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Abstract: 

GEM Collaboration presentations to the PAC at the PAC Review 
Meeting held at the SSC Laboratory on December 3, 1992. 
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PRESENTATIONS 

1) GEM Status/Plans (B. Barish) 

2) Calorimetry (B. Willis) 

3) Muons (F. Taylor) 

4) Central Tracker (C. Baltay) 
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EMPHASIS IN GEM 

• Very precise measurement of muon momenta using 
only the outer muon spectrometer in an open 1nagnetic 
volume 

) 

CJ1 • Very precise measurement of electron and photon energies 
using a precision electromagnetic calori1neter witl1 no 
coil in front of the calorimeter 

• Her1netic calorimetry and good jet resolution 

• Central tracker emphasis on ensuring clean measurement 
of pl1ysics signals without requiring full pattern 
recognition 

• High luminosity 
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GEM DETECTOR 
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GEM Status 

MAJOR MILESTONES 

July 1991 EOI approved 
December 1991 
March 1992 (Tucson) 
November 1992 (BNL) 
March 15, 1993 

LOI approved 
Established Baseline 1 
Established Baseline 2 
Proposed TDR date 

• Facilities in Title I 

• Magnet Ready to Proceed 
The Critical Path Item 

• Final Technology Choices 
Calorimetry 
Muons Oct/Nov 

• R&D/Engineering Design Toward TDR 

• Division of Responsibility/ 
Manufacturing/Fiscal Plan by TDR 

• Permanent Organization by TDR 
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GEM Timeline .. 
1992 1993 

October Novembe1 Decembe1 January February March April May 

Tech- BNU PAC 
no logy GEM CommltteE TOR Start 

Choices Review IRS 
T T ... T T 

..... ..A. Magr etRFP ..A. Su :>mltTDR 

Baseline 2 
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GEM DETECTOR LAYOUT 
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1992 

GEM 
TIME LINE 

1993 

OCTOBER NOVEMBER DECEMBER JANUARY APRIL MAY 

TECHNOLOGY BNUGEM PAC TDR START 

CHOICES COMMI1TEE REVIEW IRS 

BASELINE MAGNET SUBMIT 

2 RFP TDR 
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The GEM Collaboration 

710 Collaborators 

340 U.S. 
370 Non - U.S. 

93 Institutions 

49 U.S. 
44 Non- U.S. 

14 Countries 

Belorus, Brazil, China, Georgia, 
Germany, India, Israel, Japan, 

Korea, Mexico, Romania, Russia, 
Taiwan, U.S. 
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COLLABORATION DEVELOPMENTS 
(Highlights) 

New U. S. Groups 
Slattery/Lobkowicz (University of Rochester) 
McCarthy (Stony Brook) 

New Non-U. S. Group 
Ecuador 

Korea GEM Commitment 
Physical Society Decision 
WY Lee/Jewan Kim 

· Taiwan GEM Commitment 
Central Tracker 
Agreement Signed 

Russia 
Muon Manufacturing 
Calorimetry 

China 
Muon Manufacturing 
Accordion 
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Status: 

Coordination: 

Features: 

GEM Status 

GEM FACILITIES 

TITLE I 

M. Harris 
B. Wisniewski 

Hall Length 
Width 

· Two Large Shafts 

Forward Electronics Rooms 

Two Large Assembly Halls 
Magnet Coils and Assembly 
Muon Module Construction 
Etc. 
Operations 
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Schedule/Milestones 
1e92 19o:i '1994 '1e'es 1e9&' 1e97 ' ' ' 19e9 ' -.- -, .. -. . -. ' . -.· -. -. . -.- -. ,19,9~ . -. -. 

OEM Miiestones 
1. PAC Review 'Y_Dac 
2. Magnet RFP TDac 
3. Muon Opllon Choice 'PJan 
4. Technical Design Report TMar 
5. Magnet Prime Contract TMar 
8. PAC Review TJIA 
7. DOE Ravlew TSept 
8. JOO South Assembly Building TApr 
9. BOD South Assembly Building TJul 

' 10. BOD North Assembly Building TOct 
11. BOO Underground Experlmentel Hall TApr 
12. Siert Detactor lnatallatlon YApr 
13. Complete Dstactor lnstallatlon YJul 
14. Detector Ready lor Physics YOc Oct 

lnstallallon Sequence Requirements 
15. Underground Hal Ready YApr 
18. lnslaD South Forward Field Shapar TMay 
17. lnstal South Magnet Haff YJul 
18. lnstan Cantrel Detector Support YAug 

' 19. lnstan North Magnet Haff Y~pt 
20. lnstal North Forward Fleld Shaper TOct 

' 21. Close & Test Magnet & Map Field · Y lov 
22. lnstal SclnllHatlng Barrel Calorimeter YMay 
23. lnstan Noble Liquid Barrel & Endcaps YJuJ 
24. lnstal & Align South Muon Barrel TDac 
25. lnstal & Allgn North Muon Barrel 
28. lnslal & Allgn South Muon Endcap 
27. lnsten & Allgn North Muon Endcap 
28. Globally Allgn Muon System 
29. lnsten Tracker 
30. Install Datactor Beamplpe 
31. Close Magnet & Test Systems 
32. Detaclor Ready for Physics 

Glouory: PAC f'Jogram Advisory Committee JOO Joint Occupency Date 
RFP Request for Propoaalt 
DOE Depar1ment ol Ene'V)' 

BOD Benellclal Occupency Data 

YMar 
YJun 

YAug 
' Jan 

FFeb 
YJul 

TSe 
' YOc 

pl 

Oct 

TIP-03522 
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Move Quad to 35m. 
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Toe-level GEM magnet subsystem 
parameters are now frozen 

The major parameters (overall size, shape, and performance) 
of the magnet subsystem have changed very little during 
optimization and design since July 

Magnet System Parameter 7/92 Value 11/92 Value Unit 

Inner radius 9.0 9.0 m 
Magnetic field at IP 0.8 0.8 T 
Vacuum vessel minimum z 0.3 0.4 m 
Vacuum vessel maximum z 15.5 15.5 m 
Winding mean radius 9.5 9.5 m 
Cold mass minimum z 0.7 0.75 m 
Cold mass maximum z 15.0 15.0 m 

49 



We have made considerable progress in the 
development program 

Highlights include: 

100 km of SC strand will be delivered 11/30/92, to be used for 
conductor design verification and joint prototype tests Four 
joint tests (subscale) have been completed, and raw data is 
consistant with target resistance 

Short lengths (2m) of dummy conductor have been formed to 
shipping-spool radii (as sm'all as 2m), and then reformed to 
winding radius (9.5m) without damage to sheath or conduit. 

A conductor verification test, the "hairpin test" has been 
conceived and is in design 

50 
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The magnet design continues to advance 

Recent progress includes: 

4th release of "magnet subsystem specification" defining 
requirements for performance, lifetime, etc 

Completion of draft specification for conductor, ready for 
industry comment 

Re-design of axial cold-mass support rods to reduce 
deflections imposed on coil 

Completion of first preliminary design drawings of winding 
station, and beginning of detailed analysis 

Completion of analysis of vacuum vessel vibration, as it 
affects muon system 

Completion of detailed on-site fabrication and assembly plan, 
to be used for facilities specification and for evaluation of 
"prime" proposals 

Development of alternate FFS support which eliminates 200 t · 
of steel 

. 51 



The magnet management system has also made 
considerable progress 

Recent progress includes: 

• An initial, complete cost/schedule package was prepared to 
assess division of funds and funding profiles 

• A complete, detailed, resource-loaded schedule (compatible 
with SSCL PMO) is nearly complete 

· Initial cost/schedule control system is in place and being used 
for FY93 activities within the magnet team 

-
... 

... 

... 

-

• Final RFP is complete (foil owing delay). Source Evaluation ... 
Board.-t appointed)U'P is ready to go. 

... 

-
... 
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Central Tracker Status 

IPC Prototype Tests 

<50 micron.position resolution achieved in x-ray studies 

IPC Prototype -
. 

I I 
x-ystage 

100 

80 

60 
Counts 

40 

20 

0 
4758 4858 

x-ray 
gen. 

4958 

100 ns peaking time 
- 20 micron resolution 
from electronics noise 

5058 5158 5258 

Position (µn1) 
57 



-
... :..-. ._.. 

···'. 

... 

... 
I " ., 
I .... --': ·: .. 

• 

I ... • 

i 
' I 

... 

... 

-
... 

58 ... 



gem 

BASELINE2 

Increase Central Tracker Diameter 

7 5cm ~ 95cm ( f"LJ..11Ls ) 

(Calorimeter Front Face) 
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-
GEM Central Tracker ... 

Magnetic field 0.8 T 
Length (from IP to outer faces) +175 cm -
Outer radius 88cm 
Location of neutron shield 90<R< 95 cm 
Occupancy L = 1033 cm-2 s-1 >1% -

L = 1034 cm-2 s-1 > 10% 
Charge separation at 95% c.1. >600GeV 
~pip Highp 0.001 PT· PT in GeV/c -

Lowp -4% 
Vertex Beam direction az -1 mm 
(> 10 GeV/c) Impact parameter sb - 30 µm 

... 

... 

-
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CALORIMETER 

.. Precision electron/photon energy 
Electron/photon position/direction 
Electron/photon identification (shape, hadron veto) 
Trigger 

Hadron - Jet energy 
( ;" c.( ..,~'ls. Missing energy 

for..owc\) Absorber 
Muon identification, energy loss 
Trigger 
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Table 2.4-1 Effect of Energy Resolution: a and b 

a= 2.0 5.0 7.5 10 15 

b=.25 1.2 1.7 2.2 3.3 

b=0.5 14~8 ~ .. • \ 1. ~-~ 
" 4 "' 
.:>.4 - . _ .;1.~ foi_"Jh! 

b=.75 1.7 2.1 2.6 3.6 

b= 1.0 2.1 2.4 2.9 3.7 
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Progress of{BaF2) Crystal Study 
Two Practical Approaches 

Use Fast Crystal at the SSC 

1. Crystals can be used after a preirradiation to a 
saturation, if (1) the saturated light attenuation 
length (LAL) is long enough to provide a uniform 
light response (>95 cm); and (2) the radiation 
damage does not recover spontaneously at appli
cation temperature. 

2. Crystals can be made to work with a defined LAL, 
if (1) the radiation damage is not permanent, and 
is optically bleachable. in situ; and (2) the stable 
LAL under optical bleaching is long enough to pro
vide a uniform light response. 

The first approach is not applicable with ex

isting production BaF2 crystals. Following 

BaF2 Expert Panel's suggestion, the second 

approach was pursued, and the BaF2 's radia

tion damage problem was solved. 
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Quality of Production BaF2 Crystals 

Transmittance (T) at 220 nm and correspond
ing Light Attenuation Length (LAL or ..X) after 
1 MRad 60co 1-ray Irradiation measured for 
25 cm long BaF2 crystals produced by Shang
hai Institute of Ceramics. 

Sample Dimension (cm) To(%) TlM (%) .\1M (cm) 

SIC102 32 x 25 x 42 84.9 16.5 15 

SIC302 32 x 25 x 42 87.2 43.3 34 

SIC402 3.62 x 25 x 4.62 78.0 48.6 41 

!!! GEM Specification LAL1M > 95 cm 111-

[ in situ Optical Bleaching J 
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Yigve 8: Transmittance before and after 1 MB.ad 7-ray irradiation (a) and relative 
light output (b) mcas\lled for three 25 cm long BaF2 ayatal produced at SIC in early 
1991 (SIC102}, early 1992 (SIC302} and July 1992 (SIC402). 
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Progress of BaF2 Crystal Study 
Optical Bleaching in situ 

• Five independent measurements on optical bleach
ing by BNL, Caltech, LLNL, Tsinghua/McGill Uni
versity and West Virginia University were reported 
in a BaF2 Expert Group meeting, indicating BaF2 
crystals are optically bleachable. 

• A· quantitative study (D. Ma & R.Y. Zhu, GEM 
TN-92-149) shows that a blue light of 400 nm is 
effective in removing the radiation damage and to 
reset current production BaF2 crystals to a LAL 
of 180 cm. 

• According to GEM TN-92-149, the required light 
intensity to restore the LAL to a stable value of 
150 cm &in dynamic equilibrium) is of an order of 
mW /cm , or a maximum of 150 W for the entire 
BaF2 calorimeter at the standard SSC luminosity 
(1033 cm-2 s-1 ). 

The radiation damage problem of 
BaF2 crystals is solved. 
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200 

SIC302: 3 2 x 25 x 4 2 (cm) 

0 Rad 

1 MRad 

400 600 800 

Wavelength (nm) 
a: O hr (700 run), b: 35.5 hr (500 run) 
c: 43.5 hr (400 run), d: 66 hr (300 run) 
e: 95 hr (end) 

Figure 1: Transmittance of 510302 are plotted as a function of wavelength under 
optical bleaching by light of different wavelengths. 



SIC302: 32 x 25 x 42 
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Figure 2: Transmittance (a), light attenuation length {b) and Color center density 
·( c )"of SIC302 are plotted as a function of time under optical bleaching by light of 
different wavelengths. 
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The Liquid Argon Test. 

Objectives: 

1) EM energy resolution of 7.5% / ../E + 0.5% 

1.3mm Pb Solution. Liquid Krypton. (Sampling fraction) 

0.8 mm Pb in both absorber & readout electrode. (sampling fre
quency) 

2) Position Re11olution & e/'tr 11eparation. 

Chevron Design 

3) Trigger. 

Timing ;:esolutjon (Bunch crossing), Trigger threshold, 
Isolation efficiency. 

4) Calibration. 

New calibration system. 0.1-0.2 % 

5) Electronic readout. 

AMU - ZEUS electronics. · 
Track and hold. 

6) Simulations. 

Non projr:ctive geometry 
Quasi projective 
T-rojective geometry 

7) Bending ma.chine 

Bending machine for Projective Geometry. 
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co 
N Stack 

1 mm Ar 

2mmAr 

2mmKr 

Energy Resolution U'/ JE 

Measurement* Monte Carlo 

6.1 - 5.8 6.25 

7.5 - 7.8 7.3 

6.3 - 6.9 6.3 

A~h-c-
subtracting beam spread of 0.5-0. 7% 

• • • • • • • • • • f 
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HYBRID CALORIMETER 

· Two Technology Calorimeter 
Liq Kr 

+ 
Scint. 
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Progress of GEM Physics Study 
and Detector Simulation 

Because of decision making process, GEM's physics 
and detector simulation is under development. A com
plete study of GEM's physics capability will be pre
sented in Technical Design Report. 

• A GEMFAST program is being developed. The 
program implements the exact geometry of GEM 
detector and parametrizes its response based upon 
test beam data and detailed GEANT simulation. 
The program will be used for TOR physics studies. 

• A full GEANT simulation of GEM detector has 
also been developed, but with slow response (1.5 
hours/event in the fastest workstation). 

• GEM LKr EMC has 3 longitudinal segmentation 
(3/6/16 Xo) and 6 strips in the first segment to 
measure 8 coordinate. It is designed to address 
two issues raised by the PAC: 

- Jet Background Rejection; and 

- Measurement of Photon Direction. 
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Photon Direction Measurement 
No CT, with Pointing 

The most robust approach is to measure the photon 
direction by using pointing provided by longitudinally 
segmented calorimeter information, and determine the 
primary Higgs vertex by using beam constraint. 

Assuming: 

a(} = cf .../E mrad 
the mass resolution (GeV) of 80 GeV Higgs(-+ ·y-y) 
accepted in 1"11 < 2.5 is: 

c (mrad) 0 30 40 50 60 80 

a=2.0,b=0.5 0.34 0.40 0.43 0.47 0.51 0.60 

a=S.5,b=0.5 0.52 0.56 ( 0.59,J 0.62 0.66 0.74 
.. 

a=7.5,b=0.5 0.66 0.68 0.70 0.73 0.76 0.85 

a=15.,b=l.O 1.34 1.34 · 1.35 1.36 1.36 1.37 

Works well for both SSC and LHC. 

By using 3 longitudinal segments (3/6/16 Xo) and 
- 6 () strips in the first segment, the photon polar 

angle can be determined to c = 40 mrad for LKr 
EMC (H. Ma & M. Leltchouk, GEM Note), which 
degrades Higgs mass resolution by 14%. 
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Photon Direction Measurement 
with both CT and Pointing 

Combining pointing and vertices from CT: looking for 
the closest vertex to the z position reconstructed by 
pointing vectors. 

Assuming: 

69 = cf ./E mrad 

the probability of finding a correct Higgs vertex (Pcorrect) 
and the z resolution of wrongly chosen vertices (6Zwrong) 

are shown as function of luminosity (.C) in 1033 /s/cm2 : 

~ 
c c (mrad) 30 40 so 60 70 80 

1 P correct (%) 95 94 93 92 90 89 

2 Pcorrect (%) 89 87 83 81 79 75 

3 P correct {%} 86 84 81 78 76 72 

10 P correct (%) 63 57 51 49 45 35 

OZwrong (cm) 0.70 0.81 0.95 1.1 1.3 1.5 

Works well for both SSC and LHC. 
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Probability of finding a correct Higgs Vertex 
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Jet Background Rejection 

6 8 strips in the first segment of GEM LKr EMC func
tion as a preradiator which rejects multi photons and 
7r0 's in isolated photon candidates. 

By using information of 

• energy profile in strips (likelihood function), 

• Shower size (8 & </>) determined by energies in 
tfie 2nd 8l 3rd segments, and 

• :!:. pointin~ obtained from 2nd & 3rd segments, 

the ?ro can be effectively rejected, while keeping 90% 
acceptance for single "Y's. (H. Ma & M. Leltchouk, 
GEM Note.) 

E11"0 (GeV) 10 25 40 80 

R(?ro) (%) 90 85 65 42 

Thejet (7r0 ) background (12 pb) is less than 17% of to

tal (Born + Box+ Bremsstrahlung + ?ro) background 

(70 pb), and can be further reduced by refined analy

sis. 
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Likelihood Function 

F = log(SYM x ASYM x W2 x W3) 

El = Energy in the highest energy strip - center; 

E3 = Energy sum in 3 strips around the center; 

Eright =energy sum in 3 strips right to the center; 

Ezeft = energy sum in 3 strips left to the center; 

SYM = (Eright + Ezeft)/E3 

ASYM = -IEright - Ezettl/El 

W2 = distance between the center and the second 
highset energy strip, in unit of strip numbers; 

W3 = distance between the center and the third 
highset energy strip, in unit of strip numbers. 
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Figure 6: 71' rejection rate as a function of energy 
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Background X-Section 
H--+ 'Y'Y Searches 

-~ 

.. 

'Y'Y 1-jet 2jets 

Pt > 20 GeV 280 pb 240 nb 2.0 mb 

Er> 20 GeV, 1111 < 2.5 100 pb 80 nb 530 µb 

M7 "Y > 75 GeV 42 pb 34 nb 240 µb 

Rejection Needed 800 6 x 106 

Final Background 31 pb 19 pb 20 pb 

Single Photon 31 pb 17 pb 10 pb 

Jet Background 2 pb 10 pb 

Note, the Jet background may be reduced by opti
mizing kinematics cut, such as requiring high Pr on 
photon. 

Significance of 80 GeV Higgs 

1.5 k-Factor 

'Y'Y Background All Background 

3.7 

5.6 

2.8 

4.2 

Note, EHLQ set 1 structure function is used. 
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H -7 yy (Events/SSCY /0.4 GeV) 
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WE USE 3 POINT SAGITT A MEASUREMENT 

Be 

s 

Yz 

Y +Y qBL2 S= 1 3 -Y2=1- . 
2 8 p 

' 
Optimize Magnet with large L and weak B 

Te keep 

S= 1500 µm 
for: 

B = 0.8 tesla 
L= Sm. 

P = 500 GeV/c 

<> P < 0.05 => ~ S < 75 µm. p . 
105 



.. 

.. 

.. 

GEM Muon System .. 
Central field 0.8 T 

Length of magnet 30 m 

Inner radius of magnet 9.0 m 

Outer radius of calorimeter system 3.6 m 

Location of neutron shield 3.6 < R < 3.7 m .. 
Pseudorapidity coverage in barrel 0.074 - 1.33 

Pseudorapidity coverage in endcaps 1.40 - 2.46 

Intrinsic single layer resolution 100 µm 

Alignment accuracy in a superlayer 50 µm -
Alignment accuracy between superlayers 25 µm 

Global alignment accuracy 200 µm 

.. 

.. 
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GEtvl Cose 600: revised bosel lne, ~lov 18, 1992 
.25 r I 

o Pt = 10 GeV 
0. pt = 25 GeV 

• 201- + pt = . 50 GeV 
x Pt = 100 GeV 
~ Pt = 250 GeV 
..,. Pt = 500 GeV 

. 1st-
,i; Pt = 750 GeV 

.µ z Pt = 1000 GeV 
CL 

' .... 0 
.µ "'1 

CL 
<I . 10 

.05 
/ 

.1i"t .. liiiill .. 11111B1m ........ _..,. ....... ~-&~'·~r .. rll#"' 

./ 
~ $ 

. ~ iYi ~ 
0.00.__.__.__.__,_._.__.__.__.__...___.._.__.__.__.._._.__.__,_.._.'--'-_.__.__, 

~-----=' )( -i ' t: ~-

0.0 .5 1.0 1.5 2.0 2.5 
~ 

Muon CSC option but modified locations: 11/25/92 



PT(GeV/c) 
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GEM CHARGE DETERMINATION PERFORMANCE 
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1 Proposed Technologies for GEM Muon:\ 
w 

' 
ENDCAP REGION 

9.5° < e < 30° (1.3 < 11 < 2.5) 

M~a~:U[~m~nt I~~hn2J2gy 
PT (r-cp) Cathode Strip Chambers 

Second Coordinate (0) Cathode Strip Chambers 

Trigger Cathode Strip Chambers 

Beam Crossing Tag Cathode Strip Chambers 

... Also Under Consideration for Central Region f-

CENTRAL REGION 
0 > 30° (0.0 <,, < 1.3) 

Measurement 
PT (r-cp) 

Second Coordinate (0) 

Trigger 

Beam Crossing Tag 

109 

Technglogy 
Proportional Tubes ru: Limited 
Streamer Tubes in Drift Mode 

Resistive Plate Chambers 

Resistive Plate Chambers 

Resistive Plate Chambers 



TTR TEXAS TEST RIG 
GEM MUON CHAMBERS EVALUATION TEST STAND 

IT 
T1 

T2 

T:S 

T4 
4.5 m 

IT 

•m!rl'AA Magnet 

4 1.0 

2.1 

Legend: 

Tl-TS Technologies to be Evaluated 
TI Pressurized Drift Tubes 

m .. 
m 

T2 L Im I tied Streamer Drift Tubes 
T3 Cathod• Strip Chambers, Multlwlre Geometry 
T 4 Cathode Strip Chambers, Open Profile 
TS Resistive Plate Chambers 

SC Sc1nt111ator Counters 
IT larocc1-Tube Chambers for Trigger 
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GEM 
Mean 11.84 
ALLCHAN 2428. ... 

) P1 126.0 
P2 9.440 
P.3 -2.413 

.. 
) 

) iarocci cuts 2,3,4,9 -
) .. 

) 

t 
. . .. 

J -
0 

<1/p2>-t/2 = 

.553 

t·t+t 
-

0 

-
0 

.. 
0 

,~ 1 

muon spectra selected in TTR -
112 
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- File E,1t 

I 

. • Ewnt ru.ber- 108 

Res1u1 = -o.006 11111 

. Resld.al = -0.099 .. 

Resld.al = 0.210 .. 

. . . • Resld.aal • -0.105 • 

Chl .....- = 6.507 

' -

-
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LSOT fit residuals, mm 
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ID 
Entries 
IA eon 
RMS 

16 
35920 

-.1348E-01 
.1713 
4.978 

Constant 3059. ± 
Meon -.5867E-02 ± 
Si ma .7870E-OI ± 

0.4 0.6 

.-? i•"'!, 
92/10/28 23.21 ..... 

18.71 
.3276E-03 
.2034E-03 
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'BNC.. ·'" .s"' 

{~ !\ c.sc RtAVl \~ 92111128 OU.41 

l3S~ 
ID 2000 
Entries ss.i 

-! Mean •.606iE·Ol. 

uo RMS .2032. 

t UDFLW U.00 

105 • OVFLW 3.000. 
ALL CHAN 539.0. 

!10 t 1 .. 5'10 
Constant 98.21·± 5.891 

75 Mean •.7318£..01± .3779E·Ol 
Sigma .7850£-01.± .3261£·02 

60 

45 78p. ,,,,_ 
30 

15 

0 + 
:a 1.:! 1.6 

Reslolutlon trom ((xl·x2Hx3·X4))/2 

ID 2001 

135 Entries 554 
Mean •.1063 

120 R.MS .1821 
UDFLW :Z.000 

105 OVFLW :Z.000 

- ALLCHA.'I/ 550.0 

90 t :Z.039 
Constant 105.l ± 6.352 

15 Mean . •.1236 ± .3717E..Ql 
Sigma .755lE·Ol ± .3391E..Ql 

60 

45 

30 

- 15 

0 
1 1.6 

residual for plane 2,not In nt 
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CSC Everywhere 

(Backup) 
RDT's + RPC'S. 
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Tracker 

Calorimetry 

Muon 

Magnet 

Electronics 

12/2192 

) 

FY92 GEM R&D/Engineering Program 

Established microstrip and IPC configuration and requirements, 
conceptual design of support and cooling, construction and 
integration design, material selection. 

Conceptual design of noble liquid, scintillator and crystal options, 
prototype tests of all options in beams to support technology choice, 
crystal production and radiation resistance studies. 

Chamber and support structure conceptual design, muon trigger 
study, Texas Test Rig construction and first tests of candidate 
chamber technologies, alignment design. 

Preliminary design of complete system in preparation for industry 
prime contract. Conductor selection. Manufacturing design. 

Conceptual design of front end system and prototype tests. 
Conceptual design of system architecture, data acquisition and 
trigger. 



GEM Budget 

FY92 

'""'" 
FY93 

N Subsystems DOE TNRLC TOTAL DOE TNRLC TOTAL co 

Tracker I.OM O.OM 1.0M 2.0M 2.0M 

Calorimetry 4.25M 0.775 M 5.0M 5.0M 5.0M 

Muon 2.95M 0.56M 3.5 M 5.0M 5.0M 

Magnet 5.1 M O.OM 5.1 M 13.0M ,. 13.0M 

Electronics .5 M 0.515 M 1.15 M 3.3M 3.3M 

Computing O.OM O.OM O.OM 0.5M 0.5M 

Interface O.OM O.OM O.OM 1.0M 1.0M 

ProgmmMgmt 2.1 M O.OM 2.1 M 3.0M 3.0M 

Reserve O.OM O.OM O.OM 1.0M 1.0M 

Total 15.9 M 1.85 M 17.75 M 33.8 M ? 33.8 M 

12/1/92 I RF:ct 

• • • • • • • • • • • 
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FY93 Proposed GEM Program Objectives 

Tracker 

Calorimetry 

Muon 

Magnet 

Electronics 

Computing 

Interface Systems 

12/2192 

Mechanical structure, full scale IPC and microstrip prototype tests, 
final design, materials budget, beam tests. 

Engineer and begin construction of full scale prototype of noble 
liquid and scintillator modules. Preliminary design entire system. 
Beam tests of small scale prototypes. Resolve interface and 
integration issues. Forward calorimeter conceptual design. 

Chamber and structure design. Manufacturing engineering. Full 
scale prototype tests. Finalize muon trigger design. Beam tests, 
alignment, scaled structure tests. 

Conductor and winding R&D completed. Final design with 
industry. Resolve all interfaces to detector. 

Final prototype tests. Complete data acquisition conceptual design. 

System design. Slow control architecture completed. Magnet 
control design. 

Resolve forward, beam pipe, central detector support, and shielding 
issues. Complete conceptual design on all systems. 
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GEM COST REVIEW SUMMARY 
December 15, 1991 

(with Liquid Argon, LSDT Option) 
(Costs in millions of dollars) 

Procurements/Fabrication 
Installation/ Assembly 

Subtotal (Procurements and Labor) 

EDIA 

Direct Costs 

Contingency 

Subtotal 

R&D 

Total Detector FY91 SM 

* % of subtotal (Procurement and Labor) 

131 

196 
73 

269 

93 (34%)* 

362 

112 (31%) 

474 

37 (14%) 

510 



GEM COST ESTIMATE SUMMARY 
June 23, 1992 

(with Liquid Argon, LSDT Option) 
(Costs in millions of FY90 dollars) 

Procurements/Fabrication 
Installation/ Assembly 

197 
58 

Subtotal (Procurements and Labor) 255 

EDIA 113 (44%)* 

Direct Costs 368 

Contingency 97 (26o/o) 

Subtotal 465 

R&D 25 (10°/o) 

Total Detector FY90 SM 490 

* % of subtotal (Procurement and Labor) 

132 

-

-

-

-
.. 

-
-

-

-
-



-

-

Central Tracker Cost Scaling to 2 m diameter 

Assymed Djmensjons: 
Silicon Tracker 

IPC Tracker 

Polyethylene 

Cost Scaling 

4 cm inside radius 
38 cm outside radius 
200 cm long 

39 cm inside radius 
95 cm outside radius 
300 cm long 

Barrel Section 
97 cm inside radius 
102 cm outside radius 
End Sections 
310 cm inside 
350 cm outside 

June 1 O Cost Est 

+ 1 cm rad. 
+ 3 cm rad. 
same 

+ 3.5 cm rad. 
+ 26 cm rad. 
same 

+ 26 cm rad 
+26 cm rad 

same 
same 

Si Tracker Current Oesjgn New Qesjgn Increment 
• Note: These cost increases reflect a larger diameter that would allow for an 18 cm lwd 
region If the design were to evolve in that direction. 
Electronics 
Power Cable & FO readout 
Si Pet. & Assy 
Cooling Rings 

Mechanical Structure* 

These cost options are documented in 
· the 12 vs 18 an ladder cost sheet. 

Support Shells these probably don1 change significandy either way o 

Outer & End Gas encl 35 cm r 38 cm r 1 0% 
431 k$ 474 k$ 43k$ 

Inner Gas Enclosure 8 cm r 10 cm r 25% 
60 k$ 75 k$ 15 k$ 

Space Frame Hex.< 35 an Oct.< 38 cm 10 % 
New design is not yet costed, but the central spoke and 
complex joints may increase the cost 10% 33 k$ 

External Systems No cost cflfference in the external cooling and safety 
systems is expected. 0k$ 

Si Mech. Structure Total 91 k$ 

133 



IPC Tracker Current Qesjgn New Qesjgn Increment 

Electronics 

Fwd Mod. Panels Assume these costs increase by the ave. radius which is 30 % 
360 k$ 468 k$ 108 k$ 

Cent Mod Panels Assume these costs increase by the ave. radius squared 68% 
204 k$ 342 k$ 138 k$ 

Cathode pads -
Module Frames 

Windows & Wires 

Cooling Channels Since the number of channels and heat load is not expected to 
change there would be no cost differential. O k$ 

Ext Gas & Cooling Sys. There is no expected cost increase for either one 
of these systems. o k$ 

Support Structure 
Bulkheads 

Cylinders 

End Cap Gas Encl. 

Boron Poly. 

IPC Total 

25 sq ft 
15 k$ 
69 cm r 
44 k$ 

3.7 k lbs 
39 k$ 

Total Incremental costs 

46 sq ft 
28 k$ 
95 cm r 
61 k$ 

5.7 k lbs 
60 k$ 

' 

84% 
13 k$ 
38% 
17 k$ 

54 % 
21 k$ 

Note: there may be many small additional added costs such as 
increased power cable lengths, cooling distribution lines and gas 
manifolds lengths that should be accounted for. · 

134 

-

-

-

-
-
-
.. 

-



""-... 
~ 

- t 
:r:: 
Vi> 
I::;, 

~~ - 11;1\J -

~--
~c. 
~\'£ . 
< <(. 

3l 
a. t.! 
~~ 
t,L\L 

•• 
lll 
~ 
< 
t-
l'l 

135 



.... 
(;.) 
~ 

• 

YACWM YESSE,,__ __ 

COIL--

GEM DETECTOR LAYOUT 

I 
BARREl.M - - - --- - - ----------- - I ----------- ----- -- - -

CHAM!IER$ 

ENOCAP MUON 
CHAMllERS 

- II ;1 Ii II --:.~. : II 11 I 11 

FORWARD fe..D. 
SHAl'ER 

• 

l!\~ 
" 

• • • 

~ 

tll 

• • • • 

' Gllbl'1\.r'91t:2!01211111C> 

• • 



[GEM Staging Scenarios ] 

• We are considering various staging scenarious. 
• H funding is short we will stage. 

Model 

"Stage Forward Muons" 

Forward Field Shaper · 

• Total Cost 
• Design and Specify all 

interfaces precisely 

Savings 

Forward Muons (CSC'sl 
-. Forward CSC's 

· Needed R&D /Engineer 

• CSC Electronics 
(Developed for IPC) 

Savings 

137 

$17.3 M 

- 0.9 M 

$16.4 M 

$29.7 M 
- 2.5 M 
$27.2 M 

$16.0 M 

$43.0 M 



GEM TDR ORGANIZATION 

TDRTEAM 
•EDITORS: 

H. Newman, N. Baggett, J. Reidy, G. Yost 

• PRODUCTION GROUP: 
H. Durden, L. Fowler, C. Thomas, L. Ballard 

SCHEDULE: TDR SUBMISSION MARCH 15 

• Final Draft To Editors March 1; 
Intermediate Drafts Due 12/15, 1/12, 2/9. 

GENERAL TASKS 
• Overall Document Review, Editing, Schedule 

• Coordination With Lead Authors; One Author 
Responsible for Each Section Submission 

• Centralization at SSC Lab; Coordination by 
~eetings, Videoconference, Network, etc. 

TECHNICAL TASKS 

• Tex~ Formatting, Standardization: 
Limited Conversion from TeX, LaTeX 

• Figure Conversion, Placement 

• Provide Network-Accessible Versions: RTF, ASCII 

• File Distribution, Local and Network Access Control 

STANDARDS 

• MicroSoft Word (MAC or PC) 

• Fonts, Page Layout, Section Sequencing 

• File Transport (RTF) Via Internet 
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) ) ) 

Section Pages Lead Authors 
Executive Summary; Detector Overview 
Physics Goals, Performance, Simulations 
Magnet Technical Design Report 
Muon Spectrometer 
Calorimeters 
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Computing, Controls, Networking 
Summary of GEFUR 
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Funding Plan 
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GEM TDR DRAFTS 

DECEMBER 15 
• Complete Draft of More Advanced Sections: 

Magnet, Tracker, Installation, etc. 
• Less Advanced Sections (e.g. Calorimetry, Muons): 

Complete Detailed Outline, Partial Draft; 
Plan and Schedule for Final Draft. 

JANUARY 12 
• Drafts Due For All Sections 
• Final Draft for More Advanced Sections 

• Preliminary Drafts: 
- Complete Section Structure (3 Levels) 
- Summary of All Missing Text, In Place 
- Status Report: Plan, Schedule, Major Tusks 

for Final Draft 

FEBRUARY9 
• Complete Draft for All Sections 
• Status Report and Summary-In-Place of Planned 

Revisions, For Sections Not In Final Form 

FEBRUARY 15 Onwards 
• Majority of Sections Completed; 

As Many as Possible Prior to March 1 

• Weekly Working and Review Group Meetings: 
General Status, Problem Areas, Scheduled 
Focus On Individual Sections 

MARCH 1 
• All "Final" Drafts Submitted On or Before 

This Date to TDR Team 
• Final Section-Editing; Global Editing In Parallel 
• Document Processing: Final Text and Figure Layout. 
• Document Reproduction In Time for Submission 

GEM TDR SUBMISSION To SSCL: MARCH 15 
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COMPOSITE SHELL MODULE CONCEPT (Module #2) 

9 degree Included Angle 
2106 mm Lengtl'l 

~ 
00 
c,., 

5 70 mm Dell th 
2.J8 MT 
60 requtreci 

Keyway ror Allgnmen 
and Positioning . 
Load Path for Non 
Vert lcal Placement 

Al. Strongback ---. 
Completes Upper 
Flange or Box Beam 

·----·------·-

..fZ"-/ 
Mother Boards ··- ~ ~ 

Ho h!S r or Argon 
Communfcat lon(Typ> 

Shell Structure Pretensioned 
to Prevent Buckling 

.....__ Transrer Molded F Iberg lass 
Shell Structure 
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Barrer Inner Hadronic Sllip lines and Connectas 

5 Cells Depth Handing Fixture Interlace 
Segmentation 61) x IY# • 0.08 x 0.08 
80 Modules Requred 
Wt. • 2.38 MT each 
Each Module Contains 
the Following: 
1 - Top Ground Plate 
1 - Bottom Gnd Plate 
4 - Included Gnd Plates 
30 - Tile Plates 
5 - Sensing Plates 
1 - Stongback 
1 - Shlctural Shell 
2 - End Plates 
Lines and Electronics 

"""' 00 
~ 

End Plate 

Groove for Radial Insertion 
and Suµport of lhe Module 

• c 
f c • • ' 

I 

--+- Fasteners tor 
' Tensioning Shen 

Mother Boards 

Strip lines. 
Set in Recess 

Structiraf Sh eU 

Projective Path fa 
Sllip lines Between 
Actacent Towers 

Top and Bottom Ground 
Plates are Thin 

Seven Staclt Tile Panels, 
Middle Panel Sensing, 

Eight panels in Continuous 
CopPer Ground 
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Exploded view of a Hadronic Plate 
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SENSING PLATE (Module #2) 

- Co1>9er High Voltage Strip, 
f'ollows the Perimeter of the 
Plate <Both Sides) 

Cutout for Keywa'I---"" 

• voltage Acetal IDELRIN) Spacer 6utton 
5.S mm dla. w/2 mm Pin 
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~ · Prepreg F11!11r 4.Smm WIG& 

) 

6 Cel I Depths 
6 Resistive Coaling Template' 
6 Plates 

....., High voltage Pad · 
Resistive Coat Ing 

Strlpllne Attached 
to Copper Sensing 
Plates 

~High VOitage Supply 
!Attached to Copper Strip, 
Re<1un<1ant Supply on Oppos It e 

9mm Cu Plate __....- Sensing Wires Attached to Str1pllne 
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Figure 1: E(L)/E vs L for E = l, 10. 100, 1000, and 10000 GeV. 
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BACKGROUND AND PHYSICS RATES 

.. 

Rate ,,;f 0.32x0.32 EM+Hadronic Trigger Sum 
vs. Threshold Energy (at L=1013cm2 sec-1) 

. . . . . . 
''' ' ' ' ' I I I I 
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Two Jet - ,.. 

I . l~I I'- ... , .. !-. MB I A 1 -
10 2 106 

o Bunch crossing 

o Interactions/b.c. 

RATE [Hz] 

16ns 

1.6 @ L=l()s3 cm-2 s-1 

• 

o Highly selective trigger necessary ( rejection factor 
of 1000-10000). Level 1 decision latency= 2-3 
µsec. 

o Very low physics rate: . 
Higgs-->4 leptons (M=SOOMeV) 10-s s-1 

o Signal path of all calorimeter channels has a 
storage element to accomodate for Level 1 decision 
time. 

o Level 1 trigger will tag all signals pertaining tn the 
corresponding bunch crossing for furt11er storage 
(Virtual L ;·vel 2) or for transfer/digitization. 
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Calorimeter Trigger Information 

The calorimeter system has to provide a major part of the 
information that is needed by the trigger system. This im
poses a number of constrains on the design . 

The information we need: 

•isolated em shower : PT> 15 Gev/c. 1,2 or 3 candidates. 

• isolated em shower : PT > 35 Gev / c. 1 or 2 candidates. 

•Jet : PT > 100 , 200 , 500 , lOOOGev/c 4 Levels for 
Jet trigger. 

• E!/101
: ET> 200, 500, 1000 Gev/c 

ET trigger 

• ET': ET > 35 Gev /c. 

..... . . ... 
. , 

3 Levels for the 

• SPT- Single Particle trigger: ET> 50, 100 1 500 Gev/c. 3 
levels for the Single particle trigger. 

• Missing E1: Epiaa > 100 Ge V. 
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Trigger. __ Sums. 
EM cell EMF-6x6 EM EMB {border) HAD cell 

(.027x.027) (.16x.16) (.21 x.21) (.08x.08) 

I I I I I 

.... -

D D - -
- -
- -
- -

I I I I I 

SPEM=2x2 EMF (.32x.32) SP=4x4 HAD (.32x.32) . 
-

- • 
' 

-
Jet Sum=2x2 SP 

(.64x.64) -

-

- ,, 
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GEM Isolated y- trigger 

EM with hadronic veto. 
(Level 1} • 

• ·-

EM with EM veto 

(Level 1) 
EMF with EMF veto 

(level 2a) . 
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Level 1 Trigger Efficiency for H=>2'Y 
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GEM Full Scale Barrel 
Calorimeter Prototype 

• Full Shower Containment 
[-5% Azimuthal Coverage] 

• EM Accordion Calorimetry 
2 - 3 Full-Length go Sectors 

• Parallel Plate Hadronic Calorimetry 
3 - 4 Half-Length go Sectors 

• Limited End Cap Calorimetry· 
[Hadronic Portion of 1st Layer] 

• External Scintillating Calorimetry 

- • Cylindrical Aluminum Cryostat 
[5.5 m long; Liquid Krypton Fill] 

- • Versatile Calorimeter Transporter 
[Horizontal; Vertical; Rotation; Tilt] 
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GEM Barrel Calorimeter 
1994-95 FNAL Beam Test 

-;-

•Goals 
• Full Scale Engineering Studies 

[Mechanical; Electrical; Cryogenic] 

•Achieve System lntegra·tion 
[EM; Hadronic; External] 

• System Test of Readout Electronics 

. · • Resolution Studies at High Energies 

• Detailed Studies of Cracks & Gaps 

• Investigation of Barrel.. to End Cap. 
Transition [Exte~ding into 1996] .~ -
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MWEST at FNAL 

• Layout for GEM Muon Studies - Phase I 

,.. 
~ 
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~ i 
IXJ 

10. .~ ~ DD 
VAX• 

11111111111 !C l 

0 0 0 
CIFRCE 

0 0 0 

aE.ANROOM 

·. ~ . . . . . ..... 

( Uq.JID ARGON STORAGE ) ..__ ___ __, 

For Schematic Purposes Only - Not Drawn to Scale 
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GEM Calorimeter - Barrel Crossect1on 
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Dec. 2, 1992 
F.E. Taylor 

~tAtu~ ot GEM Muon System 

Overview of system 

Progress on support structure concept 

Progress on chamber technology: BASELINE 2 

Game plan for TDR 
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Chamber Support Structure 

• Stable platform for chambers 

specification: 

o :::: 25 µm inter - superlayer alignment - systematic 
o :::: 50 µm intra - superlayer alignment - random 
o :::: 75 (100) µm single layer resolution - random 

• Evaiuated two designs and variants: 

individual sectors (L3 philosophy) 
monolithic structure 

• Considered: 

performance (stability to vibrations) 
cost 
fabrication 
schedule impact on GEM construction 

• Results: 

sectors: 
+ practical (smaller, prototype, etc. ) 
+ alignment partitioned 
- vibration stability (< 20 Hz) not conservative 

monolith(s): 
+ better vibration performance 
+ better decoupling from magnet 
- harder to build but easier to install 
- alignment not completely partitioned 

• Propose to build: 

sectors tied together as a monolith barrel and endcaps 
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crane 

Fixture to accept Incoming sector from crane and Insert 
sector along a chord to protect overlapping chambers 

crane 

Assembly dlrecUon 

GEM MUON SYSTEM BARREL ASSV 
{Sectors With Integral Structural Ring 

a® won @~ ®~ooooigo,. 
-

GEMUuonSylllenl 
Auy C•nd view. HrNQ 

Dr•wn Bv: F.Hlmb .. n AOYH 
.-.No: GMUD023 1t/1Mt2 
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Technologies considered 
FY92 

Acronyms: 

CSC - Cathode Strip Chambers (anolog readout) 

LSDT = Limited Streamer Drift Tubes 

• 
ID 

PDT= Pressurized Drift Tubes (now called Round Drift Tubes RDT) 

RDT=PDT 

RPC = Resistive Plate Counter 

To test chambers (and get something "real" at the SSCL) 

TTR = Texas Test Rig (Cosmic ray muon laboratory at SSCL) 
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Cathode Strip Chamber 
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Anode Wires 
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DUBNA CSC PROTOTYPE 

Nonsegment electrodes Gas volumes Mylar foil 

1490 
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I\:) . • 
CTI '°A-I -fl-'\""! ...... 

Nonsegment electrodes Mylar foil 

) 

Anode wires 0 = 30 
Wire spacing =2.5mm 

Cl) 

0 

an els 

Strips 
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Figure 7: Wire placement to minimize effect of the angle between the anode wires and radiai 
strips and the effect of the magnetic field. 
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csc 

time Ins' 1st 2nd 3rd 4th 
Monte Co..- Io Sim"l-.'tion • 4 0 0 0 0 

• 3 0 0 0 0 
• 2 0 0 0 0 
• 1 0 0 0 0 

0 270 23 2 0 300-

1 258 11 8 28 7 250-
2 183 189 55 1 5 
3 92 232 78 40 200· ll1l 

4 53 148 133 46 150· 
5 27 106 110 36 

100- la."' 
6 27 56 11 8 45 
7 1 4 35 116 53 5 0· - ; 
8 13 1 8 72 53 0·~ i~ 9 8 21 75 62 

1 0 8 1 5 57 68 
"Iii' C\I ~ I I 1-1 - ~::: 

I I C\I 'Ill' . 
<O co . . 

1 1 5 5 35 75 ON 

1 2 2 9 35 6 1 
-...,."""<em 

0 -- - N .... time (ns) N N 
1 3 5 1 2 24 77 N 

1 4 1 3 27 80 
1 5 3 5 1 0 53 

·-I D1st 
II 2nd Ill 3rd I&! 4th I 1 6 0 4 1 5 76 .. 

17 .o 0 7 56 
1 8 1 0 2 45 
1 9 0 0 0 21 -·· .. 
20 0 1 1 1 5 
21 0 0 0 1 0 
22 0 0 0 6 - 23 0 0 0 0 
24 0 0 0 0 . 
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Baseline 1: (10/91 - 11/92) 

Barrel Endcaps 
====================================================== 
L-1 Triggering: csc 

Tracking: PDTorLSDT csc 

Requirements to meet performance 

Cathode Strips: 

Configuration (SLl :SL2:S13) 

Single layer resolution 

Alignment (internal random) 

Alignment (external SL-to-SL) 

Drift: 

Configuration (SLl :SL2:Sl3) 

Single layer resolution 

Alignment (internal random) 

Alignment (external SL-to-SL) 
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8:4:4 
8:8:4 forward angles 

75 µm RMS 

50 µm RMS 

25 µm RMS 

8:8:4 

100 µm RMS 

50 µm RMS 

25 µm RMS 



Baseline 2: c>11192) 

Barrel Endcaps 
====================================================== 
L-1 Triggering*: 

Tracking**: 

csc 

csc 

csc 
csc 

--------------------------------------------------------------------------------------
Backups 
* Trigger: 

** Tracking: RDT RDT 
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Inner Plane 
R = 3.8617m 
x = 0.3m 
y = 3.85m 
Tilt=Odeg 

' / 

-'s2.o"'--

-'4s.0Jr-

Mid plane 
R = 6.1948m 
x = 0.6024m 
y = 6.1654m 
Tilt=8.0deg 

I 

' 

11.2so· I 
5.625° 

Outer plane 
R = 8.6817m 
x = 0.85m 
y= 8.64m 
Tilt= 11.0deg 
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83.71 degrees 
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I engtbs of act!ye areas 
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BASELINE - 2 Parameters 

Parameter* Barrel value Endcap value Total 

Bend-plane 5mm 5 mm (in middle) 
~entwidth 
Bend-plane 754,000 294,000 1,048,000 
channel count 
Nonbend-plane lOcm 5cm 
se!!IDent width 
Nonbend-plane 124,000 35,000 159,000 
channel count 
Number of 1024 352 1376 
chambers ( 4-e:ao) 
Number of 3.6M 0.7 M 4.3M 
wires 
Number of 1536 384 approx. 1920 approx. 
alimment paths 

* All values preliminary and not optimized. 

-

-
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GEM Cose 600: revised bosel ine, Nov 18, 1992 
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Figure 3. Local alignment schemes for muon barrel 
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# chambers = 32 
#towers= 8 
# tower alignment paths = 48 
#alignment points = 144 
wire plane configuration = 8/4/4 

• 

# chambers = 9 
#lowers= 3 
#tower alignment paths = 18 
#alignment points = 54 
wire plane configuration= 8/8/4 

=chamber 

I = alignment path 
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-
Chambers of R&D92 Program 

Technology Chamber size TTR delivery date 

----------------------------------------------------------
RDT-JINR 1 m x 4 m x 8 layers 

RDT-MSU 1.3 m x 3.8 m x 4 layers 

LSDT 1 m x 4 m x 4 layers 

lSDT 1 m x 4 m x 4 layers 

RPC-INFN 1 m x 2 m x 2 layers 

CSC-BU . 0.3 m x 0.4 m x (2x2) layers 

CSC-BNL 0.5 m x 0.5 m x (2x2) layers 

CSC-BNL 1 m x 1.8 m x 4 layers 

CSC-UH 0.5 m x 1 m x 3 layers 

CSC-JINR 1.2 m x 1.5 m x 2 layers 

273 

7 /28/92 (delivered) 

9/29/92 (delivered) 

9/22/92 (delivered) 

10/23/92 (delivered) 
I 0/28/92 (sent back) 

9/29/92 (delivered) 

RD5-CERN (delivered) 

I 0/20/92(deJivered) 

(under construction) 

9/92 (delivered) 

10/10/92 (delivered) 



4.55 ,_____ 

DUBNA PDT PROTOTYPE 

TTR TEST SETUP 

I 
I 

Scint. 1 ( 1.2 x 2. 7) 

Scint. 2 (1.2 x 2.7) 

Iarocci A (1.92 x 4.08) 

PDT (1.00m x 4.00m) 
I 

2.80 i-------a.1lim:1::::::1!:11:r~:1~~l$11!¥~l:!i:l:::::1m!:IM:~·: · 
I 

Iarocci D (1.92 x 4.08) 2.59 i---- . . . ' . • ' • '' • . • •· •'. -- I"" ' • . 

1.01 i--- --•r•··· •.•1• .. -· .. -.. -.·. --• 
0.48 1------·-.. ~.;:2 .. :r: .. :r: .. :r: .. :J Scint. 3 (1.2 x 2.7) 

I I ( ) -··-;:, ... ,,....·-··:r:··:r:··:J S ~int 1 2 x 2 -0.33 i------•'-··14.. .. ...L... •• •• \,; • -x • • •I 

0.09 ,_____ Iarocci C (1.92 x 4.08) 

Iarocci B (1.92 x 4.08) 

0 ~~~~~!W#}.~~~~~~~~~~~~ 

All dimensions in m 
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Process: 

(I) Muon Review SSCL 10/6/92 

Input: 

• Proponent Reports 

• Engineering Assessment 

• Panel of Experts 

• Muon Steering Committee 

• Chamber Tests at TTR 

Conclusions -: barrel system only: 

• LSDT with stand-alone trigger (no RPC needed) looked 
most attractive for barrel application. 

• PDT operated in LS mode and LSDT with RPC 
trigger same. (The PDT became the "RDT" .) . 

• RPC with low resistivity plastic attractive (high rate 
possible). 

• No rating of CSC barrel application. 
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(II) BNL 11/5/92 & Duncanville 11/19/92 

All technologies have results: 

• Analog: (resol'n required o layer = 75 µm) 

- CSC (BNL) o'layer = 109 µm 

- CSC (UH) o' layer = 96 µm 

All CSC results are preliminary, but promising. 

• Drift: (resol'n required o layer - 100 µm) 

- LSDT o' layer = 80 µm (only 32 wires strung) 

- RDT (Dubna) o' layer = 85 µm 

- RDT (MSU) o' layer = 86µm (To fitted) 

All are full-size chambers (~ 1 m x 4 m). Flammable gas 
used. 

• RPC: (1 m x 2 m chamber) 

- trigger jitter 1.4 ns 

(- saturated counting rate 15 kHz /cm2 'ltt••s""' .,.. • .,) 
,.tcsllc 
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RPC Candidate Material Lill 

Material Thickness Bulk Arc 
(cm) Resistivity (ncm) Resistivity (Ocm2) 

MrTmlrror .300 5.0 x1012 1.5x1012 

750 micron mirror .066 4.9 x1012 3.23 x1011 

Kodak projector glass .123 6.42 x1011 7.89 x1010 

ltallanRPC .200 1.ox1011 2x 1010 

Bakelite .161 4.5x109 7.24x108 
/ 

ABSTAT-M310 .072 5.78x109 4.16x108 

ABSTAT-M310 .060 5.78 x109 3.47x108 

Mitech-410 .090 2.03x109 1.83 x108 

Mitech-410 .030 2.03x109 6.19x107 

Corning 0211 glass .056 6.7 x107 3.75 x106 

Boron. .0001 1x106 1x102 
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Spice Calculations of Recharge LI 
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CSCs for both Barrel and Endcaps: 

• intrinsically fast 
( < 24 ns drift time in 2.5 mm gap) 

• highly partitioned 
(small strips-> flexible response to bkg.) 

• performs both triggering and tracking functions 

• good single layer resolution 

• alignment of chamber involves few elements 

• X and Y coordinate measurements in one chamber plane 

However: 

• need to demonstrate resolution 
(require cr = 75 µm) 

• trigger timing to be measured 
( expect 't < 12 ns 99 % of time) 

• gain experience with large scale prototype 
( noise, resol'n, wire stability, .. ) 
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Backup Option: 

• RDT and RPC everywhere 

Several issues must be resolved: 

• need design for EC (trigger - RPC In neutron bkg.) 

• nonflammable gas 

• chamber lifetime -especially In EC 

• wue sag - alignment etc. 

Decided that RDT was more attractive than LSDT 

• better mechanical design (light and rigid) · 

- • easier to align (but have to measure wire sag) 

• both can be operated in the LS mode 

• stand-alone trigger would work in both 

• pressurization another freedom 
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GEM Cose 600: revised baseline, Nov 18, 1992 
25. 
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GEM Cose 600: rev l sed base l l ne, Nov 18, 1992 
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End Game for TDR 
Review of Baseline 2 and Backup 1/15/93 

For Baseline to be viable 

• CSC must show: 

single layer resolution (cr::: 75µm) 

RDS results (cr = 75µm and timing jitter) 

larger prototype (JINR and BNL) operational 

practical design for chambers in structure with alignment 

For Backup Option to be viable 

• RDT/RPC must show: 

RDT credible design for EC 

rates, pattern recognition, lifetime, resol'n 

RPC trigger design for EC 

rates, lifetime, slewing, neutron bkg. 

R&D program is focused on TDR 
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R & D Prototype Program 

1. Silicon Tracker · 

a) 18 cm Barrel ladder 

b) Forward Disc 

2. IPC Tracker 

J. Brau 

D.Lee 

U.ofOregon 

Los Alamos 

a) Reduced size prototype C. Bowers Indiana U. 

with final working 

parameters 

b) Fullsize Barrel Chamber C. Baltay Yale U. 

c) Fullsize Endcap Chamber 

3. Test Beam Setups · 

a) Silicon ladders 

b) IPC Chambers 
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Letter of Understanding 

We, the National Science Council on behalf of the Academia Sinka, the 
Universities and the Industrial Technology Research Institute, and the 
Superconducting Super Collider, express defmite intention to proceed in 
accordance with the Cooperative Agreement (as attached). 

1. Upon the signing of this letter, the following will start immediately (with all 
terms defined in the attached document). 

a) A start of the .scientific exchange program 

b) The startup of the strengthening of the research groups and their 
infrastructure in Taiwan 

c) A start of the R&D (Research and Development) program and the 
collaboration on the engineering design of the GEM Central Tracker 

2. Formal agreement will be signed upon the completion of due review process 
and approval from the relevant agencies of both parties. We expect this 
completion should not be later than February 1993. 

Executed by the parties this day of JU.,ll<i"IC4'1t, 1992. 

For Superconducting Super Collider Laboratory For National Science Council 

~ i d~ 'f _:--14< CJvA•f 
R. SchWiers "iii Der Chuang 
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INTERLABORATORY COOPERATIVE AGREEMENT 

BETWEEN 

THE SUPERCONDUCTING SUPER COllIDER LABORATORY 
TEXAS, U.S.A. 

AND 

THE NATIONAL SCIENCE COUNCil. 
TAIPEI, TAIWAN, REPUBUC OF CHINA 

A PROGRAM OF COLLABORATION ON THE SUPERCONDUCTING 

-

-

-
-
-

-
SUPER COllIDER • 

-
-
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Preamble 

The Superconducting Super Collider Laboratory (SSCL) of the United 
States of America (USA) operated by the Universities Research Association, 
Jnc.(SSCUURA) and the Academia Sinica (AS), the Universities and the 
Industrial Technology Research Institute (ITRI) of Taiwan, R.O.C., hereinafter 
referred to as the parties, with the National Science Council (NSC) acting as the 
representative of the collaborating Chinese institutions in Taiwan. 

Because. of the importance that the AS/Universities/ITRI and the SSC 
Laboratory attach to the science and technology expected to come from the SSC 
Laboratory; 

Because of desire of scientists in concerned institutions to share in the 
construction and utilization of the SSC Laboratory; 

Because the AS/Universities/ITRI and the SSC Laboratory are. 
developing a special agreement to facilitate and support Taiwanese 
collaboration at the SSC Laboratory; 

Because the AS/Universities/ITRl and the SSC Laboratory would like to 
establish dose and long-term cooperation on the SSC project; 

The concerned institutions agree to the following: 

Article I 
Objective 

The objective of the Interlaboratory Collaborative Agreement 
(Agreement) is to establish an arrangement for collaboration on. the SSC 
scientific program, to advance the design and ·construction of the GEM 
detector, and to ensure the full exploitation of the scientific capabilities. 

Tasks to be performed by the AS/Universities/ITRI and the SSC 
Laboratory under this agreement are subject to favorable review and approval 
of the individual proposals by concerned parties, the U.S. Department of 
Energy and the National Science Council in the R.O.C. 

Ardden 
The Superconducting Super CoWder 

The Superconducting Super Collider (SSC) is an accelerator complex and 
laboratory which the United States Department of Energy (DOE), through its 
Management and Operating Contractor, Universities Research As3ociation, Inc. 
(SSCUURA), will build and operate in Ellis County, Texas, USA. The SSC is to 
provide access to interactions at a luminosity of J()33cm·2sec"1 of two colliding 
proton beams, each at the energy of 20 TeV, at up to four interaction regions 
in the collider ring to support physics research into the fundamental nature 
of matter ana energy. The accelerator complex is to consist of five cascaded 
accelerators including a 600 MeV linear accelerator, an 11 GeV Low Energy · 
Booster (LEB) synchrotron; a 200 GeV Medium Energy Booster (MEB) 
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synchrotron; a 2 TeV High Energy Booster (HEB) synchrotron; and the collider 
itself, which is two synchrotrons located in a common tunnel. Detectors are to 
be located in underground experimental halls at four primary interaction 
points. Present plans envision two large major detectors GEM and SDC, to be 
ready for data taking at the first operation of the SSC. The SSC Laboratory is to 
include the accelerator complex and offices, laboratories, work space, and 
technical support facilities for an estimated staff of 2200, including an 
estimated 500 visiting scientists from throughout the world. 

Articlem 
Collaborating Taiwanese Institutions 

The Academia Sinica (AS) is- responsible for conducting basic science 
research in Taiwan, R.O.C. 

The Industrial Technology Research Institute (ITRI) is responsible for 
conducting research and development relating to the construction of 
GEM/Central Tracker of the program. 

The universities in Taiwan with strong interest in a program in physics 
shall join this collaborative agreement for training of Chinese physicists. 

Article IV 
Scope 

This Agreement addresses the SSCUURA collaborative tasks with .the 
AS/UniversitieslITRl during the period of design and construction of the SSC 
and the GEM detector and its utilization for the purposes of scientific research 
at the SSC. 

The GEM detector is designed to measure all aspects of SSC collisions and 
in particular has the best performance possible on high energy photons, 
electrons and muons (the "Gammas", Electrons and Muons in the GEM 
acronym). These particles play a particularly important role in SSC physics. 
It consists of the Central Tracker where all charged particles are measured, a 
calorimeter, or energy measuring total absol'l'tion device, and the Muon 
Detectoi:, which measures the penetrating charged particles in an array of 
tracking chambers, all in the magnetic field created by a very large 
superconducting solenoid. The electronics is designed to handle the flux of 
over 109 particles per second. 

The Central Tracker is located at the center of the whole detector, 
immediately outside the vacuum pipe in which the collisions occur. It 
comprises a very high precision array of silicon detectors with strip 
electrOdes and a gas tracking detector of fine granularity. 
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The scope of the effort covered by this agreement can be divided into 
three categories: 

a) A program of scientific exchange between the institutions and 
universities in Taiwan and the U.S.. This program will include the 
exchange and training of graduate students, and an exchange of post 
doctoral and senior scientists and engineers. 

b) Strengthening the experimental particle physics research groups at 
the Academia Sinica and selected universities in Taiwan and the 
building up of infrastructure at these institutions to support the 
effective operation of these groups. 

c) A collaboration between the institutions and universities in Taiwan 
and the U.S. to design, construct and operate the Central Tracker of the 
GEM detector for the SSC. The physics goals and the conceptual·design 
of the GEM detector are described in the •GEM Letter of Intent•, 
November 30, 1991 and the Central Tracker is described in •Tue GEM 
Central Tracker-, July 21, 1992. 

Article V 
Description 

This agreement will cover approximately an eight-year period starting 
in 1993 and would consist of the full program outlined in •Article JV, Scope•. 

At the present time we envision the following financial arrangement to 
cany out this Collaboration: 

a) The costs, including salaries, travel, tuition, etc. of Chinese-graduate 
students and scientists from Taiwan visiting U.S. institutions and 
universities will be borne by Taiwan. It is anticipated that these costs 
will be of the order of the equivalent of US$2M .over the duration of the 
agreement. 

b) The costs of the build up of the research teams in Taiwan and their 
operating costs will be borne by Taiwan, and is expected to be of the 
order of the equivalent of USS6M. · 

c) The general principle relevant to the R & D, design, and construction 
of the GEM Central Tracker is anticipated to be that expenses incurred in 
or by Taiwan will be covered by Taiwanese funds and the effort at the 
U.S. institutions and universities will be supported by U.S. funds. The 
present estimate is that the amount of Taiwanese funds required for the . 
Taiwanese part of the effort will be approximately the equivalent of 
USS56M, while the U.S. effort will be USS6M for the R & D effort and 
USSlSM for the detector construction effort at the U.S. institutions and 
universities. 

d) The entire Central Tracker will be assembled in Taiwan. 

Actual budgets and schedules will be specified in future addenda to this 
agreement when such information becomes available and relevant. 
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Article VI 
Termination 

Once a Task is initiated, it is the intention of all of the institutions 
involved to complete the effort. In the event that this is not possible, either 
SSCUURA or the AS/Universities/ITRI may terminate this Agreement, in 
whole or in part, upon six months advance written notice to the other. 

Article vn 
Force Majeure 

The AS/Universities/ITRl and .the SSC Laboratory shall be excused from 
any failure to perform which is beyond their control including but not limited 
to, delays in delivery relating to war and to causes ·such as fires, floods, or 
natural disasters. 

ArticleVIIl 
General Provisions 

L Activities under this Agreement, including the provision of financial . · 
support, are subject to applicable national laws and regulations, and shall be · 
subject to the availability of appropriated funds. 

2. The management structure for canying out this collaboration will be , 
specified in a future addendum to this agreement. 

3. All questions relating to the interpretation or application of the 
Agreement that arise during the period it is in force shall be settled by mutual 
agreement. Failure to reach agreement shall be referred to the Director of the 
SSC Laboratory and the Chairman of the NSC and Presidents of the AS/lTRL 
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GEM Central Tracker Engineering Responsibilities 
Mecbanlcal--Group A 

Overall Coordination: R. Barber/C. Hsu (CMS) 

TASK U.S.A. TAIWAN 

11 Silicon Tracker T. Thomnson C.LWu 

a) Support & cooling rln!!s, T. Thompson, R. Barber Chung-Un Wu, Larry C.C. Tang 

ladders. etc. 

bl Sunnort frame T. Thomoson Y.C. Chen 

c) Cooling & gas flow R. Barber Chung-Un Wu, Larry Tang, 

Pln11:-Ho Sam Shih 

di All11:nment "'monltorln11: J. Hanlon U-Shln11: Lee · 

e) Cabllnl! R. Barber. B. Cooke lon11:-Mln11: Uu 

2) IPC Tracker W. Emmet LS. Lee 

a) Chamber modules W. Emmet, D. Pilon Chung-Un Wu, jau-Uang Chen, 

LarrvTan11: 

bl Sunnnrt structure D. Pilon. T. Thomoson Chum!-Un Wu 

cl Coolln11 and 11as flow R. Martin Pln2-Ho Sam Shih 

dl All11nment & monltorlnl! J. Hanlon U-Shln2 Lee 

e) Cablln11: W. Emmet lon11:-Mln11: Uu 

Totals: (6) U.S. Engineers, (7) Taiwanese Engineers 
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TASK 

GEM Central Tracker Engineering Responslbllltes 
Electronlcs--Group B 

overall Coordination: Jim Musser/Julia Fu-Su 

U.S.A. TAIWAN 

1 l Slllcon Detector S. Hahn Julia Fu-Su 

a) Detectors . R. T. Kolllnara W.C. Tsai 

bl Front end amnllflers S. Hahn S.W. Chana Sebastian Uau 

c\ Dloltal nlnellne ICMOSl l B.Cooke Steven Yano Peter Chou 

d) Readout controller (CMOS~) B. Cooke, 

R. T. Kolllnara 

e) Multlchlp module (MCM) B.Cooke Fang-Un Chao, H.C. Chang, 

Mel-Um! Chou 

fl Fiber ootlcs/Power Dist. B. Cooke W.S. Chan 

21 IPC Bectronlcs I llm Musserl S.K. Peter Chou 

al Front end amnllflers P. O'Connor S.W. Chana Sebastian Uau 

bl SWltched caoadtor array C. Britton Peter Chou 

cl ADC. Multlolexer I. Mann Steven Yan11: 

d) Readout controller C. Bender 

el Fiber ontlcs/Power Dist. C. Bender W.S. Chan 

Totals: (7) U.S. Engineers, ( 11) Taiwanese Engineers 

• • • • • • • • • • 
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. C. Baltay October 29, 1992 

GEM Central Tracker 
Proposed Plan for Collaboration on R&D 

and Engineering Desi&D 

Approximately two-year period-1993 & 1994 

1. Sign Agreement to formalize Phase I collaboration 
on R&D effort and engineering design. 

2. Consolidate project-oriented working groups to 
start collaboration 

a) Identify U.S. and Chinese group leaders 
b) Group members 

3. Each working group (in coordination with overall 
Central Tracker Management) should start in . 

November 1992 to 

a) Set up schedule of short and long visits back and forth · 
b) Develop work plan of activities 
c) Propose a schedule for·the work plan 
d) Define milestones for "Deliverables" i.e. measureable 

signs of progress such as specific designs, prototypes, 
test results, etc. 
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4. Define Subsystem Prototype program 

a) Identify person in charge 
b) Institutional responsibilities 
c) Develop schedules & milestones 

5. Sign Phase II of the Agreement 

6. Develop Fabrication Plan for the Central Jracker 

a) Define subsystems or tasks 
b) Identify persons in charge of each subsystem 
c) Propose institutional responsibility for each 

subsystem 
d) Develop fabrication schedule for each subsystem 
e) Define milestones to measure progress 
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Proposed ERSO GEM Silicon Microstrip R&D Plan 

Fabricate 1st Microstrips based on 7.93 x 4.01 
cm2 design (minimize strip resitance) 

Develop back-to-back 2 chip bonding with 
5 micron precision 

8/92-12/92 

12/92-3/93 

Develop rad-hard poly resitance of 500kOhm 1/93-4/93 

Study effects of edge defects on wafer yield 1/93-4/93 
and strip reliability 

Fabricate 1st GEM specific microstrip prototype 3/93-5/93 

Study microstrip characteristics (leak. current, 
depletion voltage, break.down voltage, 
poly resist, etc) vs. radiation exposure and 
develop hardening procedures 

4/93-9-93 

Fabricate 2nd GEM specific microstrip prototype 9/93-11/93 

Study microstrip characteristics (leak. current, 11/93-4-94 
depletion voltage, break.down voltage, 
poly resist, etc) vs. radiation exposure and 
develop hardening procedures 

Fabricate Final GEM specific microstrip prototype 4/94- 6/94 

MILESTONES 

Deliver 7.93 x 4.01 cm2 microstrip detector 
Oregon (goal: strip res: 10 ohm/cm) 

Define GEM.silicon de~ector design 

Deliver 1st GEM specific prototype 

Define revised GEM detector design 

Deliver 2nd GEM microstrip prototype 

Define Final GEM detector design 

Deliver Final GEM Prototypes 
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to Jan 15, 1993 

Feb 31, 1993 

May 1, 1993 

Oct 15, 1993 

Jan 1, 1994 

June 15, 1994 

Aug l, 1994 



10-24-92 
S. Hahn 

R&D Milestones ror Si-Tracker Electronics Development 
~--- 7"' .-, - ..... --== .. 

• 

Item 

Bipolar VLSI 

c;,., 
-..] 
0 

CMOS-l VLSI 

CMOS-2 VLSI: 

• 

Milestone Date 

Jan 1993. 
Mar 1993 
June 1993 
Aug 1993 

Nov 1993 
Dec 1993 
Mar 1994 

Apr 1993 
Aug 1993 
Oct 1993 
Jan 1994 

Apr l.994 

July 1994 
Sep 1994 

Notes 

Fabricat!o .. of semi-custom (single-channel) chips 
Comi;lele .est for scsml-custom chip, including radiation-hardness 
Test of -c~:stom chips with Si-strip detectors 
Complete prototype chip design with simulation results and layout 
Place order for a prototype quantity of wafers 
Complete water and Si-strip combination test plan and lest setup 
Prototype wafer ready for test 
Protutype test with Si-strip detector done, including radiation hardness 
Final VLSI design released for production fabrication 

Finalize chip architecture with complete simulation results 
FPOA implementation of subcircuits 
Complete Test ofFPGA implementations with Si-detector+bipolar combination 
Complete prototype VLSI design with simulation results and layout 
Release of prototype do11ign for fabrication 
Complete wafer test phm and setup 
Protalype wafer reruJy for test 
Complete prototype wafer test including radiation hardness 
Release final design for fabrication 

Similar lo CMOS-1 Chip milestones, but with 2·mQnth approximate delay. 
_,., 

• • • • • • • • • 
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MCM: Design of the prototype MCM Is to start as IOQIJ IH tha prototype chip designs for bipolar and CMOS are 
reasonably settled. It is, howavar, necessary to pr1>1l11ao some technology demonstration MCMs or 
dummy lines and blank chlpa by July 1993 to ensure the availability of the seivices for the final design. The 
demo MCM should cootftln roprosentative number of COMCCtions, components and power dissipation. · 
111e prototype MCMs should bo ready for test by Juno 1994 to receive the prototype VLSis 

Fiber Optic Links Mar 1993 
'July 1993 
Dec 1993 

Prototype design complete 
Pratotype fabricatiDn complete 
Prototype test complete connected with FPGA, including radiation-hardness 
Rol11a&e fuW dtiisn for tabrication 

aock Distributor: Similar to Fiber Optics Schcdulo 

Noto: Aprt1l11lyp1 is an item which is as close to tha llnal produ« 11 tb11 dealgncr can produce within budsat, is eynonymou& with pre
pr0<l11.ctin1' 11nil, and .Is used to determine any perfonnanoe alid manufacturabllity issues prior to final produotian oomnlitment. 

) 
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The Central Tracking Group 

Academia Slnica, Taiwan, R.O.C. 
A. Antos, Y.C. Chen, T.L Chu, M. Huang, S.C. Lee, A. Sumarokov, P.K. Teng, M.J. 
Wang, P. Yeh 

Brookhaven 
P.O'Connor, V. Radeka, G. Smith, B. Yu 

Indiana University 
C. Bender, C. Bower, M. Gebhard, R. Heinz, S. Mufson, J. Musser, J. Pitts 

Industrial Technical Research Institute, Taiwan,·R.O.C. 
W.S. Chan, H.C. Chang, S.W. Chang, F.L Chao, J.L Chen, Y.C. Chen, M.L Chou, 
S.K. Chou, J. Fu-Su, D. Hsing, C. Hsu, LS. Lee, S. liau, J.M. llu, P.H. Shih, C.C: 
Tang, W.C. Tsai, C.L Wu, S. Yang 

Loa Alamos 
R. Barber, J.G. Boissevain, M. Brooks, D. Brown, M. cafferty, B. Cooke, K. Fuller,, 
S.F. Hahn, J. Hanlow, C. Johnson, J. Kapustinsky, W.W. Killnison, D.M. Lee, R. 
Martin, G.B. Mills, R. Prael, G.H. Sanders, W.E. Sondheim, T. Thompson, J. 
VanAnne, L Waters, B. Weinstein, 

Moscow State University 
G. Bashindzhagyan, Y. Fisyak, D. Karmanov, E. Kuznetsov, A. Larichev, M. 
Merkin, A. Savin, A. Voronin, V. Zhukov 

Nanjing University 
E. Chen, D. Gao, M. Qj, DJC. Xie, N.G. Yao, Z.W. Zhang 

Rutgers University 
P. Jacques, M. Kalelkar, R.J. Plano, P. Stamer, G.B. Word 

SSCL 
K. Morgan, I. Sheer, J. Thomas 

University of Albany 
M.S. Alam, I.J. Kim, B. Neman, J. O'Neill, H. Severini, C.R. Sun, L Zhichao 

University of Michigan 
D Kouba, D. Levin, J. Mann, S. McKee, G. Tarte 

University of Oregon . 
A. Arodzero, J. Brau, R. Frey, K. Furuno, R. T. Kollipara, D. Strom 

Yale University 
C. Baltay, M.B. Barakat, R. Ben-David, , W. Emmet, S. Manly, D. Pilon, S. Sen, John 
Sinnott, J. Turk, E. Wolin 

Central Tracker Steering Committee 

C. Baltay, J. Brau, D. Hsing, D. Lee, S.C. Lee, K. Morgan, J. Musser 
Chairman: c. Baltay 

-rc+~l o~ \\\ s~~~~~ 
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Area of Effort 

Silicon Detector 

·Mechanical 

·Electronics 

Pad Chambers 
I 

c,, 
'1 -Mechanical 
~ 

-Electronics 

Integration into GEM 

Simulations 

Beam Tests 

Budgets 

• • • • 

Institutional & Personal 
Responsibility Matrix 

Person Responsible 

D. Lee, J. Brau 

T. Thompson 

S. Hahn 
'-'---

J. Musser, c. Baltay 

W.Errunet 

J. Musser, P. O'Connor 

K. Morgan 
R. Barber 

s. McKee 

K. Morgan 

H. Pretty 

• • • 

Institution Invalved 

( Los Alamos Nat. Lab. 
U. of Oregon 

'\ Taiwan 
Moscow State 

Brookhaven Nat. Lab. 
·Los Alamos Nat. Lab. 
Yale U. 
Indiana U. 
U. ofMicWgan 
Rutgers U. 
Taiwan 

"' 
All 

All 

All 

All 

• • • • 



R & D Requests for py93 

GEM Central Traeker 

October 6, 1992 

-
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GEM ~eJJhal Trarldzu~ - EI23 B ~ Jl Razne:it 
On tbousapds of dollars) ... 

Contact Engineering R&D Total 
Design M&S 

1. Central Tracker (Not 
including Bectronics) ... 
a) Silicon Tracker 

Los Alamos D.I.ee 476 417 893 
Univ. of Oregon J.Brau 8S llS 200 
Moscow State Univ. G. Bashind- 0 20 20 

zhagyan. ... 
b) Pad Chambers 

Los Alamos R. Barber 140 0 140 
Yale University c. Baltay 94 104 198 
Univ. of Michigan G. Tarle SS 55 110 
SUNYAibany M.S.Alam 0 40 40 

c) Test Beam Work 
SSC IC.Morgan 0 lSS lSS 
SUNY Albany M.S.Alam 0 40 40 

8SO 946 1,796 ... 
2. Central Tracking 

Electronics 

a) Silicon Tracker 
I.osAlamos S.Hahn S60 S70 1,130 ... 
Univ. of Oregon J.Brau so so 100 

b) Pad Chambers 
Brookhaven P. O'Connor 120 2S 14S 
Indiana Univ. J. Musser 8S 110 19S 
Oak Ridge C. Britton 120 lOS 22S ... 
SIAC G. Haller 120 30 lSO 
Univ. of Michigan G. Tarle 84 20 104 

1,139 910 2,049 

-

... 
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