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November 5, 1992 

Abstract: 

Agenda and presentations of the GEM Central Tracker Meeting held 
at Brookhaven National Laboratory on November 5, 1992. 
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HY. I 11/13/1"'1 

GEM CENTRAL TRACKEF~ SCHEDULE 
ACTIVITY 91 92 93 94: I 95 96 97 96 99 

. 
Expression of Intent A 

Conceptual Design/R&D Effort ' • I ·--1------I • -
Letter of Intent A 

Choice of Technologies /l 

00 
Detailed Engineering Design I 

I I --• 

,_ ____ I _____ .. 
--i 

DESIGN REPORT t:. 
. 

Build Prototypes I 

' 

Test Prototypes I I 

Construcllon (off-site) I 

f- I 
• -

Assembly (al SSCL) I I . • 

lnstallallon In GEM /l 

Commission Inc I I 

• • 

Re11dy for Data A 



c. Baltay October 29, 1992 

GEM Central Tracker 
Proposed Plan for Collaboration on R&D 

and Engineering Design 

Approximately two-year period-1993 & 1994 

.. 

1. Sign ~eilt 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) J?evelop Schedules & milestones 

. . 

5. Sign Phase D of the Agreement 

.. · 

6. Develop Fabrication Plan for the Central Tracker 

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

subsystein 
d) Develop 'fabrication schedule for each subsystem 
e) Define milestones to measure progress 

.. 10 
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GEM Central Tracker R&D and Design Working Groups. 

TASK 

I l Silicon Tracker 

a) Suppon & cooling rings, 

ladders. etc. 

bl Sunnort frame 

c) Cooling & gas flow 

di All1mment & monltorlniz 

e) Cablln11 

21 IPC Tracker 

a) Chamber modules 

b) Sunoort structure 

cl Coolln11and1ras flow 

d) Alilmment & monltorln11 

el Cabllm1 

Mechantcal--Group A 
Overall Coordinadon: R. Barber/C. Hsu (CMS) 

? 

U.S.A.· 

ITRI Eru!lneera 

R. Barber ? C.I. Wu -

TAIWAN 

T. Thomson, R. Barber Chung-Un Wu, 1~1-ry C.C. Tang 

T. Thomson Y.C. Chen 

R. Barber Chung-Un Wu, Ul1-ry Tang, 

Pin11-Ho Sam Shih 

R. B•rher '3. \-\~ ~ \o"" 11-Shlnl! I.ee 

R. Barber, &Cooke. Ton11-Min11 IJu 

W. Emmet 1.S. Lee 

W. Emmet Chung-Un Wu, jau·Uang Chen, 

LarrvTamz 

W. Emmet. T. Thomson Chumz-Un Wu 

.nN Pin11-Ho Sam Shih 

n. - • 

:s. ~-'·"' U-Shln11 I.ee 

W. Emmet lon11-Min11 1.111 

Phvalclsta 

A.Chen 

P.K. Teng 

P.K. Ten11 

P.K. Teng 

M.T. Chen11 

M.T. Chen11 

A. Sumarokov 

A. Sumarokov 

A. Sumarokov 

A Sumarokov 

M.T. C.hem1 

M.~r .• -· 
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GEM Central Tracker R&D and Design Vlorklng Groups 
Electrontcs--Group B 

Overall Coordination: Jim Musser/Jul:la Fu-Su 

TASK U.S.A. TAIWAN 

ITRI En11lneers 

1) Silicon Detector . Dave Lee .S. "°"-""' lulla Fu-Su 

al Detectors 
·. •:r· \.(..1\' fr ......... 

I. rau W.C. Tsai 

bl Front end amnliflers S.Hahn S.W. Chann Sebastian Uau 

cl D111ital nlnellne (CMOSl l B.Cooke Steven Yana Peter Chou 

dl Readout controller ICMOS2l I) .~t-w... l..JHolm ~ 

e) Multlchlp module (MCM) B.Cooke Fang-Un Chao, 11.C. Chang, 

Mel-IJnu Chou 

n Fiber optics I 1' •• ., ~t\.' . - ..... ~.c..~ ... W.S. Chan .. 
21 IPC Electronics llm Musser ,c.- A. S.K. Peter Chou 

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

bl Switched capacitor arrav C. Rritton Peter Chou 
J. "ta.Ii"' 

cl ADC. Multiplexer I. Mus•er 

dl A to D pipeline G. Hatler Steven Yan2 

e) Reado"• con tr.ollt>r r. Render 

fl fl her on•ics /'?,. ....... '!\~ ~\. r. - . 
r. W.S. Ch;in . .. _ 

ii 

Phvslclsts 

A. Chen 

M.1. Wan11 

S.Y. Chao 

M.T. Chena 

M.T. Cheno 

M.T. Cheng 

P.K. Ten2 

I. Antos 

S.Y. Chao 

M.T. Cheno 

M.1. Wano 

M.T.Chena 

M.T. Chena 

P.K Tena 



• ~ "" \ "'- '-"-" l'\,. I \ W '""""1' U ... """"" t:' - ....., ; ""-"~ r ,.. 
• 

- ...... .,...._. 

oc..l. u., 't. 
Proposed ERSO GEM Silicon Hicrostrip R&D Plan 

Fabricate 1st Kicrostrips based on 7.93 x 4.01 8/92-12/92 
cll2 design (minimize strip resitance) 

Develop back-to-back 2 chip bonding vi th 12/92-3/93 
5 micron precision 

Develop rad-hard poly resitance of 500kOh.m 1/93-4/93 

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

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

Study microstrjp characteristics (leak. current, 4;93_,_93 
_ _,_ __ .. _ ... ,: __ .-__ , ___ .... i..- ......... lr~"'··- ,.,.,..., ... ~,..e, 
u~v·~~•vw •v~~o.~, ~---~-v•- •v-·-o- 1 

poly resist, etc) vs. radiation exposure and 
develop hardening procedures 

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

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

Fabricate Final .GEM specific microstrip prototype 4/9./+- ~94 

MILESTONES 

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

Define GEM.silicon detector 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 

'i 

to Jan 15, 1993 

Feb 31, 1993 

May 1, 1993 

O<:t 15, 1993 

Jan 1, i994 

June 15, 1994 

Aug 1, 1994 



12 c .D Prototype Program 

1. Silicon Tracker 

a) 18 cm Barrel I.adder 
b) . Forward Disc 

2. IPC Tracker 

a) Barrel Chamber 

b} Endcap Chamber 

3. Test Beam Setups 

a) Silicon ladders 

b) IPC Chambers 

14 



GEM Central Tracker Subsystems 
for Fabrication 

1. Silicon Detector Mechanical 

· a) Barrel pet~ctor 
. . 

i) ladder Assemblies 

iii) Barrel Assembly 

b) Forward Detector 

i) Detector Discs 

... 
ii) Support and Cooling Rings 

iii) Two Forward Assemblies 

c) Support Structure Space Frame 

d) Coolin~ and Gas Flow Systems 

e) Alignment and Monitoring System 

15 



2. IPC Tracker Mechanical 

a) Barrel Region 

i) Chamber Modules 

. ii) Support Structure 

b) Foiward Detectors 

. !) Ch;:ambf?r Modules 

il) Support Structure 

c) Overall Support Structure and Kinematic Mounts 

d) Cooling and Gasflow Systems 

e) Alignment and Monitoring System 

16 



3. Silicon Tracker Electronics 

a) Silicon Detectors 

b) Front End Preamplifiers 

c) Digital Pi~line Buffer 

d) Readout Controller 

o \ Un1tirh;n Mrvfnlo ..... , ....... --.-~,!' ........... ___ _ 
f) Fiber Optics 

4. IPC Electronics 

a) Front End Amplifier 

.. 
b) Pipeline Buffer 

c) Analog to Digital Converter 

d) Readout Controller 

e) Fiber Optics 

17 



October 26, 1992 

Response to Proposed Action Items 
From Oct. 5-8, 1992 

GEM Central Tracker Meeting in Taiwan 

Groun A - Mechanical 

pers0ns in charge 

C. Baltay /D. Hsing Oct. 28-30, 1992 

2. Deliver information to ITRI such as specifications, 
drawings, reports, etc. 

It BBF9ef, W. Emmet/Chung-li1! Wu \.11,........... " Nov. 1992 

.. 
3. Arrange a visit to the facilities and labs in USA 

Ail engineers in•1owed Nov. 1992 
Q.b ~~ b •"' r> .... 

4. Provide current R&D status to ITRI 

R: Barl>er, W. Emmet/Chung-Llv Wu 
'T ·mo-rs."" . "1 

5. Provide vendors information to ITRI 

R: ~ber, W. Emmet/Chung-ti~ Wu 
1'" .'"Th.. I.IL c. ~ V\ 

18 

Nov. 1992 

Nov. 1992 



Group B - Electronic 

1. ITR.1 Designers/Processors to join U.S. Vendor 
Design Review Meetings 

J. Musser/ -:Tu.l~o. ~u..-S 1.4. Appropriate times 

2. Provide Specifications to ERSO 

J. Musser, D. Lee/ Ju.{ta. Nov. 1992 

3. Provide SPICE Parameters to ERSO 

J. Musser, D. Lee/ J'{..l( 1,._ Nov. 1992 

4. Provide Vendor Information to ERSO 

J. Musser •. D. Lee/ Ju.t~o. Nov. 1992 

5. Provide Current R&D Infcn.--mation to ERSO 

J. Musser, D. Lee/ Ju.I.to. Nov. 1992 

19 



V 6. Provide ERSO's BiCMOS SPICE Parameters to U.S. 

,Jci(co. IJ. Musser, D. Lee Nov. 1992 
f-.ul U 1(0I\,,~,.. 

7. Fabricate Preamp, SCA in ERSO's BiCMOS Process 

8. Identify ITRI Engineers to Visit/Work in LANI., 

·· ORNL, BNL, ru, ANrJflLAC t. ovL~. 
D . .Hs.ing/C. Baltay ,......., .. """'"" _,.,.. .. "'""""" VLl. ~o-.:>v, .l '::r.7~ 

9. Provide Tl's MCM Spec to ERSO 

D. Lee/ F. L- C hQ.c L~s.,1 Nov. 1992 

10. Fabrtcate prototype MCM at ERSO 

20 



· R & D Reguests for FY93 

GEM Central TraCker 

October 6, 1992 

21 



·. 

GEM ~citral Ia.ckj11z - Ei93 R &: D B.eQJli:~t 
Cin thousands of dollars} 

Contact Engineering R&D Total 
Design M&S 

1. Central Trader (Not 
·including Bectroi'Ucs) 

a) Silicon Tracker 
I.oS'Alamoi 0. Lee 476 417 893 
Univ. of Oregon · j. Brau 8S us 200 
Moscow State Univ. G. Bashind- 0 20 20 

zhagyan. 

b) Pad Chambers 
I.o.t Alamos R. Barber 140 0 14() 
v .... l-tt-.;..,.........., r 'R:-::tlMv 94 104 1·~ ,._ --·--·,1. . ----,; Umv. of Mk;higan · G. Tarle SS SS 110. 
SUNY Albany M.S. Alam 0 40 40 

c) Test Beam Work 
SSC J<. Morgan 0 155 155 
SUNY Albany M.S. Alam 0 40 40 

850 946 1,796 

2. Central Tracking 
Sectioaics 

a) sac()ll Tracm 
Los Alamos S.Hahn S60 570 1,130 
Univ. of Oregon J. Brau so so 100 

b) Pad Chambers 
Brookhaven P. O'Connor 120 25 14S 
Indiana Univ. J. Musser 85 110 195 
Oak Ridge C. Britton 120 105 225 
SI.AC G. Haller 120 30 15€l 
Univ. d Michigan G.Tarle 84 20 1:04 

1,139 910 2,049 
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Son&koo Hahn/l~lS-92 
5uD1mary of Slmulatlolu, tlcm n. llcm 

I. For a lumped dcto:lor c:apocitancc. lin&lc-<hlmDcl llrip, with 16os aquan: input currall pulac (TI>iJ llas beaa-., 
traditional setup to define amplifier pctformancc); 

Dei. Capadtnce 

ISpF 

22.S 

.1620 clednm RMS 

. Time-Walk 
(6k -481c clecllml) 

Sm 

a 
,. i 

l. For 3-channel distnliuto:I R.C imp. with mnplificn, ml with I 6ns aquan: input pubc (This is doc .,.,. !Ml • 
Upec:t at the amplifcr output, ml sboo1d be the bee oC determining the th=bold le¥cls); 

Dot. Lenctb Nolle lqulv. Char&• Time-Walk 

. 12= llSO I ·. I )~ not measured -
!San 260S I not measured 

3. For 3<haMel distributed R.C Jtrips with amplifiers, and with realistic input pobc 'Mlvebm (rcsultiJ!& in cllaqe 
shariqg among adjacent cham>cls ml with amplifier ooi!c feedback as in cue 2, ace DOie l); 

.;,; ~ 

12= 

Noise Equiv. Charcc 
(For/Ncar<Dds) 

lSo40/2210 

Time-Walk 
(F ar/Ncar<Dds) 

9. Ill>( no 6k, 9t, l:zk lriacr)"J. 0ns (DD 
6k."§k trigcr) - -

' .... 35S0/2710 

TloruhoJJ • 61$0 doodroou (lz1070) r..l.+· { r 
r{, 

. ........ ::. -
Notes: -1-' .( .' 

I. The thresholds used for the time-walk measur=ents were based 0.1 the equivalc:DI .,.,. ol a 1-pcd. 5'agle-
c:lwmcl anangemont, ~ is a lot ID<lR: optimistic than the distributcd case. 1 uscd Ille ""- lllElbcts bccaue I foll 
that the simulation results may DOI be very interesting, with only a few input charge poilo<s 11·;g ing 1lac LD, if-., 
men: realistic numbers (based on the noise of the distributed case) _,,, used. 

2. This simulation is 90lely based on nominal transistor gains as an '"'I""""' ~ pctfonaancc. Bodi 
noise and time-wallc figures would ccrtainly degnide with doses ow:r the life time. k is mot silllplc IO silow loow much 
degradation we should expect since there is no aa:eptcd radiation damage curve on tlaac..,. xries oftransistca 
except that some transistors lose the CUrT<nt gain by more than s factor of two at 1 OOuA fl( collcclOr current •or 
around 1 MRad. 

3. The termination of neighboring llrips with amplifier inputs contributes additional noise llvough (what Berkcly 
people call) noise fe<dbocl:; essentially, the noise vollagc at lhc amplifcr output node injects noise cll!Tcnts into 
adjacent channels through feedbaclc capacitances. 
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Custom Bipolar Integrated Circuit Designs for the Front-End Electronics of the Silicon 
Tracker Su~system for SSC-GEM Detector 

Sanjkoo F. Hahn and Mauroon M, Cafferty ., Loa Alamos National Laboratory, Loa Alamo1, NM 87545 

Abstract 

Bxlnimely hip radiation bl!Qll1rouncl (up to • MtYcl over 
a 10 y.ar llfc&lm1), a larp numllti ot chaRntll (3,:2 M), high 
apeed. low nalM qqultllllllltl (llSO el~ron1 IWI), 81111' low 
power CO-ptlon (I mW/cbanntl), pl'lllnt I lllrmlc!Ult 
challlllp for fraaHllll tllolronlol of lhf llllAR Trlqlcer 
aubty11e1n Air th• llC:.QBM (Gamma, Bl•ron, Muon) 
DctcAor. Slmulallon ,..iil11 from Iha bipolar llNIPI! tor an 
111111o1 ln1tpatld 01111111 hi ,_ ch111p lnpu11 from tlllcon 
llrlp dc&lcton art pruenltcl iuln1 AT!.T and ltarrii 
1111naillor mad911. 

I. INTRODUCTION 

The dceialon wu lllld9 •rll•r lhat a lllpolar JC 
1ec:hnolo1Y wu to 119 1IMCI for the proceuln1 of 1h1 eharp 
slpaia frvm the Sl-ttrlp dcteeton lo m... Iha nalH, spMd 
and power requln1111111ta. The main ftine1lon of Iha bipolar IC 
is 10 make an u111mblpo1111oa19 dtoi1ion of •llhlr hit or na­
hi1 per every beam-crouin1 (wllh a pcrlod of 16 ns) for every 
channel based on the amount of char1e eollec:ted from the 
strip delcclon. Dlie lo Ibo low oc:eupancy of leu than I,,., Uie 
dead-lime of th~ clreuit operation bc1ween events can be u 
much u i 50 111. Tho design features and Ibo major 
simulation resulll are described. 

· II. DBSIONFBA'JURBS 

Tho preamp usea the familiar caseodo eonftpration With 
an input transistor 11oome1ry of threo limes tho area of Ibo 
minimum g~mctry transiaton to redllllO tho nol,. frl>m tho 
bue spread resi11ance. Tho ~k resistor and capaelt0r 
sci lite 1haping lime of JO ns. The feedback n11lstor 1, made 
u larp u pouible for minimum 00111 eontrlbullon while 
remaining 1mall onou1h to maintain reuonabiy collllanl biu 
eondition1, whicb an -itive to 1ran1i11or pin aha11111, 
over lite lltclime of the 11111111. 

The intermedia14 ampliflllr 11 a minimum eomponent 
llap which 11 very 11111i1ive to Ibo biu lovei 11 Iha buo of 
Q22. Tho resiston, ~ and R6 1n1 al\IU11ed fl!r maximum 
pouibl1 pin withoul puahing Qll Into Nluntion. Thi1 
maximlzu the 1111111 lo noi11 ratio from thi1 111p (Figure I). 

The 1hapcr/bueliM restorer 11111 bu a clOICd loop gain 
of abou1 eight, for the 1i1nal, wilh a 1i1nal 1Wing of about 
40 mV lbr a 6000 electron inpul chirp. Tho buellne 
rclloralion circuit cau111 IOme noi11 de1radalion but has a 
crucial role of 11abliizln1 the DC bia1 level of lho lnpul node 
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lo lhl 911mp1rator, Without tho nstoratlon, the drift of the 
DC:: leytl would p-1 a MriOUI control plom lo the 
Glmih op1111lon (Plpn :2). The oomparator delipi 11 
llraiah!ftll'Wll'll wll!l 1 cl~al-palr Input 1111p folloMd 
by cumn1-111imr ampllft.-1 Air GUmnl OtllpUt (Plpn 3). 

PllOM 
llAllNO 

HIJWO!I 

111~ 
!l'4 1~ 
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Fig, I Preamp & lntcrmediate-11110 amplifier 
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Ill. SlMtJLA TION RBSULTS 

A. AT&TTtleArrayALA/10 

Simulatio111 were performed 111lna model• from tb1 
AT..tT CBIC·V pr-. A dellp bucd on the ALAllO tllo 
array modelJ will. bl! lllbmiuod to AT&T for 11ml-custom 
fabrication, and the chip will be tested when available. The 
schematic and the pinou11. are 1hown In Figure 3. The lllo 
array Is for small-scale applicallons and contains minimum 
area geometry transistors of 32,S x 47.S µm which are loo 
large for the final design. The final design will bo based on 
smaller geometry transistors. 

Simulation results uiing Micr0Sim'1 PSPICE wore 
obtained for charge inpull from 6000 elcctro111 to 48000 
electrons. The current IOUrc:e aimulatlng the waveform out of 
a 300 µm thick PIN diode 1111• ahown in Figure 4. 

.... ~-~ .• ~. ------........ ----.----. 
t.Oi:t ,__ ____ - ·--- ·---- ---·--· ·---~---

# IOCJ.On -·-. -'--/~--+--- ---·~· ----·· 

...... i----·t-·11-\......_:t-·-·--- ___ ,,_, ____ ... 
'- ---.._ ..... t=n~~~~~=·J· ·· _:---... 

a.a 
I 

'" '"TIMI-- .. n •n 

Figure 4 

Simulallons were run for strip lensths of 6 cm, i 2 cm, and 
18 cm with oominal transistor current gains for bcginnin& ot 

II~ and low ~mnt 811118 fllr -111111 1n4 Ill lift 
~_,, Tiil ltllp dlleOlor w11 llmlll1ttd Illini lumped 
•lt1111n11 with lhf'9 llrlpl and thrM amplll\en In parallel u 
1hown In Pllll" 5 (2) to renoct couplln1 etfect1 between 
acijaeent ohannel1. 

-== =.::: 
Fiaure s 

!llmuiatlon R11Ull~ bet-n u1ln1 AT&T mbclrcult models 
for the realaton and capacilor1 and uaina Ideal realators and 
Qllp&eltor1 wore virtually ldonllcal, 1>ut tho noi11 pcrfbrmance 
'Y•• . about 1% worN for I~ lllbcireult ruilllon and 
capaojton. Tb1 1imul1tlo11 II.ma for th..,. ampllften 
utlllzln1 all mbGfrcult modal• weie much lonpr !Mn 
praG!jcal, thertftlro, '"-'·"''"°"and capacitors weie uacd 
In all lllbllquont l'OIUltl. . 

'l)'plcal 1lpall at th• Input of tho comparator foi 12. cm 
11rtp' lenSlh. Mir 11111 il\loGtlon are 1bown In Plaure 6 while 
tho comparator outputs 11'9 shown in Piguie 7. Noto that the 
limo-walk 11 meuured at tho flllln1 edgo or the compantor 
output waveform to take advantage of tho pseudo zero· 
crossing lime pick-off effect. 
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The simulation resulll are summed up in Table I for 
beginning of lifetime and end Of Jlfelimo. SJll!lll lipal 
amplllude, II~ walk, and nol511 "'°'II ar~ 1bown for 6 Cm, 
12 cm. and 18 cm detector "rip lqnl(ha. The ampll~"' 
111C81Ured for tho 6000 olect~I\ h1puL Tim, walk wa• 
lllClllWcd for 6000 lo 48000 electron lnpu\I, .with • 
complflltor cbroahoid lovol 111 10 60% of tho 1m1ll alpw 
owin1 tor -h clecctor llrip l•!isth. The nolao wa1 
calc:ulated. at lhe Input to lho comparator. 

B. Harris UHF 

Simula1io111 wcra alto performed ualna m~la for Harris 
UJIF small pomotry t111n1l11or1 for I 2 cm and t8 1:111 dotec:tor 
strip lcnathe. 

'The nol~ tor IM 12 cm far .. nd wu 2'40 ticctrona ~ml 
2210 elcc:tro111for1be near .. nd. Tho Unw walk Wll 13.7 81 

for lhe far .. nd and 10.2 DI for the near-end with the 
chreahoid level equal lo 5000 electron• (no 6000 electron 
Crigger). 

The l\C!lll for \he 18 cm far .. nd WBI 3550 cJectroRI and 
2710 electrona for Che near-end. The lime walk was 9.1 111 
for tho far.end (no 6000 or 12000 electron lriuer) and 9.0 ns 
(ao 6000 eloctron lriger) with the threabold level equal 10 
6:i~o .a...,~ . 

Table I 

IV. CONCLUSION 

A preliminary design for tho front-om! eleclronics for lhe 
Silicon Tracker subs)'stcm for the SSC-GEM (Gamma 
Electron, Muon) Deteclor has been simulaced and will .,.; 
submitted lo AT .lT for ~mi~stom fabricallon. 

The l'Nlllll show 011eellent beglnnlng~f-lil'e perfonnancc 
and .-ptable end.oC llf9 performance (10 year iifelime, 5 
MRad total dote) for required time walk (<16 na), with the 
given power (I mW) for a 12 cm detector .crip length, but 
clearly del'flldod pttfonnancc at 18 cm lenati... 

V. RBFllRHNCBS 
Ill W.C, Sailor, H.·J. Zlock, W.W. Klnnl10n, K. Holzcheiler, 

'I; Model for Lho Performani:e of Silicon Mlcro1trip 
D1111C1011', N11ol1111' lns1rum1n11 and M1thodl In Physics 
Ru1m:h, A303 (1991) pp. 28.5·297 

[2J I11y Klpnl• "Analoa Front·Bnd Bloc:tronlc1 for 1ho soc 
Silicon Tracker•, Worbhop on Front·Bnd,Blectronlcs for 
Silicon O.toctora at Future High Luminoaity Colliden, 
YeiioWtlono National Parle, Wyoming, 17 September 
1992 
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Study of Pad Chamber Perforance 

Yen-Chu Clwi 1• 2 , Melin Ffuang1 ,Alezei Sumarokov1 

1 bistitute of Physics, Academia Sinica, Taipei, Taiwan 11529, R.. 0. C . 
• 2 Department of Physics, National Cheng-A.ung University, Tainan, Taiwan 70101, R..0.C. 

Abstract 

A simplified pad chambe1· geometry with a width 2.5 mm along the anode wire 

direction is used to study the pad chamber performance. From this study it is found 

that 40 µm hit position resolution and 1.8 c/TeV momentum resolution are achievable 

when signal over noise ru.tio is 200 and with 10a..cm- 2 sec- 1 luminosity. 

1 
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Appendix 3.1 

Study of Pad Chamber Performance 

Ale..""Cei Sumarokov1 , Yen-Chu Chen1•2 , IVIelin Huang1 

1 [nstitude of Physics, Academia Sinica, Taipei, Taiwan, 11529, R.O.C. 
2Department of Physics, National Cheng Kung University, Tainan, Taiwan, 70101, R.O.C. 

. ' 

We employ a simple geometry to study the pad chamber performance so as to inves­
tigate the dependence of hit position resolution on Signal/Noise ratio and the two-track 
resolution. After simulating, we found that the hit position resolution can reach 50 µm 
when Signal/Noise ratio is a.bout 300 and the two-trac.1< resolution can be as good as about 
0.5 cm , the size of one pad. 

~f\T"IC,';,.:i ... ....;.,.H.,. f:UTn t.,.::1,..1.rc.! T"\~c.!~;'"O' +'h.,.n,,IT,, +lot ... '1"'1::1~ ,..l,::ii'""'h ...... 1llT ... HC'O +,.,.,,... Tn'""'"'"C' +,... ..... :J...p.,; ....... --------·-o •··- ·------ r----o -- ... -o- --- r-- ... -----i ··- --- ···- ··-J- ............. _ .. __ 
J.,:o1- ,..,..,c.o;+:,......,c.o 'T1h.a ~,.('• "'n"" ;<- +'h ... ,.. ....... + ..... ,..f "."""""".;., ... ,. u,..;.;.i, C:l?\T ,...,...~ ... ,..+:,..,...., .., .... ...1 +i. ... ,.o,..,.... .... ,J -· .. r ................ _. --- ---· --- .... ,. __ ----- -- o--···J ...... _ --· ....................... _ --- ,,_ .............. __ 
one is non-linear fit. The center of gravity is a very efficiellt way to obtain hit position. 
However, there is a systematic error one need to take care, that is, the hit position 
calculated by the center of gravity is different from the real hit position systematicaly. If 
the track hits at the edge or at the center of one pad, the difference is close to zero; but 
when the track hits at the 1/4 of 3/4 of one pad width, the difference is largest. The shap 
of this difference versus hit position looks like a sine wave. In using the center of gravity, 
one thus should calculate the SIN correction first and use these data to correct the value 
calculated by the center of gravity. The 50 µm accuracy was achieved at Signal/Noise 
about 300. Here, we used Gaussian distribution to simulate the noise. Fig.(la) and 
Fig.(lb) are the resolutions of two tracks calculated from the center of gravity with SIN 
correction. The second one, non-linear fit, is the fit of four para.meters, 2 xO and 2 qt, 
where xO and qt are the hit position and the total induced charge of one track respectively. 
After non-linear fit, the resolutions are shown in Fig.(2a) and Fig.(2b) respectivly. As 
shown in these plots, the track resolution is greatly improved from about 130 µm to 60 
µm after non-linear fit is applied. 

With the fit, we next calculate the R.M.S. and FWHM of the track resolution in 
several delta x bins. Ea.ch bin is the same size as half pad. The result is shown in Fig.3, 
where star sign(*) and circle sign(o) represent R.M.S. and FWHM respectively. When 
the two-track distance( dx) is greater than 1.25 cm, the resolution is as good as about 50 
um. However, it is getting worse when dx is below 1.25 cm and is higher than 200 um 
when dx is less than 0.5 cm. 

We finally turn into the study of efficiency. Ten thousand events were thrown uniformly 
with respect to two-track distance as shown in Fig.( 4a.). After reconstruction, about eight 
thousand events survived and the distribution with respect to dx is shown in Fig.( 4b ). 
From Fig.( 4b ), one can see that the efficiency is close to 100 3 when dx is greater than 
a.bout 1.5 cm and the efficiency is down to 50 3 when dx is a.bout 0.5 cm. 

From the current study, we would say that the track resolution can be 50 µm at 
Signal/Noise ratio about 300 and the two-tra.c.1< resolution is about 0.5 cm with 50 3 
efficiency. We still try to develop another algorithm to im!>rove the two-track resolution. 
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Track and Momentum resolution 
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Track and Momentum resolution vs Signal/noise 
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Track resolution vs Luminosity 
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GEM CT Simulation 

• Phy1ica goals of the central tracker 

• Geant CT Simulation program 

Academia Sinica 
Taiwan 

• Pad chambeu study ( plane geometry, efficiency, momentum resolution ) 

• CT Geometry ( SMD, Pad chambers) 

• Calorimeter, muon system • interface to FASTl 

• Hits, Disiti11M!ona, Pattern recognition 

• Single particle, pile up, Higgs event ( momentum ruolution ) 

• Material budget: SMD, PAD chambers, electronics, cables, cooling system, gas 
enclosure 

• Higgs study, efficiency of electron reconstruction 

• Higgs to 11 

129 
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2 Physics Goals, Design Parameters, and Detector 
Performance 

Z.1 Physics Goals of the Central Tracker 

The physics goals for the central tracking in GEM can be divided into two 

categories. The first are those features that are required to support the primary 
objectives of GEM, namely the detection of gammas, electrons and muons at high p,. 

Some examples of these are: 

• Identify the primary vertex of an event of interest, so that it can be 

separated from other pileup events in the memory time of the 

detector. 

~ 
• Separate electrons and gammas using the presence or absence of a 

charged track pointing to an electromagnetic shower in the 

calorimeter. 

e Provide track information for e,µ or r isolation cuts, and to help with 

rejection of conversions and Dalitz pairs. 

e Help with electron-hadron separation by providing a momentum 

measurement that can be compared with the energy deposition in 

the calorimeter. 

• Help with rejection of background·by matching the niuon momentum 

measured in the central tracker with the momentum measured in 

the muon chambers. 

• Determine the electron sign up to 400 GeV/c. 

The tracker should be able to fulfull these goals well at the design luminosity 

of 1033cm·2s·1• These capabilities should also survive to luminosities up to 1034 cm-2s·1• 

These minumum goals do not require full pattern recognition, but can be met by 

looking for hits in the tracker In a specific· road extrapolated from the calorimeter or 

the muon system. 
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EVENT NR 
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MDT IJ8:ig) IL specifications 
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