "''''~~rtd ft, 

OTcl,,,Q,),, w;,." c..1..:o",b,.s( ~ ....... ) ru .. l+s j .. h;,~,. 

\oT~ci 5,'0>\, l.", .cc")oq~t>,. 

VeT)' """ .,,10. CA~.Io .. \'(k", wi~ '~"" ~~'5~ L'",;ts 
c.. ic:'IS Qn colltckd .,J. -H.. "u,,)' +ill.,l .. 1"t/'WeltS) 

c.) E.JL~~ck.cl tv J,t. "' .. c.~ l .. s1 "',,""Ph!./. h:o ",""', 
q"cl TQ.d.io.li17'\ oIQ"'.~" l cJ,.",.,t. co IIHJ.o.d p,. 
"'''i~ Jt",tI- of ~1",""dCl> is s_lIrr ..a... .. to dO~lJ)' 
~rQ.rd ""odt rrcr.c....,) 

t.l) Ele",..."j,s $;"",1"," S; ,.. Il-,,;P" ~ ,cu., . Cl. ... ,-

Fo,s~ fAJ;It,s , .. l.li .. I,tJ Otcl ff.. ...l t I,.,) N'M 
"'1 • ~IJ 



Layout, Material, and Tracking Length 
Considerations for the Intermediate Angle 

Region 

A. Sill(Rochester) 



... : .. : 
. :,;.~ ... ". ~l:~-:--;._; ~' .... 

·">'f.r .. ;.=.}:. '~.t<:;~~ __ :-~;~~~~?:?:: .\: 
. ---: .,~. / .... : ~-.... . .. 

.. LQv .. ~Mo.~;6.}"~ J I - .. ' - I, 

..... ,.::-. 

.":' 

. -

·ir .. cl(;", le.#. Co.. $;.1.-+, ... 5 

--Cr' Rl ~-J.v·~ecl· .. +~ A~ 

CI) 

c 
0 ... 
a. 
0> 

0 .., 
CI) 

C!" 
C!" 

:l:: 

> 
0> 

(!) 

0 
0 
00 

c. 
0 ... 
:::> -0 
CI) 

0> 
'- ~ 
CI) 
CI) 

10 
l: 

0 
N 

~el'''' 

It') 

N 

c 
S 

t\I~ .. 
1 

"1~ - '" o 

'o 
:>-

_w 
.g 
0. 
o .. 

1t"J-8 -:> 0:: 
~ 

1579 

Q) 
c 
o 
~ ~~~--~~~~~~~~~~~ 

c g ~ ~ 2 ~2 
o yo) 0 e ci 

(hall - ld l") ld/(ld)a 

COAl t:..LIIS IDIJ3, : 

.. 
'il .. 

.!!'E. 
" .. 0 -c.c 

... 0 I'i o c c 
- 0 ~ .; u 
i: g E 
'" c.J .. 
g E ~ 
Ul : E 
~ m :s.. 
'" 0 0 OZN 
<> ! 0 0 

1578 

,.~ 

~ 

1580 

lj Ilffc.r ..... ,1'· ... +c o."J/~ -r ... AcKc.t" Sh." II ~~.-< 

Sllferl .. l...... I'0s;+,~ ruo/_r,'..... SOp. .... 

-t. ,..-.tl.. :s; /,' .. _ STr,f' s:/s1" ..... , 

lj 4);t/., S.,·J ;"'fc.r .... J:J(. 0"":J/(" rrAc.Ke.y', 
rr: I S close r.. 'fie ~ " .. 1-... " .. 1 /,-,..,,-f V"'rtr 
fyo,.", n.e c" j"JiJt4 ';0... 300 G~V H''Jr .... zE .. UL/ 
lj Sl.ow/J ,'"tu.,...1;../-e. 1I.1/e. 1; .. cK"", ",u.sure-

R. oS o..>cll AS ¢ '! N .. t" ec.l!s so.r'y +. ... 
res 0 I ... f-,' ..... 

,..,,50 I,,-f, .. ~ 

,'",,/>o..r ts 
I 

) 
I., .. f U1<:/'../ 

011. r-r ... ,k:"'J ,..esc { ..... h'v., of .. ,. elec.r;,o>,s 

~ 1 .. ,- +-; _~r: (:: ... J:( J. V\..... J _. -'" ~ 

.' rd 
evvr1 (~ _:J 

I 
'-

i.'. 

.~ .} ';6Y" - V 12t2.t 
I ."'-0-: C J A 1· 

-" / 
__ ,...;.)."J 
1 _ .-"-:: :: .•.. ',: 



t ------ .. 5000 ---

~_2.9000 

. • el ill strip and wire chamber 
Fig. 1. Conceptual design for a piX , I con , 
tracking .ystem for a solenoidal detedor. 

_0 4.' . __ T""-- .. __ ........ 

4.000 

3.000 ----~ 

-:-r 
0.5000 

~ 

'1.0 

~ e, 
-t. 
~ 

t 
~i 
~C 

... 
UI 
ttl 
~ 

:5 • g,. 

Fleld M~p versus Pseudo-r~pldlty 

2.5 

2.0 

1.5 ~ ______ --~ 

1.0 1------------

0.51-______________ ------

0.5 1 1.5 2 2.5 3 
PSEUDO-RAPIDITY 

Field Map versus Pseudo-rapidity 

o~~~-L~~~~~~-L~-L~~~~-L~-L~ 
o 0.5 1.5 2 2.5 3 

Pseudo-rapidity 

.... 
UI 
ttl 
N 



..I 

" >< 
II) 

ii .. • II .. s 

Ii .. ao .. ... .s 0.5 

, . , , 

~l: . . 

. 

, . . . , 

, , 

. 
,. 

. 
,I 

,i 
, ., 

, . . . . . . 

2.5 

t..J,l:. Vf,l::, 

. 

. 
I ; I 

I 
~ t 

1~ •• 

3 

~, 

til 
CD 
co 

fI 

~, 

til 
CD 
-.J 

o 

2.0 

11-11 - Sot .......... 
PROPOSI!O"CENlRAL 0UTEfI TRAC!<JNG SYS~ 

=,.. 
- =~ 

F=====================================~ A 

~============================A 

o 1.0 2.0 3.0 4.0 

Zlm) ~, 

f rA'IIIIV't sf A-"-~ .. ..,u ~ 

y - 1.0 Y - 1.0 

1.5 1:=--------------:"'...;",,-
1.0 F=-----,---,-'------:-'-'------:..--

0.5 .1 .····1 ..' 

Z (m) 
8 L AXIAL Sl 
6 L DD selFI 

30 L RADIAL Sl 

t,..1.. t;/ ~(: .f; 

. ", 



c.all to plOL i',LftCl"'! ~th 1_",ch 1& for Innln, t ..... '''In, lUll): 
Flu; «;1 Lu ... t. norMottUaUonl ov." full r."90 of inter.at 
(al".". do ''''I, eYen th0u9h it "'an' t. plot. &nyt.hlft1! I 
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C=ALL patMO.09,O.OI.O.O.O.15) 
CALL paLh(O.12,O.12,O.O,O.15' 
CALL patMO.II,O.II,O.O,O.II' 
CA1.L p':'hCO.21,O.21,O.O.O.21J 
CALL .,.Lh(0.1.,O.24,O.O,u.2., 
CAlJ, pat.h(O.21,O.21,O.O,O.21' 
CALL pat.hCO.13.0.U,O.O.O.33' 
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IRTtGIU.L PATII for ,lUClDn barril layer 2 
:nrrzGUL PATH for alUcon barn) layet 3 
tNTF.GJt.lL PATH fo: .Ulcon barrel layer 4 

! IN'1'£CM1. PATH for etUcon Nrca! lAyer 5 
llft'lGML PArR for .Ulcon banel l.yet , 
tM"BGM.L PAn for .Ulcoft, Muel byttT 7 
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CALL petll(O.15,O.l.0,0.ltO,O.ltO) 
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CAw.. path(0.22~,O.4U,1.U, 1.36) 
CALL PItb(0.2Z5, ° .4",I.n, 1.61' 
CALL pathCO.22',0.4U,Z.O',2.01' 
CALL pathCO.22~,0.4U,Z.'5,2.551 

CALI. path 10. 101, 0.111,0.03,1.35) 
CALL pat.hIl.D40, 1.04',0.03,1.35' 
CALI. patlll1.JSO,1.1)4,o.01,l.U) 
CALI. patbl1.UO.l.4Il,O.0l,1.U) 
CA1.1. pathll.'10,1.,U,0.03,'.U, 

nrrEGRAJ. PATH foe .U1COft cUel layec 1 
IlI'%ZGItA.L PATH for .ll1con cUelt layer 2 
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I 1N'1'ZCRA1. PATH for ce"trd .tra. layer !I 
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CALL palh(O.!I,l.l.',1.o4,1.41) ITIITEGRAL PloTt( for \"t.~lata ",.tcLp lyr J 
CALL pathIO.~,1.'OO,I.·I,1.71) !nrrEGM1. PATH lor lnto,"'1al. uatdp tye :. 
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We have assumed a .. m half length for tracking. For calorimeter 

1'!.'Jigns with flat endwaUs (ie non uniform fields) 3.81 m is a reasonable 
"1"~1S a9 to how long we can make the superconducting current sheet. 
I'Heover, we have not been able to come up with a plauslble scheme for 
ai-sing the field integrals in the region of tho intermediate tracker 
or such a design ... ,eg we looked at extra windings near the end. graded 
'urrent sheets, and various trim coil optlons .... if one puts enough 
'111 l'ent in these to be effective, then nasty things happen to the coil 
..... 'ces, field uniformity, and the amount of matarial near the end of the coil. 
:olutions with reentrant steel look much better in terms of field integral 
n this region since one can raise the field to 2 T eusentially everywhere 
n the tracking volume, However. in thls case either one must lengthen 
he calorimeter by about half a meter or shorten the tracking half length 
Iy this amount. The calorimeter guys say the .S III length increase is 
lot all that expensive since the actual volume of calorimeter doesn't 
:hange all that much and the tower count doesn't change at all. The 
'uon guys like this design since it glve them more integral Bdl. 
\S far as the actual construction cost of the coil is concerned, 
h"! costs scale linearly with the length. However, since a significant 

);trt of the cost Is engineering, refrigeratlon systems, transfer lines, 
!I r; and these costs are roughly independent of length, the actual 
'ost dependence is slower than linear. Bottom line is that coil 
:ost vs length for small changes t/- o. S M is not an issue. 
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SDC Outer Tracking System 

SUCCESSFUL PROJECT MANAGEMENT CAN BE DEFINED AS HAVING 

ACHIEVED THE PROJECT OBJECTIVES: 

Within Schedule 

Within Cost 

At the Desired Performance/Technology Level 

While UtiOzlng the Assigned Resources Effectively and Efficiently 

These Objectives Are Obtained by Proper Project Planning and Project 

Monitoring, 

VI •• ",,.. J 
Olll 
'Utl 

~ Westinghouse 
\BJ Science 8. Technology Center 

SDC Outer Tracking System 

PROJECT PLANNING INVOLVES: 

Defmition of Work Requirements 

Definition of Quantity of Work 

Definition of Resources Needed 

PROJECT MONITORING INVOLVES: 

VI,_.",." 
DO" 

Tracking Progress 

Comparing Actual to Predicted 

Analyzing Impact 

Making Adjustments 

t(j}\ Westinghou!.e 
\BJ Science 8. Technology Center 
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en 
o 
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Vl •••• ,1Oh I 
OHI 
'H"I 

SDC OUTER TRACKING SYSTEM 

SCOPE OF WORK 
AND 

PROGRAM PLANNING 

DONALD T. HACKWORTH 
September 26, 1991 

~ Westinghouse 
\BJ Science 8. Technology Center 

SDC Outer Tracking System 

WHAT IS A PROJECT? 

SERIES OF ACTIVITIES AND TASKS THAT: 

Have a Specific Objective to Be Completed Within Certain 

Specifications 

Have Defined Start and End Dates 

Have Funding limits (Total Project, Yearly) 

Consumes Resource (Money, People, Equipment) 

V1 •• lr.,~ J ~ W . h OT~ W esttng ouse 
,_~,,~,,~, __________________________________ ~~~Sc~ie~nc~.~8.~T~ec~hn~o~log~y~C~e~nt=e.~ 

,/ 

.... 
en 
o 
CX> 



SOC Outer Tracking System 

PLANNING -+ DETERMINING WHAT NEEDS TO BE DONE, 

BY WHOM, AND BY WHEN, 

IN ORDER TO FULFILL ONE'S ASSIGNED RESPONSIBILITIES. 

THERE ARE NINE MAJOR COMPONENTS: 

VIr..u,..' on, 
t.7111 

Objectives 
Program 
Schedule 
Budget 
Forecast 

• Organization 
• Polley 

Procedure 
• Standard 

tW> Westinghouse 
\gI Science " Technology Cente, 

SOC Outer Traclmg System 

PROJECT PLANNING 

EFFECTIVE TOTAL PROGRAM PLANNING CANNOT BE ACCOMPLISHED 
UNLESS ALL OF THE NECESSARY INFORMATION BECOMES AVAILABLE 

AT PROJECT INITIATION. 

THE INFORMATION REQUIREMENTS ARE: 

............ 
~:~ .. 

• Statement of Work (SOW) 
Project Specifications 

• Milestone Schedule 
• Work Breakdown Structure 

'" -.... 

SOC Outer Tracking System 

POTENTIAL BENEFITS FROM PROJECT PLANNING/MANAGEMENT 

Identification of Function Responsibi&ties to Ensure That All Activities Are . 

Accounted For, Regardless of Personnel Turnover 

Minimizing the Need for Continuous Reporting 

• Identification of Time Limits for Scheduling 

Identification of Methodology for Tradeoff Analysis 

Measurement of Accomplishment Against Plan 

Early Identification of Problems So That Corrective Action May Follow 

Improved Estimating Capability for Future Planning 

Knowing When Objectives Cannot Be Met or Will Be Exceeded 

~"''''I 
OJ" 
nUl 

tW> Westinghouse 
\gI Science &. Technology Center 

SOC Outer Tracking System 

PROJECT PLANNING MUST BE: 

1. Systematic 

2. Flexible Enough to Handle Unique Activities 

3. Disciplined Through Reviews and Controls 

4. Capable of Accepting Multifunctional Inputs 

~ Westinghouse 
\SJ Science &. T ethnology Center _C-'-_____ ".' ...... __ . __ . ________________ -' 

en -
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soc Outer Tracking System 

soc STRAW MODULE CENTRAL TRACKER 
PROGRAM PLANNING INFORMATION 

RESOURCE AND COST PROFILES BY QUARTER 1992 THROUGH 1999 

Engineering and Drafting Manpower 
Technician and Labor Manpower 
Total Manpower and Material Costs 
Summary of Costs 

COST DETAILS 

""-1· ... 11 
D'" '.'UI 

Summary list to Level 3 Without Contingency 
Summary list to Level 5 Without Contingency 
Spreadsheet of Estimates and Evaluation Data 
Spreadsheet of Contingency Calculations 

tV.f. Westinghouse 
\,gJ Science &. Technology Center 

WBS 1.2 CENTRAL TRACKER 

WBS 

CHARTS 

... 
'" ... 
CD 

SOC Outer Tracking System 

SOC STRAW MODULE CENTRAL TRACKER 
PROGRAM PLANNING INFORMATION 

WBS CHARTS 
1.2 

1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.2.8 
1.2.9 

1.2.10 
1.2.11 
1.2.12 

Central Tracker 
Modules 
Support Structure 
Superlayer (S/L) Subassembly 
Tracker (S/L) to (S/Ll Assembly 
Equipment Tooling" Fixtures 
Final Factory Assembly 
Final Factory Testing 
Tracker Transportation System 
Erection at Super Collider Site 
Facifities 
Program Management 
R"D Efforts 

CONTRACT WBS 
This list Identilies All WBS Legs to Level 8. 

WBS DICTIONARY 

VI.w,..,. • 
D'" ,n" 

This Dictionary is Written From Level 1 Through Level 4 or 5. 
t(j!\ Westinghouse 
\.SJ Science &. Technology Center 

SOC Outer Tracking System 

SOC STRAW MODULE CENTRAL TRACKER 
PROGRAM PLANNING INFORMATION 

BAR CHARTS 

Below: 
Bar Charts Provided in Various S'orts and Roliups as Identilied 

Summary Chart Identifying Functional Detail at Level 4 
Activity Details in Order by WBS 

NETWORK/TIME LOGIC DIAGRAMS 

V!.w ... ,..IO 
OTtl 

''''I 

Selected Logic Diagrams Are Provided for Various Work Efforts: 

Critical Path 
Design Activities of Straw Tube Modules 
Design Activities of Support Structure 
Fab. " Assy Activities for Straw Tube Modules 
Fab. " Assy Activities for Support Structure 
Fab. " Assy Activities for Subassy Tooling 
Final Factory Assy " Test 
Site Assy " Test 

t(j,!\ Westinghouse 
\SJ Science &t Technology Center 
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WORK BREAKDOWN STRUCTURE REV. 1 
.os TTnZ 

qVISED:Jtn..y,.".", 
U C!H1"R.AL11t.ACXER·A __ ...... \ 

MODULES 

l.l.1.I 

12.1.1.1 

1~I.U.l WIRE 

1.1.U.1.l WIRE SUI'fORT 

1.2.1.1.1.11 NETAUZEDWRAP'I'ER MATERIAL 

I.2.U.I.J.l WIND STRAWS 

l.l.l.1.1.4 ASSEMILE STRAWCOMPONENTS 

1.l.1.1.1.3 TEST STRAW ASSEMBUES 

1.2.1.1.2 ENOI'I.ATESUBASSENILY 

1.2.1.1.2.1 EJoID I'I.ATE COMPONENtS 

1.2.1.1.2.1.1 WIRETENSIOHI'I.ATE 

1.1.U.1.1.l SOLDER WP 

1.2.1.12.13 RESISTOR TERMINATlON 

12.1.1.13 HVCOI'II'II!.C1'ORCONNECTIOM 
12.1.1.2.4 GUJE 

1.2.1.1.1-' ASSY&TESTEl'IDI'I.ATE 

I.2.U.J POGO PlATESU8 AS5EN8Ly 

12.1.1.3.1 POGO PlATES 

1.l_U.J.l POGO mcxs 
1.2.1.1.13 ASSY" TEST POGO COMPONEH1'S 

1.2.11.4.1 SHEU.S GRAJ'Hm:. STACiED 

1,':'1.101.1 I 'TltIGOERUP 

i 1':.1.14.1.l TlUGGER DOW,,", 

i I': U 42.1 TlUGGER UP 

1.l.1.I.4.l..l T1tI(jGER DOWN 

1':.1.1 U ASSEMBLE AJriDAUCiN .... TTACHMEPfT'S 

, 1':'1.1... j OfECK ALIGNMENT 

1.2.IIJ NODULE ASSEMBLY 

I': IIJ 1 I ASSEMBU STRAW8uM>llS 

II': 1 U': ~ FUNcnONAU. Y TEST ASSf.MBl..£D 8lJl101DLE. i 
I': 1 1.3J : ASSEWBLE \400ln..£S 

i 1':'1.1.6 I TEST WOOut..E.S 

!I':IU': 

11":IU.l.1 

il.2.111 

! INSf I'\U. n:ONT EM[) E1.£<:"J'1I;ONICS 

I F\JNcnOSAL TEST MODuu..s 

! UAK TEST MODULE 

! E1.£<:"J'1I;ICAi.J..YTESTMOOULE 

I XRAY CALIBRATION 

! SHIP MOOULE ASSY"S 

; AXIAL/STU.EO MODULES 

1.2 CENTRAL TRACKER PAGE 1 OF9 

1625 

1624 

WBS 1.2 CENTRAL TRACKER 

CONTRACT WORK 
BREAKDOWN STRUCTURE 

1626 

WBS 1.2 CENTRAL TRACKER 

WBS 
DICTIONARY 



WBS DICTIONARY 
was. ITitLE 

IMOOUu.s 

1627 
scope':-REVISEb: 

OS_Aua_It 
Th. Central TrlCk.iJS' eonStruC1ion r:A iOur coneentne; 

supen.,..,. r:A .... meting 1'IIOCIu1e •. Th. modules are artaCM'01O 
IUppon ~ .. th aI'IIm rings, The module arr.ngmenl 01 1M 
"'peft ...... aIign.o Detty lor leye,. Ii_ enOfour,..,.. .. fiW 
end "'HIe are celleO",NO I.,..,. enO'" moduIn ... .,.,Mged 
pIUs MO minus "',.. deg"'SlO "'e oeM! axil. The outermost 
Leyer, ",peneyer number ... is -.0 ... trigger Leyer. 

Module. aHl groupe. r:A IIHI.,. ",.t are arranged as traPUOldai ! 
:::=r'::s;::os",:=~:= -=dg=~pcny I 
support lor "'. IIr .... Modules in "'e same aupefteyer.,. I 
starUl.rCllldd uNtS ",.1 ,HI inftlrchanoeable and repl.ee.t:IIl ' 

Trigger 1'I'l00 ..... .,. module. Ihlll contain • .,ralay ... at 
straws MO hlYe curwd lOps anO bonotM. Two styles r:A 0'1 ... 
modules .,. needed sene. "'. modu ... are arrang.o as 
anemabng trapelOids. 
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Straw AaHmtlty eotnpone"" ...... w.w tube, spac.,. anO I 

1M anode we, The .nw tube is spiral wounOlrom a metalizeO I 
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"....ga. The anode wire is e tun~ wire, centrelly supporttd I 
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Wife supportS are snap toge"''' 10","10 .. "' •• ra spaced I 
:=:-;::::::'!:~':n":~':~~ ::,:,. 7~:~:"re I 

I 
Straw lube •• re Spiral wound lulMS woundlrom rne1a"Zld I 

m'lanal thll.S ..... d to be gesllgr'1I over it's length, Tn.s tube IS ; 
Ihe calhade of Ihe straw tuDe .... mbly 

The enO plall ass.mbly Iii. on In •• ndt of Ihe 
str .. tube modu'" and provoCIH It\e Inteft~ befwe.n 
tn. straw tube. and!tl. _esneal IIgnal. anel 
eonftICIIOn. lor drift gas tt is compnseo at • WIre IInSlOn 
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WBS 1.2 CENTRAL TRACKER 

SUMMARY LIST OF 
COSTS TO LEVEL 3 
(1.2.1) 

SUMMARY LIST OF 
COSTS TO LEVEL 5 

SPREADSHEET 
CALCULATIONS 

CONTINGENCY 
CALCULATIONS 
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CONTINGENCY TABLE 
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WBS 1.2 CENTRAL TRACKER 

CONTINGENCY 
CALCULATIONS 

CONTINGENCY TABLE 
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SOC Outer Tracking System 

SUMMARY 

A Statement of Work (SOW) Is Available But Not FlnaDzed for Module 
Straw Tracker 

A Work Breakdown Structure (WBS) (Based Primarily Hardware) Is 
Available 

Milestone Schedule Has Been Developed 

Project Specification as Specified In the SOW and WBS Dictionary 

The WBS Has Been Scheduled, Resource loaded and Budgeted 

A Procedure for Maintaining the Plan and Forecasting Changes Is 
AvaHable 
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ORNL PLANNED MECHANICAL 
AND MATERIAL ENGINEERING 

ACTIVITIES FOR FY 92 

• Continue analysis, design, and fabrication of modules to 
determine feasibility and cost. 

• Continue analysis and design of stable base cylinder and 
supporting structure (modules, fibers, or single straws). 

• Electronic cooling, piping, and detector gas system 

• Development plan: costing and scheduling for various 
options. 

• System integration 

ORNL PLANNED ELECTRONICS 
ACTIVITIES FOR FY 92 

• Design a printed circuit board assembly prototype for large 
(100 channel) strawtube array readout. 

• Investigate critical issues such as packaging density, crosstalk, 
voltage distribution, mechanical alignment, and cooling. 

• Develop 100 channel readout system utilizing the new 
8-channel Penn ASD chip and advanced packaging 
techniques. 

• Successful completion of this work will be a working 
demonstration of the packaging, cooling, and readout density 
necessary for the full-scale strawtube tracking system. 

SDC OUTER TRACKING 
ORNL/ORDC 

Tony A. Gabriel - Co-ordinator 

Lead Mechanical Engineer 
Ted L. Ryan 

Lead Electrical Engineer 
Gary T. Alley 

Lead Material Engineer 
John Shaffer 

During the next 7 - 9 months ORNL will provide 3 - 4 full time 
mechanical engineers, 1 electrical engineer, 1 material engineer, 
and 1 high energy physicist to start the detailed engineering 
necessary for the development of the outer central tracker as well 
as the overall integration of the central tracking system. 



If') 
l-

'" 

ORNL IS WELL QUALIFIED TO DEVELOP, DESIGN AND 
BUILD THE CENTRAL TRACKER 

• National Laboratories historically develop, construct, and 
coordinate large DOE projects. 

• High energy physicists on staff at ORNL 

• Have in depth capabilities 
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graphite composite design development and fabrication 
engineering of high technology equipment (mechanical, 
electrical, and developmental) 
fabrication of large high precision equipment and 
developmental electronics 
high accuracy testing and QA assembly 
available facilities to house assembly 
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. OBSERVATIONS 

• ORNL cannot dictate and does not intent to dictate physics 
design aspects. 

• Only a best guess can be made for the physics design until the 
simulations models have been completed and the analysis 
completed. This may be 18 months in the future. 

• Also the design requirements cannot be finalized and must 
encompass a broad range of options. 

• R&D is still required for both straws and fibers and 
demonstration of operation in a beam before either can be 
assured of meeting tracker requirements. 

• R&D is still required for straw electronics and fiber detectors. 

ORNL IS WELL QUALIFIED TO DEVELOP, DESIGN AND 
BUILD THE CENTRAL TRACKER (cont'd) 

• ORNL has made major contributions to all tracker concepts 

stable base cylinder 
analysis, design, and fabrication of modules 
structure support concepts 
electronics design/development/packaging 
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RECOMMENDATIONS 

• Pick a base line physics design now 

• Continue straw and fiber R&D 

• Develop a flexible mechanical/structural design which will 
support both straws and fibers and be adaptable to 
phasing/staging/upgrading of tracker. 

• Finalize physics and mechanical design when the simulation 
results are available. 
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SUPPORT~STRUCTURE COMPONENT 
DESIGN, MANUFACTURING, AND COSTS 

Spaceframe End Support 
Support Structure Analysis 
Support CyOnders 
Shim Rings 

Mandrel Analysis 
Support Component Assembly 
Module Attachment 

~ Weslinlhouse 
\.g} Science " T echnololY Cenler 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 
TABLE 1 - SUMMARY TABLE OF RADIATION LENGTH CALCULATIONS 

0.0045 51WF No 

0.0045 311G No 

' •• 045 311G No 

.... 45 311G No 

0.8045 311G No 

6 '.0045 311G 0.5' ·No .. 

1 •• 045 311G 0.5' No 

0.'.45 311G •. 5. No 

1.0045 311G •• 59 V .. 

• (Some ••• bow. except EDA = 1.64, 

MotIuIe. 
Glaphite F08m Module 
TK/loyer TK Edl' 
Inch.. -.In!..-~ Elf .... 

0.006 51WF G.14 No 

0.006 51WF G.14 No 

U06 51WF •• 14 No 

•• G045 51WF '.14 No 

0.0045 311G 0.14 No 

1 •• 045 51WF o.U No 

0.0045 311G •• 14 No 

1 .• 045 311G •• 14 V •• 
•• 0045 311G •• 14 V .. 

Percent 
R ...... tion 

19th/hu[ 

0." 
1.15 

0.02 

G.ll .... 
G.12 

•• 16 

D.11 ~ 
•• 1' 
2.12 

10 (Spac:efr.me end di.k .preld r.diation lenath c.te .... don) 0.24 

0.24 r.d .. I. .qulv.1ent '0 0 •••• Inch thick _milium ...... , 

•• 024 Inch .hlck ... phito ...... , 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 
2 MATERIAL AVAILABLE . 

Ta ...... 
EI •• IIe: O .... h, eTl Vleld C .... " ••• I •• 
M04 .... 

~ 
. Siren.,. Slre".lh 

!lMT'.I~ ...!:.M!L e!!!!lf --"'-'- -'!!L-
MATERIAL CANDIDATES 

GrghIt. " E POXX" 40.00 0.0571 M! 32 •• 1 •• 
C.,~C.,bon·· 1 .... 0.060. ·G.ll 4 ••• 40.0 

A~MMC .u~ " 53 •• 1 '.0"1 0.60 100.0 40 .• 

AJ.MMC .ut. ,'" 15.01 •. 100. 5 •• 0 15.0 15.0 
R ....... 311, •••• 5 •. o.n 2 .• 5 U42 •. 051 

51 WF ••• 11 •• 0.1. 1.13 •• 232 0.116 
3 •• WF •. 052 0.010. l.450 2.32. 

REFERENCE MATERIALS 

Alutninum 18.40 0.1012 12.1. 40 •• 40.0 

Beryllium 42.05 0.0665 6.U 21 •• 21.0 

Co,per 16.99 0.321. '.30 10.' I •.• 

'Graphite Fiber (p. tlO) MMC-Metal Mliria Compo.ite .... dlrect .... 1 propertie. 

"U .. directi0ft81 proputie. 

"'Patdcle Reinforced MMC·Metll Mltri. Compo.itt, InIIchlne.ble. bralable 

Vol ..... (PK .... 

ell ..... ........ 
50% H ..... 4II, 1 ..... 
-'!Iw!!L- --"-

....,J~ 
!d(II',' 2U 
0 •• 11.1 

0.0 11.1 

• •• '.G 

!d '36.6 

!d 51 ... 

!d .... 

0.0 ... 
•• 0 35.4 

0.0 0.' 

VIew ....... 

." 
rvr Westinghouse 
\.g} Science " Technology Cen.er 

... 
m 
to .... 
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CENTRAL AND FORWARD TRACKING SUBSYSTEM 

MANDREL FEA ANALYSIS 

"CATENARY TYPE SUPPORT" MANDREL 

THE DESIGN GOALS: 

1) Machining On The Mandrel Requires The Mandrel To 

Be Round And Straight 

2) Design Mandrel To Have Minimum Sag or Bending 

Denection 

o Goal of Sag less Than .005 Inches 

o Goal of Roundness Within .005 Inches 

3) Without Bending Isolation FEA Predicts .020 Inches 

Sag 

.......... 11 ." 
~ Westinghouse 
\gI Science &. Technolol)' Center 

CENTRAL AND FORWARD TRACKING 
SUPPORT CYLINDER TAPE LAYUP MANDREL 

7 THICKNESS 
SEE NOTE .5 

SEE NOTE +4 ----------1 
I---------"L .. --------_ 

3111i 
~+---f --------------------r.,-------------------------___ ,.., __ ____________ ._._._ 

-J-fL--+ =::::.::=.~:----------::~~=::::-:=:=. 
~E'{'~ g ~~.5 ______ ----- _______ JL _______________________ -tL ________________ _ 

I!.NO. "L"., "0" OIA GR .01 GR .02 GR .03 GR .04 GR .05 "d' 01 A +I 

01 6100 1400 01 01 
02 6800 2000 01 01 
03 7600 2268 01 01 01 01 7589 
04 8300 2532 01 01 01 01 8288 
05 8400 2790 01 01 01 01 8387 
06 8400 3064 01 01 01 01 8387 
• I- USE .15:1. TO CALCULATE ACTUAL DIAMETER AT "4" END 
.2- :"L" INCREASED BY.5 m FOR "AIR FLANGE" ANO TEST COU~ONS 
.)- INCLUDE ONE SET SHAFT AND BEARIND SEPARATE QUOTE 
.4· SUPPLY BEARING CENTERLINE AND TOTAL SHAn LENGTH 
.5· SUPPLY SHAFT OIA ANO SHELL THICKNESS 
• b" ALL ITEMS TO BE BALANCED 

A 0.2' GR.D' 

eOTH ENDS 

!!IITiTII 

D.J89.m6A8'.RI 
DIMS. IN MILLIMETERS 

KEPES 5-10-91 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 

5 

VI ........ U 

." 

SUPPORT CYLINDERS 

THE DESIGN USES: 

1) Graphite lamina With Foam Core Composite Cyfinders 

On Which The Detectors Are Mounted 

2) Need At least Two 0.0045 Inch 3 Ply layups with 

15 .Mifimeter ,(.ill Inch Thick Rohacen 3UG Core 

3) Meets Radiation length Requirements 

CYLINDER SECTION 

CYL 10 , 
2 
3 2320 
~ 2586 
5 28,8 
6 3112 

SUPPORT CYLINDER DIMENSIONS 

DO 

237.0 820 
2636 820 
2898 820 
3162 820 

t(jT. Westinghouse 
\gI Science &. Technology Center 

WESTINGHOUSE STC ALL DIMENSIONS ARC IN CM 

OM 8-15-91 AS PER C[NTA~IA 
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S ... 
.n O.k 
010 Tk 
!!!.. !!!.. 
•. 0 1.0 

'.0 2.0 

10. 1.1 

10. 2.' 

12.0 1.0 

va.. ..... n 
I .. 

Ol.k 
Nom. 
Idp. 
·in. 

170. 

"2. 

03. 

.0 •• 

63. 

MANDREL STRESSES " DISPLACEMENTS 

FROM FINITE ELEMENT ANALYSIS 

010 ement Inche. 

Ol.k Olok c,t LIS!! Ol,k -, -, c,t Mn. 
2!L ~ W !!!l Pion End Olok ~ 2E. 'll! 2IDn 2:Hi"U 

0.OU6 7U .3.7 2.32.41 2.32«1 2.32.63 
Sh.n 2.32377 

~(! 1.61 .. 7 1.&1655 1.&1710 1.61" 1.1137 

0.0002 67.0 75.1 1.&1 .. 2 1.61672 1.61715 
Shon 1.616lt 

~(! I.U005 1.10111 1.11011 1.1107 1.111 

0.0091 3 •• 1 31.2 1.11001 1.1001. I.Uooe 
Shon 1.1002. 

~(! .... 37. ... 0371 0 .... 22 ...... .... 16 

0.0062 u.. .6.5 .... 361 .... 3 .. 0 .... 25 

Shift • ... 352 

TIB u::u 1.51171 nson 0.6015 1.5 ... 

0.0051 17 •• 10.' Ski. '.61005 • 0 
Shon '.SIM' 

~ Westinghouse 
\gI Science " T echnoioo Cenle, 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 

3 SPACEFRAME END CYLINDER SUPPORTS 

THE DESIGN USES: 

1) Selected Simple Spaceframe Which Utilizes 

CommerciaUy Available Technology (Kaiser Aerotech, 

Oakland Calf.) 

o High Stiffness Graphite Fiber Struts 

o Molded Graphite Joints 

2) Advocate Graphite Bolts For Cylinder Spaceframe 

Interface which Are Commerclaly Available (K-Karb from 

Kaiser AeroSpace) 

3) Kaiser Issued Written Quoted Estimate on Material 

Costs (09-19-91) 

~ Westinghouse . 
\gI Science " T echnoioo Cente, 

Mandrel Part 06, 0-)064 mm Shaft 0-8 Disk t-2. 0 

Lz ........................... .. ....................................................... _ ................................... a\ 

Mandrel Part 06, D-)064 INTI Shaft 0-8 Disk t-2. 0 

ANSYS 4. 4A 
SEP 5 1991 
15:49: 16 
PLOT NO. 1 
POST 1 ELEMENT 5 
TYPE NUM 

XV --1 
YV -1. 4 
ZV -3 

'DIST-101.549 
'XF -29.97 
·ZF -81.611 

PRECISE HIDDEN 

POST 1 NODES 
'I'Dl:) 

xv --1 
YV -1.4 
ZV -3 

'DIST-101.549 
'XF -29.97 
'ZF -87.677 

ANSYS 4. 4A 
SEP 5 1991 
15:57:49 
PLOT NO. 1 
POST1 DISPL. 
STEP-1 
ITER-1 
DHX -1.453 
ERPC-O 

'DSCA-10 
XV '--1 
DIST-96.445 
XF -5.998 
ZF -87.677 

POSTl NODES 
1'DT.~ 

XV --1 
'DIST-96.445 
'XF -5.998 
'ZF -87.677 
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~OlJ3NNOJ ln~lS 30lS1nO 3W8~j 3J8dS 

5 lRUC IURAL TUBING OUANITIES ,OR TWO SUPPORT ffiFtl£S 

TUBE' L.CH OUAN·,RAME TOTAL 
I ~Hs 16 32 
1 S~ 36 2 ~ 
3 5319 2 ~ 
~ 5592 2B 32 
5 sB91 2 ~ 
6 61.91 2 ~ 
7 6~ 55 t2 2~ 

TOTAL 12B PCS. 

MATERIAL GRAPHITE - EPOXY COMPOSITE 

~.OO 

RLL DIMENSIONS IN CM. 

SUPPORT FRRME STRUCTURRL TUBING 

2.00 

0.25 

R 6.50 

.... .., 
o 

WESTINGHOUSE STC a) 

OM B-2-9t 

SUPPORT 
POINT 

CYLINDER RINGS 
6 PlACES 

SUPPORT 
POINT 

SPACE FRAME 

WESTINGHOUSE STC 

SPACE FRAME 
WITH CYLINDER RINGS 

WESTINGHOUSE STC 

SUPPORT 
POINT 

OM 9-13-91 

SUPPORT 
POINT 
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KAISER AEROSPACE & ELECTRONICS 

• ORIGIN: Kaiser Industries (Aluminum, Steel, Cemenl, Gypsum, 
~ Engineers, Permanenle) 

• CURRENT SALES: $30() Million 

• 2,000 Employees 

• 30 Years Ablative and Carbon-Garbon Production 

• 25,000 Rocket NOlZles to Date 

• Free ~'s Largest Producer of Structurat,'Carbon-Garbon 

KAISER 
AERDTECH 

February 1991 

... 1I. ... 1$IJU.I"O$l' ... CI .. I~ICT"O .... ICSCOW''' .... 'f 

:~0NI1L.:aa.t. 

KAISER AEAOTECH 

• Carbon-Garbon Rocket Nozzles 

• Carbon-Phenolic Ablatives 

• Industrial-grade Carbon·Carbon 

• Advanced Ceramics 

• High Temperature Fasteners and 
Joining (3-D Braiding) 

• Space Structures and Tubing 
(Thin Wall) 

• 3-D Fabric Weaving and Oensification 
(Cylinder and Nose Cones) 

KAISER 
AERDTECH 

• 
• 

• 

• 

• 

• 

• 

Carbon-Garbon and Composite Tooling 

Coalings for Carbon·Carbon and 
Ceramics 

Carbon· Carbon and rrtanlum Complex 
Machining 

Carbon· Carbon Honeycomb and 
GraphHe Foam Panels 

Sandwich Panels: Graphite Foam, 
Honeycomb 

Deployable Space Structures , 

Broad Thermal, Mechanical, 
Surface Properties Data Base 

Physal, 

February 1991 :; 
o 
co 
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iCA91'()81·RLB.oo1 
September 19. 1991 

WOIliqbowe 
Scio .... aruI Tochnololll' Conter 
1310 Beulah Rood 
PitIsburJh, PA 15236 

AItC.tion: Mr. Robert SwensNd 

Subjoct, Bwlsewy Estimate tu 

___ ·.0_ ... ". ..... _c. ....... _ ....... n_ 
..... I.OW_ ... _' ........ __ 1"._.--.....; 

Fabricate Superconductor Super Collider Support TubinG 

Geatlemen: 

P.B2 

Below are budgetary pric:ca for graphite/epoxy Suppo" Frame StrUctural Tubin&: and 
ConnectoR. For the Tubin&. we used three different moduli crapttite fibers yielding 17. 
40, and SO million modulus Tubina. All Connectors have 17 million modulus material. 

We expece that the coefftcient of eherrnal expansion will ttc between .J and 0 x 10-' 
iMnI'F. 

As we disc:uSled, the wall thk:knes~ of the highest modulus Tuhing could be reduced, 
which would lower the price since these high mudulus fibers are vCr),' CO!ltl~·. We can 
8ddress this as you get closer to yu:,u fmal design. 

Tbe prices are based on a total of 470 feee of Tubing. cui tl.) rouGhly tWO-loot lengths. 
with 160 Conn:etors. We will !ihip the!ic components unu!lembled. Fastencrs and tiny 
ecihesivcs at: not ineluded., and we havt: given you scparaee praces on our K-Karb bolls 
and nuts. 

Total Budgetary Price lor Suppa" Frame Structural Tubins. 470 lee~ with 161J 
Coanecton: 

A -<AISEIq AEICt05I=AC:: 6 :::_E:CT~C' .... ~:.. v;>.:., ~. 

-" 

~~ CI '" .. N .., 
I/) .. § 0 8 ,.., ... .. III ... N ,.., N '" :0111 ,.., '" ... ... ... 
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ud TecImoIoII)I CCllter 
September 19. 1991 
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3anOD 
Round Tubing 

4anOD 
Round TIlbiaa 

2l4em 
RectansuJar Tubin .. 
with 0.5 em Radius 

., MlU.lON 
MODtlWS 

TUBING 

SIIIO,OOO 

220.000 

190.000 

p.e3 

~M1LUON 5OMlWON 
MODULUS MODUWS 

TUlIING TUBING 

5250,000 5300.000 

310,000 350.000 

260.000 300.000 

If you should have any questions, plcase contxt the undersigned .t (510) 562·2456. 
extension 238 or Wade Brown It extension 251. 

Siacerely. 

KAISER AEROTECH 

Ronald 1.. BlUer 
Vice President of MarketinG 
and Business Developmen t 
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CENTRAL AND FORWARD TRACKING SUBSYSTEM 

AXlfl 
KNIFE EDGE 

Tracker Structurp 

CENTRAL TRACKER MOUNTING 

BflL a SOCKET 

~ Westinghouse 
\gJ Science " Technology Center 

ANSYS 4. 4A 
SEP 22 1991 
18:30:27 
PLOT NO. 1 
PREP7 ELEMENTS 
REALNUM 

xv --I 
YV -0.4 
ZV --0.6 

'OIST-2320 
'XF -807.5 
'ZF -1975 

PRECISE HIDDEN 

PREP7 ELEMENTS 
REAL NUM 

XV --I 
YV -0.4 
ZV --0.6 

'OI5T-2320 
'XF -807.5 
'ZF -1975 

PREP7 NODES 
Tnt:) 

XV --I 
YV -0.4 
ZV --0.6 

'OIST-2320 
'XF -807.5 

... 
-.J ..... 
CXI 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 

4 

c,.,.. .. 

DEFLECTION FEA ANALYSIS 
SPACEFRAME AND CYLINDER STRUCTURE 

TABLE NUMBER 1 
COMPONENT PROPERTY MODEL IN FEA 

P·75 S,Kerr.me 

Fo.m Core C,.phite Compollt Struta 

' .. m Core Thlckne .. l ...... Thlckne •• Thlckne. Modulu. Siz. 

31 IG .59 IN. 0/60/60 .0045 IN. ISmm 40 MSI 2 X 4 em 

TABLE NUMBER 2 
MASS SUMMARY OF MODEL FROM COMPUTER 

Item 

C,t. With/Module. 

C,Io Wlth/S;fl 

Strut. " Joint, 

Rina' 
'.leil, 
TOTAL 

AU Stre.1 Mind System 

l.,.rl.2.3.4.5.6 Str.w. 3.4.5.6 Sifl 1.2 

M ... KI Pound M ••• KI Pound. 

1015.5 2239.2 121.4 1126.2 

0 0 613.1 1lS3.5 

70.9 1S6.3 70.9 1S6.3 

29.3 64,6 29.3 64.6 

0.0 0.0 254.0 560.1 

1115.7 2460.1 179604 3960.7 

'(940.5 lb. I. 42% Ie .. wt '0' module.) 

W.I Tk 

2.5 mm 

vt. ..... u .... 
tVf. Westinghouse 
\gJ Science " Technology Cente, 
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Tracker Support Frame Supported at 4S-deg points 

- - ~ 
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\\ 

IINSYS 4.411 
SEP 16 1991 
10:31:28 
PLOT NO. 1 
POSTl DISPL. 
STEP-I 
ITER-I 
DMX -0.158005 n" 

·DSCA-I000 
ZV -I 

·DIST-1807 
·XF -356.67 
·YF --96.69 
·ZF -575 

POSTl NODES 
"1.\15 

ZV -I 
*DIST-1807 
·XF -356.67 
·YF --96.69 
·ZF -575 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 
4 DEFLECTION FEA ANALYSIS 

SPACEFRAME AND CYLINDER STRUCTURE 

TABLE NUMBER 3 

DEFLECTION RESULTS 

Case No. Model Descriptions 

1 1 Spacerrame End Only 

2 

3 

4 

5 

6 

7 

.......... ... 

(Fully Loaded With AI Straws) 

(Same As Case 1 Above) 

(Same As 1 Above) With Trlanlles 

(Same As Case 1) No Trlanlles 

Complete AI Straw 1.2.3.4.5.6 

Straw 3.4.5.6 SIFI 1.2 
(Same as 6 Above) With Trlanlles 

Tracker Support Frame 

Vertical Strut 

Support Modulus DeftectloM 

Conditions MSI MicrOfts 

2 G180 Del 17.0 61.3 

2 G90 Del 17.0 158.0 

2 G180 Del 17.0 t3B.B4t 
2 G180 Del 40.0 23.yJ 

2 G180 Del 40.0 -2 G180 Del 40.0 --2 G180 Del 40.0 -
~ W •• tin,hou .. 
\gt Scienc. It T «hnolo&y Cent.r 

IINSYS 4.411 
SEP 16 1991 
10:40:05 
PLOT NO. 1 
POSTl DISPL. 
STEP-l 
ITER-l 
DMX -0.061274 

·DSCII-I000 
ZV -I 

·DIST-1807 
·XF -356.67 
·YF --96.69 
·ZF -575 

POSTl NODES 
TtJ1S 

ZV -1 
·DIST-1807 
·XF -356.67 
·YF --96.69 
·ZF -575 
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This proposal outlines the steps required 10 fabricate the Solenoidal Detector C(\I~~r.h.>fI 
(SOC) Central Track.lPg Chamber (erc) at the Oak Ridge National Labor.lon IOR'L \ 
The process deSCribed uuhzcs cKlSllng ORI'L facllnics and equIpment Tlu: IN,." 
assumption in this proposal IS that the carbon composite support cyhnder) .. III t'IC 
fabricated at ORNL and all other major tooling and equipment will be procured 

The fabrication of the suppa" cyhnders and assembly of components Wlil be ~r1orlrW'J 
at the K.2S sile. This site contains facilities that have been used mCNlvcht "" tM 

fabrication of compm-itc cylindrical shells. The K-1200 complex W111 he ~d tn ltv 
manufacture of the carbon composite cylinders required (or usc in the ere TIu, lacl!'''' 
will also be used (or the Intermediate and fmal assembly phases. It pr()V)dcs lufhccnl hC'.w 

room and Crane capacities for the overall assembly and handling of the ere. The )\.·1".' 
shop facility will provide machine mop and autoclaves resources that ... 111 be U$C'd ~ tM 

manufacture o( the cylinders. 

Assembly o( the erc will be performed in two separate areas of the K·llOO compkl Ttw 
superlayer assembly will be performed in the center bay. where there 15 sufhclenl fk." 
space and accommodations for a clean room environment (or assembly. The flru..1 .ucmt'J .... 
steps will be performed in the high bay are:!. This ponion of the facility has SUhKllent .ale 
10 allow (or either l'Iorizontal or verncal assembly of tl'le erc. It ts Imponanl 1(1 tuI .. e r-.U'! 
optiOns available to allow for flexibility In thas critical ass.embly pha50e . 

The overall assembly stand that IS proposed will be designed for opera lion In ellN" 1M" 

horivlntal or '\-cmcal positIOn. dependant on design constralOts. An OUller ,he" .n.; • 
central shaft of the fixture wll) serve as locators for the outer superlayer The OU11e! ,M" 

may also be used as a shlppm~ comajOer. The super layers will be loaded tntO the SMII Ilf 

onto the shaft and attached to one another. Upon complenon of asseml)l~. tl'le enurr "t'hl 

~ .. ill be positioned and prepar..:d for Shipment. 
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FABRICATION/ASSEMBLY OUTLINE 

J. CYLINDER FABRICATION (KI200) 
A. Procure Mandrels 
B. Procure Carbon Fibers and Epoxy 
C. Modify Windmg Machine (For heavier Mandrels) 
D. Wind Cylinder 
E. Initial Cure· K1400 
F. Add "Foam" Core 
G. Machine Core· KI400 
H. Wind Outer Layer 
I. Final Cure 
J. Remove to Assembly Area 

2. SUPERLAYER ASSE.\IBLY (KI200) 
A. Procure Pretested StrawsIFiben 
B. Procure Assembly/Alignment Fixtures 
C. Set up Cylinder in Assembly Fixture (Horizontal) 
D. Assemble Tracking Elements onto CyJinden (Horizontal) 
E. S.P.c. Alignment Checking 
F. Move Unit to InspectiorvTcsting Area 
G. TeSI and Certify Superlayer 

3. CTC ASSEMBLY (KI::OO HIGH BAY) 
A. Procure Overall Assembly Stand (HorizontaINeni .. l) 
B. Procure Superlayer Assembly Components 
C. Attach OUler Supcrlayer to Assembly Suppon 
D. Position Subsequent Supcrlaycr to Outer 
E. Altach Super layers 10 each Other 
F. Repeat for olher Superlaycrs 
G. Rotate Unn to Horizontal Position (If Venial) 

4. SHIPPIl'G PREPARATIOS (KI200) 
A. Anach End Plates to Fixture 
B. Evacuate and Fill ..... lIh Sitrogen 
C. Remove Complete Lnll from Stand 
O. Place Complete COlt on Transponer 

1728 
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A. OtJl'SlDE - IN ASSEMBLY SEQUENCE (Venical) 

1. Fabricate Cylinden 
2. Remove mandrels 
3. Insen rounding rings/fixtures onto cylinden 
•. Attach tracking elements and inspect 
S. Fabricate assembly stand 
6. Load outer 511 on positioner fIXture 
7. Move outcr s/I into position on stand 

F.i 
:< 
5 

~ 
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OJ 

~ 

8. Align outer sII and secure to assembly stand shell 
9. Load second sII onto positioner fixture 
10. Move second sIl into position within inner sIl 
11. Align second sIl relative to Outer sIl 
12. Attach second sII to outcr s/I using suppon struu 
13. Repeat procedure for subsequent sII's 
14. Recheck alignment of all sII's 
15. Rotate assembly to horizontal position 
16. Secure end plates to assembly stand shell 
17. Evacuate shell and fill with nitrogen 
18. Remove complcJc unit from stand 
19. Load complete unit onto transponcr 
20. Shtp to SSCL site 

Assumptions: 
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Rounding rings keep the cylinders round during sII assembly and handling 
Assembly stand shell provides sufficient stability to maintain alignment 
Cylinder alignment is done relative to locator fiducial 

AI. PREPARATION A. ... O ASSEMBLY AT SSCl 

a. Complete umt arrives at SSCL 
b. ~itrogen is exhau~1ed 
c. Shipping shell is removed 
d. Alignment of cylinders cheeked and adjusted if necessary 
e. On-site tracking clement check-out performed 

Unit lowered to assembly hall 
g. Uni) placed OnlO fmal assembly track 
h. Umt moved into poSition in the de1ector 
i. erc attaChed to the calonmeter supports 
j. Roundmg rings/fixtures remO\'cd from erc 
k. Fmal alignment and check-out performed 

1731 

1733 

A. INSIDE - OlIT ASSEMBLY SEQUESCE (Horizontal or Venicol) 

1. Fabricate Cylinders 
") Remove mandrels 
3. Jnse" rounding rings/fIXtures onto cylinders 
4. Attach tracking elements and inspect 
.5. Fabricate assembly stand 
6. Load inn« 51' on positioner cart 
7. Move inner s/I into position on stand 
8. Align inner s/I and secure to assembly stand Shaft 
9. Load second 511 onto positioner cart 
10. Move second sll into position on stand 
11. Align second s/I relative to inner 511 and secure to assy stand 
12. Attach second s/I to inner 511 using support Struts 
13. Repeat procedure for subsequent s/rs 
J4. Recheck alignment of all 511'5 

15. Move shipping shell into position O\'er erc 
16. Secure end plates of shipping shell 
17. Evacuate shell and fill with nitrogen 
18. Remove complete unit from stand 
19. Load complete unit ontO transporter 
20. Ship to SSCL site 

Assumptions: 
Rounding rings keep the cylinders round during 511 assembly and handling 
Assembly stand shaft provides suffiCient stability to maintain alignment 
Cylinder alignment is done relative to locator fiducial 

Al. PREPARATION Al'O ASSEMBLY AT SSCl 

a. Complete unit arrives at SSCL 
b. ~urogen is exhausted 

Shipping shell is removed 
d. Alignment of cylinders checked and adjusted if necessary 
e. On-slle tracking element check.out performed 
f. Unit lowered to assembly hall 
g. Unit placed onto final assemhly track 
h. Uni1 moved into poslllon In the detector 
L ere attaChed to the calorimeter supports 
1- Roundmg rings/fooures removed from ere 
k. Final alignment and check.out performed 
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3-way movement Optical instument Rotation allows 
for instrument for alignment 

,/ ~ ::~:,'odJ"'tm'"t 

Stable base cylinder 

.. 
Computer controls rotatlOn 
of cylinder, and 3-way 
movement of platen 

Fiber ribbon placement 
Attaching the ribbons will require a large, stable, 
computer controlled arm for placement The cylinder IS 
Indexed. An optical instrument is used to check the 
alIgnment 

Laser 

Filter 
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Scanning table 
....---contro 11 ed by 

computer 

Photodiode for'" L 
calibration ~ ...... 

~ t 
0 ------ -D -----I 

Half-silvered 
mIrror 

Fiber 
Module 

II \ II 
II 
II :, 
Ti 

I 

Fiber output 
photodiode 

Waveguide connector 

Setup for testing of individual fibers 
The performance of individual fibers in a module is testec 
by aiming a laser beam Into the fiber. The beam reflects 
,nd returns. The measured output is then compared to thai 
of the laser. 

lCl 
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Computer readout 

cintillating S 
fi 

Connector 0 bers 

\ I 000 

I I 

~ 1.1 

, 
W aveguide fIbers \ 

Standard 2" photo tube 

Setup for checking screening of, 
background 1 i ght 

To check that the fiber modules are "lIght tIght", tt;e 
entIre bundle of 1024 fIbers IS connected with a 
phototube Any sIgnificant activity indIcates a llgh[ iee:, 
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SUPER LAyER (S/L J 

SAFETy HOIST RING ArrACIEO TO fKH 
HD lY CYLINDfR ON RCJt.tC)ING RING 

ROUNDING RING ArrACIEO 
TO CYLlNO£R 

SOCkf T I-£AO CAP SCREWS 

ROtHJING RING RETAINI""; 
ClAMP AI'D SHAFT SPACER 

RADIAL ADJUSTMENT SCREWS 

CANTILEVERED SHAFT 
(2 .... 0.0. PIP£) 

INNER / OUTER eTe ASSEMBLY PRopOSAL 
SEOt.£NCE-1-

STEPS FOR SfOl£NCf e, 
I A("',u S't:" , r...." OF SE~IC£ .. Ft;ft S[CQIC) 

SI..f'("U~"SI'L 

SECCJM) S/l 

INNER / OUTER eTe ASSEMBLY PROPOSAL 
SfOL£NCf 8 

STEPS Fe!? SEDUftCE At 
I IHS1011iLl JIO.HIJtC '1'1 ..... 5 10 (AOf IIID " 1&.1'1:" LAO(" 'SIll ."H SOC H[AD ''''' SClf(IIS 

~ ''''oIIiLL $AFt" lID,.r ",fIGS ro [ACH rN)" SA I»f 
IlICUCIJIG .JHGS AS StOoN 

J ."AOf ICUS' ~ _nu..1£ _. CMdlLllI£1ItD 
...,-, '0 ...... "."'1" II'OIIUCJf ~1Ot ./u • 
JlC)J,.rro CJf SloW' 

• ..rrAOf MlICIIIG .,IG Jl(JUJrilrlC a. ..... r .'O'1rG .It 
.." '0 • ~"'CJf IiWII(£O CIt N)'M"O CJf ..." 
UHIS .'IG ,.., • IIfClUJIlfO '0 AlUoS' ".'olliLl.fJ 

_."~UMIfIW,_ 

----.-,. 

-_.-:::= ........ -

CTC ASSEMBLY (K-1200 HIGH BAY) 

l'IIDCUIII'/FAnI(lCA:rE erc ASSEMBLY S:rAND 

l'IIOCUIIEIFAUIlICAl"E cn:: ASSEMlll.Y COMPONENTS 

POSITION INNER SUPERIAYER ON ASSEMBLY S:rAND 

ALIGN AND SECURE INNER SUPERLA YER 

POSITION SUIlSEQUENT SUI'ERLA YERS ON ASSEMllLY s:rAND 

ALIGN AND ATTACH SUI'ERLAYERS TO ONE ANO:rHER 

VEIIIFY OVERALL ALIGNMENT OF erc 

MOVE SIIII'I'ING SIiELl. INTO I'OSITION OVEII crc AND SECURE 

PRf-POSITIONfO 
ROUND!""; RING 
QETAJNJNG CLANPS 

ro OV£RI-£AD CRANE 

llFTIM:; FIxrURE 

SUPER lAyfR (s/u 

CANT 1LEvERED SHAF r 
CARr ON rRACKS 
(OPTIONAL ro OVERI-£AO CRANE) 

INNER / OUTER eTe ASSEMBLY PROPOSAL 
OVERALL CONC£pr 

-



ENLARGED VIEW, SEQUENCE "Q" 

-, 

fNN[R / OUTER CTC ASSEMBLY PROPOSAL 
rA~rlAl O'vf~ALi. A$StMBl Y 

.... I .. :~._-

SEGMENTED SHRDW 
(FCJt.R SEGH£NTS EACH ENOl 

",."" II<H:" .viii SltcM> SA'S "11£ fIOIIJJeM"D MiD 
AlINO .",.0\01 s(GMrHrrO SHKIt.Of ('tAlI CtICH C~} 
.," .. SOOItfHr.-oClll'SCfI(WS 

SHIPPING SHELl 
FOR TRANSPORT 

SOCK( T f-£ AD 
CAP SCREWS 

INNER / OUTER CTC ASSEMBLY PROPOSAL 
SEOUENCE C 

\ SOCKer f-iE'AO CAP SCReWS 
\ A TTACH£O THRu OUTER CONTA.It>ER 

INTO OUTER S/l 

SOCKET HEAD CAP SCREWS 
FOR ENO PLATE ATTAC#-ft£NT 

OUTER S/L RrxmING R INC 

O-fIING DR GASHET 

F IF 1H S/l RQ.AVDING RING 
($/l SHAll BE NOTCf-£D 
TO ACCOHOOATE OUTER S/L} 

FC1lI?TH S/L ~ING RING 

SHIPPING S1-£LL 
ENO PLATES 

.£fJN'." / OUTER C TC ASSEMBL Y PROPOSAL 

-- ... ::=~-

STEPS rOfl SEOt£NCE D 
CDNtlML ~IHIi 04JI • ., ,,,. TJnH SA 11(,,£,,"'" SlOC€IC( ,. .• NrG C 

, ""ACH SAl'"., KllSr IfIHG 1£1 oure. $1\ .,., _,FU."( l"UJ ~JfIOlt a/OlllllG ""fO 
NJrC14:' "'reN l1/li£ cur clacuorU(Hr ,.. .. 1.' 
~ ",," NrG oure_ , .... ·s MiD .. rr..at 
rHrSl'SA.',ror.cl". 

J _'FU.Ar( SH,"",,,: wu 1""0 fOOl",. 
MCJ S(CUI( 10 au/C. 'A. IItUC)'NG .'/fIG 
USING SOCII[t HrIlD ,III' SCA[WS 

_11.£ K1lSr JS .. ,,~o 10 Stt'''',/IIG Stell 
II£ICW( C!»A.£rC ~, r.a. CNoUUwl:IlfO 
JHfITI", lDOUf-.r..: "IIDI .... NU.IIII'I(Nf 
SCII(-S ON IDH)''': "HG II(:UJHIIIC a. ...... 

, rNS'oIILL 511''''''''' KLL ("I) "-_un U!IIPC 
J!Xlfctf€ItDC.fIP$C«1I'!= 

, (~'C ~""'Hli ""u .,., 'Itt W'f" ",'..:aN 
J Lo..o SH'PP' .... WLL OIIro '''~'('' 

• SHIP 1£1 ssa 5.r[ 
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RADIATION LENGTH STUDY 

ROB LEITCH 

SOLENOIDAL DETECTOR COLLABORATION MEETING 
OAK RIDGE NATIONAL LABORATORY 

3 CONCEPTS 

MOPULES 

5 SUPERLAYERS 

B, 6, 6, 6, 6 

9/27/91 

SCINTILLATING FIBERS 

4 SUPERLA YERS 

12,4,12,4 

3 STRAW SUPERLAYERS 
B,6,6 

2 FIBER SUPERLAYERS 

4,4 ornl 
RMl 
Ql27,.g1 

SHIPPING PREPARATION (K-1200) 

• SUI'I'ORT eTC ASSEMIILYISIIII'I'ING SHELL ON PREPARATION STAND 

ATTACH END PLATES TO SIIII'PING SIIELL 

EVACUATE AND FILL WITH NITROGEN 

IlEMOVE COMPLETE UNIT FROM STAND 

PLA(T UNIT ON TllANSl'OllTER 

CONCLUSION 

IAll,,!' SCALI' l'IlOJl'CT EXI'I'RIENCE IS REQUIRED 

MUITI·IlISCII'UNI' DESIGN CAPAIIILlTIES ARE ESSENTIAL 

Till' EXI'I,RIISE NECESSAllY TO FAIlIlICATE ANI> ASSEMBLE TIlE CYLINDERS IS AVAILAIlLE 

• 11110 FAClLlIIES NEEDED TO ASSFMIJLE ANI> TEST THE COMI'ONENTS EXIST 
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ASSUMPTIONS 

AVERAGE LENGTH THROUGH A FIBER _ '!!!. 
4 

Where: D. Fiber Diameter 

AVERAGE LENGTH THROUGH A STRAW _ If t 

Where: ,. Straw thickness 

AVERAGE LENGTH THROUGH A WIRE IN A STRAW _ Ifd' 
4D 

Where: d· Wire Diameter 

D • Straw Diameter 

OUTERMOST SUPERLAYER IS t!IQI INCLUDED IN THE RADIATION LENGTH CALCULATIONS 

ASSUMPTIONS (CONT.) 

SCINTILLATING FIBER 

HYBRID FIBERS 

STRAWS 

TUNGSTEN WIRE 

MODULES 

MODULE SUPPORT RINGS 

d-O.84mm 

d-l.5mm 

d-4mm 
t- 0.037 mm 

d· 0.025 mm 

3 ply Faee Sheet - Rohaeell Core - 3 ply Face Sheet 

0.038 mmlply 1 mm 

40 mm x 2.5 mm 

ornl 
RIAL 
912719' 

ornl 
RIAL 
9127191 

.... 
-.l 
tJ1 .... 
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i::.c.r;:;;X ... 5em) 
Rohacell Foam Xo-875 em 
End Plates 
Glal>l>hI Epa"" (X ... 5 em) 

Pogo Hokier 
Graphite Epoxy (X0-2~ em) 

~crto'S""'t .... 
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