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Abstract: 

Transparencies and agenda of the GEM Collaboration Cduncil Meeting held at 
the SSCL on January 23, 1992. 



COLLABORATION COUNCIL MEETING 
January 23, 1992 

9:00 

1 . Status of GEM B. Barish 

2. First Internal Cost Review G. Sanders 

3. PAC Review B. Barish 

4. R&D/Engineering Plan C. Baltay 

5. Report of BaF2 Panel W. Willis 

6. ProjectManagern.ent M. Harris, M. Marx 
(PlanS"for Technical Proposal) G. Sanders 

7. GEM Organization Discussion B. Barish 

·-
8 . Creating Baseline Design 

General Issues 
Subsystems Plans 

9. Other Business 

M. Marx 
(Stroynowski;Taylor/ Ahlen; Willis/ 
Karn.yshkov;Baltay; Marlow /Shaevitz; 
McFarlane 
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Hitachi Transmission Scans of BaF2 samples. 
7 /91 Radiation Damage Study 
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APPENDIX 1 

I. SHORT TERM TESTS (by January 20, 1992 l 
1. Preliainary low do•• rate •tudy 

- small •ample and po••ibly long •ample 
- - 1 Mrad/yr for - l month 

2. Trace analyai• of already irradiated •&llPl•• 
3. Structural analy•i• of already irradiated ..-plea 
4. Look at VUY and IR spectra in exi•tin9 Nllplee 
5. Po••Ully •ome thermol...U.neacene ... •ur ate of ... 11 •amples 
'· Further study of light lo•s v• tranaai••ion lo•• 

- ... •ure even •maller •ample• 
- better Monte carlo calculation• (includi89 eurface effects, etc.) 

7. Express results in consistent unit• (e.9., abeorbance or aba. len9thl 

II. IM10111:DIA'1'E TUM TESTS ( by - Aug 92) 
l. Carehl dDae rate -· 
2. llDre irr..U.ation tudi .. viUI Cfa9t) -troae 
3. JlleUil..s tr- e t aaalJeia UUf -.Ui-. tectlai .... 
4. Pr..-ratio.a of lea viu tnc•le IUet•U. 
5. lzdnr91 material ...a 9HW .... 1 .. • 4liff•1nt facilit1-

(SIC,.,.'!"«*.ITI> 
'· ·~ • 5 i.. tJl 411iff•1nt t,... •f u-. 
7. Gcow --.1 .. uiaf .-J.iaMio.a fr-.COC•••U. 
8. COlllfUtatioa of ..,.i~ioia/tree catioa fr•=••••• 

III. Lonq term ~lldd. .. (> 1 :r-> 
l. DetaileS pl.an not ,.c: ..-citied 
2. Some ~ilDiliti .. 

- productiOll IX •111tra ••• .... l.M. 
- extensive trace el t ane.lysis 
- irradiations to stlldly ..,.ilat.ion, ~ron tran~taltion, etc. 



APPENDIX 2. 

Panel Questions for the GEM Collaboration. 

l. Define by January 21, 1992, the radiation damaqe 
specifications includinq: 

a. Limits of deqradation of the uniformity o.f litbt output 
b. Limits of deqradation in total liqht output (abaorbadce) 
c. Acceptable rate of chanqe as a function of time or doae 
d. Can specification vary for barrel and end-cap detectors? 
e. What is an acceptable potential failure rate (crystals 

per year) ? 

2. Provide radiation damaqe dose broken down by particle type 
and enerqy. 

3. Would the GEM 
the BaF2 detect 

llaboration consider UV annealinq within 

·, 

\ 
i 



l. This first and foremost recommendation is to develop a stronq 
coordination between the two institutes by the appointment of full 
time coordinators both in China and in the US durinq the next 8 
months. A coordinated, comprehensive plan of research should be 
written to efficiently use all the talent that is available for 
solvinq the radiation damaqe problem. 

2. 1 .. ediate efforts should be made to quantitatively ·co~l•te 
the deqree of radiation damaqe with the levels of oxygen and other 
trace !•purities in the existing crystals. 

3. Investiqate the use of CPAA for the measureaent of th• OJCY98n 
impurity. 

•· Us• hiqh purity materials with the current processing 
techniques to qrow crystals. Up-to-date analytical techniques 
sbould be used at each state to verify iapurities. The results 
should be cross checked in other laboratories. 

s. Investiqate the ccuracy and cross comparison of trace el...,.t 
anAlysis techniques. 

6. Suspend-the qrow nq 35 ca crystals due to tbe coet.·,1• .Jiel• 
..a •ifficulty with i purities. · ~-

7. concur with SIC decision to defer pm-cba- of ..., fvrnac• 
lifttil radiation damaqe issue is -ttled and tbe collUlorati• 
ciecides on ~· detector of choice. 

8. concur with th• collaboration decision t.o liait tM next 
purcb.a- to 49 crystal pairs 

9 . Vacwa - It is our understanding this work is underway and 
will require tllr.. :aonths to finish 

a. a.teraine if the fore-puap on th• sinterinq ovens are 
ad•• u. 
Jt. r~ro•• YllCIUUa and vacuua aonitorinq on the CJrovtb 
~ to at i ... t th• 10·• range. Use cold trapa to illpru.e 
tu vllC'UUm and •• c1 .... bacJultreaainq. Md a second :aore ap
to-dat• ioa CfA\1199 closer to the chllJlber on the furnace to 9iYe 
better il'lllieation of vacuua probl.... Heliua leak detecti-i 
equipment is .._irable to quickly locate probl .. areas. 

10. Report tlle litllt tranaaission in abso1;\)tion leftllJtll to all
easier comparison of different lenqth crystals. 

11. supply rw -t•rial, sintered -t•rial and fi-1 e&J•Uls fr
the new proce .. inq to US for radiation sensitivity ..,.1 .. tioa. 

12. Advice Rein-yuan Zhu supply crystals to SIC f'or impurity 
~·valuation for comparison. 

13. Demonstration of capacity and crystal l,...lity of the 1W'W 
production furnaces should occur before th• pr~ion cycle beqi-
in 1993. · 
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Objectives of BaF2 Review Meeting 21-22 January 1992 

Define what is needed for GEM to make.a decision on using BaF2 by '~· 
August 1992. 

This panel will make technical recommendations, but GEM must 
make the decision. · . 
Schedule for BaF2 project is not the Panel's problem directly. Panel 
should offer views on feasibility of production capabilities. RclD, or 
measurements to meet a schedule defined by GEM. 
Panel should establish set of new measurements and calculations 
needed to make a GEM decision possible. 

GEM must define acceptable crystal characteristics for radiation 
environment. 

oton damaae (ianization) 
e (spallation) 
attenuation within crystal 

Electron or 
Hadron dam 
Variability o 
Degree of sa 
time) 

ration required (i.e. change of ndi._ ti 1 z•·ower 

Review what has been learned about radiation damage meclrtlmsla 
Crystal purity and defects, and their relation to radiation Rsistance 
What is role of dose rate? 
b satwatioa teal? 
Surface vs.~ effects and how they are dealt with -

Review ability el pGM 'jel ¥endon IO prodMce adequate crysaals · 
~---·Eli h 
A•·sy • zara,• z•s I ii) 
.o..i.ac.., ~ h d n.-., • C11ak& c 1 - .. r "" 
Production~ magic"--My persc•n l 
Liaison between GEM and vendor 

Understand production process 1iQr ccysms.:. 
CryS>tM fabrication 
Crystal tunmg for uniformity of response 
Test procedures · · · · · · · 
Is J"i'e-racfiation for saturation feasible? · · 

-. --·-; . ' --- .. ~ . : -

-

-. .. .. . - ..... . 
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TABLE 1: ANALYTICAL METHODS AND MATERIAL PROPERTIES 

llEil:tQl2 

FTIR 
\AN 

TLDI Acoustic 

Ellipsometry 
ULRB 

<D.tS 
SIMS 

EPR 
EXN'S 
>CW 
Channeling/ 
FaS 
TEM 
Etching 
EB:'A 

Glossary: 

FTIR 
vw 
TLDI Acoustic 
NMR 
ULA8 
GDHS 
SIMS 
EPA 
eiR 
EXAFS 
XRF 
Channeling/ 
RBS 
TEM 
STM. 
ESCAI 
XPS 

SENSITIVE INSTITUTIONAL caJECTIVE 
TCWOR: AVAllABIUTY 

Impurities PNL Survey 
Impurities Acton Resean:h Band-end 

transml11ion 
Impurities/ CEA/ Other Trap Oepll 
Delec:ls 

Surface quality Woolam, Inc. Contamination 
Impurities at USCIPNL Actinides/ 
low levels Lanllanldes 
Survey ·· a:A Traces 
CIN/OJH ( a.. Typical levels 

in crystala 
H MIT Hprasence 
02 NRL/NIST Oxygarl 

.. Survey \ NRL S!leclll 
Interstitials & a:A Buk()xygen 
Stochlometry 
Structure aA Delacts 
Delacts Delacts 

c~ Impurities est. Contamination 

Fourrler Transform Infrared transmission 
Vacuum Utraviolet lransmission 
Th8m10-Luminescence 

---

Nuclear Magnetic Resonance 
Ultra Low Radioactive Baclcground 
Glow Dilcharge Masi Specliometry 
Secondary Ion Mass Specbometry 
Electron Paramagnetic Resonance 

Extended X-ray Absorbed Fine Structure 
X-ray Fluorescence 

Rutherford Backscattering Spectroscopy 
Transmission Electron Microscopy 
Scanning Tunnelng Microscopy 
Electron Spectrometry for Chemical Analysis 
X-ray Photoelectron Spectroscopy 

CRVST'AL 
SAY'LESIZE 
(Inches) 

1 x 1 
0.5 x 0.2, Oltler 

Chips, before & 
a her 
Irradiation 
1 x 1 
1 x 1 

,_.,.... ,_.,.... 
0.2 x 0.2 x 0.3 
~ 
~ 
2 x 2 x 0.1 .:. 

1 • 1 



Preview 
Composition Studies 

Matrix Level Elements: 
F - ee-. 
a. - ao to aa-. 
8r - 1 &PPlnw to a Wt 

Level rities: 
- CNo Calibration) - • 

- • 

- 100 to 
a - 100 to 

Na - I•••• ... -1..-. 

1000 .... 
1000 ,., •• 

• - ... Cear•1iaRI 
AJ --llo ~ 

' Ca - 0.1 to 10 ••212• 
~- - tNo~ 
~ ................... -•• ·tt-

I I.. 



Allal,.t• l1A1 llM .. 
T.ULI 5 

GDMS AnalJ•l• llanlU of OD• laf1 Glua l111Pl• lllC-JtTL. aaae c1 .. -... 

Coacentretlon CoaceatreU.on 
El-t (ppmt) El-nt (,,.,) 

: 
Li <0.003 lhl <120. .. <0.004 Pd' <0.1r 

• 0.3 41 IIllHI 
c (<870.) Cd <1. 
N (~1. 71) In 0.06 
0 (~1.11) Sn 0.9 
F MAftlX SbJ <110. 
Na -4. Ta• <210. 

"' 1. zs <130. 
Al 12. ca• <2.8 
51 10.-40. la MAftlX 
p 

') La' <33. 
S' -90. Ce 0.01 
Cl' -:u~. Pr' 0.2 
IC Nd1 1.6 
ca• 70. Sa' <28. 
Sc <0.01 Eu' <0.11 
Ti <0.1 Gd• 1.3 
y <0.004 Tb• 0.3 
Cr <0.1 Dyl ~3.4 

*' <0.008 Ho' 0.1 ,. <O.S ,lrt -~) Co <o.oos Ta• 0.2 
Ni - <0.1 Yb• 2. 
Cu <0.2 Lu' 1. 
Zn <0.2 Rf 0.7 
Ga <0.04 TalO <2S. 
Ge <O.l w <0,02 
Al <1. ll• <0.03 
s.u <0.7 Oa <0.03 

~·· 
<0.6 Ir <0.11, 

DI CO.Ji- Pt <0.04 
Ir 1.3 Au <0.2 ,. <2. HI ~·' Zr <0.01 Tl <0.04 

• <0.01 Pb <0.1 

• <0.6 Bi <0.01 .. <0.1 Th <0.002 
u <0.007 

' \ 
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• Less oxygen in the crystals reduced the overall damage of the crystals 
(gradual slope off transm.) after irradiation. 
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SIMS Oxygen 
Bulk Analysis 

of BaF2 

Sample . . elative Concentration 

K14417D 3.2 
K411414A 6.22 

1.1 

••• 
1.1 

SICXn. •••• 1.4 

11 



Tablc.2.. 

The peak poaition of the color centers and ox71en.iapurit7 
center• in BaF,, cr7atala. · 

-----------------------------------------------------------color center• B(ev) 

-----------------------------------------------------------F 

H 

-·. 

2.03 

1.12 

3.69 
1.66 

6.01 

6.5 

'7. 2 
5,4 
3.0 

9.5 
6.2 
4.25 

10.1 
9.8 
8.4 ,,,-
10.0 
9. '7 
8.1 
6.4 
3.2 
2.8 

2.3 
3." 

611 

720 

336 
750 

206 

191 

1T5 
230 
413 

130 
200 
292 

123 
12'7 
148 
188 

124 
128 
153 
194 
394 
443 

539 
365 

----------------------------------------------------------
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Summary 
of BaF2 

Materials Characterization 
' 

) The polish~d surface of BaF2 
crystals s highly disorded. 

...... 

. ) There are several Mid Level 
-,,__ 

impurites in both the K and 
SIC Series Crystals. 

'~) Sr is present at Matrix 
concentrations in SIC 
crystajs. There is optical 
data which suggest, that 
SrF2 is not radiatiJn hard. 

,, 
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2 
8cF2 (420.790.819) 

Thermoluminescence 
Integrated Intensity versus dose 

'ff-+--~~~~~~..,.....,..~~-,...--,;~~~~~~ 
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CONCLU$'l0NS 

1. Assuming saturation with radiation and very slow •elf-recovery 
(response trimned to uniform after preradiation) li9ht absorbtion 
length at 220 nm should be > 53 cm (6 side polished crystal). . .. ---·-

Conservatively one can specify (as in R-Y Zhu specs) : I@ __ , . . . r-. 1. 

Abs. length for irradiated crystals > 100 cm ( > 200 cm fresh crystals) 

Response of the crystals with such absorbtion lenqth can be trinmed 
to uniform by optical coating, wraping etc. Accuracy of such trinming 
should be at the level Delta < 3%. 

'. t' 

2. Once crystals are coated\~d installed one can admit that global or 
local non-uniformity can o developed for 5 years of SSC operation 
at the level of no more than Delta-6% or change absorbtion length 
from > 100 cm to > 80 cm. 

~ 
3. Change of global light yield of the crystal (with or without 1· 

development of non-uniformity) should not exceed 1% per month 
of steady SSC operation (assume calibration once per month). 

----.... •; 
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GEM BaF2 Panel report 
after the first meeting at the SSCL, Dec 4-5 

3). Therefore, the Pud is recommending sevcnl sseps dw me meant ID elm~;: • eNs 
issues and provide the basis for such an assessment by August, 1992. studies 
should scart without delay 111d some of the results can be expected eYeD before the next 
Panel meeting, oo Januuy 21-22 at the SSC Laboralory. 

4). This plan of IC1ioo is divided into short and long tesm plans. The objectives d the pllll 
d ICtion ll'e: 

A. By January 21. 1991 to brolden our Jmowledae bue., u., be in a.,._ pwd•• • 
JeCOl"'"'"d a scope of work that will have a msonable probability d m: c 111f>.di;;....., 
pr<>jim wilt> respect to resolving the questions associaled with radiarino ctwnaF 

a. 1n the event tlw R&D funding is provided, it was felt that manufacnn al a few 
ilqJICMd ~les would be necessary but not sufficient for a sensible decision ID be imde 
as eo proceedin1 to tarp scale production. It was •arced that an undc:nlandilll of the 
mechanisms of dama1e would also be necessary. A ranse of tests for achieviq a better 
undenWldin1 of mechanisms would be needed to be completed by Aupst, 1992. 

A list of analytical techniques felt to be relcv111t was pRpared (Tlble 1). These 
were cross-refem.ced with the types of impurity and defects thou1ht to be of concern 
(Table 2). A list of tests that could be completed by January 21 was made that c:orresponds 
to an estimated budget of $30K (Table 3). The remainder of the material tests, to be 
completed by August, 1992, were budgeted at approximately SlS()K. 

I 
1 
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GEM Project Management 

QA/CM CGltA 
.... , I 

Doc 1 
CGllb'ol F&Ti:H 

To subsystem groups 

.......... Support 
Stllfr 

Detector Aslembly 
& Installation 
Subdetector Integration 

Electrical Integration 

Machine Interface 

hd/1-8-92 



MH 

COLLABORATION 
SPOKESMEN 
8.BARISH 
W.WILLIS 

COST & 
SCHEDULE 

R.FISCHER 
I PROG PLAN REP 
(Interview lngJ4068U 
I COST 
(Interview lngJ3354U 
I SCHEDULER 

LC:AD ENGINEERS 
WORKING 
PART-TIME 
AT SSCL 

P.MASTEN CMITJ 
G.DEIS CLLNLJ 
M.RENNICH 
CORNLl 
L.MASON CMM) 
F.NIMBLETT COL) 

-

c -

-

QA/CM 

I ENG 111 

DETECTOR PROJECT MANAGEMENT 

G.SANDERS CACTING PMJ 
M.MARX PHYSICS INTERGRATION 
M.HARRIS (CHIEF ENGINEER) 
ENGINERING. ASSISTANT 

DOCUMENT CONTROL 

G.YOST 
E.WALTON (1/6/92) 

SUPPORT STAFF 

H.DURDEN 
L.BALLARD GENERAL CSEC Ill 
I RECEPTION/TRAVEL SUPPORT 
CSEC ll 4231 U 

ESH 

R.WOOLLEY 
I SAFETY ENG 
4236E 

SYSTEMS ENGINEER 

N.GOBER-LOCKHEED 

INTEGRATION 

DETECTOR ASSEMBLY CALORIMETER 

I PHYSICIST 1 PHYSICIST 
MECH.ENG IV C.EBERLE ORNL 
J.PIER-AMORY 
E.SABIN TRACKER 
Z.CHEN 
MECH ENG Ill K.MORGAN 
I DRAFT CDERDJ R.BARBER LANL ? 
I ELECT. DESIGNER 

FORWARD SYSTEMS 
MAGNET 

1 PHYSICIST 
R.STROYNOWSKI 1 MECH ENG IV 
PROJECT MANAGER 
I MECH ENG IV ELECTRICAL INTERGRATION 
4021U 
C.JOHNSON LLNL 1 PHYSICIST 
N. MARTOVESKY KAI I ELECT ENG IV 
I ELECT ENG IV 4161U 
I ELECTRO MECH DESIGNER 
I DRAFTER CDERDJ MACHINE INTERFACE 

MUON A.MASCHKE 
G.CHAPMAN part-time 

I PHYCISIST CDERDJ 
8.SMITH LANL I MECH DESIGNER <DERDJ 

PROPOSED GEM PROJECT MANAGEMENT FY 92 

RECRUITMENT STATUS I /21 /92 



STAFFING 
COST/SCHEDULE 

Program Planning Manager ~Ichard Fisher 
Cost Analysts (x2) - offer out on 1, interviewing 
Scheduler - interviewing 
others ... 

DOCUMENT CONTROL 

Ed Walton (G. Yost physicist guidance) 

SYSTEMS ENGINEERING 

Norm Gober 

ES&H 

R. Woolley 
Safety Engineer - interviewing 

SUPPORT STAFF 

Admin. Assistant to PM - H. Durden 
Secretary II - L. Ballard 
Secretary I (travel/reception) - requisition 
others ... 



STAFFING (continued) 
INTEGRATION 

Detector Assembly/lnstallafieln - Sabin, Chen 
Subsystems 
Electrical Integration - N. Lau (LLNL) 
Machine Interface 



TASK FORCES 

MUON SUBSYSTEM REVIEW 
'" ,, 

TRACKER SUBSYSTEM REVIEW 

R&D TASK FORCE 

TEST & CALIBRATION BEAMS 



MUON SUBSYSTEM REVIEW 

FORMAL CHARGE 
'" ... 11 

WRITIEN REPORT TO SPOKESMEN, PM, SUBGROUP LEADERSHIP 

PANEL Branson - chair 
Webb 
Rennich 

A TIENDED BY WILLIS, SANDERS 

SCHEDULED FEBRUARY 5 IN BOSTON 



TRACKER SUBSYSTEM REVIEW - F~b.. 2 !:>~ 

SAME FORMAL CHARGE 

WRITTEN REPORT TO SPOKESMEN,'PM, SUBGROUP LEADERSHIP 

PANEL Rutherfoord - chair 
R. Morrison (non-GEM) 
A. Weinstein (non-GEM) 
Nimblett 
Mitselmakher 

ATTENDED BY BARISH, WILLIS, SANDERS 



R&DTASKFORCE 
Reports to PM 
Long-term planning 
Receive internal proposal's, review proposals 
Monitor Statements of Work/Monthly Progress 

Reports 
Communicate with subgroups 
Prepare unified GEM proposal for GEM review 

R. Webb - chair 
+ 2 physicists 
+ 1 SSCL-located engineer 
+ SSCL Program Planner 



TEST AND CALIBRATION BEAM TASK FORCE 

Report to PM 
Near-term Test Beam plan due Tucson for FY92-94 ,, 
Longer-term receipt/review of internal GEM proposals 
Provide control/uniform communication to other labs 
The "face" of GEM to base HEP researchers 

G. Yost - chair 

P. Denes, CERN 
,BNL 

H. Kobrak, FNAL 
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TECHNICAL PROPOSAL ORGANIZATION 
VOLUME CON1ENfS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

,, 
Executive Summary, overview, physics 

goals, specifications 
Magnet Preliminary. Design Report 

Muon System Conceptual Design Report 

Calorimeters Cone. Design Report 

Tracker Conceptual Design Report 

Data Acquisition(Trigger CDR 

Computing/Analysis/Simulation/ 
Control/Communication CDR 

Physics Performance/Simulations 

Integration/ Assembly /Installation Plan 

PAGES 

50 

50 

50 

50 

50 

50 

25 

50 

50 

1 0 Cost Estimate/Responsibility Matrix/ 1 O O 
Funding Plan 

1 1 GEM Project Management Plan 25 



TECHNICAL PROPOSAL ORGANIZATION 
(continued) 

1.1111 

VOLUME CONTENTS PAGES 

1 2 Preliminary Safety Analysis Report/ES&H 2 5 

1 3 Draft GEM Acquisition and Assistance 2 5 
Plan 

1 4 Operational Plan/Upgrades 2 5 

1 5 R&D/Engineering Plan 5 0 

1 6 GEM Experimental Facilities User 1 0 0 
Requirements (GEFUR) 

TOT AL PAGES 7 7 5 



1992 MILESTONES FOR TECHNICAL PROPOSAL 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

Establish TP requirements, organization 
Organize GEM project 

,,, 

Draft GEM baseline 
Magnet procurement plan 

Establish GEM baseline definition 
Draft GEM baseline CDR 
Draft test/calibration beam report 
Establish magnet baseline 

GEM Cost Estimate Report for review 

Cost Review 

GEM report to PAC 

PAC review of GEM 
Technical review of magnet by PAC 

SEPTEMBER DOE review of magnet 
Draft Technical Proposal 
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Oak Ridge National Laboratory/1-19-92 

·- GEM_ Installation Schedule Considerations 
,,, 

~. 
:·:-_ . ··:_·,·::-~-

CaJorlJjeter Configuration 

llall Configur'8tlori/ ;rt hltnrated So lit Half Coil Fixed Coils Cones 
-- ... ·.. .. . ..... 

Lon2 Hall/One Shaft • • • • • 
Lon2 Hallrrwo Shaft • • • • • 
Short Hallrfwo Shaft • • .. • • 

· • I nstallatfolfScenaricf•l( 
Tracker Accessibility x x x x x x x x x () 0 () x x x 

Late Calorimeter Installation x x x x x x 0 () 0 0 0 () () 0 () 

Late Muon Installation x x x x x x x x x x x x x x x 

Late Ma2net Installation 0 x x 0 0 0 0 0 0 0 0 0 0 0 0 

Muon/Calorimeter T OHther A x 0 0 0 0 0 0 0 0 0 0 0 0 0 

Simulaneous Shake-Down x x x 0 0 0 0 0 0 0 0 0 0 0 0 

Note: Short hall assumes the Flux Sucker will be removable 
Note: Short hall assumes Muon End Ca .. supported Inside Magnet volume 

Page 1 
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GEM Configuration Option Study 
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2 ln thlok plate eplder 
time • •.laae8E+82 

contour• of eff. ~tre•• 
min• 5.8SIE+e6 ln eletien\ __ 
max• 1.423£+88 ln eletien\ 888 
ah~l alddle •urface ln 91..._1 

~ 

contour 'llalue• 
A• l.66E+97 

B• a.eeE+87 

C• "4.51E+87 

D• 5.94E+97 

@ 7. 37E +87 <'--- 1o Mr'.• : f,1 k1; 

F'• B.79E+87 

G• 1.92E+e8 •

H• 1.16E+88 

hit' "''" ';' .... ~ 
.: 15 :Csi . 

I• 1.31£+88 <- ~ )~K~i 

die,. eeele f .. tor • l.1811E+81 (default> 
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Each muon sector wtll have three RPC layer&. One layer wlD be 
attached to each of the three muon tracking super-modules. 
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T•ble 2.3-1 Conn1uratlon or GEM M•• System 

J.>imentioi•ofsystem: s-,1 tt, luv .. ,_, 
J..enath of INp't [29. 
lmide dimneter or mlpd '••st&, 16.6 m} 
~=-ina:::field ... ,)l ~:: _,;.., 'l.J7h 
CaJcximeaer dilllnela' •• 
Calorimeter thicbless. 90 degrees 12 .t 

General dwa:ieristics or muon c:lmmbcn: 
lnlrinsic sinp layer resoludon 
Leyer-IO-lmyer within• superlayer 
Superlayer-io-superlayer 

· Global alignment sySlem8tics 
An 8 lmyer superl8yer Is <IK X. 

Banel region: 
· Anale rcaion: 30· 1o w (1.32>'1>0) 

For momentum ICCO'lllluction md 
Lewi. 2 trigger: 

Three superlayen: Bend plane 
Nonbendpllme 

o· Else.,........ 
a.. d Cami: ... ,_ 

,..4.idplw 
For Le1d I lliger. 

Three ..... ,.. Bend plane 
NonllendplMe 

Channel COUlll: Bend plane 
Nonbend plane 

F.ndaips: 
Anp region: 10' lo 30" (2.44>7J>l.32) 
For momentum reconstruction 8IHI 

Lewi I cl 2 lriga: 
Three superlayen: Bend plane 

Nonbend plane 
Channel segmcntadon 
Channel count: Bend plane 

Nonbcnd plane 

IOOµm 
2.Sµm 
!!Oµm 
200µm 

l-Ml8yas 
2-4-418yas 
3aa 
lllk 
25k 

2-2-218yas 
2-2-218yas 
Ilk 
2llt 

4-4-3 laym 
2-2-218yas 
.5mm 
231 It 
21 It 

--
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Summary of yars1ons of GEM u-Systam 

8=0.8 T Uniform 
Chambers L <10 OeKt Olllt 

:.,;·. ·~ ' ... : .. ~~~"~,;~>~ '.-· 
11201tt··· 

. ' 

·--. ' 

XO/pl ...... 

================================·····===·===···········==···· .. ••• ......... 
(I) August 199 I BaHl1M: · · ;;~j~;~ .. 

' ·:·· 

e-10-e 4.6 m IOOp .. SO pm 0.01 
' , ·~· ·- .• •,' 

8-16-e 9.S m 10011111 2511• IO)l• 0.01 
• •• " _.' '• ' • :' ;:· .. 1' 

~;;-;;;;;:~:;;-~~;-;;;;;~;;-~~;1----------------------~----~---7'11:'.:: .. ' ··,. '' 
8-16-8 4.4 m 100'11• .. '21JI• SOpm ,~~1/ o.01tli<'8i;W• -
4-4-3 9.5 m I 0011111 2SJllll SOJllll 0.0121 
----------------------------------------------------=-----------.... ~. _', . !'~;\ 
(3) Parameters In Table of Loll ' ' · ·.~'.;:·c. '~':;'f;.i'~'j, . 

.'·:..-. 

8-8-4 4.3 m 

a-•,~" ··:"~ ·"' t'0t1t• ,;.,:.?·:i~t.~~~;.~~<~.--~lr-~~~Yit\~:Ji'('·'~~,s \··'" >i/~i 
· 4-4-3 8.0 m ?S11• · ~ 2s111R · io11m · · :" :f*.~. ,,''·· .. '}: 

".,.,....,(_,,.·~·· 

--------------------------------------------------------------------------
(5) New Baseline 11#8192 par GD0-000-040 drawing: 

8-8-4 3. 735 m 1 OOµm 50µm 25J.1m o.o 14 

4-4-3 7.94 m 75pm SOJlnt . 25pm 0.011 . 
--------------------------------------------~$;;.. _____________________ ~·-~ ·~' 
(6) Recoup of Loi 1/20/92: 

8-16-8 4.2 m 1 OOpm 25µm 50µm 0.014 

·, _, 

4-4-3 9.0 m 50pm 25µm 50µm 0.011 . 

----------------------------------------------------------------------------
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Pt 

(2) Loi Graph parametert: . . ."·' 

30 
100 
500 

30 
100 

00 

.··" . . ·.·.',s.·~:. · . . ·,;;, 

1.ao 
1.sa 
4.41 

1.24 
2.17 
9.38 

_: .... 

0.74 
t .54 
7.10 

5.00 
15.40 
76.37 

............. ----·----------·-········---·---------------·--·· 
(6) Recoup of Loi 1/20/92: 

30 
100 
500 

1.44 
1.70 
4.93 

0.11 
0.11 
3.40 

3.02 
· a.as 
40.72 

.. .. .. ----. -.. ----.. -----.. -.. - .. -.. .. .. .. .. ------. . --.. ---.. -------. -. . 
. •.' .. 

; • .Jfi 
_;,··.:.:t~>:1;;:1;;;.:--.-

."-,~·· 



''•'( ,; 

! :) 

,-•11--

• c 
''·l~1(~!fc: --• .. ., 

ta_ 

-
°' °' ·-.::1;:-f,. 
. ~ 

:::s 
-<t ..... -...... 
\&J 
II) 

-<t 
u 

'• 

0 '·' .\~~·· 
-"~ 0 

0 --
-



.• 
.. ~ .. 

-0 
...J 

0 
0 ..... 

0 .... 

l ' 

--
' 

,... 

-

0 

.,, .. 
0 

I 

.. ·,'.· ;. 
·~·. _, 



., ' 

' 

- •, ··<.· 

··--~,_·· 

'' •, 
,,, 

• -.a ., ._ 
.... 
0 ..... 
L. 
0 ..... 

i • E 
~ ., 
a.. 

~ 

0 
0 -

/:--:~·~~:: .. ;:-. ~ \ 
0 -

,._- .. _ 

0 

z.z:~.:./_.-~.~-:_:~~\' . .-· . 
_, .. 

............ 



. •' : 

·~ /1' ·~ :'~ 

.,*·· f .,, 
c~ o· --4J t;;, ... _, ... 

.·/:·;·• ' . • at 
at -:J: 

CD 
Cit 
A 
u 

.... 
u 
' > • 

,;._," 
.; :· 
,-. .1·· 
~-~' 



-
' J. ~ .. l .-.-. -

. -,:.:.' -

·,\:i. 
~·. 

....... 
\.n 
v 

T"" 

..... 
u ..... 
> • 0 

.,· 

. -)::~: ... ;:: __ ;. .. 
·.!...~ • ,ft,,.,_;:;:-·- . .:~·-. 

. ':~:~•~.~~: 

C> 



• •• 

1-t· ~ l.1. = 1. 7JS,... 

EC: L. < • 1. ""' _,,,. r. ,, 

-~--

.-.. l 

• 

.. 
. ,., ·.re .. ' 

·!·' ·'· 

·-··' 



• 

'.\ f . 
,,:P n 

..... <, 

,j 
·~ 1'" v ·"t·J 

ttJ 1 7 
'1 , 

.F 
/' 

-
1 

fll 
(I 

1 
16 

,.. 
!/' 
~ 

'!J-1 · 
~ 

$ 

ef·' . 
I'll 
1A 
i .-

'J 

.f .. 
I 

, " 
/ . ~ 
}).... .-
r: 
,.. -
i" 

~ 

- -l -
, ... J\ 
·( . . 
f" 

() 
p -0 
i , 
} 

"' -r 
f 

,J-
'J 

.~ 
·..; ,_, 
~ 

'S 

• 

~ -
J- f 

~ , 
j 

C r 
(..;& ~ 

J' ; J. 
d 
~ r:t1 ~ i 1' t 

f 
tJ ~ 
('> ~ ~ ' ,, ~ 

~,,.. -5. ~ 

~ r 
" i I/I 

§'J 

l 

• 
J· tTJ - ~ • 

r 
(l 

t.. € 
... " C' I <; 

,.. .. ~ 

. : J .1 
~J.. 

~ 

(' .. 
., 1 

,... 
. - ~ 

. , " --i 1. I"" 

C- ~ l. 
- :.> 
(1 .-
~ (~. 
: \ . ,, 
(. 

,, 
I; 

i 
1 

{' 
( J-

,_ 
.· 
I'' r-• 

!fl 
.. r. 

,_ 

f(' 
$ 
'S 

~ 

~ -
er a r 
(/) 

r_;: 

r 

'1' r 
" ' 
:s ,. ,, 
,, \ 

~ =.-.: . 
. h 
•• k. 

0 it 
.'...1 ~ : 

r.JJ .'! . J ~-

~. _J i 
fJ\ 7J '"'11; 
oJ ..,,... ,: 

r 
It . r o .. 

t-J 0 t . 
7:l ... ~ 

u:. 

~ 
~ 
p. 

~ 

t- .~. ,. .. 
,·A, ,, . 
v 1 

0 
•. 

£.. , ·• rr- ,' U· 
.A- ' 

" t\I. •\: r , . 
~r ~ 0 
~ s .; c.-s. . 
0 ,_ ~ ~. 

A I •• 1 - : t. 
~ ... J•' 

r;j f t ~~ 
'f' ., . 

,,.. "·. k . ~ T' 0 p .. 
~ c.s_· / ;:_ ,. 
~ v ! > 
. ~· 

.~"' 
I 
'/ 
• .. ,.. 
f i . . . 

,. 

~ 

~-

,. 
• , . 
-

, 
~ 

}_; 

.~ . 
";,. .. 
• 
~-

" 
' 

' 

.. 

• 
p 
;s 

I I /' 

• • 
;U (!\ _J tS . ~ t :.1 d (\ ......J :r Ji r cJ- ~ JI 

0 ~ c;· - :' ~ 
Cjl..<\ -""') ... t 1 •• • , . ,..... 'i 

- ~ f- c> ,, ("' r o 
-r- .0 , fl " > 'IS" -o 
'i ·' ... .+ ' :- 1-; > v. ~.4- r· r"' -<; ;. (...( "' 

er ?:'- ;; :t-
o. f-

•• 
J. 

£ i. 
't 1-

t f , ~ 

~ ::
I '-~ . -
~ . 

'J. 

d -"' .J-
1 , 

' ~ ... 
;J 

-~ 

j. 
'!T" .. 
' r 
!' 

I& 
..J.. 
;t> 
~ 
\;' 

I'"\ r--. 
(Ti 

~I 
........ .. 

0 1' .,. 
0 

" - . 
(j -8 

~ 
0 " • 
~ "' 
./ ;: 

0 

~ 
~ 
"l 

·J 

......... 

J 

" , 
" rr -" 1 , -" I/I 

~ .,. 
t 

c 
0 .,, 
~ 



· t<e.~ ~-t 1wt&.C.Oll\ 1'~ t?~f ~'~ 
.,.:,. '~·~.;-!'.. 

• 1\sc.c.c.s~ ·~ ~ 
~ .,,_J 1>0~~' b 1~ 

Sc J,ec"' T Y"oc.f<t ... "t'(.~o... "f-
C-l ~ ;"' -n...J ~ ~.... . 4 

.. ;._ , ... p ............. ~··_, "' ·····--~··r.• ... ..,, .. .;.\.· ..... -. ... ··.·······•·a.-·· ... ••..,···-~ . ._:.1r •• ,.,. •• -:__.._....-....-·.;.., :¥;.it.•- .. ~ 

.,_ ~' 

·~~·.-' 
.. \-"; 



•A. .. ,\~ t:',~ ... O?-ti~s (~lt~~o-+cs Ho~"{o_.~) 
- Tc-t>· ~{...b.L~ ( ?,..i,_1.,~ o" '> 
- S~!~ '"') "''J..,~;"' .4.+c.e;I.~ 
- "'R \t> E:-~ .. ~.s 

• L,~ "'~ ~IA.Y'C't -4- c ·~ ..\,..,~~{. ;.. ~ l=, Pt ... A-p. 

• "F,bt' .. Co"'"'eJ,~..s ""'- ~---AL~, 
• ~-C J.... l, {.,.. ~b. "'~ '"fv., "-'..:I~~ 

•.. :.'!,.. £::;c. b. .. ;. ~-.(·\•s' .. ~t'~·o""j. ·:---4·~+<=~·~·:.;.., ~; ....... , ...... : '.;,.,: ........... ,~:: .~ ... ~.:~ ,.;. . 
· ... .(,. '13·~,~, .. ~· . --... s<.ot~~kt .. ~·. ·&;. ,., ~ .. 5'? .. ' · _.,,, .. ,. ··· ·-~· ·" .... ~ .... · · 

- 'l<_ \ t> 4-.. b~ -t .... J.'t!. ~"'0'4~\..~ Q -De.+_,~<:. 
c.. \1. --~Cs~ :i:R. ~~ca. .... ~ ~t"o- U() 4 

.. .......... ___ 

~·"'·'"'~ 

• °S~L ~OY'~'j • .,.. CIA.w-11-:i ~~V"(A c....\. ~f'Q.~ S0\ic.

c.cJ. en -•+c..r f. 1.-t t'"'•"'\~.S 
- G.u..t! d .• ><,~ ~...... c~oc.k "4.- c.u .... c..3-: J.,s."1¥. ~0 ~~-

• Co\"'--\,'" J..~"elof 1~ ~ Sc.~ J..E'~\~ ~,,. 61~ 
~ 'SW~~ 13( ... ~\~ C~\? 

D~ ,.,if"' -J. c.-.f' t>,,\,~~s 

• LUo ... \<:.,~ o.... L...c.-re.1 ' ) \,S' C,\ov-~-~"'- ~'Jl4"" 
a.\ ~c. <1'1 ~- +o v--e..&.i.t<.L -.-~-\-e. 
~ -n . e .... _.... l~o\ci."~ lW\'fo. e~..,.{'-' -/ 4:: .. ,• I "":~ I "'- .;> v ...: .J 



Kenneth Lane, .1anuary -"U• J."""' 

Th .. dtAector and phy1ica aimulationa alM>Wcl done in two 1tagea: ( 1) full detector aimula

tiona and (2) phy1ics aimulationa with parameterized detector rnponae1. 

I. Full Detector Simulations 
Full aimulatiom of each aubayatem, or pupa of ~b1y1tem11 ahould be carried out to 

determine reeponaa to the releftllt iadiridual "particle" atimuli (with the underlying 

event included). Theae aimulationa ahould coTer the full rapidity range of the 1ub1y1tem 

and the expected dynamic range for DeW phyaica and their bac:kground1. A1 a tentoti•e 

example, I offer the following table (aub.ya~ma are denoted by: TR (trigger/DAQ), CT 
(central tracker), ECAL (EM calorimeter), BCAL {hadron calorimeter), MUON, and F/B 

(forward / backward calorimetry)). 

--
particle I jet 

1 
e 

p 

~t 
I 

6-t p 
I 

T - ,)-,'s 

,T {jets,~ 
\\ 

'hn•x 

2.5 
2.5 
2.5 
3.0 
2.5 
2.5 
5.0 

Er ran1e 

10 GeV-1 TeV 

10 GeV-5 TeV 
10 GeV- 5 TeV 

50 GeV-6 TeV 

50-500 GeV 

50- 500 GeV 

50 GeV-1 TeV 

Subsy1tem 

CT, ECAL, HCAL, TR 

CT, ECAL, HCAL, TR 

CT, MUON, HCAL, TR 

ECAL,HCAL,TR 

CT, E/HCAL, MUON 

CT, E/HCAL 

E/BCAL, F/B 

One of our tu.b .riP,t llOW' u to ;>,.are a COMPLETE &a.We *" d1ue (or better) Jina. 
'T'l. _., ..... l. ll'+"" t" "" )..,,. f'o11nw1nr: 



f 

/ 

A. Firtt Priority Proceue• to Determine GEM Capablliti• 

1. B' -+ 77 (MH::: lOOGeV) 
- testa CT, ECAL, (HCAL), TR. 

) 

2. B' - e•e-e•e- (MH::: ISO - 400GeV) 

- test• CT, ECAL, (BCAL). TR. 
,.,.. . .,,,.,-·--· ...... , .. , 

/_,. 3. H' ..... l"+l"-1'+1'- (MH::: 150 - 400GeV) 

_,,/ - tall CT, MUON, TR. 
/ 

/ 4. B'-+ t+t- jet jet, l* = e* or l":t (Ma= IOOGeV) 

- &at• CT, ECAL/MUON, BCAL, TR.. 

5. B' .... t+t-w, t* = e* or p* (MH = 800GeV) 

- teats CT, ECAL/MUON, F/B, TR. 

6. Leptoquark pair-procludion and decay, gg .... "l:Q"ij£-+ .,_+6T
- test• CT, MUON, BCAL, F/8, TR. 

7. Quark nbatnidue ia IUP·n and ia...n..t mus jd procludion (deTi.ticlll froe 

QCD c.- aectioaa a& PT ~ 4 TeV) 

- test• ECAL, BCAL, TR. 

8. Qnrk/lepton 1ubatructurein ft .... ,.+,.- at IUgh inftriant mus (a deTI&tion from the 

Drell-Yan croH section at .M ~ 2TeV) and ultrahigh luminosity,£= 10'4 cm-2 ,- 1. 

Determination or the chiral 1trudure of the contact interactions and the reach in the 
1u b1truc:ture 1cale, A 
- teah CT, MUON, (ECAL, BCAL), TR. 

9. Z" - t+t-, with r = e*, l'-J:· Prec:ilion WUrenMat• or mw, wi4t)l (TI&.•,-) 
and aaymmdriel (Yia 11•,a-); determiaatioa ol t)le racll in Mz•. Detec~ perfor

mance at l = lOHcm-1 1-1, loHcm-1 1-1 

- tests CT, ECAL, BCAL, MUON. 

10. Gluino pair production Tia the JT and and likesign-dilepton signatures 

- test. F/B, E/BCAL, CT, MUON. 

3 



January 17, 1992 

Professor James Reidy 

Superconducting Super Collider 
Laboratory 

Physics Research Division 
2550 Bee~ Ave""" 

Mall Slop 2001 
Dal/Q.r, TX 75237-3946 

(214) 708-6l/3• FAX (214) 708-0006 

University of Mississippi 
Department of Physics & Astronomy 
University, MS 38677 

Dear Professor Reidy, 

Thank you for your pro~s report on your FY1991 effort under SSC Detector Subsystem R&D 
proposal number 247 and your new proposal for FY1992 on "Liquid Scintillator Calorimetry," to 
which we have assigned the number 30400. 

The SSC Detector Subsystem R&D Committee met on October 18 - 19 and December 3 - 4, 1991 
in Dallas and reviewed your proposal along with a number of others. This year the great majority 
of detector R&D support will be allocated within the overall engineering and R&D plans of the 
GEM and SOC detectors. Very limited funding is available for a number of interesting proposals 
that fall outside-the plans of the major detectors. The Committee was directed to set priorities, and 
the Laboratory is able to fund only the highest priority projects. In your case, this means funding 
only to complete the tests you have planned. 

We would like to pass on a summary of the Committee's comments, as being possibly helpful to 
your future work. The Committee felt that the potentially superior radiation hardness of liquid as 
compared to plastic scintillator calorimetry depended on demonstrating a readout method. It is 
encouraging that you have identified compatible liquid scintillator-wavelength shifting fiber 
combinations. However the data presented on radiation tests of WLS fiber was disappointing, and 
the cell uniformity appeared poor. 

Please submit a budget for completion of existing tasks (beam tests at ITEP and possibly radiation 
damage tests) in which funds arc divided into operating and equipment categories for each task at 
each institution. The budget should be sent to Ken McFarlane, and will be the first step in 
preparing a Memorandum of Understanding. We encourage you also to find other sources of 
funds to support your effort. 

Regards, 

Fred Gilman 

FG:ct 

cc: Roy Schwitters 
K.McFarlane 
H. H. Williams, Univ. of Penn. 
N. Lockyer, Univ. of Penn. 
G. Haas, DOE 
R. Diebold, DOE 
Central Files 
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GEM and SDC detectors. Very limited funding is available for a number of interesting proposals 
that fall outside the plans <X the major detecUll'S. The Committee was dimcted to set priorities, and 
the Laboratory Is able to fund only the highest priority projects. In your case, this means funding 
only to complete the tests you ha~ planned. 

We would like to pass on a summary of the Committee's comments, as being possibly helpful to 
your future worlt. The Commince felt that the potentially superior radiation hardness of liquid as 
compared to plastic scintillator calorimetry depended on demonstrating a readout method. It is 
encouraging that you have identified compatible liquid scintillator-wavelength shifting fiber 
combinations. Howe~ the data presented on radiation tests of WLS fiber was disappointing, and 
the cell uniformity appemd poor. 

Please submit a budget for completion of existing tasks (beam tests at ITEP and possibly radiation 
dama'e tests) in which funds are divided into operating and equipment categories for each task at 
each institution. The budget should be sent to Ken McFarlane, and will be the first step in 
preparing a Memorandum of Understanding. We encourage you also to find other sources of 
funds to support your effort. 

Regards, 

Fred Gilman 

FG:ct 
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