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COLLABORATION COUNCIL MEETING 

Thursday. December 5. 1991 - 9 A.M. 

SSCL 

Update on Status of GEM <Barishl 

II BaF2 'Expert' Panel <Newman or Braul 

111 GEM R & O/Engineering Request for 1992 <Baltayl 

IV Report on Status of First Budget Roll-Up CSandersl 

v Report on Hall Design and GEM Assembly Considerations <Marx) 

VI GEM Organizational Structure <Sam iosl 

VII Reports on R & D Programs of Subsystems Groups 

ADJOURN 

- Magnet 
- Muons 
- Calorimetry 
- Inner Tracking 
- Electronics 
- Computing 

< S troynow ski l 
<Taylor/ Ahlenl 
CBraul 
<Bal tay /Musser /Morganl 
<Shaevitz/Marlow l 
CMcFarlanel 

A Meeting of the 'New' GEM Executive Commtttee 

3 p~ 

will follow the Collaboration Council Meeting, Immediately (3 PM - 5 PM) 

The PAC will meet to consider our LOI (copies will be available at the Collaboration Council 
Meeting) on December 15·17th. We will present our LOI in open session on the morning of 

December 16th. All are welcome to attend. 
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BaF 2 Transmission Before and After Irradiation: 

.. (a) Recovery from Neutron Damage 

• (b) Typical Saturation Effect : 
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•B. Studies of radiation damage in BaF2 crystals indicate that the damage may 

be associated with an absorption peak at 288nm. This peak is suspected to 

be caused by Cerium or 0 2 in the crystals. SIC and BGRI will pursue a 

systematic series of studies to eliminate this absorption peak. 

• SIC and BGRI will therefore determine the source of Cerium as a trace 

element, and eliminate it from further crystal batches. 

• SIC and BGRI also will continue to pursue tests that will determine the effect 

of Oxygen(02) dissolved in the crystals. SIC, BGRl, Caltech, engineers from 

ORNL, and engineer M. LeBeau will work together to improve the growing 

conditions, so a.s to remove 02 down to a. level where it does not lead to 

significant absorption in the UV following irradiation. In order to achie"Ve 

this, the vacuum systems of the ovens may be improved. A production oven 

with improved pumping, to achieve a vacuum in the io-6 to io-7 Torr ra.nge, 

will be set up with the assistance of Caltech and the engineers. 

• SIC and BGRl will investigate the use, and necessity of the use, of very pure 

raw materials in the crystal growth. This step is recognized to be useful only 

once effective met.hods of analysis down to a trace element level of< 10-T 

(molar fraction) have been established. 
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* Oxygen containing fluorides can be considered as a 
mixed crystal of MF2 and MO, for example, can consider 
oxygen containing SrF2 crystal as a mixed crystal of 
SrF2 and SrO. It was known that the UV absorption 
band of SrO is located at 215-217 nm(7), and.it is 
205-209 nm (about 6 e. V) for BaO. They are due to 
the transition from 02p state to-conduction band of 
Ba +z or Sr+2 ions. 

* When oxygen containing BaF2 crystals were irradiated by · 
1-ray radiation, 0·2-F• dipoles decomposed: · 

which will increase the concentration of lone 0·2 ions 
and 0·2 ion pairs so as to increase the absorption 
in the 190-250 nm region. F+ vacancies are easy·to 
capture electrons to form F centers which are 
responsible to the absorption in the visible region. 
In the mean time, the hollow at 290 nm was reduced 
or disappeared due to the decomposition of 0·2-F+ 
dipoles. 
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R & D PLAN 

SYSTEM REQUEST PLAN A 

1. lntegr&tion 1.0 0 

2. M&gnet 6.2 5 

3. Calorimetry 7.8 3.3 + 1.3 for B&F2 

4. Muons 3.5 2.7 

5. Tr&cking 1.3 1.1 

6. Electrons 0.9 0.8 

7. Computing 0.1 0.1 

20.8 

Reserve 1.0 0.7 

21.8 15.0 



The GEM Collaboration's Engineering/R&D Plan 
for FY '92 

The GEM Collaboration 

26 November 1991 



Contents 

1. Introduction 

2. Magnet 

3. Calorimetry 

4. Muon System 

5. Central Tracking 

6. Trigger and Data Aquisition 

7. Computing 



TABLE 1 

1. System Integration o· 

2. Magnet 5,000 
Engineering design 2600 
R.&D on conductor etc. 2400 

3. Calorimetry 4622 
Liquid Argon/Krypton 1170 
Barium Fluoride 1209 
Scintillating Fiber 610 
Forward Calorimeters 15 
Prera.diators 140 
System Engineering 1418 

4. Muon System 2700 
Pressurized Drift Tubes 400 
Limited Steamer Drift Tubes 480 
Cathode Strip Chambers 500 
Resistive Plate Chambers 300 
System Engineering 700 
TTR Facility 240 
SCARF Test Facilities 80 

5. Central Tracking 925 
Interpolating Pad Chambers 325 
Silicon Microstrip Detectors 600 

6. Trigger and Data Aquisition 975 
Calorimetry 385 
Central Tracker 465 
Trigger and DAQ 125 

7. Computing 100 
Software De~opment Tools 40 
Simulation Integration 15 
System Architecture Studies 45 

8. GEM RkD Reserve 678 

GEM total for FY92 15,000 

~ • Funded by Project Management Funds at the SSC, which are not a part of this request. 



BASEPIE.XLC 

GEM COST TARGETS (29 JULY 1991) 
($MILLIONS) 

R&D ($40) Computing ($10) 

Trigger ($10) 

Tracker ($40) 

calorimeters ($150) 

Structures ($20) 

Page 1 

Magnet ($100) 

Muon ($130) 
u. 
~ 

~ 



roll1 

GEM COST ROLLUP 12/3/91 
OPTION DIRECT COSTS CONTINGENCY O/o TOTAL 

Liq. Argon/LSDT $394,129 $128,804 33°/o $524,689 
SciFi,BaF/LSDT $415,602 $132,729 320/o $548,540 
Liq. Argon/PDT $395,984 $129,917 33°/o $527,657 
SciFi,BaF/PDT $417,457 $133,842 320/o $551,508 

MAGNET $86,319 $18,445 21o/o $104,764 
MUON(LSDT} $71,381 $42,547 60% $113,928 
MUON(PDT) $73,236 $43,660 60% $116,896 
SciFi HADRON CAL. $66,283 $18,267 28°/o $84,530 
BaFEMCAL. $67,387 $10,929 16% $78,525 
CENTRAL TRACKER $43,630 $13,213 30% $56,842 
TRIGGER/DAO $11,300 $5,650 50% $16,950 
COMPUTERS $12,813 $7,665 60% $20,4 78 
LIQ. ARGON CAL. $112,177 $25,271 23% $139,204 
FORWARD CAL. $20, 167 $6,745 33°/o $26,912 
PRERADIATOR $9,040 $4,520 50% $13,560 
INTERFACE SYSTEMS $11,872 $3,205 27°/o $15,077 
PROJECT MAN. $15,431 $1,543 10% $16,974 

VERY PRELIMINARY 

Page 1 



GEM Engineering Costs ( P><,L .• t., A.+{) 1 c.../fJJt, 
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lnsta!latlon and Assembly Cost 

30000 

10000 

0 
Magnet Muon C. Track T&DA C&C LAR F. Cal Pre-rad Int Sys Pr. Man. 

Subsystem 

• Column& 



Material and Supoly Costs 

Magnet M on C. Track T&DA C&C LAR F. cal Pre-rad 1111 Sys Pr. Man. 

Sub1y1t1m 

• Column3 



procurement/Fabrication Costs 
' 
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j 20000 
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!npectlon/Admlnlstratlon Costs 
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0 
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Proposed subsystem cost allocations - M$ 

Subsystem Base target Contingency Total 

Magnet 90 20 110 

Muon 85 25 110 

Central Tracker 38 12 50 

Calorimetry 129 31 160 

Comp. and Control 13 7 20 

Trigger & Data Acq. 12 5 17 

Interface Systems 12 3 15 

Project Management 16 2 18 

Total 395 105 500 

ill! 
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GEM COST REVIEW 

1. Scheduled December 10-11 at SSCL. o< II - 1-z.. 

2. Subsystem physicists required. 

3. Lead design engineers required. 

4. Integration team members invited. 

5. Cost estimate engineers required. 

6. Electronics and mechanical technologies required. 
Mechanical engineers and physicists should not present 
electronics cost estimates. 



COST REVIEW FORMAT 

1. Each subsystem to be reviewed. 

2. Liquid argon will be emphasized, but brief reviews of 
BaF/fiber system and preradiator and forward calorimeters will 
be covered. 

3. LeCroy will make first presentation of electronics estimates. 
Other lead electronics engineers should be present. 

4. For each subsystem we will need efficient presentations of: 

a. Physics performance parameters and requirements 
b. Basic design parameters, dimensions, channel 

counts, ... 
c. Status of design. 
d. Design team members and effort put into design to 

date. 
e. Cost estimate with emphasis on basis, fraction of 

estimate with various bases. 
f. Plan for next 2 months and descope options. 
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tectors (October. page 25). while a 
magnet study group coordinates 
the designs for the big magnets at 
the hean of new detector 
schemes. 

A podlble supen:onducting solenoid daign 
for an·- ar CERN's propo8C LHC 
proton ~. For giving an - of ma 
scale. some paop#e have -red rtur ma 
'standard man· - be uHfu/ly replaced l>y 
a 'standMd dinosaur'. 

Around the Laboratories 

CERN 
Neutrino facelift 
With the termination this summer 
of the CHARM II neutrino experi
ment at the SPS proton synchro
tron (October. psge 5), CERN's 30-
year tradition of neutrino physics 
came to a temporary halt. However 
with these enigmatic psrticle1 play
ing a vital role in today's Standard 
Model but continually reluctant to 
give up all their secrets, neutrino 
physics will continue to be in the 
forefront of this research. 

Thus after 15 years of continu.i
ly being bettered by the .,_ 
proton beams which - the 
neutrinos' parent PM lidwa, the age
ing neutrino facilitiel at the SPS will 
be refurbished to service two major 

CERN Couier. Na:ramber 1911 

I 

1! 

Scllamaric of Illa plann«I WA96 ('NOMAD 
neurnno ••perimenl ar CERN. 
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The RoD subcontracts. 

l.l.1.2.l Conductor Development and Testing ( S600kl 

It.em 

Strand purchase 
Cabling purchase 
Conduit 
Al extrusion 

Strand verification 
Cable verification 
Conduit verification 
Al-extrusion verification 

Hodel coil 

Sample Vendors 

IGC, Supercon 
Nev England Cable and Wire 
Oxford-Airco, Okonite 
Arizona Aluminium 
New Jersey Aluminium 
IGC, Supercon 
Nev England Cable and Wire 
Oxford-Airco, Okonite 
Arizona Aluminium 
Nev Jersey Aluminium 
Everson Electric 

l.l.l.2.2 Joint Development and Testing ( S300k) 

Item 

Test joint part.s 
Joint verification 

Sample Vendor.s 

misc f ab vendors 
Koch Engineering 

l.l.l.2.3 Conductor Tooling Development ( S500k) 

Item 

Cabling tooling devices 
Cond. sheathing tooling 
Misc. small proc. 

Sample Vendors 

Nev England Cable and Wire 
Oxford-Airco, Okonite 
misc 

1.1.1.2.4 Winding Tooling Development ($500k) 

Item 

Traction drive system 

Anti-buckling guides 
S~raightening sys 
M~sc small proc. 
R•D Subcontracts: 

Sa111ple Vendors 

misc 

misc 
misc 
misc 

Amount (Skl 

50 
35 
25 
15 

75 
70 
30 
25' . 

275 

Amount ($k) 

120 
180 

Amount ($k) 

250 
200 
so 

Amount ($k) 

275 

100 
75 
50 
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~C<j)or 
FET: 1 2/5/91 

Status of GEM Muon System: 

- Loi writing 

- R&D Proposal 

- Definition of TTR 

- R&D Efforts 

- Engineering 

- Simulation of performance 



SUBGROUP DESCRIPTION 

csc Cathcxle Strip Cha1nber 
Subgroup; coordinated by V. 
Polychronakos, Brookhaven 
National Lab. 

LSD'f Limited Streamer Drift Tube 
Subgroup; coordinated bu L. 
Osborne. MIT 

PDT Pressurized Drift Tube Subgroup; 
coordinatr.d by S. Ahlen, Boston 
Univ. 

RPC Resistive Plate Chamber 
Subgroup; coordinated by I. 
Pless, MIT, and C. Wuest, 
Lawrence Livermore National 
Lab. 

ENG Engineering Subgroup; 
coordinated by F. Nimblett, 
Draner Lab. 

TTR Texas Test Rig Subgroup; 
coordinated by G. Mitselmakher, 
SSC Lab. 

SCARF Streamer Chamber Assembly and 
Research Facility Subgroup; 
coordinated by R. Weinstein, 
Univ. of Houston 

IJl P~-" 
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Short Term Efforts: 

(1) TTR: 
- engineering design of absorber iron and frame 
- specification of what's needed to test chambers 

(2) RPC: 
- getting a chamber from Italy for evaluation 
- studying glass prototype chambers 

(3) CSC: 
- measured the Lorentz angle for different conditions 
- developing mechanical design 

(4) PDT: 
- developing mechanical design 
- considering different gas mixtures 

(5) LSDT: 
- constructing 0.5 m x 6 m chamber 
- setting up for Lorentz angle measurements 
- seeking ways to reduce material in chamber 

(6) Engineering: 
- collecting material for cost review 
- support structure support and interface hardware 
- integration of muon system with GEM 

(7) Simulation: 
- how thick the calorimeter (punch-through) 
- number of layers vs pattern recognition (.S-rays) 
- B field uniformity 
- trigger design and performance 
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CALORIMETRY MEETING 

Wednesday. December 4. 1991 

(Location to be posted at the User's Office) 

Revised Tentative Agenda 02/3/9)) 

8:30 Meeting opens, General Business 

9:00 Progress Repon on Noble Liquids 

9:30 The Parallel Plate Liquid Argon Option 

10:00 Progress Report on Forward Calorimetry 

10:30 Progress Repon on Silicon Strip Pre-Radiator 

11 :00 Pre-Radiator and Isolation Studies 

11 :30 Electronics .. 
12:00 LUNCH 

1 :00 Progress Report on Barium Fluoride, Panel 

1 :30 Progress Repon on Scintillating Fiber 

2:00 Effective Compensation 

2:30 Progress Repon on Engineering 

3:00 Adjourn (SubGroups may meet separately) 

(Brau) 

(Gordon) 

(Mockett) 

(Rutherford) 

(Brau) 

(Zhu or Yamamoto) 

(Marlow?) 

(Newman) 

(Worstell) 

{Paar) 

(Rennich) 

. " 



Table I: Calorimetry Budget Summary 

R & D (kS) Engineering (kS) 

Liquid Argon/Kr 1 170 798 
1~ 

BaF2 1 209 
Sein. Fiber 610 250 
Forward 75 10 
Sil. St. Prerad 140 10 
Post decision 350 ~ 

Totals 3 204 1 418 

Table 2: Liquid Argon/krypton RkD 

kS 

2 mm Pb Accordian (RD3) BNL 150 
Improve EM accordian (2 mm Kr+ 1 mm Ar) 520 
Hadronic module EST 50 
Parallel plate EM + preradiator (UW) 205 
Test beam support (Arizona) 20 
Precision calibration 75 
Operation of test beam 50 

Cryogenics, purification, for test beam 100 
Liquid Argon/krypton total 1 170 

Table 3: BaF2 R&D 

kS 

UV Performance Monitoring 47 
Analog and Digital Readout Testing 50 
Radiation Damage Tests 310 
Prototype Electronics Readout 117 
Rad Hard Electronics Readout 30 
Beam and Cosmic Ray Tests 241 
BaF2 Crystal Matrix Assembly 414 
BaF2 total 1 209 

3 
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Table 4: Scintillating fiber hadron R&D 

k$ 

Engineering &nd design 140 
Shop time 20 
M & S Hardware 200 
Tooling 50 

SPACAL work 150 
Test Beam support 50 

Scintillating fiber total 610 

Table 5: Forward calorimetry R&D 

kS 
Liquid scintillator 50 
High pressure gas tubes 25 
Forward calorimetry total 75 

Table 6: Silicon strip preradiator R&D 

kS 
Electronics development 80 
Beamtest hardware &nd support 60 
Silicon strip prerad total 140 

4 
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Collaboration & Mission 

1) We have made progress in coordinating and 
synthesizing the capabilities and efforts 
of the former scintillating fiber and 
liquid scintillator groups. 

2) We have expanded our research program to 
more ~directly address several key -issues-
which were raised by the GEM calorimetry 
working group during our recent technology 
decision meeting: 

a) Longitudinal Segmentation 
b) Long-term Stability + Radiation Damage 
c) Calibration Systems 
d) Photomultiplier + Readout Systems 

3) Our R & D Budget request has been modified 
to reflect the increase in scope of our 
mission and the strengthening of our team. 
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Status of 4-Ton Prototype 

We are constructing a total of 6 1-Ton 
supertowers: 

(4 physics towers each, each tower would 
be 0.05 eta x 0.05 phi at eta=O) 

a) One cast tower with splice joints for 
fiber bundle readout is complete, 
-machined· arid· under bench test. 

b) Four towers are under construction, 
a subset of which will be tested at 
FNAL subject to beam schedule 
( December 23 - January 8) 

Characteristics: 
No splice joints (scifi bundle readout) 
89°/o eutectic/ 11°/o 2mm fibers 

First ready to cast, second being 
threaded, fibers cut for third 

Four towers at FNAL by Xmas. 



Key Questions to Resolve 
for 16-Ton Prototype 

1) Supertower dimensions/segmentation: 

2.5-Ton Supertowers 0.16 eta x 0.16 phi 
may be optimal in long-term but 
may not be feasible short-term 

16 1-Ton 0.10 eta x 0.10 phi supertowers 
takes advantage of existing infrastructure 

2) Degree of fidelity to long-term design 
which is feasible for short-term 
construction (August 1992 CERN Beamtest) 

a) Spherical vs. true GEM geometry 
b) Mesh dynode PMT readout($) 
c) Specification of sheaths and mechanical 

support structure 

3) Longitudinal Segmentation: 

a) Specifications for physical segmentation 
b) Off-shelf vs. dedicated electronic 

segmentation 
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Schedule & Deadlines 

1) 4-Ton prototype: 

a) To FNAL by Xmas 
b) Lead shot supertower in January 
c) Fiber splice readout tested by January 
d) BNL spring run? 

2) 16-Ton prototype 

a) Request for Quotations to .Fiber Vendors 
Division of inside/outside preform 
preparation is key question 

Purchase order placed before Feb. 1 

b) Photomultipliers selected and ordered 
before Feb. 1 

c) Special order for splice/spacer plates 
by Feb. 1 

3) We expect to begin construction of first 
new supertowers in March/April 1992. 
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Gamma efficiency Cl=3 e-min cul=0.75 Mev 
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SCIENTIFIC - INDUSTRIAL ASSOTIATIOtl 
ELMA 

103460 Moscow Russia 
Telephone: (7)(095)531-7651, Fax: (7)(095)531-0976 

Prof. P.F.ErmolOY 
Dr. G.L.Bashindzhagyan 
Moacav State University 

According to your request - have investigated and calculated 
a cost esti.Jlation for a possible strip detector production at ~ 
for GfX detect.or at SSC. 

Size 64 x 64 .. -3 
Thickness 0.4 .. 
Pitch 1 • 
Leakage current 5 - 15 DA/strip 
for 95• of strips 
leakage current up to 300 nA is acceptable for 5• of strips 
Bias voltage less than 100 V 

• A cost estimation for a lot of 10,0t>O detector production is $ 400,000. 
400 kg float zone n-type silicon ingots with resistivity 5-10 kOlun*cm 
and 100 1111 diameter have to be supplied by custaner. 

General Director 
L.A.Ivaniutin 

~lSO 

S.A. l•'6oe~~\" lci~"f·.f; J _. -1 • f ' ~ - "" ._,,r•• I)"•~ h 

'"' si1.a1+..rt. 
Mier•""•·", "ssre.. 

M«1f-f \ f-.ytr CA,, ~ Cl.SJ e"'~~,, 
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Electronics Group Meetin& <Dec. 6th at SSCL) 

9-9:30 am Discussion of Submitted R&D Plan, White Paper, 
Organization.etc. 

Electro-Optjcs Reyiew 

9:30-10 am Review ofBNL Work (T.Tsang) 

10-10:30 am Review of NRL Work (M.Seman) 

10:30-11 am Possibilities for Chinese Involvement (W. Willis) 

11-11:20 am Progress at LLNL (M. Lowry) 

11 :20-11 :50 am Overview of Possible GEM Applications and Needed 
R&D (V.Radeka) 

11 :50-12:30 pm General Discussion of R&D Plans and Efforts 

12:30-1:30 pm Lunch 

1:30-2:15 pm Review of Muon Pad System Readout (V.Polychronakos) 

2:15-2:45 pm Rad-hard First Level Processors for Large Detectors 
(Robert Wixted, Q-Dot Inc,) 

2:45-3:45 pm Other Working Group Reports 



Electronics R&D Plans 

Central Tracker 

Coordinators: I.Musser, P.O'Connor 

• Silicon Microstrips (LANL: G. Mills, S. Hahn) 

• Pad Chambers 
- Rad. Hard Front-end and Analog Pipeline 

(BNL,ORNL) 

- Electro-optic Modulator Readout 
(BNL, LLNL, Columbia, Indiana) 

Calorjmetry 

Coordinators: I. Parsons, B. Sippach, P. Denes 

• Analog Pipeline and ADC Development (Columbia) 

• High Speed ADC and Digital Pipeline (Princeton) 

• Level 1 Triggering (Pittsburgh, BNL, Princeton) 

Muop Cbamber System 

Coordinators: V. Polychronakos, ? 

• AMPLEX Chip Modifications and Additions 
(BNL,ORNL) 

• Microcircuit Development for Drift Tlll1C Readout 

Leye! 2 Triggerjng and DAO 

Coordinators: M. Atiya, D. Lissauer, I.Ritchie 

• Level 2 and DAQ Studies (BNL, UoIT, Yale) 

• Level 2 Trigger Hardware Development (SSCL) 

($325K) 

$315K 

SlSOK (plus Subsystem 
R&DFunds) 

$200K 

S SOK 

$135K 

(SlSOK) 

(MIT, BU) ($ 30K) 

S 75K 

S SOK 

(Funding in parentheses is included in 
given subsytcms request) 



Occupancy Whitepaper 

Contributors: 

Cleland, Denes, Lissauer, Marlow, Mills, 
Musser, Radeka, Shaevitz, Whitaker 

From PAC's October report: 

"For the optimization of the detector, the collabo
ration should include a detailed study of occupancy 
and pileup effects in all detector components, ta.king 
into account integration and dead times. " 
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Table I: Standard assumptions for occupancy and 
rate calculations. 

Parameter Value 

Luminosity 1033 cm-2 s-1 

Bunch Frequency 62.5 MHz 

D"min. bias 100 mb 

d2 N / d11d<P for min. bias event 1.2 



1.1 Silicon Strip Occupancies: 

( d2N) 
Occ = N BX X Nmin bias X ~T] X ~¢> def.>dTJ X !sec 

= 1 x 1.6 x (~TJ x ~¢>) x 1.2 x 2 

= 3.8 x (~TJ x ~¢>) 

where 

NBx =number of bunch crossings 

Nmin.bias =number of minimum bias events 

f sec = factor for secondaries 



Table II Silicon-strip vertex detector occupancies in 
the barrel region. Occupancies are given for strips 
at T/ = 0 . 

• 

Radius Occupancy 

Layer (mm) Raw(%) Space-Point (%) 

1 140 .11 1.27 

2 200 .055 .65 

3 260 .033 .38 

Add in background from physics event: 

Thus at£,= 1033 cm-2 s-1 the effective occupancy 
per strip for physics events will be higher by 

Occphysics = (1.6 X 1.2) + 1.8 = 
1

_
9 

Occmin. bias 1.6 X 1.2 



Table III Silicon-strip vertex detector occupancies for the for
ward disks. 

z Position Radius Occupancy 

(mm) Type Inner (mm) Outer (mm) Raw(%) Space-Point (3) 

± 300 Inner 120 180 .038 .23 

± 400 Inner 120 240 .050 .60 

± 500 Inner 120 240 .053 .62 

± 500 Outer 240 300 .012 .07 

± 600 Inner 120 240 .053 .65 

± 600 Outer 240 300 .012 .10 

± 700 Inner 100 240 .067 .96 

± 800 Inner 120 240 .055 .65 

± 900 Inner 130 240 .048 .53 



Table IV Pad dimensions for !PC barrel layers. 

Layer R (mm) 6.</> (mR) 1Jmax 6.17 6.Zmin (mm) 6.zmax (mm) 

1 380 13.2 1.7 .076 29 79 

2 520 9.6 1.4 .104 54 112 

3 660 7.6 1.2 .132 87 150 

Table V Pad dimensions for the IPC forward/backward layers. 

Layer z (mm) 71min 71max 6.Rmin (mm) 6.Rmax (mm) 

1 1100 1.27 2.69 4.6 94 

2 1300 1.42 2.86 4.6 85 

3 1500 1.55 3.00 4.6 80 



Occ. = N BX X Nmin. bias X (AT/ X A</J ~~) X Nimage X !sec 

= 2 x 1.6 x .0012 x 2 x 2 = 1.53 

where 

Nimage = number of illuminated pads per hit 

For C = 1033 cm-2 s-1 the occupancies will be larger for 
physics triggers 

Occphysics (3.2 X 1.2) + 1.8 
0 = 3.2 x 1.2 = 1·5 

CCmin. bias 



3.1 LAr Calorimeter 

The regions of interest are: 

1) the size of the individual tower-Le. t::..T/ x !::..</> = .04 x .04 

2) a size which is useful for the definition of clusters (3 x 3 cells 
in the EM part and 4 x 4 in the hadronic part) 

3) an area typical of that required for jet energy reconstruction 
or for application of isolation cuts-t::..R = v' t::..T/2 + t::..¢2 = .45 

Table VI Thermal and pileup noise in the liquid-argon calorimeter. 

Electromagnetic Section 

CT thermal CT pileup CT total 

T (ns) Cell Size (MeV) (MeV) (MeV) 

.04 x .04 40 (20) 24 (30) 47 (37) 

25 (40) .12 x .12 120 (60) 120 (150) 170 (162) 
, 

t::..R = .45 820 (410) 1640 (2070) 1840 (2110) 

Hadronic Section 

.08 x .08 240 {150) 120 {145) 268 {208) 

70 (100) .32 x .32 960 (600) 880 (1060) 1302 (1218) 

f:l.R = 0.45 2360 (1470) 3310 (3980) 4065 (4242) 

1 
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3.2 BaF2 Option 

For purposes of comparison with LAr, one can com
pute the "pileup sum" 

where 

a( tk) = normalized normalized pulse response 

and 

tk =time after pulse (multiple of 16 ns) 

For LAr with a 25 (40) ns shaping time S = 2.8(4.1) 
hence 

O"pileup(LAr) ~ 1. 7(2.0)upileup(BaF2) 

1 
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4. Muon System 

Barrel Region Drift Wires (1111 < 1.3): 

where 

dN 
Occ = dA A tdrift 

= 10-1Hz cm-2 s- 1 x 1200 cm2 x 300 ns 

= 3.6 x 10-5 

dN . 
dA = rate per umt area 

tdrift = is the maximum drift time 

A = area of 4 - m - long 3 - cm - dia tube 



Muon Forward/Backward Region (CSC's): 

Table VIII: Summary of CSC strip dimensions for 
forward/backward muon system. All strips are 5 mm in width. 

z Strip Lengths Strips/ 

Superlayer (cm) Min. (cm) Max. (cm) Plane No.# Planes 

1 ±600 23 176 7600 4 

2 ±1000 70 202 10000 4 

3 ±1400 149 220 14900 3 

For the"' worst case (at C = 1033 cm-2 s-1) of a 150 cm strip 

dN 
Occ = dA Astrip Nimage tinteg. 

= lOHz cm-2 s-1 x 75 cm2 x 2 x 3 µs 

= .005 

Although this is acceptable, a considerable additional margin 
can be be gained by recording the times digital control channels 
with time precision of one bunch crossing or better. 



Number of Minimum Bias Events in Bunch 
Crossings Containing Rare Events 

The probability that a process i having cross section Ui «: Utotal 

will occur in a bunch crossing with m interactions is 

(J'. 

P(m) = ' mp(m) 
O'total 

where 
µ = 1.6 =#interactions per crossing 

1 oo m2 µme-µ. 

= µ L m! 
m=O 

= e-µ. ~ mµm = e-µ. ~ (n + l)µn+l 
µ L...J (m - 1)! µ L...J n! 

m=l n=O 

(

00 00 ) µn nµn 
= e-µ. L n! + L n! = 1 + µ 

n=O n=O 
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