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Abstract:

Agenda, attendees, and presentations of the GEM CSC Group
Meeting held at the SSC Laboratory on January 8, 1993
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AGENDA OF JANUARY 8 CSC MEETING, % AM - 5:30 FPM

SSC Laboratory

Test results:
- BNL prototypes - V.Chernyatin
- Dubna prototype -~ Yu.Kiryushin/P.Murat
~ UH prototype - B.Mayes
CSC Baseline parameters optimization:
- Optimization of barrel layout and channel count - Yu.Kiryushin
~ CSC parameters optimization - V.Polichronakos
- Reguirements for pattern recognition - simulation results - P.Murat
- Momentum reconstruction and effect of double-hit - C.Yanagisawa
- Optimization of endcap layout and channel count - F.Nimblett
- Rectangular vs. trapezoidal chambers in endcaps
simulation - V.Chernyatin
trigger issues - A.Korytov
general consideration - S.Whitaker
- discussion, decision, task assignments - group

CSC Electreonics update - D.Marlow

Discussion of Jan.18-19 technology review and C5C document update
~ task assignments - group
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Spatial Resolution Measurements
of UH (open profile) CSC Prototype
at TTR

University of Houston
SSCL (TTR)
Dubna

Presented by Bill Mayes
GEM CSC meeting 1/8/93
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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 Larocci-type carbon-coated

(4 k() per square) profiles with 45 um gold-plated tungsten wires

standard ( 75/25 Isobutane-argon ) gas mixture in proportional mode

(3.0-3.3kV)

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 500 ns

trigger on 2 top scintillators and all bottom scintillators

<—_ MUn
- - -toP scintiliater

“— UH pb‘*‘bhspe.

395 ’
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Analysis Procedure

Fast Filter at TTR
- select events with at least 1 strip with > 100 ADC counts in each

layer

Pedestal and Gain Corrections
- apply pedestal (20-40 ADC counts) subtraction and gain correc-
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 uninstrumented strips

6-ray Cut
- remove any event with 1 or more ADC overflows (> 1900 raw ADC

counts)

Locate Cluster Centroid
- determine c.o0.g. of the hits for each layer (z.,4) by using a weighted

mean of 3-strip (z(®)} and 4-strip {z(*)) c.0.g.’s

2(3)

ZcOg e 1 " %(2(3) — 2(4))

w = strip pitch = 5.0 mm
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e Systematic Correction
- apply a 3-term-Fourier-series systematic correction of the following

form

21rzcog 6W2cog

Az, )
) — 0.077 x sin(——<9) 1 0.041 X sin

Az = A X [sin(
w w w

)]

A is varied in the range : 60 < A < 100 gm
A = 117.1 um according to monte carlo with a point inducing charge

A =~ 80-90 um gives best results

e Systematic Alignment Correction
- middle plane is found to be off by ~ 33 £ 5 um relative to top
and bottom layers.

- correct 2,448 in the middle plane by a systematic shift of 33 um.

e Track Fitting
- fit the corrected points (least square) to a straight line
e Resolution per Plane
- residuals in the top layer (R,) within £ 150 um are fitted to a
Gaussian 4 a constant.

- resolution per plane o = /6 og,
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Oplane = v/6 O residuals
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[ Counts versus position across strips |
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Summary of Results ( Preliminary )

e Averaged over + ~ 6°

HV(kV) o (pum)
3.1 | 74.8 + 3.9
3.2 72.0 + 3.5
3.3 56.4 + 2.0

e Averaged over all angles &= ~ 8°

HV(kV) o(pm)

3.1 78.9 + 3.6 (96.3)
3.2 73.2 £+ 3.0

3.3 59.7 £ 1.9

e Normal incidence £+ 2.0°

HV(kV) o(pum)
3.1 66.4 + 10.7
3.2 62.8 &+ 8.6
3.3 379 + 3.0
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Number of measurements

Number of measurements

A

Gap Uniformity, Cathode#2

35 T T T T T T T T T T T T T

30
25
20
15
10 F
5 L

0 I I T S . I

2.3 2.4 2.5 2.6 2.7 2.8
Anode-cathode gap [mm] .

N SN A N N |

Gap Uniformity, Cathode #1

40 r—T T T T T T T T T T T T T T T

2.3 2.4 2.5 2.6 2.7 2.8
Anode-cathode gap [mm]
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2.9
True Gain

Bo's small GEM detector

5.4keV X-rays, 50%CO,/30%Ar/20%CF,
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1/7/93 9 2 :ﬁ ICSANOIS.XLS 2:32 PM
IC6A |Device #7 Qin; 5.008-14 1/7/93
Cd  [Voul Vnoise |System |SNR Gain [ENC IENC IStope Intercept
0 1.839 6.18 0.65 269| 36.781 1.67E-16] 1043 6.85 1018.85
2 1.771 6.7 0.96 267 3542 1.87E-16] 1148
47 1.697 7.13 0.64 2391 33.94| 2.09E-16| 1306
68 1.413 7.75 0.94 210 32.26| 2.38E-16] 1488
100 1.485 813t 074 183| 29.70| 2.73E-16; 1701
150 1,377 2.13 0.94 1521 27.54] 3.30E-16 2058
pF IVp-p mv ms |mvmsj - mVACIC e &-/pF e
2200 -
- 1600 /
S a0 :
O >
Z 1200 //-"
1000 3 e
800
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0] 0 : 100 150
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i i t f i
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Vin Vout
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25] 734 L f
3] 1506 4000 .’/ 1
140 3806 % 3000 H
1S0] 4020 = /' |
160 420) 3 200 |
170 4357 > /../ s g
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200 4700 1
0 . 1
0 0, 00 150 20 [
Vin (mv) ]
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Muon efficiency (n only)

3 SL (3.0, 2.4, 3.4m)
gn8mm, neff=d £-3, diau=0.5E-8se¢

efficiency

eo2
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=33 o443
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Muon efficiency (n & electr)
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efficiency
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a'/al =&

Muon efficiency (n only) s = 10n,

3 SL (8/3.0, 4/2.4, 4/3.4m) -
neffs4.E-3, dtau=0,5E-S8sac

ety

efficiency

i) 1y NI NEENITE t O p YRR Lo ' R

+.OS+22  {.0E+Q3 1.0E+04 1.0E+35 1OE+08 1,0E8+0

Neutron fiux, n/cm~2/sec

ted2=8mm, d3=i2mm
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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-Ssec
efficiency
1.2 -
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; -l etis
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Neutron fiux, n/em 2/sec
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efficiency
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/ 150 pins

Y

160 mm

/

4 Input Connector J
\_
\

P/A P/A P/A P/A P/A P/A P/A P/A
S/H S/H SH S/H S/H SH S/H S/H
Logic Logic Logic Logic Logic Logic Logic Logic
MUX MUX MUX MUX MUX MUX MUX MUX

A
Readout
ADC MUX
Conirol
// \W //'
Trigger Outputs 84-pin PQFP (typ) Data Bus
16 pins (19 places) 16 pins

CSC Chamber Board Layout

128 Channel Version

80 mm
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IC Boundaries

One column of pairs is fed
to the adjacent IC to allow
for boundary crossings

SEA G

=~ Possible Tower Combinations



Total

X

NENS

woow
VB R BD O DN N

tx

Az
A2
B2
B2
B2
B2
B2
c2
i0
c2
10
B2
B2
c2
10

c2
10

of

Ly
D]

w w
PG UVEENR R UV RN R VR PV N RV R ST ) |

[v1]

12 5 611

12 5 10 11

8 9 1¢c 7

8 g 10 11

3-Input AND’s

Combinaticns

2 4
2 8
& 8
6 12
2 4
&6 4
6 8
6 12
11 12
6 4
& 8
10 8

102

1

1

L[99

11

11

4 2 3
8 2 3
g 2 7
& 7
12 6 7
4
6 3
4 6 7
8
12
12 6 11
1¢ 11
4
8
10 7
8 10 11

12

12



BRI A il el st

BEBBEBE Prd 1BE56Y

T B

P ms ek

T3

SRR et 0

\
/

1< +S0

lo{ e+ 13)
- l?‘aq_),\ U!r;;-

=

OU-LH.R.W J.bv»ﬁ\"\'\
ovendl hidht

zoc/M

—
—

103



Cloyve On2 Cleva One
steh S“"’"A‘t\—
Lo
—3 1 O T 5/0'—‘
g— ADC

—o o1 5 To—

4 T L.

READ

Qoqc( —T-r-qck < 'H-o\d Cnnt-ce-\

104

N



5 Lo WO
per d
>—{ >—“ > — FT2Q
1 Comporat
mperaToer LTDQ — —>| ADC
— o — - 2 MUX

56

L
b J

LT

T

105



-T:r-n.n'a ’D“b'-r"\w-:na"fbw Cﬁnup'&f

e la TUFkONF Stn...-‘r\..

[ —6

106



compi RLW 1/3/93

Date/Time run: Q1/03/93 18:31:44 Temperature: 25.0
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comp1 RLW 1/3/93

Date/Time run: 01/03/93 18:47:13 Temperature: 25.0

V=40V
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I
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]
S0 4o K o——1—
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o v(8) o v(22) a 2.5*(v(13)-v(12)) v 2.5'(13) o 2.5*v(12)

Time
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Fast Timer Circuit
Date/Time run: 01/03/93 18:34:41
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» 5 MM CLEARANCE BETWEEN CHAMBERS
WITHIN EACH OF 12 MODULE

11.44142°-10.77469°
MIDCHAMBERS
12 SECTORS-4000MM MIN R
T.HINES 5/ JAN/93
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ngaps th
m
Inner modules
1s) 8 600
1b) 1 640
) g8 10
l"“ 2b) ] 6.30
m Middle modulkes
Do 39 8 1088
3b) 8 1125
4a) 4 1060
4b) 4 1015
Outer modules
58} 4 1595
5b) 4 1620
6n) 4 1570
6b) 4 1545
AVib

Nomenclature:
active coverage 9.75° 10 27.71° n2, 62
module thickness(d gapsy= 015 m g
intermodule space = 010 m // | fiL, 1
-~
neutron MNux (1iz/em”2) = 10,000
neutron efficiency = 0.005 z
Nolc:  modules (a) occupy even-numbcered seclors
/ modules (b} occupy odd-numbered seclors
Nscirs/2 are type (a) and Nscirs/2 are type ()
b v s o 6. nl 62 Nsors RI 1.4 52
m m deg deg m m m m
63 645 2.46 975 190 1701 24 106 1.BR 0383 0.49
670  6.55 246 975 190 1701 24 113 200 088 052
15 135 190 1701 140 27271 24 225 186 161 1.01
710 695 190 170t 140 2771 24 213 365 152 095
1315 HO0 485 246 9275 19 17.01 24 E8Y 1337 148 088
1155 f140 485 246 975 19 1701 24 19 349 153 091
1075 1068 333 1.90 §7.01 140 2771 48 3127 561 234 073
1050 1043 348 190 17.00 140 2771 48 3.19 547 228 072
1610 1603 503 246 975 1% 1700 48 275 490 215 064
1635 1628 4388 246 975 1% 1701 48 280 498 218 065
1585 15768 510 19 1701 140 270 48 483 828 346 108
1560 1553 510 1950 17.00 140 2771 48 475 815 3140 17
1141
total area of strip cathodes (m”2) 2837
tolzl volume of chambers (m*3) 142
Towl number of modules 432

SW 12/22/1992

ILh

{b) modules shaded

-~
-~

P
- 4
2 -
- 3
i u -
— ——— -

-~
—

- 5
i

—

Version“‘:g"

arca towlbarea sty wid #suips wiregp #i-ch

mh2 mh2 mm  /pliscir cm fpliscie
0.31 6026 500 i 50 17
0.36 6835 500 a2 50 18
127 24447 500 159 50 32
1.14  21B59 500 15 5.0 30
100 9638 500 137 50 30
1.08 10352 500 142 5.0 il
1.35 26007 5.00 116 50 47
129 24303 500 113 50 46
1.07 20632 500 100 5.0 43
111 212381 5.00 102 50 44
296 56793 500 [ 50 69
286 355007 500 169 50 68
Total =>

Total ch counts:  single strip occ.

Caveal: this weight and
cost model is very cnnde

and for comparison

urposes al best.

Bstrch Krch chopt.  new.  wifmod  costfor this
fsec fsee Kg moduleiype
14,727 3,169 188 206} a7l 295,458
15,685 31376 200 2,198 50 302384
10,618 6,185 44 4027 e 449430
28,952 5849 41 3ROB 109 428,028
26,341 5,669 76 3,69 100 406,119
21,299 5875 78 3,825 105 418,620
22,282 8983 14 5848 72 471,695
21,760 8773 14 51 69 461,418
19,228 8,258 31 53717 61 416,061
19,528 87387 17 5460 62 431,629
32,927 13,275 T R64) 133 732,112
32,406 13,065 7 8506 130 17,090
291,752 90,863 IR,000  $5,540,705
tot,wi,  subtol cost
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active coverage 9.75% 10 27.71°

module thickness(4 gaps) =
intermodule space =

0.15m
010m

neutron NMux (HlzjemA2) = 10,000
neuiron effliciency = 0.005

DERDS it e y s nl
m m m
Inner modules
18} 3 600 630 615 2.46
1 8 630 710 695 2.46
20 8 640 670 655 1.90
b 25y 3 720 7% 135 1.90

(o) Middle modules
) 8 1080 1110 1095 4380 246
b) B 1145 1175 1160 465 246
4n) 4 1055 1070 1063 408 150
4b) 4 1L20 1135 1128 3193 190

Outer modules
Sa) 4 1570 1585 1578 48} 244
5b) 4 1620 1635 1628 468 246
6a) 4 1545 1560 1553 490 1.9
6b) 4 1595 1610 1603 475 1.90

AVib 1161

deg

9.75
9.75
17.01
17.01

9.75%
975
17.01
17.01

9.5
975
17.01
17.01

SW 1272211992

Nomenclature:
nz, 02
4 ni, N
22

Notc:  mddules (a) occupy cven -numbered scctors

1.90
1.90
1.40
1.40

1.90
1.90
1.40
1.40

1.90

1.40
140

wotal ares of strip cathodes (m*2)
total vohrme of chambers (m*3)

Total number of modules

17.01
17.01
7
21

17.01
17.01
nn
nn

17.01
17.01
1.7
7nn

2875
14.4
432

1.88
1.9
325
345

27
2.80
475
490

1.88
213

1.86

135
1.55
5.58
5.92

4.33
498
815
8.42

083
093
144
1.61

1.47
1.56
11
247

212
2.18
340
351

j modules (b) occupy odd-numbered sectors

Nsctrs/2 are type (a} and Nscirs/2 are type (b}

049
0.56
0.90
1.01

037
0.93
on
077

0.63
.65
107
110

Scparation with intervening structure makes it difficult

Lo Lie these pairs (a&b) of chambers topether!!!

arca tolalarca sty wid ¥ swips wicgp #rch

mh2

031
0.40
Lol
1.27

0.99
1.12
1.34
1.51

104
I
2.86
1.08

mA2

60.26
16.95
194.15
244 47

95.5t
107.18
2571.64
290.13

199.93
212.81
550.07
586.08

mm

5.00
5.00
3.00
500

5.00
500
5.00
5.00

5.00
5.00
5.00
5.00

fpliscie

77
87
142
159

137
145
116
123

102
169
174

om

5.0
50
50
50

50
50
5.0
5.0

50
50
50
50

Ipdfscr

17
19
29
32

29
it
47
49

42

68
70

Total =>

Total ch counts:

#sirch ¥rch ch.pt

14717
16,643
27,285
30,618

26,221
21778
22,178
23,534

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

293,295

3.169
3.582
5512
6,185

5,643
5978
8.941
9,488

8,130
8387
13.065
13,485

91,565

single strip occ.

fsec

188
212
39
44

75
RO
14
15

peul,
Isec

2,063
2332
1588
4027

o7
3892
5821
6,177

5293
5460
8.506
871

wifmod

cost [or this

Kg module iype

47
54
100
19

108
T
78

59
62
130
137

38417
tob.wt.

295458
309,716
407,778
449430

405327
424,693
469,624
497,307

420,574
411,629
T17.050
147,367

$5,575.991
subtot. cost
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200 mm Shield (150mm BorPoly-50mm LEAD )

GEM Endcap Muon System Layout
(version "h")

P

Frank Nimblett
06 January '93



Presentation by:

A. Korytov

129



Jan 5, 1993
A.Korytov
M.I.T.

Pr-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 8-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 [ 1].

Fig.1 shows two views of an end-cap sector with a muon track in it.
The value of s is a measure of pr and could be calculated as follows:

B-L}

s , where L,=z -tanB/cosq, (D
Pr

The effect of cosg can be neglected at trigger level (cos11° = (.98).
Also, to simplify caiculations, tan8 will be further replaced by 0 (this is
accurate at 2% level for angles smaller than 30° ). Given that, one gets for s :

§ & (2)
Py

1. Radial Strips.

In case of radial strips, the measured value is an angle Ag:

A(;D~S/L,-s/r.,~s/(z,-tan9)~s/9~i=A'i. 3
- - - Pr Pr

This expression makes it clear that A@_is not a direct measure of prand fora
constant pr Ag is different for different 8-angles. This obviously results in
that Agp alone can not provide a trigger with a sharp turn-on curve if the
chamber has a wide range of 0-angles. In the current design 8, /Omin~2
within one chamber. If the Ag-trigger is tuned to be 100% efficient for
pr=20 GeV/c (what means all tracks with AQp<AQ=A*Onax/Prricoer are
accepted), the tracks with pr=10 GeV/c at 8=08min will be also accepted.
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Assuming that the particle rate dN/dv is flat (for any given pr), one
immediately obtains:

1 dN Const(p,)
N deé e )

This distribution may be used to estimated the chamber efficiency
(tuned for a particular prrigger) 10 accept tracks of lower pr: the trigger
(AQ<AQo=ABma/Prricaer) accepts tracks with lower pr in the angle range
from Omin up t0 By *(P1/Praiceer)- The result is:

| — In (P rugeer ! Pr)
In2

£ = ,  (validwhen 1< prcoem / pr <2). 3)

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 (cosg
factor is again neglected):

92
dx = A-— 6
P (6)

The dependence on 8 is even stronger as compared to radial strips and
tracks with a pr as low as 1/4 of prriceex May be accepted at 8=0min
(assuming o/ Omin~2).

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

1 In(prrgeer / Pr)
2 In2

E=1- , (validwhen 1<ppeem /Pr<d (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 8 and ¢) - fig.2. Thus, in this
context, A@ 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 [2] shows
the accuracy achieved in the LSDT's [3] with 1 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=17.3 cm, RMS=18.2 cm). However, it is not the
resoiution that is so good about drift tubes. The real merit is that this
information is available from the same tubes which give a pr 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 py trigger, then an extraction of 6 information
would require a pattern recognition in time scale of L1-trigger. This does not
seem to be feasible.

On the other hand, in the drift technology this information is easily
available and certainly may be used in trigger. Also, l.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 1 m).

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

-
-

pr=A " and 8 ~r/z,, ifriscalculated in SL 3. (8)

This can be converted into pt resolution:

) o)
...EI...2...’.._ 9)

Pr r

where 8r ~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 muitiple scattering al low
momenta, rather than by radial measurements.
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4. Sununary 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: 8-dependence of the chosen trigger schemes. All other
contributions (cosp 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 [5] -- fig.5. From a
corresponding curve in fig.4 one can conclude that if the trigger is 100%
turned on for particular pr, then it should get 100% turned off for any
transverse momentum two times smaller than that chosen pr (assuming
Bmax/ Omin~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 pr can result in dramatic consequences
since the pr-spectrum is very steep. Fig.6 shows an example of pr-
distribution (provided by R.McNeil). For pr>3 GeV/c the spectrum can be
reasonably approximated as:

1 dN 1

x 3 10
N dpr pT-i.l ( )

The efficiencies shown in fig.4, being converted with distribution
(10), result in pr-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 pr 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
good ’ (l l)
Ngood+ Jjunk
where
" dN
N god = S(p ).—-_.dp (12)
g ‘[ T dp-[- T
1
dN
N'un'= E(p )._.dp . (13)
Junk ‘!: T de T

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

Radial Strips (no r information) 27.7%
Straight Strips/Tubes (no r information) 5.6%
Straight Drift Tubes (8r ~10 ¢cm in SL3) 73.7%

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

TRACK
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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 one N2.

A deviation dx from N2 is a measure of bending.
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Fig.3. Resolution along a wire in LSDT's as measured by time
difference (sigma=17.3 cm, RMS=18.2 cm).
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Fig4. Turn-on curves of a p; trigger for different chambers (trigger
’ is tuned to have efficiency 99% or higher for p>p).
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Fig.5. MC Calculations for radial strips. (C.Yanagisawa [3])
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Fig. 6 pr-Spectrum of particles beyond the calorimeter in the
forward region (provided by R. McNeil).
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arbitrary units
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Distribution of Tracks Accepted
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Fig.7. Distribution of tracks accepted by the triggers (tuned to have

~ efficiency 99% or higher for pr>p)-
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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 wrapezoidal 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 this
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.

» Another 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 ILh
design and for rectangular chambers are attached. The total chamber area and volume rise by 27%
compared to the trapezoidal design IL.h. The number of strip channels aiso 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 cosis 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 sufficiendy 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. [
think we should stick with wrapezoidal chambers for the TDR unless sufficient work on rectangular
chambers is done to resolve performance concerns.
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active coverage 9.75° 10 27.71°

module thickness(4 gaps) = 0.15m
intermodule space = 0.10 m
neutron flux (Hz/em?2) = 10,000
neutron efliciency = (.005
Note:
ot ngaps  zfr e zav Dzs nl 0l n2
ean m m m deg
DV jnner modules
1a) 8 5.95 6.25 6.10 246 9.75 1.90
1b} g 6.75 7.05 6.90 2.46 975 1.90
2a) 8 6.35 6.65 6.50 190 1701 140
2b) 8 7.15 7.45 1.30 19 17.01 1.40
Middle modules
3a) 8 1070 11,00 1085 475 246 975 1.90
iy 8 1135 1165 1150 460 246 9.75 1.50
4a) 4 1055 1070 1063 413 1% 1701 140
4b) 4 1110 1125 1118 388 190 17.01 140
Outer modules
5a) 4 1570 1585 1578 493 246 975 190
5b) 4 1620 1635 1628 478 246 9.75 1.90
6a) 4 1545 1560 1553 490 190 1701 140
6b) 4 1595 1610 1603 485 1.9 17.01 140

tolal area of strip cathodes (m#2)
total volume of chambers (m”3)
Total number of modules

Endcap CSC Layout -- Rectangular chambers

Nomenclature:
n2, 62 S2 ,R2
nl, 01
i
z

modules (a) vccupy cven-numbered sectors
modules (b} occupy odd-numbered sectors
Nscirs/2 arc type (a) and Nscirs/2 are type (b)

Layous:

SW 5-Jan-1993

(b) modules shaded

\

6

82 Nscrs R1 R2 §2
deg m m m mh2
17.01 24 1.05 187 049 040
17.01 24 1.19 211 0.55 0.51
27N 24 199 341 0.89 1.26
271 24 223 383 1.00 1.59
17.01 24 1.86 332 087 1.25
17.01 24 198 352 09 1.41
217 48 325 558 0.73 1.70
21N 48 342 587 0.7 1.88
17.01 48 271 483 063 1.33
17.01 48 280 498 0.65 1.42
7N 48 4715 8.15 1.07 362
217 48 490 842 1.10  3.86
3625
18.1
432

mm  [plfscty

5.00 97
5.00 110
5.00 178
5.00 200
5.00 173
5.00 184
5.00 146
5.00 154
5.00 126
5.00 130
5.00 213
5.00 220

arca sir wid # sirips wire gp

<m

5.0
5.0
5.0
50

5.0
50
5.0
5.0

5.0
5.0
5.0
5.0

#i1-ch
Ipl/scir

16
19
28
32

29
n
47
49

42

68
70

Total =>

Total ch counts:

# sir ch

18,710
21,164
34,217
38,428

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

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

371,053

#irch ch.pL
[scc
3.144 186
3.556 211
5470 9
6,143 43
5,592 74
5,926 79
8,941 14
9,404 15
8,130 36
8,387 37
13,065 7
13,485 7
91,242

single strip oce.

neut,

fsec

2,047
2315
3.561
3.999

3,640
3,858
5,821
6,122

5,293
5,460
8,506
8,719



Reciangular chambers

Caveat: this weight and
cost model is very crude

and for comparison

purposes at best.
jee  Wlmod  cost for this
o} | Kg module type
L)

53 308,529
61 326474
116 446,577
139 498,559

116 445,52}
127 469,963

83 526,041
20 555,302
70 467,302
73 481,336
155 836,860
163 874,925

45,185 36,237,391
tot.wt.  subtot. cost

CSC MATERIALS AND COSTS Costs NOT included:
EDIA
component unit cost (§) weight  units Electronics (incl cables, cooling)
hexcel mh2 108 1.80 Kg/m”*2 Hexcel HRH-10-1/4-2.0 |installation
circuit bds mh2 20 203 Kg/m*2 047 in,tho=1.7 Alignment hardware
copper, plain mA2 10 016 Kg/m*2 112 o2/t"2 Gas system, plumbing
copper, sirip cathodes mf2 500 0.16 Kg/m#r2 " and much, much morc!
wires m 0288 00000136 Kg/m 30mudiaW
Al sides m 20 1.07  Kgfm  50cm *1/32 in Labor Rates: $fhr  hrfmodule
frames, closeouts m 10 0.64 Kg/m G1025cm *1.5cm labor_a 25 100
electronics cach 5 Kg wild guess labor_b 25 100
subtotals:
module area (4 gaps) mA2 2800 N Kg/mhl
module area (B gaps) mh2 5432 56 Kp/m~2
module peri(4 gaps) m 70 Kg/m
module peri(4 gaps) m 130 Kg/m
Cost Breakdown -- costs for one module

total/module hexccl cirbds  plainCu _ strip cath wire Al sidcs frames Jabor.a labor.b
12,855 384 142 40 1,582 368 104 235 5,000 5,000
13,603 492 182 51 2,024 470 118 266 5,000 5.000
18,607 1,223 453 126 5.034 1,170 185 417 5,000 5.000
20,773 1,543 5 159 6,349 1,475 208 468 5,000 5,000
18,563 1.216 450 125 5.005 1,163 186 418 5,000 5,000
19,582 1,366 506 141 5,622 1,307 197 443 5,000 5.000
10,959 916 339 102 339 783 122 306 2,500 2,500
11,569 1,013 375 i3 3,752 866 129 322 2,500 2,500
9,735 720 267 80 2,668 616 110 275 2,500 2,500
10,028 767 284 85 2,839 656 113 284 2,500 2,500
17,435 1,955 724 217 7,241 1,672 179 447 2,500 2,500
18,228 2,083 Kz 23 7.7115 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
fractions 0.075 0.028 0.008 0.293 0.068 0.010 0.024 0.247 0.247

(unwt'd ave)



