
GEM TN-93-266 

Cathode Strip Chambers Group 
Meeting - SS CL 

January 8, 1993 

Abstract: 

Agenda, attendees, and presentations of the GEM CSC Group 
Meeting held at the SSC Laboratory on January 8, 1993 



AGENDA OF JANUARY 8 CSC MEETING, 9 AM - 5:30 PM 

SSC Laboratory 

(1) Test results: 

- BNL prototypes - V.Chernyatin 
- Dubna prototype - Yu.Kiryushin/P.Murat 
- UH prototype - B.Mayes 

(2) CSC Baseline parameters optimization: 

- Optimization of barrel layout and channel count - Yu.Kiryushin 

- CSC parameters optimization - V.Polichronakos 

- Requirements for pattern recognition - simulation results - P.Murat 

- Momentum reconstruction and effect of double-hit - C.Yanagisawa 

- Optimization of endcap layout and channel count - F.Nirnblett 
- Rectangular vs. trapezoidal chambers in endcaps 

simulation - V.Chernyatin 
trigger issues - A.Korytov 
general consideration - S.Whitaker 

- discussion, decision, task assignments - group 

(3) CSC Electronics update - D.Marlow 

(4) Discussion of Jan.18-19 technology review and CSC document update 
- task assignments - group 
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Presentation by: 

V. Chernyatin 
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UH CSC Prototype 

• 3 layers of 1.0 m (long) x 0.5 m precision strips (pitch = 5.0 mm = 4 

mm Cu + 1 mm gap) 

• 3 layers ( 12 chambers per layer ) of 66-cm laro.cci-type carbon-coated 

(4 kO per square) profiles with 45 µm gold-plated tungsten wires 

• standard ( 75/~5 Isobutane-argon ) gas mixture in proportional mode 

( 3.0 - 3.3 kV) 

• 10 (top), 9 (middle), and 10 (bottom) strips at center from the three 

layers are instrumented with preamps (gain ~ 1000) and ADCs. 

• preamp outputs are routed via 53-m RG174 coaxial cables to Lecroy 

2249W ADCs with an integration time of &00 ns 

• trigger on 2 top scintillators and all bottom scintillators 

......._ ml4•n 
~ S<.i"'nU&<.toy-

7 

'
'f'./ f . < m < iot> 

- \0 ' T ' 
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I 
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Analysis Procedure 

• Fa.st Filter at TTR 

- select events with at least 1 strip with > HlO ADC counts in each 

layer 

• Pedestal and Gain Corrections 

- apply pedestal (20-40 ADC counts) subtraction and gaim co:rrec­

tion ( 1.00 ± 0.10 ) to all ADC counts. 

- ADC counts set to 0 if corrected counts are < 0. 

• Fiducial Cut 

- locate peak channel in each layer and require peak channel to be 

at least 1 or 2 channels from uni.Rstrum.en.ted strips 

• 6-ray Cut 

- remove any event with 1 or more ADC overflows(> 190() raw ADC 

counts) 

• Locate Cluster Centroid 

- determine c.o.g. of the hits for each layer (zcog) by using a weighted 

mean of 3-strip (z<3 >) and 4-strip (zC4>) c.o.g.'s 

Zcog = 1 + ~ (z(3) - z(4)) 

w = strip pitch = 5.0 mm 

36 
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• Systematic Correction 

- apply a 3-term-Fourier-series systematic correction of the following 

form 

21r Zcog ) . ( 41r Zcog ) • ( 61r.Zcog )] /::i..z =A x [sin( - 0.077 x sin + 0.041 X sin ·· 
w w w 

A is varied in the range : 60 < A < 100 µm 

A = 117 .1 µm according to monte carlo with a point inducing charge 

A ~ 80-90 µm gives best results 

• Systematic Alignment Correction 

- middle plane is found to be off by ~ 33 ± 5 µm relative to top 

and bottom layers. 

- correct ZcogS in the middle plane by a systemati<: shift of 33 µm. 

• Track Fitting 

- fit the corrected points (lea.st square) to a straight line 

• Resolution pe_r Plane 

- residuals in the top layer (Ri) within ± 150 µm are fitted to a 

Gaussian + a constant. 

- resolution per plane u = J6 u R, 
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Summary of Results ( Preliminary ) 

• Averaged over ± ~ 6° 

HV(kV) 

3.1 

3.2 

3.3 

u(µm) 

74.8 ± 3.9 

72.0 ± 3.5 

56.4 ± 2.0 

• Averaged over all angles ± ~ 8° 

HV(kV) 

3.1 

3.2 

3.3 

• Normal incidence ± 2.0° 

HV(kV) 

3.1 

3.2 

3.3 

u(µm) 

78.9 ± 3.6 (96.3) 

73.2 ± 3.0 

59.7 ± 1.9 

u(µm) 

66.4 ± 10.7 

62.8 ± 8.6 

37.9 ± 3.0 

51 



0.4-l 'run eoo3.3kV . t I 0.41 11\111 800 3.3kV I Before systemette qg!T119lpj1 . : After 3-term s~stematlc correction: .. . . 
0;2 

. . . • • • 0.2 • • • . . . - I . . . e. e e • §. 

~ 0:0 ~ 0.01 ~)~~wmr-·-:,. 
~1 ~ . ..-... . ' . . . ·'· . . .. . - - - . 

I!? . . . . . . . . . . 
• . 

• • -0:2 •• • . • • -0.2 • • • 
• • • 

• • 
... 

• 
-0:4~ • • • I- -0.4 • 

• 

CJ'I 5 10 15 20 211 30 35 40 5 10 15 20 25 30 35 40 N 
x[mm] x(mm] 

100 
• ±6deg 
a ±2:1/. 
o all anges 

80-l 

t i 00~ f ! 
!2 

40-1 2 

20 I I 
3000 3100 3200 3300 3400 

Vollaga 



Presentation by: 

Yu. Kiryushin 

53 



.f 40 
~00 

90 
80 

10 
60 

50 
qo 

~o 

!O 
,0 

. 
.:3 s 1 \XI {MM-r 

55 



-tt -10 -! -6 _,, 

so 
1/0 
30 
!O 
10 

-to 
-2.0 
-30 
-'lO 

-50 

.• 

l 'I 6 8 10 ft. 

. 
; 

56 



I 

-~ =--r--=_-:-~-==:>----~==------------- -~·---_-_--_-_-:_--++ _-_ -__ -·-===-_ ... _-__ --_-__ ·-------=~ 
-· -- - - '·-- "'-- - - ---------~----- -. ---- ---- --+-----, __ j_ _____ _, 
-- -- 1---~-----f-----·----· -. _ _.._-________ _,_, --!---------+-~--'---- - -, ----

11--lt--ll---+----...---''-+---'l\J ' I ' 

4 lT~-~---~------~~~ . ·I:~· --+---~+----~ 
: h-~- - ',t---· M-~- ~-!--------, l\;:---4'~ ... _,____-+------'-------
4 ' Cl""' r--r o- ..... .....-: n-C I - ~--1---------1-----' 
~ . - ' ft... '~ --~ i-__ ~""r\~., ... --+------t--~-1 '1 • '1 I a-. ... - n_, ~ - ~· • 1 ' ~ : ii . ! 

- ! VJ I f\ ... • ... • ~ !, -. --= ' 
~,~-~ 

' ' 

- - I , 
lJ""'---l-~-.1-1-----.;.---'-' ---+___; __ ,· -----+--''-'-'-! --;-! -+---'-! _J_i___:'-1-1'-' _:_: __;___:_' -+--·' __:___:_•___,_J 

• '' I ' ! I I I ! ! I ~ i i i I . 
1 

-: I i 
I ! i 

Q_ . u "': - i : ·~, ! i 

: ::--: : ! ! l ! i i 
I-~! I ' •• Li I I t : 

J....• I I 
: r 

• .... 1---Hl-'-I -1---l"'r"t""-' [ _ ! - --.-. 
-- I I : i ' 

I ~I 
I 

i : I I 
! I 

~i L I .. - I ! i ' "' I 1-1 i I I I I I i t 

liil \1:\1~ 11, 11 I 11 i 

; ' 
I I ! i I I i I I i 

57 



!----t---1-- --~-

- ---------+--------if-- -----+--------T---
QJ- - - - -- -- - - - - ---- .. ~ - - - -- -- ' ---:r--------.-r - Vl "" - ---------1-----, --, ---· ·•. -\\. ' ' 

~---- ---

f. ~::;, : ~ ~ . ~--~ -+- ---;.,,lA----1-----+---' ----

' q_- -LI_-- u-. ~ , c:) ~ 
•i"OJ• - -,..; ----()--~-~- ~ ~ ~ 'Tlft~-j----:--f-------

v - '... ' ~ , ... , - '.riii;. ..... 'O\;--:-~-~--t--_:___:__4 _____ _ 
lh--.-•--"'-'-Ql -, ~ .... !~ ~t-~..::-~-~~-~'itL-:J-. ..:_~-:-+---~~--=== ~ ' : ' , - ~ f<..._ • '"'"': I ---,_~s;o-,-f---:---·:__f-Jl___:_ __ _J 

-~;;.;J't--+--'--1' I, i'•' ill! i I;• , 1=====, jj=r-, -t-·· :,-i-r1~J_1:i~:---_;___~+-====tJ.:::J,:== 
..... ' ' I ' ' . ' i ' 

. ,,.;,._• 

' i ; - i .... : -~ ' i 

i Ill :_~ f - ~ ,-
' 

: --- - -· 
I It' I I

, I ' 

' I : 
I'.'\ ....,. I 
... ,vt: :r 11i~ 
""=" , 1 I r= : 1 1 , 6 • 

1 
._:. ! J I I ' 

I .r.. i - ! i : I ' 
1 

, ! 
' I ' i "9 '- ·- I t I I 

'-=1 ' .~ i i I ' I I : ' ' 

1-j--+I: -t-': ~·I ++II, -+.'~~ '_'!!! .. ._!_i:~1~"j1~11·= j''= j;·c_ t+i~ r. +.II 41tf-L'• ++1 ++=r' J1 =li. :ll=t ,! ::}:1 :JI J:j i1-t-1'H1,-'·l-J-l'-:-'~'~·~!!-·-~~ .: : - I I : I ' ~ : ' 
I ! ' i I : ~ I ! l_ ~ i •:=-r-t-+-~:-:-t--J:-1-'i_I -+~·_;_l~_;_J 

58 I ! 



~- ~~. + - ----- ---~--- -- - --- - -\;1 - - ---I ----
~-t- -~ ·---- ----~ ----------- --------------- -----+ 

'- -~ -1~ ---- -----
f---l---"'llO;::i-l - ----..,. -.-U-~------+----+---

J ~ - ,, ~ ... ~ 

>----.~- - \~-~ ... - ...... -- -,------t\.~---t--.-~--+------1 
-- u t ~ . ~ __ , __ °'_~_. __ ()_-+----< 

l i--0~--~1)-. ~ I ~ ~- · -, l'()--1----1 
f----1-A~-t- t')~(.\ , __ . ~--~ ""'-ao- ~.... ""-- ~-n 

' ~ ~ ... • ' .~--.. ~ ~ . 

• i 
>----•~~ 

1---~\o ---~-~--,-----1.--'--.--+----+---~·--+------+-~·--.--1 

" .. ,... - -'i;- ---~- ----~--+----+------c--+--'---1-------+---_, 

(b--Cb ~'---+-----+------+----I 
:~-~ ---.. \It ft. ~ ' ' 
....J:::::-'-' -(-~- ---~ -'-JI )-1---+------+----+---'----J 

~: ~- -~---i- - ~ ~~ ~--- ---1---'-~--l 
4~~~Fe ~~·- ... ~ -~~-~-~~~---+---~ 
I I I . -~- -~t\-('\-, ' ~ . 1. ~~ ~ """ -"•°' ,--~'liii.JJl"'~,--+----1 
I ~ . k . " - . ·-- . .....,.. ~- •, ~ ~ 
,.,~ -J ~" . i • ~ , I ~ I • J---+->--'----'--'-1 :=s= ~--- ' ' 
(~ v . ' : . 

. . • I,;,; ' 

'
~ . ~· •• r--.-t-~,~-'--~L'---+--,---'---j 

>----1----- - ""' . _. . t_.-'- ~-:"------1-------1 

~- ---- -!~""S----~~--~ -~ ~-----QJ~'--l-C'l~~__:_j._;_~·--1 
- .... ~ • ~ ~~I~ 

'lC:: ... ~ . . - J.\l - -----'- ,___ -4<.i-~li .· . .· ~ g:--. --~.-'--... lllio;--l-~~-----1--'----l 
-- -----Cl.-'1 ~ :"Ill - o : n 1~----1-------l 

" . . c: . --z:s - ~ ~ I _ _.... .-

-,..._.-CL - v ~ i : &.. , ...,7 
• ·-. : •.. , I ' l---'--1---1--l. I ' __.. .. I I I I : 

1 ' .,._--r; '~ : : - i .,;:.--+-: -,,-. -+--~, --.--'--+-+--'---'-~ 
f---'--1--'--l-!a-~ ! : "' I ~ 1 : ' 

~~~·~ :' ...... : 4..._ .: 

I a: : ! , ' : .-- !' 1 ! 

I ,... w -,- ' .., I .... ~~--_;_+-.;__--+..-'----l 
-- --i" I • 
,____. __ -~- _£. \!) • , I ~ • _,_v __ 1 --'-----..---'--+--'-----I 

- --- -~1-= ~-~ . ' d .----_-_-·i -:;...,_.' -~-f--,----f---+--,---J 

' 

I . 
59 



f-------+--------f--=----1--------l------------+----
,_____F~c -12·----'-! 8-~ 'f _-1---'l_-c - ____ ,____---=------_-!---, =---_---__ 

- ---+--- '----'-------+-----I 

I-;__ ___ _ t\I p-e.e,c.1-S-e-1--:. __ 'j:_. J--3 _ c.-; - . 
. 

. ' 

~· ' _:___+N--eo ~s-e'---'--'• ----;t_.-P-u--o· ~-/'---'-. -------
, I --. ' • , . --, ~~7.-r------

' I 
. 

I ! 
' ' -... -

I : i . llJU,UV,Q• 
I 

1 i ! i ! i ' , 1 I I 
i i ' 

' I I ' . 
. 

I I I ! 

: I I I ! ! 1 I I 
' i I 

' 
i : 

I I ! I I I I I I i t------'--+---'----_:___---J--_ _:__~---f------'-'--L__-1--------'----'------l-----''-----'----L.--~-' __ _ 
. 

. 

I ! 

1--~__,_' ~---1_;__'-·--:-:'--1-;--' -:--r---t'--t~-:'-r--,· -+--'' -+---T' _· -+l-+1--i-!---1 ----'--' __j__i -"----1-----''--c__j 
I ! I ! i : ! ! I ! ' I i i 1 

I : I, I ! i I i l j i I I i ; 

i : ! ' I l i ! I : 

I I . 

I : l i i i ! I 
I 

I I I , ! I 
I I I 

j I ! ! ! I I i I I I I [ ~ l ! i I i 
I I I i ' I t 

I i I I i ! I I : ' 
i 1 I i I i : ' ! I i I I I ! 

I 

I I I I I I I i I i I I 
I I I I I I I i ! i : l ! I 

! I i I I i ! ! ! [ I ! ! 

i 1 I I ! I I ! i I I [ I l 

I 1 i ! ! I I I I ! I i · ' ' I 

60-



/\/ chamgers 
For g~1.1+1.1 

102 'I 

For 6' + 6' ..,. b' 

1 7 9 2 3 gap - c//oml.tJrs 

61 



Presentation by: 

V. Polychronakos 

63 



Gap Uniformity, Cathode#2 
35 

!/) - 30 c: 
Q) 

E 
25 Q) .... 

::::l 
!/) 

ro 20 Q) 

E - 1 5 
0 
.... 

1 0 Q) 
..0 
E 
::::l 5 z 

0 
2.3 2.4 2.5 2.6 2.7 2.8 

Anode-cathode gap [mm] . 

Gap Uniformity, Cathode #1 
40 

!/) 

35 -c: 
Q) 

E 30 
Q) .... 
:::> 25 !/) 

ro 
Q) 

20 E -0 1 5 .... 
Q) 

1 0 ..0 
E 
:::> 5 z 

0 
2.3 2.4 2.5 2.6 2.7 2.8 

Anode-cathode gap [mm] 

65 



\Ullfr. 

- ) 
I • 

- I j j 
t 

l 1 I e)Leu! )-(J <.1J.... 

(.,.(J.,y\f" €Jl'..-t 

66 



c ·-(IJ 

(!) 

C':) Q) 

"'1 ::J ..... 
I-

Bo's small GEM detector 
5.4keV X-rays, 50%C0 2/30o/oAr/20%CF 4 

10 6 r--.--~-r-:-------,,--,~-.--------,r---.--~,-~.---.~------.-~ 

• 
105 

104 

103 

102 '------''-----'~--'~--'~--'-~--'-~--'~----'~--'~---'~----''------' 

2000 2400 2800 3200 

Anode Voltage 



V) 
("") 

• 

• 

68 

00 

'° 

V) 

'<:!" 

("") 

"' 

0 

0 

....... 
~ 
~ 

Cl) 

"O 
0 
.c ...... = u 
Cl) 

c 
0 
c 
0 ...... 
c 
Cl) 

E 
Cl) 
tJ = -c. 
"' ·-Q 
Cl) 
;.. ·-...... = -Cl) 

i::: 



~· ~ ..• 

69 

I 

0 

•• 

' '?I 

:• ,. =~ 

C.1-t I 



1/7 /93 IC6ANOIS.XLS 2:32 PM 

IC6A Device #7 Qin: 5.00E-14 l /7 /93 

Cd 
01 

22 
47 
681 

1001 
150 

oF 

1/7/93 

Vout IVnoise System SNR I Gain ENC iENC Slope 
l.8391 6.18 0.651 299 36.781 l.67E- l61 10431 
l.771 I 6.7 0.96 267 35.421 l.87E-16 11681 
l.697 7.13 0.64 239 33.941 2.09E-l6 13061 
1.613 7.75 0.94 210 32.26 2.38E- l6 14881 
1.485 8.13 0.74 183 29.701 2.73E-16 1701 
1.3771 9.13 0.94 152 27.541 3.30E-16I 2058 

v~n mvrms mV rms - mV/fCIC e- e-/oF 

2200~---------~~-.--~~~~ 

200J ...........................•...... ······················ ..... ;. 

l&Xl 
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·····························'··························· .......... .,. 

~ 16CD ··············································:·············· .. ··· .. ······· 
CD ; : 0 1400 !-······················· .. ··--·······----:····· ······-··--.. ····· ··············+ ............................... . 

15 1200 •-·············-· . ·····-·--··-··-·-········-·· ·-············· .. . .. ·•········· ... . ··············· ........... . 

lOOJ ·······································-··.:·····-··················-·············-··!········································· 
: -·-·-············--··--·-··--;··················-··-··-·--···· ···-j·······-·········-······················· 
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' I I I 

IC6ANOIS.XLS 

I I 
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200 4700 

0 ""-~-i-~~--~~~~~ 
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Muon efficiency ( n only) 
3 SL (3.0, 2.4, 3.4m) 

d•Smm, neft•4.E-3, dtau•0.5E-6sec 

efficiency 1.2-. ___ ,:__ ____________ _ 

o.a ~ 
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o.•r 
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0.-4 

0.2 

~ eff3 

... •ff4 

0'--J.,.....J...~·~"U.l.!-' --'-'...L....1..-'~'="'--~-~·~·~·~""--...<.-.:.~-.u.i:--!....' ~·~·~"~' 
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Muon efficiency (n & electr) 
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Muon efficiency (n only) 
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Muon efficiency (n & electr) 
3 SL (8/3.0, 4/2.4, 4/3.4m} 

neff•4.E-3, dtau•0.5E-Ssa.c 

efficiency 
1.2 .-----_::.,.--------------, 

,,___ _______ ~-----

0.6 
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' j 
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-+ eff4 
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C.34 --

Muon efficiency (n & electr) 

efficiency 
1.2 . 

I 0.6 r 

I 
I 

I 0.4 1 
l 0.2, 

3 SL {8/3.0, 5/2.4, 4/3.4m) 
· neff•4.E-3, dtau•0.6E-6se.c 

- ett3 

-+- •ff4 

O"---J:.....J....l'~·~,,!~'-..1..'~'~'ll"~"~' -'--' ~,~ .. ~:~~"'--'-~_....._..L...:.'~'~"=' 

1.01!!•02 1.0!'1'03 1.0Eot-04 1.0E+-05 1.0:"'06 1.0E+O 

NeutrorL ffuxr n/cm""2/sec 
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I I I 
__ - - - 1 1 I I • 1 

I I I~ ~12 I I 
: '""" o ' I I ""--------::'--::' "'- "'- "'- "'- "'- 1 
I 

section r 
1 1... _ _ -::. -::. -::. -::. ,-, 

I ,--~-I I I I 1 
1 Super- 1 1 

1 
I 2 

I 
!DETECTOR 1 

• ~J 85 

• • 
1~8~ 
2 ~ ~I I B 

I • 6 __ _,, 

• 

B 

• • 

1 

module , r I : 1 
I 1 I I I • 
'Mother- I I I I ~ 
I d I I 
I boar I I I I 

!-------1- I I 
1
16 ~1 

I I ) , 2 
1 DAQ 

1 
( 'I • ~ I I 

71
1 

Section 1 ,1/ I 
I 

• 2 
• I I 'V I I 

I 

' - - ' ~ 
I 

1 Water Cooling 

I 
I 

• • • 1~8~ 
2 ~ ~I m B : i~ i ' a/ < , i : 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I ~J 64 
I • 

DAQ 

Boards 

I ON- I 

:DETECTOR : 

L-(/ "' • :~:-__ = ~ ---:.~ -: = ~ --~ _: - ------------- I~ 
.-~· '--------------



H?>-t 
I 

~ 
I 

' I -.::r ·n 

I 
I 
I • I 
I • I 
I 
I • I 
I . ~to 
I trigger 
I 

.-11 T i -

128i 
CD I I 

' ~ SCA 
-J I 

I 
I 
I 
I 

~ I I In 

I I I 
I 

I I I 
I 

, 

I' I I ~I In 
'-

MUX 

Out 

I 
I 
I 
I 
I 

-

ADC 

:- - - - - - - - - - - - - - - - -

: I I Read~~,-- ---: 

10' I I I +..! Zero Control -
Supp. 

,t 10 

t Conv. 

I 
I 
I 
I 
I 
I 
I 

16 MUX Addr & Sel 
I .- - -· 

Output 

FIFO ~ I I Hi ________ , I 
1!0 DAO 
I 
I 

: i I I I I ;. I 
ADC ~ I 

I 
I 
I 

I 
I 
I 

.------· 
Controller I 

7 , Rd. Addr.: 
, Rd Addr I 

I 
I 
I 

P/A I ;' I ! I I I I SCA/MUX/Loglc 7 Wr Addr , • 
16.~ 

L------------- ----------------------------------- : 

Muon CSC Readout 
Data Driven SCA Option 

I 
I 
I 
I 

Address 

List 

Processor 

ADC 

Command 

FIFO 

J I Ja 6 

:..._.el 1 
r-'"1 

_ nter 

Level 1 



Ct:) 

co 

G G 
S/H S/H 

Logic Logic 

MUX MUX 

-

)-

I 
Trigger Outputs 

16 pins 

150 DI 

I 
I Input Connector 

P/A G G 
I 

S/H S/H S/H 
Logic Logic Logic 

MUX MUX MUX 

Readout G Control 

\ 
\ 

84-pin PQFP (typ) 
(19 places) 

G 
S/H 

Logic 

MUX 

B 

CSC Chamber Board Layout 
128 Channel Version 

G 
S/H 

Logic 

MUX 

-

'--

I 
I 

Data Bus 

16 pins 

G 
S/H SO mm 

Logic 

MUX 



"'C 
~ 

ctl 

"' 
0 

en CD 
Q) c: 
~ ii: Q) 

~ "' 
"'C Ill 0 

"' .r:. (.) 
Q) ctl - c.. 

"'C 
~ ctl Ill ~ 0 (.) Q) c: >-< ctl 

....J .,:. 
I 

t 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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* s: 
Cl 
.S: 
0 
0 
(.) 

~ 

0 -() 
Q) 
c: 
c: 
0 

(.) 
ctl 
(ii 
0 

.J 
Ill 
(.) 
c.. 
~ 
Q) 
>-
ctl 
....J 
r:b 

~ 

0 
u 
Q) 
c: 
c: 
0 

(.) 
c: 
ii: 
0 
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""""' 0 

""""' 

IC Boundaries 

I 4 ~ 8 I I 
I I I 12 I 

4 ~~:~:.-c-::i-~~ 
: : E5 I \: 
I I ' I 

I '\. ~·C-~~~~-
1 Strips are OR'ed in pairs 
I 

,3;7 :11 '\.~ 
3 ~ ~ ___o._ ~ ~--: 

I I ~I I 
I I "'E-...._ I 
I I · ------ I 
I I 
I I 
I I 

:2: 6:10 
2~~~~ 

One column of pairs Is fed 

to the adjacent IC to allow 

for boundary crossings 

1 

I 1 ~ 

I 
I 
I 

I ~ 5 I 

~~~: 
I 4-...J --

A B c 

I 

~~ 

Possible Tower Combinations 



-=-':·'N8!:'S I<--------------- Combinaticns ---------------> ! 

---- -~"" ~-3 A4 
2 3 4 1 2 3 l 2 4 1 3 4 2 3 4 

.n.~ ;;2 A3 B4 
2 3 8 1 2 8 1 3 8 2 3 8 

' ' .".2 BJ B4 ~-

l 2 7 8 1 2 7 1 7 8 2 7 8 
_;;::.. B2 BJ B4 

l 6 7 8 1 6 7 1 6 8 6 7 8 
_Zl._l B2 BJ C4 

1 6 7 12 1 6 12 1 7 12 6 7 12 

Bl ."'-2 A3 • 
5 2 J 5 2 3 

Bl A2 AJ A4 
5 2 3 4 5 2 4 5 J 4 

Bl B2 AJ A4 
5 6 J 4 5 6 3 5 6 4 6 3 4 

31 B2 BJ A4 
5 6 7 4 5 6 7 5 7 4 6 7 4 

Bl B2 B3 B4 
5 6 7 8 5 6 8 5 7 8 

Bl B2 BJ C4 
5 6 7 12 5 6 12 5 7 12 

Bl B2 CJ C4 
5 6 11 12 5 6 11 5 11 12 6 11 12 

Bl C2 C3 C4 
5 10 11 12 5 10 11 5 11 12 10 11 12 

Bl C2 CJ • 
5 10 11 

Cl B2 BJ A4 I 
9 6 7 4 9 6 7 9 6 4 9 7 4 

Cl B2 B3 B4 
9 6 7 8 9 6 8 9 7 8 

Cl C2 B3 B4 
9 10 7 8 9 10 7 9 10 8 10 7 8 

Cl C2 CJ B4 
9 10 11 8 9 10 11 9 11 8 10 11 8 

Total of 46 J-Input AND' s 

102 
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c. \ 0 \A o.~ CJ.c~ o."'2. 
~w~~c:h ~w~~c..l 

lo~ 
I l --r 01 

-
I ~ I 

At>C.. 

l - I I I at; 
I f 

~ I 
z.{ z.. 

W~l"te:. R~b .. ,, 

Lo~'c.. 
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- - - -
; Comro~~oc- \.. "Tt>Q ADC.. 

Mv)( i - - --1 • . ' ... ',. 
0 >ADC I • . 

~ r Tl>~ 

I 
--' - - --

FA~'T f\ A AMP 

LA. I ____ I 
Comp. I I 

LTl>Q _fl 
~ I 

l 
--

I - --- ----
I 
I 

I 

I 
I --------l 
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inp uf n. v-f S hv<-Jv. 

~ c= o.1 v 
...... 
0 
"'1 

comp1 RLW 1/3/93 
DatefTime run: 01/03/93 18:31 :44 Temperature: 25.0 

5.0V :- - - - - - - - -- - - - - - - - - - - - - - . - - - - - - - - - - - - - -~· --·· - - - - - -
/ -- ._J 

~ A 

• 

ov, 

o____.. 

~ 
. -------: 
------0~ ' 

a-------- . : ' 
I 

-5.0V + - - - - - - - - - - - - - r - - - - - - - - - - - - - r - - - - - - - - - - - - - r - - - - - - - - - - - - - r - - - - - - - - - - · - · I 

Os 
o V(8) 

20ns 
• V(22) 

40ns 

Time 

60ns sons 100ns 



~ 
0 

°' 

comp1 RLW 1/3/93 
Dateffime run: 01/03/93 18:47:13 Temperature: 25.0 

V,L -:: :J () v 

5.0V 

.--------. 

---------.:;..---- .• -:?' ~----- • ·----------------· 

~· 

ov~ 

• 

a 

• 

-5.0V +-------
Os 

a v(B) 

0 . 

'·~ o~o~ 
~._____ ____, 

------.:__.-----------·---------·~ ' ' 
~ 

o O - _.1_ - - - - D - - - - - -=-1 

20ns 40ns 
• v(22) • 2.5.(v( 13)-v( 12)) 

Time 

60ns 
• 2.5.v(13) 

BOns 
o 2.5•v(12) 

100ns 



,~~V 'rl 

.... 
0 

"' 

Fast Timer Circuit 
Date/Time run: 01103193 18:34:41 Temperature: 25.0 

5.0V - - - - - - - - - - - - - - - - - - - - _ ~- - - - - - - - -~· - - - - - - - - - - - - - - - - - - - - - - - - -
0

~ '--. I Vout_Amp2 I 

r---• 

a 

~ 
0. VINP~~~::;~ 

0 -----0---------------, ~0------ I ' ' 
' 

(VINP-VINN)'10 

-5.0V + - __ c ______ '--• ________ J~ ___ \ Vout_Amp1 
-------r----a --------r--~-- ~ ------1 

Os 20ns 
a V(B) • V(22) • 1 O*V(13) 

40ns 
• 10*V(12) 

Time 

60ns BOns 100ns 
o 10*(V(13)-V(12)) 
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L 

25.00---tt­
ACllV[ EDGE 

7S 00 
CHN-&:R TO STR'UCT~ 

lNTERfACE Pl.ATE 
-25.00 
INTEACON-E:CT PLATE 

50.00 
STRUCTURE PLATE 

H I DOLE CHAl13ERS 

?S.00 
etw«R TO STRUCT~ 

INTERFACE PLATE 
-25.00 
INTERCCHE:CT PLATE 

INNER Al\O OUTER OiAMBERS 

r------)308 68----t r------327-4. JS------< r------3271.13------< t------ 3273. 77• ____ __, 

fl J213 .... 

«/ 
'~ / 

62 ea· 

\ ~r 

111 --IH· 

BARREL CHAt-eERS 
LENGTH C1F ACTIVE AREAS 

12 SECTIONS 
T.HINES S/JAN/93/ DlMS•MM 

CHN«R TO STRUCTURE 
INTERFACE PLATE 

ACT IVE EDGE INTERCONNECT PLATE 



1s.oo· 

IR 3890.00\ 

6° BARREL MODULE 
12 SECTORS-4000MM MIN R 

SUPPORT 
T.HINES S/JAN/93 

OIMS•MM 

\R 3900 00\ 

216.86 

546.39 

--

--

116 



8 
g 

r 

117 

~ 
~ 



..... ..... 
00 

• 5 MM CLEARANCE BETWEEN CHAMBERS 
WITHIN EACH OF 12 MODULE 

1~10.Jol 

-~ 1---~"-----------------i 
-;:::::::it----- I 150.QQ 

_--816.92 ! 
--ss1.92 I 

1R 6078.291 

I 

I 

II .44142°-10.77469° 
MIDCHAMBERS 

12 SECTORS-4000MM MIN R 
T.H!NES 5/JAN/93 

DlMS=MM 

l5o.ool 

R 55.82 

IRU6438 .121 

IR 6636~001 



... ... 
~ 

i----1.50° 

483.89 

so [~j ____ ·_::~-
------rT-

--

[R4403-:-89J 

I -r -
I 

-...-L------i------------~= 

!i'f-4204:03] 

R 50.00 

30.00° 
15.oo· 

15.oo· 

R 50.00 

--::::_:-

977.79 

[R 4000. ooJ 1012.79 

6° INNER CHAMBERS 
12 SECTORS-4000MM MIN R 

T.HINES 5/JAN/93 

DIM5=MM 

150.00 



..... 
N 

--------
--

9',.-1 R-6::-:6:-=8~8 -;:. 2;;::-5 I 

IR 6449.021 

!fl 6191.]4] 

R 50.00 

6° MID-CHAMBERS 
12 SECTORS-4000MM MIN R 

T.HINES 5/JAN/93 
DIMS=MM 

750"7 
I 

I 

I I 

;' 



3.75°--/- 7.50° 
30.00· 

424.86 7.50" 

- ------------4-- ; --- t I I /; -t=:::::.::.--! ---- i I I l 0. 54. - ' - --..LJ. 
---------- --.....,~ 

~""-'~ J 

'-=fl [Ii -f I , , I ! 50.00 I I 
I 
I 
I 

IR 8692.00I 

IR 8900.00I 
MAX I NIMBLETT 

IR 9000~661 
ALLOWANCE FOR 

THERMAL SHIELD 

IR 8524:361 

I 
I 
i ' I 

OUTSIDE CHAMBERS 
12 SECTORS 

T.HINES 5/JAN/93 
DIMS=MM 

7.50° 



....... 
N 
N 

Jin~cap rsc Layout - Haseljoe II Version 8 · Towns 

Nomcocla1ure: 

active coverage 9.75° 10 27.71° 
~2. 82 

S2 R2 

Sl'Jf. dR 
• I RI 

IWJ!I &ft 
m 

Inner modules 

I•) 8 6.00 
lb) 8 6.40 
2•) 8 7.20 
2b) R 6.llO 

Middle modules 

3•) 8 JO.BS 
lb) 8 11.25 
4•) 4 10.60 
4b) 4 10.35 

Outer modules 

5>) 4 15.95 
5b) 4 16.20 
6o) 4 15.70 
6b) 4 15.45 

module 1hickness(4 g•ps) = 
intermodule sp•ce = 

neulron flux (I l7Jcm"2) 

neutron efftcicncy 

lbt 
m 

6.JO 
6.70 
1.50 
7.10 

11.15 
11.55 
I0.75 
I0.50 

16.10 
16.35 
15.85 
15.60 

ru DU 
m 

6.15 
6.5S 
7.35 
6.95 

11.00 
/1.40 
10.6g 
10.43 

4.85 

4.85 
3.33 
3.48 

nl 

2.46 
2.46 

1.90 
1.90 

2.46 

2.46 
1.90 
1.90 

16.03 5.03 2.46 
16.28 4.88 2.46 
15.78 5.10 1.90 
15.53 5.10 1.90 

O.IS m 

O.IOm 

I0,000 

0.00S 

/:~l,81 
-V-

1. 

Nole: modul6 (a) occupy evcn-numhl.-red scclors 

I modules (b) occupy odd-numbered seclor5 

Nsclrs/2 1re 1ype (•)and Nsctrsl2 •re lype (b) 

~~ 
111 nz 112 ~ l!l R2 !I& 

deg 

9.75 1.90 

9.15 1.90 

17.01 1.40 
17.01 1.40 

9.75 1.90 

9.15 1.90 
17.0I 1.40 
17.01 1.40 

9.15 1.90 
9.15 1.90 

17.0I 1.40 
17.0I 1.40 

deg 

17.01 

17.01 

27.71 

27.71 

17.01 

17.01 

27.71 
27.71 

17.01 
17.0I 
27.71 
27.71 

m m m 

24 1.06 I.RR O.RJ 
24 1.13 2.00 0.88 
24 2.25 3.R6 1.61 

24 2.13 3.65 1.52 

24 1.89 3.37 1.48 

24 1.96 3.49 I.SJ 
48 3.27 5.61 2.34 

48 3.19 5.47 2.28 

48 2.15 4.90 2.15 

48 2.80 4.98 2.18 
48 4.83 8.2g l.46 
48 4.75 8.15 3.40 

S2 
m 

0.49 
0.52 
1.01 
0.95 

0.88 
0.91 

0.73 

0.72 

0.64 

0.65 
1.08 
1.07 

AVJb 11 . .fl 

lol•l area or strip cathodes (m"2) 
10111 volume of chambers (m"J) 

Toial number or modules 

2gJ1 
14.2 
432 

Version "g" 

!I.IQ m!ilii:g ~ t.l!~ glU.12 !.lib 
m"2 m"'2 mm /pVsctr an /pl/5Clr 

0.31 

0.36 
1.27 
1.14 

1.00 
1.08 
I.JS 
1.29 

1.07 
I.I I 
2.96 
2.86 

60.26 

68.35 
244.47 

218.59 

96.38 

103.52 

260.07 

248.03 

206.J2 
212.81 
567.9J 
5S0.01 

S.00 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 

77 

82 
IS9 
ISi 

137 
142 
116 
llJ 

100 
102 
171 
169 

50 
s.o 
5.0 
5.0 

S.O 
s.o 
S.O 
S.O 

5.0 
5.0 
5.0 
5.0 

17 
18 
32 
30 

JO 
JI 
47 
46 

43 
44 
69 
68 

SW l:?.n2/1992 11.h 

/ 

(b) modules sh•dcd 
,,..,,.. 

,,..,,..]// //Ii 4 ------
/ -- 3 -;;:~ ::: ::. _!. - _ll - - -

6 

Cave.al: lhis wc-ight itml 

cost mndrl is Vt'TY cnulr 

and for comrarison 

To1al ch coun1s: single strir occ umoscs •I hc. .. 1. 

!Jitli;h l.!£b ~ 

""' 
14,727 

15,685 

30.618 
28,952 

26,341 

27 ,299 

22,282 

21,760 

19,228 

19,528 
32,927 

32,406 

3,169 

3,376 

6,185 
S,849 

5,669 
5,875 
8,983 
8,773 

8,258 
8,3g7 

13,275 

13,065 

188 
200 
44 
41 

76 
78 
14 
14 

37 
37 
7 
7 

~!., !1lm2.d gz!j_\Jor !bii 
/sec Kg module type 

2,063 

2,198 

4.027 
3,808 

3,691 

3,825 
5,848 

5,711 

5,377 

5,460 

8,643 

8,S06 

47 
so 

119 
109 

100 
105 

72 
69 

61 
62 

m 
130 

295,458 
302JR4 

449,430 

42R,028 

406,779 

418,620 

471,695 
461,418 

426,061 

431,629 

732,112 

717,090 

Total=> 291,752 90,863 J8,000 SS,540,705 
lot. wt. suhtol cosl 
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0.40m -.j 15.10 m 

-Jet o.2sm 

_, 
j. ~ 

I I I Iii I II I I I I I I I I I I I I I I I I I!! I I I I I I I I I I I I I I I I I I I I I I I I I I I I!! I I I I I I I I I I I I I I I I I I I I! I I I I I I I I I I I I I I I I I I !TIJU1 
R:9000mm-llJl~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-'l 

~ 
N 
~ 

i.---- 6.00 m '< ... , 100 mm Stayclear Space 

200 mm Shield {150mm BorPoly-50mm LEAD) 

GEM Endcap Muon System Layout 
(version "g") 

1.oom 

Frank Nlmblett 
06 January '93 



~ 
N 
CJ'f 

..... lJI 
m 

Inner modules 
I•) 8 6.00 
lb) 8 6.80 
2•) 8 6.40 
2b) 8 1.20 

Middle modules 
l•) 8 10.80 
lb) 8 11.45 
41) 4 10.55 
4b) 4 11.20 

0111er modules 
l•) 4 15.10 
lb) 4 16.20 
6•) 4 15.45 
6b) 4 15.95 

1:adc;ap CSC Layout -- Baseline II Versjon h -·Towers 

111c1ive cover1ge 9.75° to 27.71° 

modulethidtness(4gaps)::: 0.15 m 

intermodule space = 0.10 m 

neutron nux (ll7Jcm"2) = 10,000 

neutroo efficiency = 0.00S 

Nomcnclalure: 

/,~2,02 

//~l,01 
1. 

w.
S2 R2 

<R 
SI RI . ' 

JI_ 

Nole· m6dules (a) occupy cvcn-numhcred scclor~ 

I modules (h) occupy odd-numbered scclors 

Nsctrsn are type (a) and Nsctrs/2 are type (h) 

""~ 

SW 12/22/1992 II h 

l..1vout: 

/ 

(b) modules shaded --------------------------
/

-=-. / . -------·-;?l/ 1116 

/ 2 ------

// --/ ..- I 3 "'""'-~- --
Separation with inlcrvenin~ 11lruclurc makC'i il diOicull 

lo lie lhC'ie pain (a&b) or chambers toeclher!!! 

Tollll ch counls: single strip occ. 

.ii. ... llil nl Ill n.2 D2 r;,..., l!.l R2 dR S2. 1!Q tolal area S!Liri_d ~ ~ !!..tlb t.m..m hm ~ l!SYL. ~ gifill.!l~ 
m m deg ~g m m m 

6.JO 
1.10 
6.10 
1.50 

11.10 
11.15 
10.10 
II.JS 

6.15 2.46 9.15 1.90 11.01 
6.95 2.46 9.15 1.90 11.01 
6.55 1.90 11.01 1.40 21.11 
1.Jl 1.90 11.01 1.40 21.11 

10.95 4.80 2.46 9.15 1.90 11.01 
11.60 4.65 2.46 9.15 1.90 11.01 
10.6] 4.08 1.90 11.01 1.40 21.11 
11.28 J.9J 1.90 11.01 1.40 21.11 

15.85 15.18 
16.JS 16.28 
15.60 IS.SJ 
16.10 16.0J 

4.83 
4.68 
4.90 
4.15 

2.46 9.15 1.90 11.01 
2.46 9.15 1.90 11.01 
1.90 11.01 1.40 21.11 
1.90 11.01 1.40 21.11 

24 1.06 1.88 0.83 
24 1.19 2.IJ 0.93 
24 2.00 3.44 1.44 
24 2.25 J.86 1.61 

24 1.88 3.35 1.47 
24 1.99 3.55 1.56 
48 J.25 5.58 2.33 
48 3.45 5.92 2.47 

48 2.11 4.83 2.12 
48 2.80 4.98 2.18 
48 4.75 8.15 3.40 
48 4.90 8.42 J.51 

m m"2 m'°'2 mm /pl/sctr an /pl/sctr 

0.49 
O.S6 
0.90 
1.01 

0.81 
0.93 
0.13 

0.11 

0.63 
0.65 
1.07 
1.10 

0.31 

0.40 

1.01 
1.21 

0.99 
1.12 
1.34 
1.51 

1.04 
I.II 
2.86 
J.05 

60.26 
16.95 

194.15 
244.47 

95.51 
107.18 
257.64 
290.13 

199.93 
212.81 
550.07 
586.08 

5.00 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 

71 
81 

142 
159 

IJ7 
145 
116 
123 

99 
102 

169 
114 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

11 
19 
29 
J2 

29 
31 
47 
49 

42 
44 
68 
10 

14,727 
16,643 
27,285 
J0,618 

26,221 
27,77R 
22,178 
23,534 

18,928 
19,528 
32,406 
33,449 

J,169 
3,582 
l,512 
6,185 

5,643 
S,918 
8,941 

9,488 

8,130 
8,3R7 

IJ,065 
IJ,485 

lscc. /'5Cc Kg module 1ypc 

188 
212 

39 
44 

15 

80 
14 
15 

J6 
J7 
1 
1 

2,063 
2,332 
J~88 

4,027 

3,674 
3,892 
5,821 
6,177 

5,293 
5,460 
8,S06 
8,779 

41 
54 

100 
119 

99 
IOR 
11 
18 

59 
62 
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IJ7 

295,45R 
309,716 
407,778 
449,430 

405,327 
424,693 
469,621 
497.307 

420,574 
4)1,629 

717.090 
747,367 

AVJb 11.61 

tol•l •re• or strip cathodes (m"'2) 
lolll volume or chnbers (m"J) 
To1al number or modules 

2815 
14.4 
432 

Total=> 293,295 91,56S 38,411 $5,515,991 
lol. wl. sublot. cost 
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Jan 5. 1993 
A.Korytov 
M.l.T. 

PT-TRIGGER IN THE END-CAP MUON SYSTEM: 
RADIAL VS. RECTANGULAR 

CHAMBER LAYOUTS. 
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Mechanical inconvenience of radial layout for a drift tube design for 
the End-Cap Muon System gave a motivation to re-examine what should be 
actually measured in the End-Caps to provide Pr trigger. 

For simplicity sake, the calculation are done in assumption of an axial 
magnetic field. This provides fast analytical estimations and is not too far 
from a real situation (except a region at small 0-angles in vicinity of the iron 
field concentrator, where a radial component is of about the same magnitude 
as axial). The actual field components were calculated by J. Sullivan and 
could be found elsewhere [I J. 

Fig. I shows two views of an end-cap sector with a muon track in it. 
The value of s is a measure of PT and could be calculated as follows: 

s-
B· L,,2 

Pr 
where L3 = z.i • tan 8 I cos cp . (1) 

The effect of coscp can be neglected at trigger level (cos 11° = 0.98). 
Also, to simplify calculations. tan0 will be further replaced by 8 (this is 
accurate at 2% level for angles smaller than 30° ). Given that, one gets for s : 

e2 
s--. 

Pr 
(2) 

1. Radial Strips. 

In case of radial strips, the measured value is an angle .6.cp: 

e e 
.6.<p - s I L, - s Ir, - s I (z, ·tan 8) - s I 8 - - = A· - . (3) 

- - - Pr Pr 

This expression makes it clear that .6.cp is not a direct measure of PT and for a 
constant PT .6.cp is different for different 8-angles. This obviously results in 
that .6.cp alone can not provide a trigger with a sharp tum-on curve if the 
chamber has a wide range of 0-angles. In the current design 8max10min-2 
within one chamber. If the .6.cp-trigger is tuned to be 100% efficient for 
PT=20 GeV le (what means all tracks with .6.cp<.6.cpo=A*8ma..JPTR1aaER are 
accepted), the tracks with PT=lO GeV/c at 0=0min will be also accepted. 
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Assuming that the particle rate dN/dl'] is flat (for any given Pr), one 
immediately obtains: 

I dN Const(pT) - . - -----'--'--

N dfJ fl 
(4) 

This distribution may be used to estimated the chamber efficiency 
(tuned for a particular PrruooER) to accept tracks of lower pr: the trigger 
(~cp<~cpo=A0maxlPTR•aaER) accepts tracks with lower PT in the angle range 
from 0min up to 0max*(PTIPTRiaaER). The result is: 

£ __ l- 1n(pTRtGQER I Pr) ( l"d h I I 2) In 2 , va I w en < PrRJGGER PT < . (5) 

2. Straight Strips/Tubes. 

In the case of a rectangular chamber with straight strips or drift tubes, 
the measured difference dx-s could be treated as a measure of Pr (coscp 
factor is again neglected): 

92 
dx= A·­

Pr 
(6) 

The dependence on 0 is even stronger as compared to radial strips and 
tracks with a PT as low as 114 of PTRiaae• may be accepted at 0=0min 
(assuming 0maxf 0min-2). 

Again, taking into account angle distribution of particles, one can 
easily obtain the chamber efficiency as follows: 

£ • l -..!. _ ln(pT!!/GGER I Pr) ( al"d h l I 4) 
2 In 2 ' v I w en < PTRJGGER Pr < (7) 

Another important remark should be mentioned: for tracks of 
infinitely high momentum any tube hit in SL3 is uniquely correlated with a 
corresponding tube in SL2 (independently of 0 and cp} - fig.2. Thus, in this 
context, ~cp and dx are equivalent (in case of radial strips, the strip No. in 
SL2 is the same as the No. of a strip hit in SL3, whilst with straight 
strips/tubes these numbers are different --- this is the only difference). 
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3. Drift Tubes with 8 information. 

The drift tubes have an excellent feature: time difference from both 
ends of a wire provides information about localization of a track along a 
wire with an accuracy determined by a TDC bin width only. Fig.3 [2j shows 
the accuracy achieved in the LSDT's [31 with l ns bin width TDC's (LeCroy 
2277). Expected sigma of a distribution is 17.3 cm in a good agreement with 
the measured values (sigma=l7.3 cm, RMS=l8.2 cm). However, it is not the 
resolution that is so good about drift tubes. The real merit is that this 
information is available from the same tubes which give a PT measurement 
(trigger). This information is therefore available immediately without any 
problem of combinatorial combinations (ghosts) which appear in a system 
with independent measurements of both coordinates. If a radial coordinate 
along the chamber (r) is measured independently of a coordinate across it 
and one would like to use r for PT trigger, then an extraction of e information 
would require a pattern recognition in time scale of LI-trigger. This does not 
seem to be feasible. 

On the other hand, in the drift technology this information is easily 
avai !able and certainly may be used in trigger. Also, I. Pless noted [3] that 
RPC's can provide correlated measurements of both coordinates (however, 
confusion could occur if two tracks are separated by less than l m). 

The expression (6) may be re-written as: 

8" 
Pr = A· dx and 8 - r I z, , if r is calculated in SL 3. (8) 

This can be converted into PT resolution: 

(9) 

where C>r -20cm/sqrt(4) = 10 cm (4 planes in SL3). and r varies from about 
4m up to 8 m so that the resolution would also vary along the chamber. It 
should be noted here, that 10 cm accuracy gives momentum resolution of 
5% or better. This essentially means that the momentum resolution (at rigger 
level) will be determined by strip width and multiple scattering al low 
momenta, rather than by radial measurements. 
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4. Summar• and discussion. 

The trigger turn-on curves for all three possibilities discussed above 
are presented in fig.4. These curves (expressions (5). (7) and similar function 
obtained for the expression (9)) are calculations with the only effect taken 
into account: 0-dependence of the chosen trigger schemes. All other 
contributions (coscp dependence, effects of finite strip/tube sizes, multiple 
scattering in the calorimeter and muon chambers, the realistic B-field) were 
neglected. 

One can see that radial strips are definitely better for trigger purposes 
when no information along a strip is available. 

However, even radial strips apparently have intrinsic insufficiency to 
provide sharp turn-on trigger. 

It is of certain interest, to verify this simple model with a realistic MC 
made for the case of radial strips by C.Yanagisawa [SJ -- fig.5. From a 
corresponding curve in fig.4 one can conclude that if the trigger is 100% 
turned on for particular PT• then it should get 100% turned off for any 
transverse momentum two times smaller than that chosen PT (assuming 
0maJ0min-2). A comparison of curves for 10, 20 and 40 GeV/c in fig.5 
reveals exactly the same. 

Thus, this analytical analysis gives an idea why these curves go this 
way and not another. 

From fig.4. one can see that the availability of information about a hit 
position along a tube gives significant improvement of the trigger. 

Non-zero efficiency at lower PT can result in dramatic consequences 
since the PT-spectrum is very steep. Fig.6 shows an example of PT­
distribution (provided by R.McNeil). For PT>3 GeV /c the spectrum can be 
reasonably approximated as: 

l dN l 
--- ex (10) 

The efficiencies shown in fig.4, being converted with distribution 
(10), result in PT-distributions of tracks which would be accepted by the 
different trigger schemes as shown in fig.7. One can see that a lot of tracks 
with considerably lower PT would be accepted if no radial information is 
used. 
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Quantitatively. the depth of a 'tail' going towards low momenta in 
relative units could be define. for example. as follows: 

N ~ood 
(11) 

where 

(12) 

(13) 

The following table gives numbers (eq.11) for the trigger schemes 
discussed above: 

Radial Strips (no r information) 
Straight Stripsffubes (no r information) 
Straight Drift Tubes (or -10 cm in SL3) 

27.7% 
5.6% 

73.7% 

One can clearly see the importance of information along strips/tubes. 
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---

Fig.2. Two views of an end-cap sector with two muon tracks. One of 
infinitely high momentum looks like a straight line. If this 
track hits a tube N3 in SL3, no matter where it hits it along 
the tube it has to hit the tube N2 in SL2. For each N3 there is 
only qne N2. 
A deviation dx from N2 is a measure of bending. 
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Scott Whitaker 
6 Jan 1993 

Trapezoidal vs Rectangular CSC Endcap Chambers 

Some brief comments on the pro's and con's of rectangular or trapezoidal chambers for the endcap 
muon system: 

•We could make rectangular chambers with the cathodes etched to have radial strips -- these . 
chambers would then have "ears" sticking out at low theta that served no use. The advantages of thts 
might be easier fixturing and chamber assembly; there would be little cost savings on the cathodes, 
and greater costs for materials. Channel counts would be the same to a good approximation. 

• Aµother concept for rectangular chambers would be to make regular cartesian chambers -- wires 
and strips orthogonal. This could give savings in cathode fabrication costs, if vendors believe 
parallel strips are less costly to etch. The strip channel count would go up, and the radial channel 
count stays about the same. The chamber weights go up, and costs of materials etc also rise; 
assembly costs might be lower, however, as for the case above. The Lorentz angle effects are still 
important in either concept. Occupancy in strips is unchanged in rectangular chambers, but 
occupancy in radial channels goes up due to the wires being longer. 

I have adapted the spreadsheet developed for trapezoidal chambers to look at the impact of going 
with option-2 rectangular chambers -- wires and strips orthogonal. The spreadsheets for the 11.h 
design and for rectangular chambers are attached. The total chamber area and volume rise by 27% 
compared to the trapezoidal design 11.h. The number of strip channels also rises by 27%; the strips 
are 5 mm wide everywhere, rather than tapering in the trapezoidal design with an average width of 5 
mm. 

My spreadsheet also includes a crude cost and weight model. According to this model, total 
chamber weight increases by 18%. The cost is guesstimated on the basis of costs per area, costs per 
unit of perimeter, and labor costs. Holding labor constant at 200 hours per module, the simple 
model gives an increase of 12% in the cost of chamber fabrication. This is probably bogus, since 
there would be advantages in fixturing and assembly that would offset the increased material costs. 

• Triggering with radial strips is more direct than triggering with chambers that have parallel strips, 
which would require determination of the radial position to convert the strip position to an azimuthal 
measurement. The triggering issue with Cartesian chambers needs extensive study in order to 
establish the feasibility and credibility of this approach. 

• Measurement of the polar angle now contributes to measurement of the azimuthal angle and to the 
determination of the transverse momentum. We need to do some simulations to see if the radial 
position measurement is sufficiently fine to avoid degradation of the Pt measurement. A back-of­
envelop calculation says it is, but the effects of occupancy and pileup need to be included. 

My opinion: With respect to triggering and momentum resolution, there are some clear 
complications and potential disadvantages for rectangular chambers compared to trapezoidal 
chambers. Rectangular chambers will be larger, will weigh more, and will likely have more strip 
channels than trapezoidal chambers. Rectangular chambers would probably be easier and cheaper to 
build, considering both the fabrication of the components and the precise assembly of the chambers. 
Serious chamber design work should be started to assess the relative merits and costs of the chamber 
concepts; serious simulations and calculations should be done to study triggering and performance. I 
think we should stick with trapezoidal chambers for the TDR unless sufficient work on rectangular 
chambers is done to resolve performance concerns. 
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CTI m 
N Inner modules 

la) 8 5.95 
lb) 8 6.75 
2a) 8 6.35 
2b) 8 7.15 

Middle modules 
3a) 8 I0.70 
3b) 8 11.35 
41) 4 I0.55 
4b) 4 11.10 

Outer modules 
Sa) 4 15.70 
Sb) 4 16.20 
6a) 4 15.45 
6b) 4 15.95 

En<lcao CSC Layout -- Rectangular chambers 

active coverage 9.75° to 27 .71° 

module thickness(4 gaps)= 0.15 m 

intermodule space= 0.10 m 

neutton Oux (H1Jcm•2) = I0.000 

neutron ef£iciency = 0.005 

Nomenclature: 

T]2, 02 S2 R2 

/f, .. ,LJh 
/_.../I + e 

z 

Note: m1xlules (a) occupy even-numbered sectors 

I 
nuxlules (b) occupy odd-numbered sectors 
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Layout: 
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(b) modules shaded 
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Total ch counts: single strip nee. 

II!! 
m 

6.25 
7.05 
6.65 
7.45 

11.00 
11.65 
I0.70 
11.25 

15.85 
16.35 
15.60 
16.10 

ill 
m 

6.IO 
6.90 
6.50 
7.30 

lli:l nl 

2.46 
2.46 
1.90 
1.90 

10.85 4.75 2.46 
I I.SO 4.60 2.46 
10.63 4.13 1.90 
11.18 3.88 1.90 

15.78 4.93 2.46 
16.28 4.78 2.46 
15.53 4.90 1.90 
16.03 4.85 1.90 

lU D2 
deg 

9.75 1.90 
9.75 1.90 

17.01 1.40 
17.01 1.40 

9.75 1.90 
9.75 1.90 

17.01 1.40 
17.01 1.40 

9.75 1.90 
9.75 1.90 

17.01 1.40 
17.01 1.40 

total area or strip cathodes (m•2) 
total volume or chambers (m•3) 
Total number or modules 

l!2. ~ Ill R2 
deg m m 

17.01 24 1.05 1.87 
17.01 24 1.19 2.11 
27.71 24 1.99 3.41 
27.71 24 2.23 3.83 

17.01 
17.Ql 
27.71 
27.71 

17.01 
17.01 
27.71 
27.71 

3625 
18.1 
432 

24 1.86 3.32 
24 1.98 3.52 
48 3.25 5.58 
48 3.42 5.87 

48 2.71 4.83 
48 2.80 4.98 
48 4.75 8.15 
48 4.90 8.42 

S2 

m 

0.49 
0.55 
0.89 
1.00 

0.87 
0.92 
0.73 
0.77 

0.63 
0.65 
1.07 
1.10 

area slr wid # strips wire gp 

m"2 mm /pl/sctr cm 

0.40 5.00 
0.51 5.00 
1.26 5.00 
1.59 S.00 

1.25 
1.41 
1.70 
1.88 

1.33 
1.42 
3.62 
3.86 

5.!Hl 
5.00 
S.00 
S.00 

5.00 
5.00 
5.00 
5.00 

97 
110 

178 
200 

173 
184 
146 
154 

126 
130 
213 
220 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

#r-ch 

/pl/sctr 

16 
19 
28 
32 

29 
31 
47 
49 

42 
44 

68 
70 

# strch # rch ch. pt. 

/sec 

18,710 3,144 186 
21,164 3,556 2ll 
34,217 5,470 39 
38,428 6,143 43 

33,280 
35,274 
28,025 
29,476 

24,245 
25,014 
40,950 
42,269 

5,592 
5,926 
8,941 
9,404 

8,130 
8,387 

13,065 
13,485 

74 
79 
14 
15 

36 
37 
7 
7 

Total=> 371,053 91,242 

neut. 

/sec 

2,1)47 
2,315 
3,561 
3,999 

3,MO 
3,858 
5,821 
6,122 

5,293 
5,460 
8,506 
8,779 



Rectangular chambers CSC MATERIALS ANIJ COSTS Costs NCJT included: 

EIJIA 

comoonent unit £Qfil.ill weight Wlits Eleclronics (incl cables, cooling) 

hexcel m'2 108 1.80 Kg/m'2 llcxcel llRll-I0-1/4-2.0 Installation 

Caveat: this weight and circuit bds m'2 20 2.03 Kg/m'2 .047 in, rho= 1.7 Alignment hardware 

cost model is very crude copper, plain m'2 10 0.16 Kg/m'2 1n 01/rt"2 (ias systcn1, plwnbing 

and for comparison copper, suip cathodes m'2 500 0.16 Kg/m'2 .. and much, n1uch n1orc! 

es at best. wires m 0.288 0.!Kl00136 Kg/m 30mudia W 

Al sidos m 20 1.07 Kg/m 50 cm '1/32 in Labor Rates: $/hr hr/tno<lulc 

frames, closeouts m 10 0.64 Kg/m 010 2.Scm •t.5cm labor_a 25 100 

electronics each 5 Kg wild guess labor_b 25 HKI 

subtotals: 

module area (4 gaps) m'2 2800 31 Kg/m'2 

module area (8 gaps) m'2 5432 56 Kg/m'2 

module peri(4 gaps) m 70 4 Kg/m 

module peri(4 gaps) m 130 8 Kg/m 

~ ~ ~l rm: Ibis 

Cl Kg module lype Cost Hreakdown -- costs for one module 

CN total/module hexccl cir bds lain Cu stri cath wire Al sides frames labor.a labor.b 

53 308,529 12,855 384 142 40 1,582 368 104 235 5,000 5,(KKJ 

61 326,474 13,603 492 182 51 2,024 470 118 266 5,000 5,000 

116 446,577 18,607 1,223 453 126 5,034 1,170 185 417 5,000 5,000 

139 498,559 20,773 1,543 571 159 6,349 1,475 208 468 5,000 5,000 

116 445,521 18,563 1,216 450 125 5,005 1,163 186 418 5,000 5,000 

127 469,963 19,582 1,366 506 141 5,622 1,307 197 443 5,000 5,000 

83 526,041 10,959 916 339 102 3,391 783 122 306 2,500 2,500 

90 555,302 11,569 1,013 375 113 3,752 866 129 322 2,500 2,500 

70 467,302 9,735 720 267 80 2,668 616 110 275 2,500 2,500 

73 481,336 10,028 767 284 85 2,839 656 1I3 284 2,500 2,500 

155 836,860 17,435 1,955 724 217 7,241 1,672 179 447 2,500 2,500 

163 874,925 18,228 2,083 771 231 7,715 1,781 185 461 2,500 2,500 

181,938 13,678 5,066 1,469 53,221 12,327 1,836 4,341 45,000 45,000 

45,185 $6,237,391 
tot.wt. subtot. cost fractions O.o75 0.028 0.008 0.293 0.068 0.010 0.024 0.247 0.247 

(unwt'd ave) 


