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Abstract: 

Agenda, attendees, and presentations of the GEM Muon Group 
Meeting held at the SSC Laboratory on January 18-19, 1993. 
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Muon Technology Choice 
Performance Comparisions 

January 18, 1993 
12:30 - 7:00 

Holiday Inn - Duncanville 

Taylor General Remarks 

Layout of Chambers ·.· Nimblett 12:30-12:50 

CSC Chamber Alignment 

CSC Chamber Construction 

Trigger 

Test Results 

System Performance 

Houston Option 

Break 

Layout of Chambers 
:QL2A (RDT & RPC) 

RDT Chamber Construction· 

Sawicki 

Kiryushin 

Atiya 

Polychronakos 

Whitaker 

Weinstein 

Miller 

Bromberg 

12:50-1:00 

1:00-1:30 

1:30-1:50 

1:50-2:20 

2:20-2:50 

2:50-3:30 

3:30-4:00 

4:60-4:30 

4:30-5:00 
....... RFC Chamber c~~~il-{i'ction : ,, __ ,, ''":Bio~ta/Wuest 5:00-5:30 

- and Tests 

Test Results at 'I"l'R 

Trigger Schemes 

System Performance 

1 

l{orytov 5:~0-6:00 

Pless,/Korytov 6-:0-0-6:30 

Bromberg 6:30-7:00 
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The CSC System Layout 

Presentation by: 

F. Nimblett 
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R:9000mm 
R=8680mm 

R:4269mm 
1 

4.oom 
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100 mm Stayclear Space 

200 mm Shleld (150mm BorPoly-50mm LEAD ) 

GEM CSC Muon System Layout 
(6-6-4 Gaps per Superlayer Barrel) 

(Version "h" Endcap) 

) 

16.88° 

_______...68' 

Frank Nlmblett 
18 January '93 
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Barrel Region 100% Phi Overlap** 
(6-6-4 Gaps per Superlayer) 

• I I I 

30.0° 

CSC Endcap Version "h" Chamber Layout 
{segmentation of each group) 

I I I 

Frank Nlmblett 
18 January '93 
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Barrel Region 100% Phi Overlap*" 
(6-6-4 Gaps per Super1ayer) 
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cp = chamber half-angle (0
) 

e =Chamber tilt angle (0
) 

L = Lorentz angle of gas (0
) 

I L - e I + cp < 6° L = 8° 

Superlayer <p e Sum 

Inner 7.5° 10.5° 10° 

Middle 3.75° 11.5° 7.25° 

Outer 3.75° 10.8° 6.55° 

• • • • • 

F. Nlmblett 
18 January 1993 
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The CSC System Alignment 

Presentation by: 

R. Sawicki 

,... 
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CSC barrel alignment configuration 

Configuration with rigid chamber coupling in phi direction 

Configuration with rm© rigid c~amber coupling in phi direction 

I 

Phi module segmentation = 12 
# chambers/module = 56 
#towers/module = 8 
# alignment paths/module = 48 
#alignment paths/GEM= 1152 

Phi module segmentation= 12 
#chambers/module= 56 
#towers/module = 16 
# alignment paths/module = 96 
#alignment paths/GEM = 2304 

I 
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I ) ) 

CSC endcap alignment configuration 

~ ~ -Coupled chambers 

f-> 
~ Configuration with riaid chamber coupling in phi direction 

Configuration_ with oo rigid chamber coupling in phi direction 

Phi module segmentation = 12 
#chambers/module= 24 
# towers/module = 4 
# alignment paths/module = 24 
#alignment paths/GEM= 1152 

Phi module segmentation= 12 
# chambers/module = 24 
# towers/module = 8 
# alignment paths/module = 48 
#alignment paths/GEM = 2304 

) 
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ROT alignment configurations 

<·j< · ... · ..... ·--.•. ··--.,·-.. -<.~ ....... ··, .. -·-

r·· .. _-..... >. ,-._-,,:;·--,-:;-... ...,~ ·-.<"<"J 1 '> > " '• \ \ '-I t '· ) ", I 

) I 

Phi module segmentation= 16 
# chambers/module = 9 
# towers/module = 3 
# alignment paths1module = 1 B 
#alignment paths/GEM= 576 

N 
~ 

Barrel confiauration with rigid chamber coupling in phi direction 

Endcap configuration 

Phi module segmentation= 16 
# chambers/module = 6 
# towers/module = 2 
# alignment paths/module = 9 
#alignment paths/GEM = 288 

Note: Resolution and 6 degree of freedom rigid 
body motion discrimination has not been verified 
with fewer than 6 projective alignment paths in 
end cap 

I 



Alignment path comparison 

N 
N 

CSC (no chamber 
coupling) 

CSC (with chamber 
coupling) 

ROT (with chamber 
coupling) 

Notes: 
1) alignment channel cost= $650 

#Alignment 
paths 

4608 

2304 

864 

2) Endcap towers have fewer than 6 alignment paths 

• • • 

Alignment 
channel 
cost- K$ 

2995 

1497 

561 

• • • 4 



The CSC Chamber Construction 

Presentation by: 

Yu. Kiryushin 

23 
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R __ R --c ---- -- --

-

- H.V. 

t 
Test 

WIRE PLANE 

R R __ R R -- --c c c -- -- ---- -- --
-- -- --

64 readout channels 
(4 Lecroy cards 2735DC) 
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Middle Layer, 

Are" of chamber: 
Length = 2.4 m 
Width = 0.8 m 
Total area = l.92 m••2 

component material density 

Hexcel core Nomex 0.14 
l. 70 
8.96 
l. 70 

circuit boards GlO 
copper · · copper 
frames GlO 

Total mass 
Mas per area 
XO's through center 
XO's through frame 

= 63.43 Kg 
= 33 Kg/m••2 
= 0.04635 
= 0.536 

3 chamber module 

Frame width = 
Fraction of active area. 

cm/XO 

485.7 
19.40 

1.47 
19.40 

44 

overlapped by 

thcknss 

2.0 
o.os 

0.0017 
2.8 

(cm) 

frames: 

mass (Kg) 

19.74 
13.06 
2.34 

28.29 

0.050 m 

0.104 

normal XO 

0. 0165 
0.0206 
0.00925 
0.536 
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- Conceffs1on: 
1. CSC htJt:; a r1111/ 
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con s-1: r u ct t·a n 

2.. ChomSer construc;,on 
iechnt.'9es VSG a rn1n1mvm 
Of moteriQes 011#' th~se 

rnat~ri1:1ts are e~"'-' Z • 

3. W1r~ peqceme1?f -l:o e~ronces 
are normQe 011el ee1s1~y 
ac.nEllEd • 

_ 4. E~~ernoe r~ference io 
-the precision sir1:p s f~r 
alignment i ~ 111eorpl'rQMe/ 
ln th1t accvru te caillot'/e 
fY'Orlwcfe:on /y fJhOtt:J -
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The CSC Trigger 
,.. 

Presentation by: 

M. Atiya 
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Muon Trigger Components: 

(1) On Chamber Trigger IC (Trigg_Loc) 

(2) On Detector Trigger Board (Trigg_ Board) 

(3) Supervisory Function Board (Sys_ Control) 

: ;:·.;-.-. .;·-->:·.- .. : :..· . - . :. : :.-> _. - -·-. -··- ·.:-.... ·.·---- .. 

51 



Trigg_Loc IC 

(1) 1 (possibly 2) per 128 channels 

(2) Total of about 6,000 IC's. 

(3) Area dominated by VO pins 

(4) Candidate for 0.8 micron implementation 

( 5) Functions: 
Receive Fast Trigger Discriminator signals 
Use anode to time the signals 
Control the readout chain using a list of hits 
Drive encoded hits out to Trigg_ Board 

. -'· :-. ~--·-
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Sys_Control 

(1) A small number of boards (<No sectors). 

(2) Allow the overall coordination of barrel and EC and the 
1 and > 1 muon trigger line generation. 

(3) If necessary it could do a modified level 1 (Level I .I) to · 
improve rejection. 

(4) Can interface to DAQ 
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[MUELCOST.XLWJTrigger Card Cost ... 
Trigger Card Cost I I 
Component Number Unit Cost Total Parts !Comment 
Receivers(singlel 256 0.1 25.6 ECL 
Latches(singlel 256 0.1 25.6 ECL • 
Decoders 16 31 48 ECL 
Associative Memory 32 601 1920 Custom 
Timing Counter 16 10 160 ECUCustom 
Glue Logic 32 50 1600 FPGA 
Connectors 121 3 36 Hi Density -Interface 21 501 100 FPGA 
Board 1 4001 400112 Laver/12 wk 
Debug (hrs) 8/ 56.321 450.56 ISr Tech SSCL) 
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The CSC Test Results from TTR 

Presentation by: 

V. Polychronakos 
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-

-

Event Selection, Reconstruction Algorithm, 
and Corrections 

Event Selection 
Eliminate showers 
Eliminate ADC overflows 
Restrict lphil to <6 degrees 
NO CUT on theta 

Reconstruction Algorithm 
Use Calibrated Ratio of Max PH to second Max 

Corrections 
Correct for relative displacement 
Correct for effect of positive ions 
NO Multiple Scattering Correction 

(estimated at -30 microns) 
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BNL csc test at TTR • 
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BNL CSC test at TTR 
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BNL CSC test at TTR 
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BNL csc test at TTR 
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Conclusions 

Many Chambers of the Basic Design Now Operating 

Resolution better than 75 microns demonstrated with: 

Readout utilizing monolithic IC, suitable already for large systems 

Gas that we expect to use in the Experiment 

Efficiency better than 99% 

Timing Perfortnance 

92% tagged ~ithin 16 nsec using 'rime-over-Threshold Didcriminators 

Fully tagged if one uses Constant Fraction Discriminators 
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REIS - 100 
X-rays tube with Pr anticathode 

V • 100 kV 
I • 60 µA without magn. focusing 
I • 25 µA with magn. focusing 

Preliminary test results 
(without magn. focusing} 

Monochromator Si ( 111) planes 
Reflex width 70 mkm 
Angle ·width < 50 mkrad 
Reflex counting rate 1O 3 per. sec for Ka:, 
( for V • 95 ·kV I • 30 µA ) 

-

• 
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The CSC System Performance 

Presentation by: 

S. Whitaker 
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CSC System Performance 

System specifications 

Momentum resolution 

Scott Whitaker 
18 January 1993 

dPt I Pt for barrel and endcap options 

Pattern recognition 

Momentum resolution dependence on # of good hits 

Probability of N' good hits from N chambers 

Two-track performance 

Timing performance 

Crossing tagging concept 

RD5 results 

Lab tests 

TTR results 
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ENDCAP CSC -- STAGGERING OPTIONS 

FRONT VIEWS 

TOP VIEWS 

/ 

l-
SIDE VIEWS IT 

~:~JJ -
ranks towers 

Potential access Best for alignment 

Minimizes sector-to-sector Access possible? 
variations; more theta variation 

Larger sector-to-sector 
Alignment difficult? variation; less theta variation 

6 

5 
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another option 

any advantages? 
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~ 
N 
C.:l 

llUlll m 
m 

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

Middle modules 
3a) 8 10.70 
3b) 8 11.35 
4a) 4 10.55 
4b) 4 11.10 

Outer modules 
5a) 4 15.70 
Sb) 4 16.20 
6a) 4 15.45 
6b) 4 15.95 

• • 
Endcap CSC Layout -- Baseline II Version h -- Towers 

Nomenclature: 

active coverage 9.75° to 27.71° 
I f,tt2. 92 S2 R2 

module thickness(4 gaps)= 0.15 m 

intermodule space= 0.10 m 

neulron flux (H7/cm•2) = I 0,000 

neulron efficiency = 0.005 

/ / , Sl dR 

,!// ''"" ,, 
~ z -- .J/-

Note: modules (a) occupy even-numbered sectors I modules (b) occupy odd-numbered sectors 

~"'"'"""""""'_.,,.., 

m. m 14'.l Dl Ill n2 .112 &111 Rl B2 dR S2. 
m m deg deg m m m m 

6.25 6.10 2.46 9.75 1.90 17.01 24 1.05 1.87 0.82 0.49 
7.05 6.90 2.46 9.75 1.90 17.01 24 1.19 2.11 0.93 0.55 
6.65 6.50 1.90 17.01 1.40 27.71 24 1.99 3.41 1.42 0.89 
7.45 7.30 1.90 17.01 1.40 27.71 24 2.23 3.83 1.60 1.00 

11.00 10.85 4.75 2.46 9.75 1.90 17.01 24 1.86 3.32 1.46 0.87 
11.65 11.50 4.60 2.46 9.75 1.90 17.01 24 1.98 3.52 1.54 0.92 
10.70 10.63 4.13 1.90 17.01 1.40 27.71 48 3.25 5.58 2.33 0.73 
11.25 11.18 3.88 1.90 17.01 1.40 27.71 48 3.42 5.87 2.45 0.77 

15.85 15.78 4.93 2.46 9.75 1.90 17.01 48 2.71 4.83 2.12 0.63 
16.35 16.28 4.78 2.46 9.75 1.90 17.01 48 2.80 4.98 2.18 0.65 

15.60 15.53 4.90 1.90 17.01 1.40 27.71 48 4.75 8.15 3.40 1.07 
16.10 16.03 4.85 1.90 17.01 1.40 27.71 48 4.90 8.42 3.51 1.10 

total area of slrip calhodes (m•2) 2858 
total volume of chambers (m"3) 14.3 
Total number of modules 432 

1 

\ 

SW 12/22/1992 

Layoul: "-, .. l 

' " 
(b) modules shaded ,,,..,,,.. 

,,,.. ,,,.. 

,,,,.,,,,.] 14 

,,,,.,,,,.i2 
,,,,.,,,,. -- 3 ~~:::::-:. 1 __ 111----

, 

6 

5 

Total ch counts: single slrip occ. 

!ll:..!l'.i!l tl..1!l:in! lYil:UI! it..r.:5'h l!..m..£h lt.Lm !ili...RI. ~ 
mm /pVsctr cm /pVsctr /sec /sec 

5.00 76 5.0 16 14,607 3,144 186 2,047 
5.00 86 5.0 19 16,523 3,556 211 2,315 
5.00 141 5.0 28 27,077 5,470 39 3,561 
5.00 158 5.0 32 30,410 6,143 43 3,999 

5.00 135 5.0 29 25,982 5,592 74 3,640 
5.00 143 5.0 31 27,538 5,926 79 3,858 
5.00 116 5.0 47 22,178 8,941 14 5,821 
5.00 121 5.0 49 23,326 9,404 15 6,122 

5.00 99 5.0 42 18,928 8,130 36 5,293 
5.00 102 5.0 44 19,528 8,387 37 5,460 
5.00 169 5.0 68 32,406 13,065 7 8,506 
5.00 174 5.0 70 33,449 13,485 7 8,779 

Tolal=> 291,951 91,242 



..... 
I\:) 
..:::. 

ll&lll!l 

Inner modules 
la) 8 
lb) 8 
2b) 8 
2a) 8 

m 
m 

5.95 
6.35 
6.75 
7.15 

Middle modules 
3a) 8 10.70 
3b) 8 11.10 
4b) 4 10.20 
4a) 4 10.45 

Outer modules 
5a) 4 15.95 
Sb) 4 16.20 
6b) 4 15.45 
6a) 4 15.70 

• • 

Endcan CSC Layout -- Baseline II Version g 

active coverage 9.75° to 27.71° 

module thickness(4 gaps)= 0.15 m 

intermodule space= 0.10 m 

neutron flux (HzfcmA2) = 10,000 

neutron efficiency = 0.005 

Nomenclature: 
-~~~ 

/f_ql.<n SI.; 
/ ...... ~iii, 81 -tr. "~ ....- 1 I I RI 

I z Jt-

Note: modules (a) occupy even-numbered sectms 

modules (b) occupy odd-numbered sectors 

Nsctrs/2 are type (a) and Nsctts/2 are type (b) 

Layout: 

(b) modules shaded 

SW 12/22/1992 

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

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

3 ----

• 

6 

5 

Total ch counts: single strip acc. 

m. W! Ia'.l nl Bl :u2 112 H&lil R1 IU !IR ~ str wid #strips mm h£h lt..m:£h 11.lih fh...I!!. ~ 
m 

6.25 
6.65 
7.05 
7.45 

11.00 
11.40 
10.35 
10.60 

16.10 
16.35 
15.60 
15.85 

m m deg 

6.10 2.46 9.75 
6.50 2.46 9.75 
6.90 1.90 17.01 
7.30 1.90 17.01 

10.85 4.75 2.46 9.75 
11.25 4.75 2.46 9.75 
10.28 3.38 1.90 17.01 
10.53 3.23 1.90 17.01 

16.03 5.18 2.46 9.75 
16.28 5.03 2.46 9.75 
15.53 5.25 1.90 17.01 
15.78 5.25 1.90 17.01 

total area of strip cathodes (mA2) 
total volume of chambers (mA3) 
Total number of modules 

• • 

1.90 
1.90 
1.40 
1.40 

1.90 
1.90 
1.40 
1.40 

1.90 
1.90 
1.40 
1.40 

deg 

17.01 
17.01 
27.71 
27.71 

17.01 
17.01 
27.71 
27.71 

17.01 
17.01 
27.71 
27.71 

2809 
14.0 
432 

• 

m m m 

24 1.05 1.87 0.82 
24 1.12 1.99 0.87 
24 2.11 3.62 1.51 
24 2.23 3.83 1.60 

24 1.86 3.32 1.46 
24 1.93 3.44 1.51 
48 3.14 5.40 2.25 
48 3.22 5.53 2.31 

48 2.75 4.90 2.15 
48 2.80 4.98 2.18 
48 4.75 8.15 3.40 
48 4.83 8.28 3.46 

• 

m mm /pVsctr cm /pVsctr /sec /sec 

0.49 5.00 76 5.0 16 14,607 3,144 186 2,047 
0.52 5.00 81 5.0 17 15,565 3,350 198 2,181 
0.95 5.00 150 5.0 30 28,743 5,806 41 3,780 
1.00 5.00 158 5.0 32 30,410 6,143 43 3,999 

0.87 5.00 135 5.0 29 25,982 5,592 74 3,640 
0.90 5.00 140 5.0 30 26,940 5,798 77 3,775 
0.71 5.00 112 5.0 45 21,447 8,647 14 5,629 
0.72 5.00 114 5.0 46 21,969 8,857 14 5,766 

0.64 5.00 100 5.0 43 19,228 8,258 37 5,377 
0.65 5.00 102 5.0 44 19,528 8,387 37 5,460 
1.07 5.00 169 5.0 68 32,406 13,065 7 8,506 
1.08 5.00 171 5.0 69 32,927 13,275 7 8,643 

Total=> 289,752 90,321 

• • • • 



Strip counting for various chamber configurations 

Ni = # of planes in chamber i 
strw = strip width in mm 

Inner modules (z = 6.6m) 

f.-o 
N 
CJ'! 

NI 
8 
8 
8 
8 
8 
8 

N2 strw 
8 5 
8 5 
8 7 
8 7 
8 5 
! 7 

totstr 
88,617 
88,617 
63,298 
63,298 
88,617 
63,298 

Middle modules (z = 11.0m) 
N3 N4 strw 

8 4 5 
8 8 5 
8 4 7 
8 8 7 
8 8 7 
8 8 7 

, 

JSW 13-Jan-93 

Outer modules (z = 15.8m) 
totstr N5 N6 strw totstr Total strips 

99,023 4 4 5 104,311 291,951 
145,153 4 4 5 104,311 338,081 
70,731 4 4 7 74,508 208,537 

103,681 4 4 10 52,156 219,135 
103,681 6 6 10 78,418 270,716 
103,681 6 6 10 78,418 245,397 



i
i\:) 

"" 
11&1121 

Inner modules 
la) 8 
lb) 8 
2a) 8 
2b) 8 

m 
m 

5.95 
6.75 
6.35 
7.15 

· Middle modules 
3a) 8 10.70 
3b) 8 11.35 
4a) 8 10.55 
4b) 8 11.10 

Outer modules 
5a) 6 15.70 
5b) 6 16.20 
6a) 6 15.45 
6b) 6 15.95 

• 

Endcap CSC Layout~- Baseline II Version h -- Towers 

Nomenclature: Layout: 

active coverage 9.75° to 27.71° 
I f,112, 62 52 ~ 

• 

module lhickness(4 gaps)= 0.15 m 

intermodule space= 0.10 m 

neutron flux (HzlcmA2) = 10,000 

neutron efficiency = 0.005 

/ / , SI dR 

. -':/ '1, OI -I.I ~ t I I 

z J/-

Note: modules (a) occupy even-numbeied sec-

/ 

modules (b) occupy odd-numbered s~ 

~ .... , ..... __ ,,,.., 

(b) modules shaded 

mi m: I2ll nl DJ. 112 
m m deg 

B2 liSl Rl Bl !!R 
deg m m m 

~ ilLM!! lt..im Em.&!! ll.J::£h 
m mm /pVsctr cm /pVsctr 

6.25 
7.05 
6.65 
7.45 

11.00 
11.65 
10.85 
11.40 

15.93 
16.43 
15.68 
16.18 

6.10 
6.90 
6.50 
7.30 

2.46 9.75 1.90 17.01 
2.46 9.75 1.90 17.01 
1.90 17.01 1.40 27.71 
1.90 17.01 1.40 27.71 

10.85 4.75 2.46 9.75 1.90 17.01 
11.50 4.60 2.46 9.75 1.90 17.01 
10.70 4.20 1.90 17.01 1.40 27.71 
11.25 3.95 1.90 17.01 1.40 27.71 

15.81 4.96 2.46 9.75 1.90 17.01 
16.31 4.81 2.46 9.75 1.90 17.01 
15.56 4.86 1.90 17.01 1.40 27.71 
16.06 4.81 1.90 17.01 1.40 27.71 

total area of strip cathodes (mA2) 2873 
total volume of chambers (mA3) 14.4 
Total number of modules 432 

• • • 

24 1.05 1.87 0.82 0.49 5.00 
24 1.19 2.11 0.93 0.55 5.00 
24 1.99 3.41 1.42 0.89 5.00 
24 2.23 3.83 1.60 1.00 5.00 

24 1.86 3.32 1.46 0.87 7.00 
24 1.98 3.52 1.54 0.92 7.00 
48 3.27 5.62 2.34 0.73 7.00 
48 3.44 5.91 2.47 0.77 7.00 

48 2.72 4.84 2.12 0.63 10.00 
48 2.80 4.99 2.19 0.65 10.00 
48 4.76 8.17 3.41 1.07 10.00 
48 4.91 8.43 3.52 1.10 10.00 

• • 

76 
86 

141 
158 

97 
102 
83 
87 

49 
51 
85 
87 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

• 

16 
19 
28 
32 

29 
31 
47 
49 

42 
44 
68 
70 

Total=> 

SW 12/22/1992 

/ 
/ 

// 

4 .... -........ 

, 

6 

5 

3 ----

Total ch counts: single strip occ. 

!L!ll:£h IWh £h..ll!. n9!l. 
/sec /sec 

14,607 3,144 186 2,047 
16,523 3,556 211 2,315 
27,077 5,470 39 3,561 
30,410 6,143 43 3,999 

(88,617) 

18,558 5,592 104 5,096 
19,670 5,926 111 5,402 
31,906 18,008 20 8,207 
33,546 18,934 21 8,629 

(103,681) 

14,230 12,223 72 10,611 
14,680 12,610 75 10,946 
24,363 19,644 14 17,052 
25,146 20,275 14 17,600 

(78,418) 

270,716 131,526 

• • • 



...... 
N) 
"'1 

ll&IRl 

Inner modules 
la) 8 
lb) 8 
2a) 8 
2b) 8 

m 
m 

5.95 
6.75 
6.35 
7.15 

Middle modules 
3a) 8 10.70 
3b) 8 ll.35 
4a) 8 10.55 
4b) 8 11.10 

Outer modules 
Sa) 6 15.70 
5b) 6 16.20 
6a) 6 15.45 
6b) 6 15.95 

) 

Enclcao CSC Layout -- Baseline Il Version b -- Towers 

active coverage 9.75° to 27.71° 

module thickness(4 gaps)= 0.15 m 

intermodule space = 0.10 m 

neutron flux (Hz/cm"2) = 10,000 

neutron efficiency = 0.005 

Nomenclature: 

' /f~_, SI•: 
_/,.._...~ftl,91 ... R. ~~.._~~'L-~. ,, 1 

I Z J/_ 

Note: modules (a) occupy even-numbered sectors I modules (b) occupy odd-numbered sectors 

~.,,., .... ......,,_.,,.., 

) 

Layout: 

(b) modules shaded 

mt 
- Illl Ill Bl D2 l!.2 tlim B1 B2 !!ll. fil. ill:..Ell 11..mil!l ~ It.ti!! 

m 

6.25 
7.05 
6.65 
7.45 

11.00 
ll.65 
10.85 
ll.40 

15.93 
16.43 
15.68 
16.18 

m deg 

6.10 2.46 9.75 
6.90 2.46 9.75 
6.50 1.90 17.01 
7.30 1.90 17.01 

10.85 4. 75 2.46 9.75 
ll.50 4.60 2.46 9.75 
10. 70 4.20 1.90 17.01 
11.25 3.95 1.90 17.01 

15.81 4.96 2.46 9.75 
16.31 4.81 2.46 9.75 
15.56 4.86 1.90 17.01 
16.06 4.81 1.90 17.01 

total area of strip cathodes (mA2) 
total volume of chambers (mA3) 
Total number of modules 

1.90 
1.90 
1.40 
1.40 

1.90 
1.90 
1.40 
1.40 

1.90 
1.90 
1.40 
1.40 

deg 

17.01 
17.01 
27.71 
27.71 

17.01 
17.01 
27.71 
27.71 

17.01 
17.01 
27.71 
27.71 

2873 
14.4 
432 

m m m m mm /pVsctr cm /pVsctr 

24 1.05 1.87 0.82 0.49 5.00 76 5.0 16 
24 1.19 2.ll 0.93 0.55 5.00 86 5.0 19 
24 1.99 3.41 1.42 0.89 5.00 141 5.0 28 
24 2.23 3.83 1.60 1.00 5.00 158 5.0 32 

24 1.86 3.32 1.46 0.87 7.00 97 7.0 21 
24 1.98 3.52 1.54 0.92 7.00 102 7.0 22 
48 3.27 5.62 2.34 0.73 7.00 83 7.0 33 
48 3.44 5.91 2.47 0.77 7.00 87 7.0 35 

48 2.72 4.84 2.12 0.63 10.00 49 10.0 21 
48 2.80 4.99 2.19 0.65 10.00 51 10.0 22 
48 4.76 8.17 3.41 1.07 10.00 85 10.0 34 
48 4.91 8.43 3.52 1.10 10.00 87 10.0 35 

Total=> 

SW 12/22/1992 

/ 

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

4 ----3 -----

• 

6 

5 

Total ch counts: single strip occ. 
IUl!£h it..t£h £IL..Jlb ml!!. 

/sec /sec 

14,607 3,144 186 2,047 
16,523 3,556 211 2,315 
27,077 5,470 39 3,561 
30,410 6,143 43 3,999 

(88,617) 

18,558 3,994 104 5,096 
19,670 4,233 111 5,402 
31,906 12,863 20 8,207 
33,546 13,524 21 8,629 

(103,681) 

14,230 6,112 72 10,611 
14,680 6,305 75 10,946 
24,363 9,822 14 17,052 
25,146 10,138 14 17,600 

(78,418) 

270,716 85,303 

, 



Material Audit for Cathode Strip Chamber Module 

Calculation of mass and radiation lengths for a four chamber module 

Active area of chamber: 
length (m) = 2.4 
width (m) = 0.8 

total area (mA2) = 2.1 
number of gaps = 3 

frame material (and dead area): 
width (m) = 0.025 

-(including inactive frames) 
fraction of active area overlapped by frames= 0.063 

(sides only) 

128 
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Momentum Resolution 

Results from J. Sullivan's simulation program ... "Case 600" 

Assumed precision: 

• 75 micron random error per plane 

• 50 micron internal error 

• 25 micron error (module to module) 

N measurements in a module improve the resolution by .JN 

Measurement taken to be at the module midplane 

Calculation includes Gaussian multiple scattering, B(r) 

Thickness per plane: 1.5% XO 
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Table 4.1 dPr/Pt vs era for seleeted Pt values and different 
Muon System configurations. 

Pt values 
~ W ~ ~ 100 ~ B m l~ 

GEM Muon Rev 2: 3/30/92 
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Resolution degradation due to lost points in Module 1 
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Fig 4.2.a Momentum resolution for 100 or 500 GeV Pt vs eta, for 8, 4, or 1 hits in the first module 
and 4 hits each in the second and third modules. 
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Fig 4.2b Momentum resolution for J 00 or 500 Ge V Pt vs eta. for 4 hits in the first and third modules 
and 4, 2, or I hits in the secon:I module (8, 6, 5 hits below 12.45 degrees). 
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Table 4.2 Momenrum resolution for Pt= 100 and 500 GeV ver.rus pseudorapidity, 
varying the number of useable hits in the first and second modules from 
the nominal 8/414 (except that 81814 is nominal below 12.45 degrees.) 
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Table S.3.1 Overlap probability for barrel of single muon events tall superlayers) 

#of bad 
I 

double-hit resolution 
planes 
(good) I 6mm 8mm lOmm 
0 (16) .188 .181 .175 
1 (15) .334 .312 .309 
2 (14) .206 .197 .182 
3 (13) .123 .117 .132 
4 (12) .083 .083 .079 
5 (11) .043 .060 .051 
6 (lQ) .011 .011 .020 
7 ( 9) .011 .013 .022 
8 ( 8) .007 . 011 .011 

> 8 (<8) .009 .016 .020 

Table S.3.2 Overlap probability for b:irrel of single muon events(only superlayerl) 

# of bad olanes double-hit resolution 
(!!ood) 6mm 8mm lOmm 
0 (8) .442 435 .430 
1 (7) .294 273 .267 
2 (6) .134 143 .135 
3 (5) .067 069 .070 
4 (4) .031 036 .042 
5 (3) .018 024 .024 
6 (2) .004 007 .014 
7 (1) .002 002 .004 
8 (0) .009 013 .014 

Table 5.3.3 Overlap probability for barrel of single muon events (Only superlayerl) with 
one or zero good plane (4-plane and 8-plane superlayer) 

???? 
#ofplanes 9=90 deg 0=60 deg 0=15 deg 

7mm lOmm 7mm lOmm 7mm lOmm 
4 0.030 0.039 0.036 0.046 0.117 0.143 
8 0.013 0.013 0.018 0.021 0.030 0.038 
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-
Table 5.3.4 Overlap probability ror barrel or top events (all superlayers) 

#of bad double-hit resolution 
p!2!!~S 

(good) 6mm 8mm lOmm 
0 (16) .217 .210 .207 
1 (15) .337 .314 .301 
2 (14) .223 .230 .210 
3 (13) .133 .139 .159 
4 (12) .052 .058 .068 
5 (11) .026 .026 .032 
6 (10) .003 .003 .010 
7 ( 9) .007 .003 .007 
8 ( 8) .003 .003 .003 

> 8 (<8) .000 .003 .003 

Table 5.3.5 Overlap probability for barrel of top events (only superlayerl) 

#of bad double-hit resolution 
olanes 

(J!;ood) 6mm 8mm lOmm 
0 (8) .460 .453 .434 
1 (7) .359 .333 .343 
2 (6) .120 .146 .142 
3 (5) .042 .032 .045 
4 (4) .010 .026 .013 
5 (3) .003 .003 .010 
6(2) .003 .000 .007 
7 (1) .000 .000 .000 
8 (0) .003 .007 .007 

Table 5.3.6 Overlap probability ror endcap or single muon events (all superlayers) 

# of bad planes double-hit resolution 
(good) 6mm Smm lOmm 
0 (16) .151 .151 .151 
1 (15) .227 .211 .195 
2 (14) .205 .216 .222 
3 (13) .157 .135 .130 
4 (12) .097 .081 .092 
5 (11) .043 .070 .043 
6 (10) .011 .022 .054 
7 ( 9) .032 .005 .000 
8 ( 8) .016 .027 .027 

> 8 (<8) .060 .081 .087 
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Table 5.3.7 Overlap probability ror endcap or single muon events(only superlayerl) 

#of bad double-hit resolution 
p!anes • 
(good) 6mm 8mm lOmm 
0 (8) .297 .292 .292 
1 (7) .281 .276 .243 
2 (6) .162 .146 .178 
3 (5) .092 .097 .081 ... 
4 (4) .049 .049 . 049 
5 (3) .032 .027 .027 
6 (2) .022 .027 .038 
7 (1) .005 .016 .016 
8 (0) .060 .070 .076 .. 

Table 5.3.8 Overlap probability ror endcap or top events (all superlayers) 

# of bad planes double-hit resolution 
(good) 6mm 8mm lOmm 
0 (16) .436 .427 .411 • 
1 (15) .191 .178 .175 
2 (14) .178 .166 .156 
3 (13) .089 .092 .102 
4 (12) .051 .061 .061 
5 (11) .035 .035 .048 • 
6(10) .010 .019 . 013 
7 ( 9) .006 .010 .013 
8 ( 8) .000 .010 .016 

> 8 (<8) .003 .003 .006 .. 
Table 5.3.9 Overlap probability ror endcap of top events (only superlayerl) 

#of bad double-hit resolution 
planes 
( l!OO<I.) 6mm 8mm lOmm • 0 (8) .567 .551 .535 
1 (7) .233 .220 .223 
2 (6) .112 .108 .092 
3 (5) .054 .064 .070 
4 (4) .019 .029 .038 
5 (3) .010 .013 .019 • 
6 (2) .000 .000 .006 
7 (1) .000 .006 .003 
8 (0) .006 .010 .013 

.. 
150 

5-14 

... 



CSC Readout Concept 

orthogonal readout 
(wires. or dip strips) 

fast (30 ns peaking) output 
for timing. e measurement 

Could also measure charge to 
resolve ambiguities for multimuons 
by charge correlation 

N.B. - energetic dimuons with small opening 
angle could be produced by a wide range of 
interesting physics: 

i:nergetic Zs 
Drell-Yan 
decay of neutral scalars 

example: a 500 GeV Z - µµhas a typical 
opening angle between the muons of 
0.19 radians. or a separation of I.Im at 6 m. 
so these muons will frequently hit the same 
muon detector module. 

strip readout 

fast (30 ns peaking) output for trigger, timing 

slow (300 ns -- I µsec peaking) output for 
precision charge measurement 

• track-and-hold 

• Switched capacitor array 
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Cosmic Ray pulse height spectrum 
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2800 v 
20 µm diameter wires 
2.5 mm wire pitch 
2.5 mm half gap 
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45 

a 40 
c 

= 35 a. 
a 30 
c 
0 

Pulse height correlation between bend and non-beno 
measurements can resolve ambiguities 

d(PH)/PH (%) Wrong ID(%) 

0.5 1.3 
1 1.9 
2 4.2 
5 10.5 

10 19.2 
20 30.8 
30 36.3 
40 40 
50 43 

Misidentification probability vs PH 
resolution 

.. 25 -

~ 20 I 
>-= 15 
:ii • 10 .1:1 
0 .. 
c. 5 

0 

0 10 20 30 40 

Charge measurement precision 
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Discriminator Options 

Simple Discriminator 
30mSbap« 

v'l'bnBhold G•oop«iWbe'---

tO t1 Meuured tl..tO - 20-30 DI 

Two Level (LE Interp.) Discriminator 

tl 12 

Constant Fraction Discriminator 

CF frac. a Rb/(Ra+Rb) 

Zero Crossing (R-C) Discriminator 

2.cro c:rmsiD& circuit Ulili&el 
a l:imple R-C netWOrt. md a 
very fut ccmpuacor. 

30DI Shaper 

-
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VI 

t2 

V2 

~ 
---i___;-

11 
tO tl 

tO Calculator 

Simple and easy to implemeot; 

however suffers from unacceptable 

pulse height depeodeot time walk. 

Reference [l). 

tO 
t0~t2-~ V2 

Need to implement a 

scheme such as the 

"tO Calculator" 
Jitter on IO might be 

excessive ovei- a large 

dynamic range. 

Reference (2). 

.... 
Tw 

Vl-V2 

Excellent compensation for pulse height 
variation. Due to long shaping timc, llllher 
long delay lines required. 

Reference (3). 

Able to compensate+/- lOOps over 
25-30dB input variation. Easy implementation 

in bigh-<lensity packaging. Good malcb In 

the Anode dynamic range. 
Reference (4). 
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"The Time Skewer" 
Leading Edge 
Timing 

BX Clock 

1---iIN HIT 

~----~-----~VETO 
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(Maskable) 

r------11 Position 
Correct 

Nearest Hit 
Priority Encoder 

Time Skewer 

Fast Cathode Si s 

000 

OR'd Catbode Fast Outputs 



RDS CSC Analysis Status -- 18 Jan 93 

Still in progress! 

Problems recognized: 

• HV problems during run limited gain to - 2 x 103 

Traced to low wire tension on two wires 
(prototype chambers were hand-wired ... ) 

• Gain corrections were done incorrectly 

Insufficient precision on cal caps 
Resistive divider introduced to adapt to FERA system 

Full system reassembled at BU; under study 

Current results: 

Clean, sensible pulse height distributions 

Mean pulse heights - 300 ADC counts 

7% difference in means for 300 GeV muons compared to 
100 Ge V muons 

Marginal noise performance 

Pedestal CJ - 3--4 counts 
Pedestal stability < 3 counts 

Position resolution 75--100 microns depending on run, cuts ... 
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Timing: 

Leading edge disc with fixed threshold-- 150 mV 

11 ns rms per plane 

6.5 ns rms for OR of 4 planes 

Not the best possible: 

Improvement with higher HV 

lab tests show 15% improvement 
with constant fraction discrimination 
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The Open Profile CSC Option 

Presentation by: 

K. Lau 
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OPEN PROFILE CSC 

Advocates 

Kwong Lau, Billy Mayes, Larry Pinsky 

Jorg Pyrlik, and Roy Weinstein 

University of Houston 

Georgii Chelkov et al 

Dubna 

Gena Mitselmakher et al 

SSCL 
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Unique Features .. 
• Non-floating strips with a ground plane 

• Modular chambers with conducting profiles 

- easy to repair during construction, testing, and operation .. 
- isolated anode wires : limits acceptance loss to 1 chamber due to 

broken wires 

- gas volume is not in contact with strip boards • 

- uniform support for strip boards 

anode-strip distance uncritical ( ± 200 µm) 

• 

• 

• 

• 

• 

• 
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GEM Muon System 

• 8-6-6 configuration for the barrel and endcaps 

• Rectangular chambers for the barrel and endcaps 

- Precision strips epoxied to honeycomb panels 

- Standard Iarocci-type PVC chambers with low-resistance ( < 4 

k11/square) carbon-coated profiles and 50 µm wires 

• Possible improvements : 

Redesign ends to reduce dead space 

- Increase chamber width from 8 cm to 16 cm : reduce losses due 

to dead space between chambers by about a factor of 2 

- reduce cell size ( current cell size : 9 mm x 9 mm ) 
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1.4 Baseline System Layout 

Figures 1.1 and 1.2 show the layout of the CSC barrel system. We have chosen a 32-fold 
azimuthal segmentation so as to minimize the degradation in resolution resulting from non-normal 
angles of incidence. The chambers of the middle and outer superlayers are tilted by 8 and 11 
degrees, respectively. This reduces the Lorentz-angle effect on resolution, as discussed in GEM 
TN-92-137. Figure 1.3 shows a layout for the endcap region. Although figure 1.4 shows a 
"4/414" configuratiOD-i.e. a configuration with four chambers in each superlayer-=ent swdies 
have led us to choose an 8/4/4 configuration throughout the barrel and endcap regions. 

c.,so ~l-

-!1.3zoL-

~.zz4-
C:SCql Batre! 
32 segments 

Mid ptlne 
R • 6.19'48m 
x ·0.60?4m 
y • 6.16S4m 
Tiit-8.0deg 

' ' 

I I 

' 
I l o.FJco 

--: 0.860 
CSC;Tbmol 
32segmena 

plane 
R • 8.6817m 
x•O.SSm 
y•8.64m 
Tilt• 11.0deg 

Figure 1.1 End (x-y) view or the barrel CSC system. 
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CSCfZcrzBarrellayout 

Lengths pf active areas .. 

63.71 degrees 
62..68 degrees 29.6 rees .. 

8.9 "' 

• 

• 
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• 

• 

Figure 1.2 Side (r·z) view or the barrel CSC system. 
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Justifications 

• 1.0 m x 0.5 m prototype met GEM specifications 

- u < 60 µm 

- strip centers known to within 50 µm 

• All parts obtainable from industry with minimal assembly labor ( 25 

hrs / supermodue) 

• Low costs for parts and assembly labor 
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Prototype TTR Test Results 

• Single layer resolution and strip alignment 

- Best u = 38 ± 3 µm 

- Relevant u = 56 ± 2 µm 

- Interlayer alignment = 33 ± 5 µm 

• Losses due to chamber walls 

- Average loss < 3 % 
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30..,.-;::::::::;;;:::::;:::;:;:;=:;;:::::=:::;:;:;::;;::;::::==::;;:;;:::;:::==::;:;::;::;---, 
run 796 (3.1kV), Gauss frt (±80 ): mean a0.3, sigma =27.1 
Resolution per layer: 66.4 ±10.7 11111 

25 
1±2 degj 

15 

10 

-0.20 -0.10 0.00 0.10 0.20 

20..,.-;::::::;;::::;:;:::::;:;:;::;::;;:::::::;;;::;::;;;:;:::::::;:::::;:;::;:::;:::==::;:;:;;;---, 
run 798 (3.2kV), Gauss fit (±80 ): mean = 3.0, sigma = 25.6 
Resolutlon per layer: 62.8 ± 8.6 11111 

15 l±2degj 

10 

-0.20 -0.10 0.00 0.10 0.20 

~..,.-;::::::::;;;:::::;:;:::;:;=:;==:::;:;::;;::;::::==::;:;::====::;:;:;;--, 
run 800 (3.3kV}, Gauss ftt (±80 ): mean= o.a, sigma• 15.5 
Resolutlon per layer: 37.9 ± 3.0 µm 

30 l±2degj 

20 

10 

-0.20 -0.10 0.00 0.10 O:>n 
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80..,-;:=:::;~::::::;::::;::::;::::::;:;:::;::;::::;:::======::::::;:=:::;:;::::;:;:-1 
run 796 (3.1kV), Gauss flt (±150 ): mean =-1.1, sigma= 30.5 
Resolution per layer: 74.8 ± 3.9 11111 

50 

40 

30 

20 
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50 

40 

30 

80 

40 

20 

l±&degl 

-0.20 -0.10 0.00 0.10 0.20 

run 798 (3.2kV), Gauss flt (±150 ): mean= 2.1, sigma= 29.4 
Resolutfon per layer: 72.0 ± 3.5 11111 

l±&degl 

-0.20 -0.10 0.00 0.10 0.20 

run 800 (3.3kV), Gauss flt (±150 ): mean= -0.6, sigma= 23.0 
Resolutfon per layer: 56A ± 2.0 11111 

l±6degl 

-0.20 -0.10 0.00 0.10 0.20 
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Summary of Results ( Preliminary ) 

• Averaged over±~ 6° 

HV(kV) 

3.1 

3.2 

3.3 

O'(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 

O'(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 
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MPC, INC 
Microwave Printed Circuitry 

81 Old F•rry Ro•d 
Lowell, MA 018:14 

Phone• :109-4:12-9061 Fax1 :IOB-441-0004 

QUOTATION 

Company1 lnatitute for Beam Particle Dyn•mics 
University of Houston 

Att.n1 Kwon; Lau Oat.e1 12/17/92 

PART NUMSE'R QUANTITY UNIT PRICE NRE 

Type A Beard 1024 •::s:i7.06 •::12::1.00 
( Sli2:&! tc be :s 1 :12 mm x :570 mm) 

Type B Board 1024 337.06 ::12:1.00 
(size tc ba 3028 AHJI x :570 mm ) 

Typ• c Board 2048 387.02 37:1.00 
(size tc be 2313 Ill Ill I< 660 mm l 

Type 0 Board 4096 378.04 :17:1.00 
(size t.c be 3:106 111111 x 480 mm) 

Due tc precessing size restrictions, boards will b• •Upplied 
in the sizes given above. 

MPC to supply 111at•rial. 
Artwork tc b• •upplied by th• Institute as 111 pcsitiv••· 
Delivery• Initial delivery - 10 weeks ARO and artwork 

Delivery rate tc be mutually a;reed upon. 
Terms: 1-10, N::SO F.o.e.: .Low•ll, MA 
Quotation is budgetary pending review of final drawings and 
requirements, 

If ycu need additional information, please cent.act the 
undersign•d. 

9est Regards, 

Bab Dttitz 
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-

Performance (extrapolated to full-sized supermodules) 

• Strip precision 

- Bids with same precision for 3.0 m x 0.6 m @ $ 250-300 /m2 

expect comparable precision 

• Spatial resolution 

- ~ 3 times increase in strip capacitance can be offset by (i) reduc

ing the strip dielectric constant from 4 to 1.5 or/and (ii) reduce 

electronic noise or/and (iii) reduce the integration time from 500 

ns to 300 ns or/ and (iv) increase gas gain 

• Timing resolution 

- monte carlo predicts < 2 % loss for 8 layers of 1 cm cells (GEM 

TN-92-227) 

- calculation and measurement for 6 layers of 9 mm cells in progress 
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Chamber Production 

• Strips from US or foreign suppliers 

• Honeycomb panels from US suppliers 

• Chambers from US and/or foreign Labs and/or commercial suppliers 

- Labs : SCARF (US), DUBNA(FSU), CHINA 

- Commerical: Hodotector (US), Pol Hi Tech (Italy). 

• Assemble and test chambers in a 'factory' to be located near SSCL 

Procedure 

- receive and inspect strips and honeycomb panels from suppliers 

- epoxy strip boards to· honeycomb panels (uncritical: ± 0.5 mm ) 

- mount chambers on panels (uncritical± 0.5 mm) 

- align all layers ( critical : ± 25 µm ) 

- install utilities ( gas, LV, HV etc.) 

- test 

- ship to GEM 

Resources for assembly 

- Space : 10,000 sq ft 

- labor : ~ 25 hrs per supermodule 

- Special tooling for inter-layer alignment 

Throughput 

- about 1 supermodule per day : parallel processing for faster pro

duction 
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The RDT System Layout 

Presentation by: 

R. Miller 
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RDT QUADRANT LAYOUT 
ELEVATION VIEW 

2 4 6 8 10 12 14 16 
10t...--l.J~---L.~..J..___J~---L.~.U....--l~---L.~..J..___J~---L.~-l-----l~---L.~..J.._----J~- 10 ,. 

84.S. 57.6" 40.4· 

8 8 

6 6 

6.o· 

t4 
9.8" 

2 

Z(m) 
2 4 6 8 10 12 14 16 
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RDTBARREL,MIDDLESUPERLAYER 
PID OVERLAP DETAIL 

30° 
11.25 ° 

SECTION A 

15cm 
< 4Hits 

Alignment Path, 
Center of Sector Alignment Path, 

Edge of Sector 

INTERACTION POINT 

200 

15cm 
< 4 Hits 

• 

... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

• 



-

• Section C 
(Short Chamber) 

RDTBARREL,MIDDLESUPERLAYER 
THETA CRACKS 

32cm 
10 Layers 

--Offset--
21 cm 
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Dead Material 
(plugs,manind,etc.) 

-Section D 
(Long Chamber) 

IS cm 
< 4 Hits) 

Section C,D 



16.0° 
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RDTENDCAP LAYOUT 
PROJECTIVE VIEW 
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\ I 

\ c I 
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\ I 

I 
I 
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GEM BARREL RDT CHAMBER SPECS 
16 SECTORS; 8+10+8; 25mmDia. 

-
INPUT PARAMETERS: 
Theta angular coverage : 84.5 30.3 
Tube Material, density: Alum. 2.7 
Tube Wall: (mm) 0.30 
Plate Thickness (mm), density: 19.05 2.7 
Case Thickness (mm), density: 6.40 0.25 
#of Segments: 16 

VARIABLES: 
Radius (m): ~ .u 8.n IQIAI, 

Chambers!Theta 2 3 3 
Chambers/segmnt 1 2 2 
#of Layers: 8 10 8 26 
Tube Dia: (mm) 25.4 25.4 25.4 

RESULTS: 
Tube Length: (m) 3.4 3.4 4.6 ~km 
Tubes/Chamber: 512 496 528 
Avg. width: (m) 1.67 1.26 1.69 
Chamb. thick.: (m) 0.28 0.32 0.28 
Chambers/Half: 32 96 96 224 
Chambers Total 64 192 192 ~ 
Tubes/Half: 16384 47616 50688 114688 
Tubes Total 32768 95232 101376 229376 

~!::ightii.;hllm~r (1!2) 
Tubes: 247 243 348 
Manifold plates: 105 92 106 
Plugs: 57 55 59 
Case: 50 41 68 
Electronics.cable: 256 248 264 

Total/Chamber: 715 679 844 
Weight/Segment: 1429 4075 5066 
Weight/Half: 22867 65208 81051 85 ton 
Weight Total 45733 130415 162102 162.twJ. 
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... 
GEM END CAP RDT CHAMBERS 
16 SECTORS; 8-10-8; 25 mm Dia. 

... 
INPUT PARAMETERS: 
Tube Material, density: Alum. 2.7 
Tube Wall: (mm) 0.30 
M. Plate Thickness (mm), de 19.05 2.7 
Case Thickness (mm), densit 6.40 0.25 • 

# of Sectors: 16 

VARIABLES: 
Avg. Z (m): ~ w 11.Z!l l !l.!i!l lS.!i!l lS.!l!l Total • 
Inner Theta 9.8 16.0 16.0 9.8 16.0 9.8 
Outer Theta 16.0 29.0 29.0 16.0 29.0 16.0 
Chambers/segmnt: 1 1 1 1 1 1 
#of Layers: 8 8 10 10 8 8 26 .. 
Tube Dia: (mm) 25.4 25.4 25.4 25.4 25.4 25.4 

RESULTS: 
Tube Length: (m) 0.7 1.8 3.0 1.2 4.2 1.7 Jlikm .. 
Tubes/Chamber: 224 464 960 464 1072 528 
Chamb. width: (m) 0.71 1.51 2.47 1.21 3.44 1.71 
Chamb. thick.: (m) 0.28 0.28 0.32 0.32 0.28 0.28 
Chambers/Half: 16 16 16 16 16 16 96 
Chambers Total • 32 32 32 32 32 32 122. 
Tubes/Half: 3584 7424 15360 7424 17152 8448 59392 
Tubes Total 7168 14848 30720 14848 34304 16896 118784 

W!;:ii;i;h{Lchmnb!;:r (lb) • 
Tubes: 23 121 409 80 636 128 
Manifold plates: 45 95 179 88 215 107 
Plugs: 25 52 107 52 120 59 
Case: 6 26 64 16 116 27 • 
Electronics.cable: 112 232 480 232 536 264 

Total/Chamber: 211 525 1240 467 1624 586 
Weight/Half: 3372 8407 19844 7475 25976 9374 37 ton 
Weight Total 6744 16814 39689 14951 51953 18748 !!Wll • 
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RPI MUON ACCEPTANCE LOSSES 

Crack Size R,Z El ~(El) LOSS LOSS 

SOURCE (mm) Lmml (dt:i:ei:Cl !cadiaol n ~ (2Q 4zi;) ~ -
Central Membrane 250 4000 86.4 .0623 .063 1.00 6.2% .063 
Barrel-Endcap 30.0 .0262 1.317 1.00 1.3% .052 
Forward Region 8.7 .1518 2.576 1.00 2.3% 

Base Loss 9.8% .115 

Chamber End 100 4000 84.5 .0248 .096 1.00 2.5% .025 
Chamber Ends 150 6000 57.6 .0178 .598 1.00 1.5% .021 
Alignment Path 360 6400 57.6 .0401 .598 0.13 0.4% .006 
Chamber Ends 150 4000 40.4 .0158 1.000 1.00 1.0% .024 
Alignment Path 470 6400 40.4 .0308 1.000 0.13 0.3% .006 
Alignment Path 125 6000 16.0 .0193 1.962 0.04 0.0% .003 
Chamber End 100 6000 9.8 .0162 2.457 1.00 0.3% .095 

Additional Loss 6.0% .181 

-
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The RPC Chamber 
Construction and Tests 

Presentation by: 

R. Bionta 
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RPC Candidate Material LI 

Material Thickness Bulk Arc 
(cm} Resistivity (Qcm} Resistivity (Qcm2) 

MIT mirror .300 • 5.0x1012 1.5x1012 

750 micron mirror .066 4.9x1012 3.23x1011 

Kodak projector glass .123 6.42x1011 7.89x1010 

Italian RPC .200 1.ox1011 2x 1010 

Bakelite .161 4.5x109 7.24x108 

ABSTAT-M310 .072 5.78x109 4.16x108 

ABSTAT-M310 .060 5.78x109 3.47x108 

Mitech-410 .090 2.03x109 1.83 x108 

Mitech-410 .030 2.03x109 6.19 x107 

Corning 0211 glass .056 6.7x107 3.75x106 

Boron .0001 1x106 1x102 

BAK.l(A.t41RM8 
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Saturated Singles Rate vs SPICE 1/tau LI 
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-
Efficiency vs threshold voltage for various isobutane concentrations 
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Noise vs threshold voltage for various isobutane concentrations 
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Noise vs high voltage for various isobutane concentrations 
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Efficiency curve for 40% isobutane, 2.5% freon 1381 
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Efficiency vs threshold for 40% lsobutane, 2.5% freon 1 381 
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Bulk resistivity of various RFC candidates 
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Future Work ~ 

• Fabricate large area RPCs with new plastic materials 

• Continue study of RPC pulse height and time jitter 

N • Continue gas mixture studies - replacement for Freon 1381 
~ 
0 

• 120 .Q strip line RPCs for reduced cabling volume and cost 

• Fabricate 20 1 m x 2 m RPC 

• • • • • • • • • • • 
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Conclusion ~ 
• Large RPCs have been built of low resistivity ABS and PVC 

plastics which 

• require no linseed oil for low noise operation 

• have noise rates < 1 Hz/cm 

• are light-weight and mechanlcally rigid 

• can be read-out In 2 dimensions 

• exhibit high rate capability up to 15 KHz/cm 

• have rise-time jitter of 2 ns 

• have geometry limited efficiencies of > 95o/o 

• Non-flammable gas mixtures have been successfully used in 
plastic RPCs with no change in pulse height, efficiency and jitter 

• TTR tests of RPCs show no induced noise generated on ROT and 
UH CSC systems 

• Plastic RPC trigger of RDTs in TTR gives a total of 6.9 ns time jitter 

• H1igher rate RPCs can be constructed with suitable plastics 

, 
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The RDT Test Results at TTR 

Presentation by: 

A. Korytov 
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Conclusions: 

1. A 25 µm accuracy mechanical alignment of wires 
within a drift chamber is possible. 

2. A spatial resolution of 50-100 µm is easily achievable 
through out the whole chamber. 

3. It was demonstrated that in case 
of unexpected misalignment there is possibly 
a way to find the geometrical corrections to restore 

the good resolution (some further studies are still needed). 

4. Resolution of 10 cm along a wire is achievable by using 
a time difference technique. 
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BEAM CROSSING TAG 

SLl (1.4 METERS X 5) =7 NANOSEC .. 
CLOCK PERIOD · =4 NANOSEC 

RISE TIME TITTER =2 NANOSEC .. 
BEND PLANE STRIP WIDTH= 1.3 CM 

.. 

USING SLl IN THE BEND PLANE AND SLl 
IN THE NONBEND PLANE WE HA VE: .. 

SLl = 1.3/140 X 7 < 1 NANOSEC 
.. 

WITHOUT BEND PLANE CORRECTION MAX 
ERROR ON CROSSING TIME =13 NANOSEC 

• 

WITH BEND PLANE CORRECTION MAX ERROR 
ON CROSSING TIME = 7 NANOSEC 

• 

.. 
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FALSE TRIGGER RATES 

SL1SL2 SL3 NB TOT AL CHANNEL COST 
TRIGGERS COUNT ELECT. 

MILLION 
4 

1 1 1 1 1.8X10 100,448 $1. 3 

3 
1 1 3 r 6.0XlO 107,808 $1. 3 

1 3 3 1 670 112,224 $1.3 

3 3 3 1 74 116,703 $1.3 

1 1 1 3 372 111,072 $1.3 

1 1 3 3 142 118,432 $1.3 

-
1 3 3 3 40 122,838 $1. 3 

3 3 3 3 . 29 127,327 $1.3 
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Bend Plane Chip (continued) 
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Non-Bend Plane Chip (continued) 
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Non-Bend Plane Chip (continued) 
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G«n Deucior Pipe Line Muou Trigger Elecuouic:s 
Feasibilily Scudy - l'lebula Carp. 

Preliminary Report 11171'13 

Nebula Coi:poratio:i has studied the feasioility of integrating the electrollics of the SCC Pipe Line Muon 
Trigger. We ha"o aoat..d • preli.minary eleo:tzonic system archil~e. stUdiecl potential tW.ug! risk. Sild 
estimated potential electrollics a:su. The siudy centered on the integration of the electronics into several 
semi-cust0m ASIC devices. II is anticipated !bat most of me system design and cost will be contained iD th
clcvices. 
This is a prelimllwy report. and as such is meant to coc:imunkalo 011r findinp as to basic feasibility, and as 
to apecied ll'll8I costs. Much delailed analysis remains t.:i be perfllrmed to determine sy1tem ardlitecn:rc 
and "°"' more aa:-~tely. 

%. Aaeamptie1111 

Ou.r aualysis ~'85 performed using the follcwing set of assumptioua: 

a. 

b. 

A basic 16 cs period, 50% duty cyde system c:lodc ii used. 
Bend plu~ S~r Layer signals will be resolved to 16 us. 
Noa-be:ld pl.ace Super Layer sigDal3 will be resolved so 4 ns. 

Saperlayer informatica from SLl,SU,Sl.3 will be preeented to the ASICs u a digital lop: 
8gnaJ pulses with suadatd logic levels of •Sv, Ov. Belld plane pulses will hat1e a .mimlmum 
width of 16as. Noa bead plane pl&bea will be a minimum widlh of o4u. 

Bead plane and non-bead plane JIJts azo detemiined to be simulr...,ua jf lhOJ' OCCW" within 
a 2 cloc:k pube 32 as window. 

d. Latency rim= o! 300111 after detecilag a "hit" before hit must be written to SRAM. 

e. Ope:ating ec.vilomneut will be 2SC, SY +- S%. 

. 1 -
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GEM Decedar MM• Triger Eleetnn1ic11° F-ibility Allalysia, Prellmlaaey Raport -Nelltala Corp l/17/93 

3. Sprem Azddtecalre 

3.1 ArclJitectuce 

The two basic electronic system archiuc:tur:al issues Cln.s.idered in this study are: 

a. How to perform relatively simple signal processing (the cleten::Una:ion of simultaneous "h.ilS" 
011 the appropriate Super Layers) on a very large number of Super Layer inputs, in a COS'! 

efec:tive manner. 

Nebula cletermmed that 1111 ASIC implementation of the ~ wu IO lilahed rather that 
gate Jimjted, meanillg that the system wonk! have to be partitioned Jn sucb a way as to 
mayjmR.e the number of duumel.s intepted per chip based upon the number of JO pins per 
channel, rather than the c:omplezity of the logic: on each chip. 

b. How to resolve and determine simultaneous Super layer hits to resolntiomi of 4ns(nou_bend 
plane) and l6n1(bend plane) in a c:cst effective manner. 

We cletenoined that ii should be feasible to meet the re:solution requiremenls by c:realing 
llighly pipelined ASIC implementatioDS using a highly pipelined arcbiteclme, IJld 0.8 micron 
CMOS technoloa tedm.olog_v. 

12 SVstem putitigg 

Considering the previously dieruaed udlitec:t1lnl c:c1111raiDt1, N•bula believes lll.at it fa feuible to peztwm 
thfs signal pro ... , by developing lhree semi-custom ASIC devices to be owl u per figure 1. 
'lbe system partition separates signal proceaing into Bend Plane processing. and Non-Bend plaDe slpaJ 
prc-.mng Com.mmdca1lou between Bend Plane processing chips and Non-Bead pre cedng cblps ia required. 
Additionally, a Bend Plane concenr:rator chip is proposed. The coac:enuator chip takes advantage of the lower 
Bend-Plane processing clock speed to use a Jess espensive ASIC teclmology to concentrate lhe 3 rech1nd•11t 
lnpuu per superlayer input into a single superlayer input. Th.is coDCUt.ration reduces the amouat of inputs 
per channel reqllired on the more apemive Bend Plane ASIC. 

'Ille Bend Plane/Noa Bend Plane ASICs caa be plCbgcd in a 391 pin CPOA pac:lrage, wilh a appJOlima&o 
10 to 16 square ind! foot;irinL Further lawstlgatioll is required to determine If 1oww coa Sllrlac:e momn 
paclaces or TAB packases may be avUlable. 

ASIC OWaeierislial: 
L Bend Plane ASIC 

One 300 pin high pincount, 16n.s cloc:k, 90K gate higher deasiry 0.8 micron ASIC to perform 
most of the Bend-Plane sigllal processing 3.Dd the bost processor interface. Einimated llSed 
gates 77K 

b. Non-Bend Plane ASIC 
One 300 pin high pincount, 4115/l6ns clock. 90K 131~ lower density 0.8 micron ASIC to 
perlorm Non-Bead plane sipal processi:lg. Estimated used gates 37X. 

c:. Bend Plane Concentrator 
One 150 pin lower piucount, 161ls c:loc:ked, lOK gate LO :niaon ASIC to be ued as a 
concentrator chip to reduce the number of input pi:is . Estimated used gatas 7.4X. Packaged 
in a 208 pin ~age. 

. 2. 
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Al per fipre 1 Nebula estiicates 1hai the campleie system W041ld roquire: 
'lJJ73 Bend-Plane concentrator chips with 20 chamlels per c!:lp 
740 Bend plue ASIC"s each with S7 chaD.D.eL'cbip 
352 Non-Bend plane ASICs each with '1:'I channels/chip 

Supporting analysis can be fo1:.11d iD t!ie anaclled appenm. 

4. Eadmatacl SJ*m C.>1t 

The folJawixla costs are based upon recent ASIC quotario111 Nebula has received from ASIC vendon for the 
development ud proc:nremcllt of ASIC devices sim!1iar to :he elec'.ronic system ASIC's. Tucse pricea an 
estimates oaly. 

4.1 f§tima;ed ASIC Pi6Ce Prig 

Estimated anit price 0.8 nll<:ron ASIC Gate ARRAY "ith 300 IO pins is $350 @lK pieces 
Eslimaled writ price 1.0 micron ASIC Gate ARRAY with 180 IO pins is S 30 @lK pieces 

Note that typical llililimum device vohlmes are typically 1000-2000 plcc:es. Eitimai..d device costs aro at thae 
vohlmes. Where the number cf dc:vicel does oot meet this volume we will assume that a minjmnm purchue 
of 1000 pi-. will be required aad am \be system at !hat total price. 

ASIC TYPE 

Bend Plane 
Bead Plane Cone. 
Noa·Bead Plane 

Total Cost 

N11mber!Syatem 

740 
2073 
352 

4.2 fJtkg•ted Vepdpr Tngljpg Pl"f 

BeadP!ue 
Noa Bead Plane 
Bead Plane Cone 

Sl!OK 
SlSOK 
S30X 

4..3 Eslimatecl ~ Daip CoSls 
Tolal Decip C:Osa $1.50K 

4.4 Total ASIC Devei:lpmenl/prodnaioA Costa 

Tot.al Cost S1243K 

EST Umt Coat Total Co• 

$350 
S30 
5350 

• 3 . 
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be performed to bener characterize and 1111ders1and these risks. 

L Power Dissipation 
No power analysis bas bua performed. High .;peed CMOS devices operating at hi&h clock rates can 
dW:ipate signi.'ic:ant power. 

b. High spe<od 4aa c1ocklng/ device performance 
PL"lS of the Non-bend plane clUp nm with a 4 m clock. We ~lieve it is poSS1ble, although difficlllt 
to operate these chi!>& ar that doc:lt rate. 
Que issue is metastability in the syncllronize::. We have 120t analyizcd the synchronizer M111F due 
to metastability. 
Anowr mue is the control of on clrlp clock skew. We have not analyized cloc:k skew issues for these 
designs. 

c. Gate Azrrt De11Sity/pcrfoncat1ce 
We have made a prelimiiwy estimate of Gate Array de11!ity, and believe that the designs are feasible 
at the estimated Gate Arrily utilizations. However, at llliJ preliminary suge it is difficult to access 
the effe.:t of intemal Gate Anay routin& on the muimum Gate Array utilization or on the Gale 
Azrrt performance. . 

cl. Gate Azray Tes1ability 
No aJl<!wance has been mw:Je for ASIC testabili::y or System testability. The addition ofteu circuiuy 
may Impact dC'.ice perfor:IWICC, or gate array lllilizaiio11-

._ System PCB . • 
No ualysis has been made of system PCB routing er demGly Usta.... 
Uthe system cu. be ~ured S1ld1 tha: stan.da?d 4 or S layer PCB (l4 iuch by 24 IDch) c:au be uad, 
Nebula estimates tho cost of such a blank board to be SlK at 100 qW1Dtity. 
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APPENDIX 

L Sya- Pllrdtion 

1.1 Begd l'!ape Concentrator A$IC IO Pin Count 
Baaed upon Prof Pless's caclulations for the number of SLl,2,3 inputs per c:lwmeL 
Maximum Number of Bend Plane ChamielslBend plane Concentrator ASIC is 20. 
Calculation lWUmes appl'Oll 18S sigaal pim muimum(pllls additional power/grollnd} 
See below for details: 

a. IO Pin Count 

Aa per prof Pius's calculation, 011 a per cha11J1el busi.t there arc the followin1 JO pin 
c:onsiderations: 

SL3 
SL2 
SLl 
Oll'erhead pins 

Sl.3 adjacent pins 
for cluster removal 
16 ns at In 

h:puts 

3/cballllel 
3•(0.7S)/ch:umel 
3"(0..S)/cllanu.el 

4 

1 

Nlllllber Ouuulels/ASIC N• (1SS·S}/(4"2.2S)• 20 

1.2 Bepd &no ASIC 10 Pip Count 

Outputs 

1/chamiel 
0.75/challllel 
0..S/clwmel 

Mllimam Namber of Bend Plane Clwmel!/Bend plane ASIC is 56 

@N=20 
IN OUT 
60 2D 
45 15 
30. 10 

4 

1 

Calcalation assumes approx 300 siplal pins mmm-(plns additional power/sround) 
Number of clwmels N • (300-170)/2.25 • 56 
See below for details: 

LSemorlO 

SL3 Inputs 
SL2 inputs 
SU inputs 
Overhead pins 
Adjacznt clwmel Overhead Pins 
Sl.2+ inputs 
SU-inputs 
SU+ inputs 
SU- inputs 
SL1/l OUlpllU 

Total Sensor IiO per c!wmel 

296 
·S· 

1/clwmel 
0.7S/c)!annel 
O..S/challllel 

20 
:?() 

1S 
15 
70 

N"(2.2S)+(140) 
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where N•number ciwmeWdaip 

b. Control IO 

SRAM IO: 11 
8 bit SR.AM SL address data bus 
2 bit WE/CS memory controls 
1 Output euable input 

System Pr~ JO 13 
t-16 u elk input 
l·CS inpnt 
1-AddresaiData select 
1-SL Enable Data/SL Addr=s Data 
1-SL Enable Data 

select h/1 addrea load 
8 bit Data l'F 

use for SL address programming 

Trigger JO 2 

Mi9c:11!D 4 

1J Ngn.Bepd Pipe ASIC IO Pm Cegnt 
Maimum Number ot Beud Plaae Owmelll1!e11d plane ASIC is 56 

CaJcnlation unmce approx 300 lipal pim muimum(phls addilioMI power/polllld) 
NlllDber of chaDDels N .. (300-46)J(9) • 27 
See below for detailc 

a. Sensor IO 

Aa per prof Pless's c:alc:ulatio11, on a per chamiel basis lhere are lhe following IO pin 
mnsidentiom:: 

Sl3 3/c!Wllld 
Sl.2 3/c!Wlllel 
SU 3Jchnnel 
Overhead pins 
Adjacent channel 0--head Pins 
SL3 lllpllts 1 
SJ.2 inputs 1 
SU inputs 1 
SU outputs 1 
SL2 OUtpUl.S 1 
SLl outputs 1 

SLl/Z/3 outputs 6 

-6-
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.. 
Total Semor IIO per ::lwmel N°3.(2.25)+(140) 

where ?<l-numbet clwmelslcltip 

b. Con1r<>l IO .. 
SRAMIO: 19 
8 bit SRA?.f SL address data bus 
S bit SR.AM Clock data bus 
2 bit WE.-CS memoJY a>DUOb 
1 Output enable illput .. 
System Programmmg/lF IO 13 
1·16 us elk input 
1..CS input 
l·Address.'Data selec:i 
1-SL Euable Data/SJ. Add?ess Dau .. 
1-SL Enable Data 

select hi! address load 
8 bit Data l/P 

use for SL address programmg 

Cock Data IF 6 .. 
Trigger IO 2 

Total Conirol IO 40 

.. 

• 

• 

• 

• 7 -
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l.Geta Coa.t 

2,1 Bepd plane Omcepvator 

Est Gate Count Replication Total 

A. Sync:hronizers :20 135 2700 
B. Coincidence De!eet 19 '" SSS 
C. Pipelined Qnner Rem 75 4S 337S 
D. Output Buffer 10 4S 4SO 

Total Gales 7380 

Concl'llSion: lOK (useable gales) Gate Array in 208 pin paclta&e(l8S signal 23 power groand) seems 
Ccam'ble 10!ution. 

Technology: Mll3l suppon 16as pipelined U1::lliteciure 
k below S levels of 4 input lop: c:a:i be supported. 
Thi3 is consistent wilh the ·proposed deaigD. 

'IYJlical ludllStly Vendor 1 mbon proc:eai 
Worst case procea@Ta•25C; Vdd•Sv: 
DFC 
tp • 2.7m +0.lustLU 
tsll/lll= 0.60ns 
&. load• tLU + Lwire-
L111ire app:twa 1.51.U/FO + 1 LU 
4 !n NAND(u:ibuffered) 
tp • 0.90ns + 0.25Dl/LU 
Iu Load • 1 LU + Lwire 

I! FO < 3 tbe11 I.wire approz•6 
and apprm: delmy/lllage •2.Sm 

-8-
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2.2 Bepd P!PP' ASIC Estimatg gf Gate Cougt 

Fu.nc:tion Est Gate Co11l!t Replicadon Tow 

A Strip 1\ddru Registers 80 196 15680 
B. 8:d'6 to 1 mux 

.. 
(8to 1 =) 15 64 960 

c. 8182 to 1 mux 
(8 to 1 mu) 15 88 1320 
(4 to 1 mm) 7 8 56 
(2 to 1 mm} 5 16 80 

D. lllS8 to 1 mux .. 
(8 to 1 mux) 15 64 960 
(2to1 mm} 5 8 40 

E. Strip ADR Output Reg 80 3 240 
F. Strip ADR Hit Latch 2 196 39'l 
G. .56 to 6 Strip ADR Piped Mm Decode 

8 to 3 priority encode '1:1 8 216 .. 
30R 3 7 21 

H. 82 to 7 Strip ADR Piped Mu:r Decode 
8 to 3 priority encode 'r1 13 351 
30R 3 13 39 

L .58 to 6 Strip ADR Piped Mm Decode 
8 10 3 priority encode 'r1 8 216 .. 
30R 3 7 21 

J. Prosram Gate Lardl 5 4144 20'720 
H. Program Gate Euble gate 1 4144 4144 

L 1Dp11t SL r!peli:le +butfer 14 196 2744 
J. Pipelined 33 OR/410R/AND .. 

33 OR/410R ~ 56 22AO 
Pipeline 160 56 89l!O 

IC. SL3 matdtillg pipeliDe 10 .56 .560 
L Bad Plane Trigger Ollt Pipe 10 56 560 
M. Mile U=>11nted Galea 

FmaJ Number 'l1ID 10000 .. 
Total Esiim•ted Gate Count 76S60 

Note in 1be ta?get O.! mX:ron technology we aatidpate largetlng thia cle¥K:e into ua ASIC with 
a.wiw:D:wately 9J,OOO useable gate&. 

C=c!3o11: 90K (useable gates) Gate Array in 391 pill package(30S siSJlal, 6S power jlrOIUld) seems 
.. 

feuible 90lut:io11. 

.. 

• !) • 
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Tedmology: Must suppon 16113 pipelillod archi1ec:auc 
A4 !JI Ille 1 mkro11 cue DO more than 4 levels of Jcp: with a fa 011& ol 3 
Is w;ed GClp( Ill l crllka1 palh. 
The criW:al path oc:cun at the input to the c:bip, where the SI.2 liaes drive 
33dif!ennt1ates or ou1p11ts, and SLl lines drive 41 different ptu/oll1p11ts. 
Tho archilec:cure wiD pipeline and buffer this path so that the c:ritlc:al path 
wiD be: 
1 dff driYillg 4 buffers; 
a buffer driving 8 slll&le fo PG A.'1,'D gale 
the AND pte driving a lingle OR pie. 

"IlUs is coasi!wnt with the propoecd design. 

Typical bulusuy Vendor 0.8 mic:ro11 proc:ess 
Worst case proc:e3S@Ta=2SC; Vdd-Sir. 
DFf 
tp • l.3111 +O.S6a!ILC 
Ull/lh• O.SOlls 
Ill load• lLU + Lwire 
Lwire approx• 2.4 Lt:.f'O + 1 LU 
4 ID NAND(wibufferod) 
tp • 0.40ns + 0.14DS/LU 
ID Load • 1 LU + Lwire 

• 10 -
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1.3 Ngp-Bepd PhlP' .ASH; Ectjm•te-1 of Gato Cojult 

A 
B. 
c. 
c. 
D. 
E. 
F. 

G. 
F. 
G. 

H. 
L 
I. 
:r. 
JC. 
L. 
M. 
N. 
o. 

Funcdon Est Gate Count Replicaifon Tolal 

Synchroai'zer 20 243 4860 
~ Coincidence Delec:t 24 81 1944 
Pipelined 4ns C:r 132 27 3564 

Pipelined Cluster Rem ·20 81 1620 
Output Buffer 10 45 450 
Strip Address Registen 80 84 6720 
(8128 to 1 mm:µ3 
(8 to 1 mm:) ts 72 1080 
(4 to 1 mm:) 7 48 336 
Strip ADR Output Rq 80 3 240 
Strip ADR Hit Lalcll 2 84 168 
28 to 5 Strip ADR Piped-Mm: Decode 
8 to 3 priority enex>de 27 18 486 
30R 3 9 27 
Program Gate Latch- 5 135 675 
Program Gate Enable gate 1 135 135 
Input match pipeline +buffer 36 81 2916 
Pfpeli1led 3 OM.AND 13 27 351 
SL3 metchinl pipeline 10 rt 270 
Noa BOlld Plane Triger Out Pipe 10 27 270 
lDpul c:IDc:k register ·so 1 so 
Output dock register '70 1 70 
Mlsc Uua>unted Gates 
F"mal Nmnber TBD 10000 

Tolal Gates 36232 

Condaslon: The proposed SIOK ueabla Gate Array ..ms feasible for this deslp. 

ASIC Tec:lmologyl peJformance. 

The won& case speed paths for this cbip are the 4m docbd paths. 
We propose 10 perform them in a pipelined fasbioo with oa.ly 1 lcvol of JoP: bo&ween each 
pipe. 'Ihe counter is pedormed as per sketchl. >.a &howll lhere is apprmimaldy lOCJI> margin 
Joacting the co11nt register at 4ns clock. 
This prcHmjnary timing estimate shows that the 4ns counter dmiD& is ti&Jit but feasible and 
mut be car~ desipcd. 
A similiar situa1Km oc:curs when loading the external clock data Into the clock data ba1fer. 

. • 11. 
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per smal! seci:ar - NBPA. 

NBPA = 6 x 106132 x 3 • 6.3 x 104 

Accidentals per small sector - ASS 

ASS • (NBPA) (SP Ai (-r1 + -r2) 

= (6.3) (104) (6 (102) (16+16) (10-9)-1.2 

The accidental for the full sector - AFS is given by: 

AFS - (3ASS) "' 3.6 

Telal aeaid41~1AI f.i,,• CCI.I - {0.0) {Ol!) • I I~ l 1.,, 1 ... Tu d 11;:, vv., OIUU 

27 Hertz which gives the GEM accidental rate of 142 Her".z. 

Dead Time 

To calculate the dead time we must consider what is the probability 
that a track will generate a signal in all three RPC super layers. In each 
super layer a track goes through three pairs of bend and non-bend strips. 
Since we use 2 out of 3 logic we must calculate the probability that at 
least two pairs of bend and non-bend strips are "alive." Let this 
probability for any bend plane super layer Bi • (L TP)sj• j = 1, 2, 3. 

Dej - Dead time probability for bend plane strip Bj. 

Total bend live time· (LTP)81 (L TP)92 (LTP)93 •Ls 

Tctal bend dead time• 1 - (L TP)1 (L TP)2 (L TP)3 • 09 

We will assume that aft9r each hit on any strip the strip is "dead" for 

100 x 1 o·9 seconds. Frcr:i the previous information we calculate: 

661 - (631.sJ (1 .3) (sooJ (1 ooi ,, a-sl •. 041 
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-

.-

DNB1 • (148.5) (3.9) (500) (100) (10-9) • .028 

DNB2 • (239) (6.5) (500) (100) (1 o-9) • .077 

DNB3 • (329) (8.9) (500j (100) (1 o-9) - .147 

DNBj j • 1, 2, 3 is the dead time probability for non-bend plane 

strip BJ 

(L TP)91 • (3) (.04) (.96)2 + (.96)3 • .995 

(L TP)92 = (3) (.068) (.932)2 + (.932)3 = .987 

(L TP)e3 ':' (3) (.096) (.904)2 + (.904)3 = .974 

Total bend live time - LB - (.995) (.987) (.974) ... 957 

Total bend dead time. 1 • LB • 1 • .957 = .043 

Let CL TP)Nej • Live time probability of the non-bend plane j. 

(L TP)N81 • (3) (.028) (.972)2 + (.972)3 • .998 

(L TP)N82 - (3) (.On) (.923)2 + (.923}3 • .983 

(L TP)N83 • (3) (.147) (.853)2 + (.853)3 • .942 

Let LNB - total non-bend live time. 

LNS • (L TP)NB1 (L TP)NB2 (l TP)N83 

Total non-bend dead time • 1 • LNB 

LNS • (.998) (.983) (.942) • .924 

Total non-bend dead time • 1 - .924 - .076 

Let total GEM live time· - LT 305 

01116 15:51 7312~25 it 17 
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LT - (LS) (LNB) = (.957) (.924) - .as = 88'% 

GEM dead time= .12- 12% 

If we assume our pulse dead time Is 50 nanoseconds insteaa of 100 
the dead time is reduced to about S°/o. Both numbers are acceptable. If we 
assume, because of the high rates, the efficiency of the RPC degrades then 
there will be a diiferent calculation for the GEM live time and dead time. 
Assume that the efficiency of an APC plane is E. 

GEM live time= ((3) (1 - E} (E)2 + E3]6 

E GEM Live Time 

95% 96% 
90% 84% 
85% 69% 
80% 52°1c. 

GEM Dead Time 

4% 
16% 
31% 
48% 

Obviously the dead time Is sensitive to the efficiency of the 
individual APC plane. A proper, by definition, high rate RPC will have an 
efficiency greater then 95°/o. It should be noted that at efficiencies 
greater than 95%, the previous calculation is the relevant calculation. 

End Cap 

The problems of the end cap are much simpler than the barrel due to 
the much greater segmentation; Without presenting the details, all 
accidentals and dead times are reduced by about two orders of magnitude. 
The timings are essentially as In the.barrel, but all delays are reduced by 
about a factor two. 
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SUM1\1ARY 

THERE IS NOW A COMPLETE FIRST PASS 
DESIGN FOR THE GEM MUON SYSTEM BASED 
ON RESISTIVE PLATE CHAMBERS THE BASIC 
PROPERTIES ARE: 

1. ELECTRONIC COSTS $1.3 MILLION 

2. BEAM CROSSING TAG 7 NANOSEC 

3. FALSE TRIGGER RATE AT 
34 

L=lO 29 HERTZ 

4. DEAD TIME- 50 NANOSEC 6% 
- 90% EFF. 16% 

. 
5. f /Z. o G- JZ.. A-.A-1 !"'I ft J3 L 'f3 

A . 'i J<. AN t,... cs if; r f1 Dl"l E-/f/'rl),vi 

Erl/r ~ . fl- r l P r...1uv G" A L1 e-111 M 

{_. 
Jt11 re;z_1tc.-/1D1t1 f9t~r AL1trNtv1r?r 
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The RDT Trigger Consideration 

Presentation by: 

A. Korytov 
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Drifl limes: 

'Tl=- A I 
v 

Wi.!AT WAS US.El): 

'1. 'l.:irift = Const 

• 

• 

-r_ = T. -T 
-z. 2. 0 

.2. 

3. 

4. 

Verl:ical track. (ol.=0) ==1> h. 1 -t Az. = R 

Tro.cl:: went ~e.+ween wi r.e.s 
M ea.su r emen-l~ are aood (no ~ -eleckons, ) 

no ba.c..~u.n.cL 
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1>ri .ft Ti mes : 

1:1 ::: O.· A1 + ~. t:,.~ 

"t.z "' 0...· ~2 + ~· b~ 

. i 

]) 

"li + T2. - a Co - _! (c,2 + t..T2. ~) 
2 2 "" (a.+ bCo, 

Co:::R+dD 
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• 
SL2 

.. 

.. 

.. 

.. 

.. 
1.P. 

" 

.. 
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SL!> 

SL2.. 

-
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y .. ml *MO + m2*MO*MO 

Value Err or 

ml 17.357073062 0.094725 

mZ 0.2854607T8ZT 0.0104131 

Chis"' 13.306709135 NA 
R 0.99994534341 NA 

"' = 
G,) 

a 200 - -·-I-... ... ·-lo. 
Q 

150 

100 

50 

0 2 4 

316 

6 8 

T =a•x + b*X"Z 
(Points are calculated 
from accurate fit of LASER DATA), 
Ar+IB =2S+7S 

10 12 

Distance, mm 

• 

• 

.. 

.. 

.. 

.. 

• 

• 

.. 

• 
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-

ml 
m2 
m3 

Chisq 

R 

200 

"' c:: 

Q) 

e 
!- 150 .... -\... 
0 

0 

y • ml•m2'*MO • m3*MO*MO 

ValUe Error 
3.3417585497 0.484641 

S.031063318 0.23408 

1.4116950994 0.0239047 
2.9760939244 NA 

0.99995388072 NA 

2 4 

317 

6 

CF + CO +C H = 69 +20 + 11 
4 z 4 10 

8 

U = 5.4 kV 
Laser Data 

10 12 

Distance from wire, mm 



• 

• 

T =b*x"'2 

Volue Error 

b 5.3277617937 0.0214464 

Chisq 199.89911477 NA 

R 0.99973685403 NA • 
Ar+CO +C H ~ 2.5 + 88 + 9.5 

2 4 10 

Laser Data 

500 

• 

"' c: 
Q) 400-
8 

E-.., • ..... ·-... 
Q 

300 

• 

• 

• 

0 2 4 6 8 10 12 

Distance from wire, mm • 

• 
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fil 
c: 
"-

CT.! ..... 
c: 
;:3 
0 
t.> 
'-' 

0 

~ 
"-z 
"O 

-

-

1 0000 tracks ( N tot= 12 * 10000) • P=l 0 GeV/c I 
MCl-IB(.00, 0., .000).DATA 

8.000 104 

7.000 104 

6.000 104 

5.000 104 

4.000 104 

3.000 104 

2.000 104 

1.000 104 ........... -·-··'···· ........................ , ..................... . 

0 

-so 0 50 100 150 200 

TO,ns 
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1= 5.031063 b= 1. 411695 
:EY=l • 
ps=.000 Terror(ns)=O.O Aerror(rad)=.000 

20. GeV: Nyes-Nno-Nwrong= 9999 0 1 

0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
2 0 0 0 0 0 0 • 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 
6 0 664 0 0 0 0 
7 0 1602 0 0 0 0 
8 0 4161 0 0 0 0 • 
9 0 2764 0 0 0 0 

10 0 764 0 0 0 0 
11 0 ·42 0 0 0 0 
12 0 3 0 0 0 0 

• 

• 

• 

• 

• 

• 

• 
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-

10000 tracks (Ntot=l2*10000) P~lOGeV/c I 
MCl-18(.05, 0., .000).DATA 

7.000 104 

'il 6.000 104 

i:: 
'-
rll 

5.000 104 ...... 
i:: = 0 
t.> 4.000 104 .... 
0 

!a 
3.000 104 

'-z 
"C 

2.000 104 

1.000 104 

0 

-so 0 50 100 150 200 
TO,ns 

-
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• 

• 

• 

10000 tracks (Ntot=l2*10000) P=l O GeV/c I 
MCl-IB(.05, 2., .005).DATA • 

2.000 104 

7il 
= 1.600 104 

' 
• 

17.1 ..... 
= 

•:e 

= 0 1.200 104 
(.) 
~ 

• • 0 • 
fa 
' z 8000 ,, 

• 

4000 
.. 

• 

• 
0 •• . ........... ····••··· 

-30 -20 -1 0 0 10 20 30 
.. 

TO,ns 

.. 

• 

322 ... 



Time Trigger Inefficiency 

~ 5-'-~~-'-~~-'-~~--'-~~,.-.~~.-+~~..-+~~..--.-

lf/. -
• • 

• 

• • 
2 ! ... 

•• 
5 10 15 20 25 30 35 

II-electron probability per cell(%) 

• 
2 

• 
o·_._._,__._~_..~_.'-'--"L_'--'~~+-~~_,_-+-~~~--1-

4 10 
Drift Time Error (o), ns 

~s-1-~~~~~~-1-~~~-1-.~~.-1-~~~+-~~-r-+ 

~ 

~4 .., 
u 
If! 34-················ ..... ' ... • 
.s 

2 • 

• 
• 

• • 
0 

0 0.005 0. 1 0.01 5 0.02 0.025 0.03 
Max Angle Error (flat distributJon), rad 
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cJ2 

G> = 4 "' ... 
ie 
"' .s 3 

+ 2 -+-······················ ••....... 

1 • 
• 

0 
10 

Time Trigger Inefficiency 

+ 

+ 

• • 
• • 

324 

+ 

..................•. 

• 
100 

• .OS, 2., .OOS 

• .OS, 4., .010 

0 • , 0, 4., .01 0 

+ + 

• ••• .. • • • 

Momentum (P), GeV/c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

-



-

-

Tune Trigger Inefficiency 

• .OS, 2., .018 s~~~---~-~~~~~-+---l 
.__ ____ __,,__. 

~ = 4 IU ·-CJ 

'E .s 3 

2 +······················!···························································································· +·································································-+-

+ 
+ + + + 

1 

10 100 

Momentum (Pl. GeV /c 
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Tiine Trigger Inefficiency 

a< 

~ 

• 1 6 ns CLOCK! 5 .-~~...+-~~~~~~~~~---.-1f-----1 
'--~--~~~---' 

d 4 
II) .... 
(.) 

e 
II) 

.E 3 

2 

1 

0 

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

+ + + . + 
+·································································································· ; 

10 100 

Momentum (P). GeV /c 
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-

10,000 tracks (Ntot:=l8*10,000) P=lO GeV/c I 
[sL2+SL3 MC1-CF4a(.00, 0., .000).DATA 

1.500 105 

5.000 104 

oJ....--~-----4-----1-----+----+-........ ~ 
-100 -50 0 50 100 150 200 

T
0

, ns 

-
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SL2+SL3 Time Trigger Inefficiency 

CF +CO +C H = 69+20+ 11 
4 2 4 10 

2 • 

• • • ! • 
• • 

0*-"'-9----'--l-'"-'-~--+-~~-t-~~'-+-~~'-+-~~-'-+~~-'-j-

o 5 10 15 2 25 30 35 
Ii-electron probability per cell(%) 

~5-+-~~~-+-~~~--1~~~~+-~~~--1-~~~----t-

~ 
~ 

2 

' 
..... ·! 

' 
' ' 

...................... L ... 

! 

• 

• 

o----~---~__._~--.~-.>---'---'"--~+-~~~--+-~~~-+-

4 10 
Drift Time Error (o), ns 

• 
2-+-······· ... ;... ...... . 

• 1-+- .................. . . .............. . 

• 
• • 0 

0 0.005 o. 1 0.015 0. 2 0.025 0.03 
Max Angle Error (fiat d.Jstributlon), rad 
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RUN 06Z6 T = a"'X + b"'X"2 
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.. 
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Simulation of Muon Background: 
CSC vs RDT 

Presentation by: 

A. Ostapchuk 
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Cost Matrix 
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MUON SYSTEM 
COST ESTIMATION WORKSHEET BACK-UP 

WBS ELEMENT DESCRIPTION: Barrel Region; RPCs; Oft·Slle; RPC a. Assy Flxturlng, Flnal Design 

WBS ELEMENT NUMBER: 30.02.2.1.6" 
DATE: 16 Juno 92 REV: 0 ESTIMATOR: T. Hamilton .. 
ENGINEERINGtlESIGN INSTALLATION/ASSEMBLY 
Organization: MIT Organization: nona 

Ra ta Ra ta 
LABOR __!!__ !SK/PYl SK LABOR __!!__ !SKIPYl SK 

engineer. narl lab 0.00 161 0 engineer, nan tab 0.00 161 0 
designer, narl lab 0.00 11 8 0 sr. tech, narl lab 0.00 1 1 8 0 
draftsman, narl lab 0.00 77 0 jr. ted'I, nat"I lab 0.00 1 08 .. 
engineer, narl avg 1.25 133 166 engineer. narl avg 0.00 1 33 0 
designer. narl avg 0.00 107 0 sr. tech, nat'I avg 0.00 107 0 
draftsman. nat'I avg 2.00 82 164 jr. tech, nat'1 avg 0.00 82 0 

engineer, SSCL 0.00 69 0 
Total, wt Comp Rate 3.25 102 330 sr. tech. SSCL 0.00 44 0 

machinist, job shop 0.00 57 0 
sr. tech, job shop 0.00 48 0 .. 

M&S: ENG/DESIGN and INSPECT/ADMIN SK jr tech, job shop 0.00 34 0 
office supplies ($2.4K/PY) 8 rigger, welder 0.00 46 0 
PC/Mac/workstation operating charges {$3.6KIPY) 12 pipefitter. electrician 0.00 57 0 
travel 0 
office/engineering service equipment 0 Total, wl Comp Rate 0.00 0 0 

0 
0 .. 

WW 0 PROCUREMENT and FABRICATION MATERIAL SK 
xx 0 component stock 0 
yy 0 fabrlcation equip 0 
zz 0 assembly/test equip 0 

materials and supplies (nuts, bolts. etc) 0 
Total 20 inspection equipment 0 

support rubes 0 • 
end plugs 0 

INSPECTION/ADMINISTRATION ti 0 
Organization: MIT uu 0 

Rate VY 0 
LABOR __!!__ !SK/PYl SK WW 0 

engineer. narl lab 0.00 161 0 xx 0 
sr. tech, nan lab 0.00 118 0 yy 0 • 
jr. tech, narl lab 0.00 108 0 zz 0 
engineer, narl avg 0. 13 133 1 7 
sr. tech narl avg 0.00 107 0 Total 0 
jr. tech nan avg 0.00 82 0 
engineer, SSCL 0.00 a; 0 
sr. tach. SSCL 0.00 44 0 MATERIAL: INSTALLATION/ASSEMBLY SK 
sr. tech. job shop 0.00 48 0 office supplies (S1 .2K/PY) 0 • 
jr tech. job shop 0.00 34 0 travel 0 

office/engineering service equipment 0 
equipment operating charges 0 

Total. w/ ComD Rate 0.13 133 17 uu 0 
VY 0 

CONTINGENCY WW 0 
Factor Percentage Total • 

technical 8 2 16% Total 0 
cost 6 6% 
schedule 8 8% 

Total Contlnt:iencv 30% 

• 
' 

COMMENTS 
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Ba:rre I Rejio111 Stv-uc.fuv-e 
(Alu wii"'u..-,) 

Pov-t;ovi Si '2:e l~1L,_ ~ 
~o.{f-Lf+ -----

CDs Ri~ 
J..'' 10 "o. !):.> z ~u G07f"t , 28. II 

~,, .1.' 0 , b . .) 2 la.let/I G72ft .i; 10. 15 
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~ 
$ to. 15 u ..1... II II IS~f't G o, [),.) :a. IAJQ 

l'rlodu les _L II 
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Barrel Assembly - Sectors Version Rev. 1 12/31/92 

Unit Total 
# Operation Description Equip.required Quantity Mat'I. weight Wt. (lb) 

9 Barometer very fine calibration 1 nta 

1 0 Interferometers range up to 3.5 M High precision 2 n/a 

1 1 Thermometers 32 deg,F. - 120 deg.F. 0.1 deg. C. precision 1 0 n/a 

1 2 Distance references Reference bar 1 5 n/a 
Measuring stick 20 n/a 
Survey plug 50 n/a 
Micrometer digital set(O to 4) 3 n/a 
Micrometer digital set(4 to 8) 1 n/a 

c:.:i 1 3 Tool boxes Complete tool set 50 n/a 

O':I wrenches, drivers, digital 
0 caliber, files, hammers, 

precision square, sockets, 
rachet wrench, etc. 

Hand drill with drills 10 

1 4 Gas System receiving chamber test Supply 2 nta 
module test of group mixing 2 nta 

distribution 2 n/a 

1 5 Electrical test system goes with gas system rack 2 nla 
test programs 1 nta 

1 6 Scintillators I counters 4M long x 0.25M x 1 in. 220 n/a 

1 7 Electronic Bubble Levels calibration of structure ((18X4)+4)'1.1 = 80 80 n/a 

1 8 Alignment laser calibration of modules 4 n/a 

Page2 

• • • • • • • • • • • 



) ) l ; j ) 

Barrel Assembly - Sectors Version 

Estimated Design Fabrication Assembly Minimum 
# unit cost Labor hours Labor hours Labor hours people 

9 1000 

1 0 150000 

1 1 500 

12 300 
300 
200 
760 
1065 

13 500 
~ 
O':I 
~ 

300 

14 200000 

15 200000 
240 

16 2310 

17 1500 

1 8 15000 

Page 6 

Rev. 1 

Labor 
Cost 

0 

0 

0 

0 
0 
0 
0 
0 

0 

0 

0 

0 
6216 

0 

0 

0 

) ) 

12131/92 

Materlals 
Cost 

Purchased 
Cost 

1000 

300000 

5000 

4500 
6000 
10000 
2280 
1065 

25000 

3000 

400000 

400000 
0 

508200 

120000 

60000 

) 

Total 
Cost 

1000 

300000 

5000 

4500 
6000 
10000 
2280 
1065 

25000 

3000 

400000 

400000 
6216 

508200 

120000 

60000 

) • 
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A Minimization Method for 

Determining Product Costs 

1. Establish the manufacturing tasks required. Specify 
(or estimate) the cycle time for each. 

2. Specify (or estimate) the cost of equipment required 
to perform each task. 

3. Use task/resource matrix (steps 1 and 2) as input for 
the ASDP-FPR general solution. 

4. Determine the "most desirable" system based upon 
unit cost and number of stations required. 

5. Use ASDP specific solution to establish the expected 
costs and steady-state behavior for the system{s). 

6. Use PIB program to develop 
yield and reducing cycle time. 
costs and inflation factors, as 
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RPC Assembly Process 

Aggregate Description Time 
task 

1 Incoming inspection lOhr 

2 Layout and clean resistiveplastic 6 hr 
(6 sheets) 

3 Apply Aquadag high voltage 14 hr 
coating to resistive plastic sheets 
(1 hour per sheet plus 8 hours 
drying time). 

4 Glue mylar with pick-up strips 26 hr 
to 6 resistive plastic sheet (1 hour 
per sheet plus 8 hours drying time). 
Glue metal foil to 6 dielectric foam 
sheets (1 hour per sheet plus 8 
hours drying time). 
Glue foam/metal to resistive plastic/ 
mylar/pick-up strips (1 hour per sheet 
plus 8 hours drying time): 

5 Install termination resistor pack on 6hr 
strips. 

6 Install cabling on strips 18 hr 

7 Cut, machine, drill Lucite for frame 4hr 

8 Assemble frame 1 hr 

9 Glue one laminate into Lucite frame 12 hr 
and install and glue spacers onto 
resistive plastic sheet ( 4 hours to 
install spacers plus 8 hours to allow 
glue to dry). 

10 Glue second laminate onto previously 
installed spacers and frame ( 1 hour to 

14hr 

apply glue to previously installed spacers 
8 hours to allow glue to dry). 
Gluc third laminate onto second laminate 
Install spacers on third laminate (1 hour 
to glue third laminate, 4 hours to install 
spacers, 8 hours to dry). 

11 Gluc fourth laminate to previously 14 hr 
installed spacers (1 hour to apply glue 
and 8 hours to dry). 
Glue fifth laminate onto fourth laminate 
Install spacers on fifth laminate (1 hour 
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Number 

I. 

'2. 

3. 

~. Dr-

~. Dv 

APPLICABLE TECHNOLOGY CHART 

r•u• _..;.R_P_c __ c_l-i_a._,..,_b_e_,.._s __ l?_~_s-'y-'/_r._e_s_f_ /IJ°""'.93 o- ____ _ 

Z.24 Working Days per Year 

/ Sh1f'ts Available 

0 I Station-to·Staoon Move Time 

Produc:oon Bateh Data 

RESOURCE Da1a Set Name: R PC RE S 

For· each resource · 

C Hardware eosr ($) 

Uni ti 

zee 
(92 

__ ,_o..;f:__ "'4 Mtn. Artractlve Rate of R•turn 

--=.3::.__ __ yr Capital Recovery Period 

S 9, 7 / Aven•g• Loaded Labo• Rate (.-.,) 

9e) I 1'9'IW- Id 

::-J&ip 

TASKDa1aSetName: R PCT S k 

wlien a resourc:a ean 
be used on a task : 

P Installed eosl t Hardware eosl • rho Factor ' Operabon r Tool 
t U~time expected ('%} 
v Operating I Ma1nter.ance rate ($/hr) 
I c Tool change lime (SK} 
m1 Maximum s1aoons per worker 

l'(l 'j .5 
C: ZOO 
p: z 
r; IOO 
.,. : I 
le: 120 
m,: o.7C 

11me (sec) 1 number 

------'------

C: 
p: 

" 

Hardware 
cost (S) 

C: C: 
p: p: 
c: f: 
w: w: 
le: •c: 
"'•: "'•: 

' ___ J_____ _ __ J ____ _ 

----·----- ____ , ____ _ 

' --------- ----'-----

----·----- ----'-----
' ' 

----~---- ----~----

7. 
Glue ,.c.i".( f.,; / 
T• tlieluf.;c. t"_,,, 

' ____ , ____ _ ' ----'-----

8. ' ---------
____ t, ___ _ 

' ' --------- ---------
' ' 10, ----J---------~----
' 

//, 
____ 1 _________ 1 ____ _ 

I Sheol ___ ., ---
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Ba.rre.J.. Cha.mbe..-= 

ASS~MBLY SYSTEM DESIGN 

A. S. D. P. 

Weiqhtinq factors: 

40 

30 

20 

J.0 

0 .2 

Po:rtion of 

369 

A==~mb1y / Te."St 

01-11-1993 12::52:25 

Version 7.0 

Unit Cost B:S.001' 
Investment O.OOY. 
Stations 15.00Y. 

288 ltni ts 

1 s:f t 
I 

.4 

3 

.6 

yea:rs 

.8 1 

:requi:red 



v. b'+ J"t I • J,. I ;v .L .:>O.:>C::: • "'+V .:>OC""tVV .. ;;J c 7 

149 i?0.10 9229.82 .. 
0.6428 7.04 11 13931.81 402400 4 5 2 9 

162 23.72 8649.57 A 

0.5901 5.53 10 15177.10 422800 5 5 2 9 
178 23.12 8662.69 A .. 

0.5365 5.53 11 15177.12 422800 5 5 2 9 
179 23.41 8620.03 A 

0.5356 4.27 11 16656.46 427200 5 5 3 9 
C'lO I 26. 13 I 8189.43 A .. 

0.4561 3.68 11 17534.47 417600 5 6 3 9 
223 25.97 8145.24 A 

0.4303 1.96 12 21810.20 449200 7 8 3 9 
223 14.10 10061.39 .. 

0.4291 1.97 10 21751.73 429200 7 8 3 9 
224 14.43 9968.65 A 

0.4285 1.29 9 24313.57 651600 7 8 4 18 
254 11.87 10179.75 A .. 

0.3776 1.16 7 25220.81 652000 7 9 4 18 
297 15.06 . 9228.88 A 

0.3222 1.01 7 26466.08 672400 8 9 4 18 
298 15.17 9162.14 A .. 

0.3213 1.00 8 26653.19 736400 8 9 4 18 
315 16.51 8861. 76 A 

0.3040 0.91 8 27501.97 716800 8 10 4 18 
335 17.46 8631.07 A .. 

0.2860 0.92 7 27385.03 676800 8 10 4 18 
3!:16 20.47 8109.28 A 

0.2695 0.74 7 29537.52 697600 9 11 4 18 
358 16.82 8684.69 A 

.. 
0.2678 0.65 8 31016.88 702000 9 11 5 18 

448 E!4.17 7501.54 A 

O.E!142 o.ee 9 44155.48 1060400 13 17 6 27 
537 11.86 9271.70 A 

.. 
0.1785 o.eo 10 45634.8E! 1064800 13 17 7 27 

590 13.26 8849.32 A 

0.16E!4 0.19 10 46542.04 1065200 13 18 7 27 
595 lE!.83. 8939.98 A 

.. 
0.1611 0.18 10 47787.31 1085600 14 18 7 27 

597 1e.oo 9152.37 A 
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I I I I 

RPC BaP~?l Cha~he~s ~sse~hly / l?~t 

21~ Units $7674.965 Each 8.5h C~cl~ Ti~~ 1.~ Shifts 1.~ra~ ~F 

1 11 2-3 I 4 i 5 6 i 7 : B 9 10 11 11 
i 

s . Qhl 1 s . gh s • 0h 4 . eh a • ~h : 4 . Qh s . ~h 4 . 0h s . 9l111 4 . 0~ 

~ ...... -\.*2 c·"1·1-·) en) 11· -. . . .. "1·1-·' r··--:·r-. .. 
( ,

1 
'• ,• I I ' I •, l ,1 

' · ·il···· ...L..., .. \ .. _,) \ .. u. .. _, '· .. lJ_,., 
MTS-2 MJR-1 CUR-1 MSR-1 CUR-2 MSR-1 CUR-3 MSR-2 CUR-4 MSR-2 

12-14 15 16 11 18 II 19 II 20 21 22 23-24 
8.5h 4.0h 8.Qh 1.0h 8.0hl I 5.0hl I 8.0h 1.0h 8.0h 8.0 

( .... .,.-,.*2 (,,,...,-r-.) m·r-) err-·, ~·-{· -i~· \ ... ·-"'\··' 
~'l, il' 111 'A,. r,,,, (1~11) '.. • I' ,••' I .J• l rJ • J' ••• \ .... .l ••• '. ' ... ..:.....:..- "' ............ ~-

MJR-3 MSR-3 CUR-5 MSR-3 CUR-6 MSR-4 CUR-? HSR-4 CUR-8 MJR-4 
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RPC 13.a••-l. 

Production Improvement Behavior 01-14-1993 

Total time available : 2453 H 

Cycle time for first unit : 8.5 H 

Yield for first unit : 75 X 

Output units : 217 min. 829 max. 

6 u 317 

4 

2 

CIF 93.77 

9 29 49 69 89 

F:i.,.,al. y:i.-l.cl < Y. > 

.. 

11:10:19 .. 

.. 

.. 
28S 

.. 

• 

.. 

.. 

190 
• 

processed 
units = 1.425 -0.405 sqr[ 1 - [(output - 288.000)/ 294.724]~2 ] • 

cycle 
time = 10.639 -3.239 sqr[ 1 - [(units -

372 

317.0001/ 
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-
B ..a. r r E!!' l. 

Production Improvement Behavior 01-14-1993 11:16:36 

224 Workinq days per year, 1 shift per day 

13.78 Workers required at 59.71 $/hr < 4.0X inflation> 

15.3 $/hr operatinq/maintenance rate < 3.0X inflation> 

$3792.00 initial Materials Unit Cost < 5.0X inflation> 
25 • .00X of current cost for replacement 

$177021 Capital Equipment Cost $90579 Toolinq Cost 
2.000 <Total ~ostl/CHardware Cost> O.OX MARR 3 yr Capital Recovery 

11 . .il 

11"11 

:11. 

'II:: 

{''· 
'1 .. 1• 

1[11 

:!::i: 
·11"· ... 

11'' ·1~·: ''11 
,, ""' .. 

-(~ar· 

1 
2 

to ta ls 

Units Units 
Uutput Processed 

cOl .2 228.0 
El6. El 89.0 

288.0 317.0 

.:II.. 

O/M 

Lb:r 

Inv 

Mtl 

·-···--........ , .•. 

,., I I 1! 1111 :J ·1 ·: ·1:1°1111 ·1 ·: 
M "" ' .I. "' ' 1111 "" .. .~ .. 

"I II Ii :n. 11 .. 

Materials Investment Labor Oper/Main. rot al 
Unit Cost Unit Cost Unit Cost Unit Cost Cost 

3918 1044 7327 136 2500395 
4008 1044 6519 120 1014325 

1136145 300774 2040090 37711 3514720 
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Muon Sub-system Barrel Assembly Costs RDT/RPC 

5% 

• Sector Assembly 

LJ RDT chambers 
c.,, \ 1. RPC chambers -.J 
C.11 ···- • Structure 

[ij Gas Systems 

D Cooling Systems 

t:I Alignment 



Muon Sub-system End Cap Assembly Costs CSC 

4% 

-·"----

• Sector Assembly 

e,., m_.... \ 
""1 

[ l_J CSC chambers 

a:> -._... I I 1111 Structure 

• Gas Systems 

U!l Cooling Systems 

D Alignment 

50% 

• • • • • • • • • ' • 



, 

Muon Sub-system End Cap Assembly Costs RDT/RPC 

1 % 3% 

-----~ --·· --·---------

• Sector Assembly 

[l ROT chambers 

"' 10% \ I 1111 RPC chambers "1 
~ • Structure 

[[] Gas Systems 

CJ Cooling Systems 

9 Alignment 
--~--
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c;., 
"'1 
~ 

W8SNo. 

SD 

SD' 

30.01 

30.02 
30.02.1 
30.02.2 
30.02.3 
30.02.5 
30.02.8 
30.02.7 

30.02' 
30.02.1 
30.02.2' 
30.02.2 .. 
30.02.3' 
30.02.5' 
30.02.8' 
30.02.r 

30.03 
30.03.1 
30.03.2 
30.03.3 
30.03.5 
30.03.8 
30.03.7 

30.03' 
30.03.1 
30.03.2' 
30.03.2" 
30.03.3' 
30.03.5' 
30.03.B' 
30.0:1.r 

30.04 
30.04.1 
30.04.2 
30.04.3 

30.05 

30.08 

ll•m 

Tot.I• ·CSC 

T- • ADT!llPC 

RIO 

Cer<nO lloglon • csc 
Sec:lor A11embly 
csc .......... 
Slruclure 
Gas Sytl.., 
.,_,gSytlom 
AHgnmen1 

Cerni lloglon- RDTffC 
Seclor Alhmbly 
RDT-RPC-Slftldur• 
Gas~ 
Cooing~ ... _ 

End Cop Rogian • CSC 
Sedor AlurnbtJ 
csc--. 
Slructure 
GasSys .... 
CoolngS,11ems 
Align .... 

End Cop lloglon • RDUIPC 
Sedor AeumblJ 
RDT-
RPC ..... .... 
SUuct .. . 

-~ ... 
Coo1ngs,11e .. 
Allgnm .. 

lnl1afla0on 
-Rogian 
End Cop lloglon 
Glaliol Allgnmenl 

Prajocl Mgml. 

Concopo lloolgn 

Eng•g/lloelgn 

1.251 

t.148 

2.313 

2.017 
0.297 
0.332 
0.555 
0.550 
0.221 
0.137 

2.371 
0.297 
0.332 
0.332 
0.555 
0.774 
0.011 
0.077 

2.132 
0.297 
0.332 
0.555 
0.515 
0.229 
0.137 

2.438 
0.297 
0.332 
0.332 
0.555 
0.774 
0.011 
0.137 

1.325 
0.891 
0.297 
0.137 

0 

1.312 

Muon Subay1lem Coat Summary • Rev. 15 1/15/g3 

M&S lnap!Admln 

1.111 1.420 

2.051 1.411 

0.110 

0.370 
0.032 
0.079 
0.087 
0.124 
0.031 
0.017 

0.547 
0.032 
0.055 
0.043 
0.087 
0.283 
0.032 
0.015 

0.353 
0.032 
0.057 
0.089 
0.128 
0.031 
0.018 

0.538 
0.032 
0.051 
0.039 
0.089 
0.275 
0.032 
0.018 

0.123 
0.075 
0.034 
0.014 

0.435 

0.300 

0 

2.575 
0.155 
1.129 
0.410 
0.855 
0.087 
0.159 

2.475 
0.155 
0.593 
0.343 
0.410 
0.867 
0.014 
0.093 

2.084 
0.155 
0.128 
0.422 
0.882 
0.069 
0.148 

2.280 
0.155 
0.499 
0.230 
0.422 
0.792 
0.014 
0.148 

G.485 
0.221 
G.182 
0.082 

3.291 

0 

.... _ 
25.032 

11.213 

0 

18.988 
0.075 

14.552 
0.498 
0.481 
1.517 
1.885 

10.948 
0.075 
7.851 
1.092 
0.498 
0.840 
0.050 

0.74 

5.888 
0.075 
3.004 
0.104 
0.508 
1.517 
0.880 

5.139 
0.075 
3.450 
0.429 
0.183 
0.840 
0.050 
0.312 

0.178 
0.100 
0.028 
0.050 

0 

0 

Assembly tnslallallon 

25.810 1.381 

21.113 1.311 

0 

16.853 
0.509 

13.378 
0.810 
0.808 
0.279 
1.069 

12.232 
0.509 
6.611 
3.020 
0.810 
0.758 
0.036 
0.490 

8.837 
0.448 
6.704 
0.718 
0.582 
0.279 
0.110 

9.731 
0.448 
5.501 
2.074 
0.718 
0.756 
0.043 
0.195 

0 
0 
0 
0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

1.381 
0.893 
0.473 
0.195 

0 

0 

Equlpmanl 

10.131 

11.545 

5.567 
3.768 
0.643 
0.856 
0.000 
0.000 
0.300 

6.026 
3.768 
0.651 
0.269 
0.856 
0.182 

0 
0.300 

3.879 
2.900 
0.381 
0.450 
0.148 

0 
0 

4.129 
2.900 
0.397 
0.263 
0.450 
0.119 

0 
0 

1.39 
0.910 
0.480 

0 

0 

0 

Sub·lolal Des Gr Allow 

82.211 25.101 

71.525 20.211 

2.423 

46.450 
4.838 

30.113 
3.216 
2.618 
2.120 
3.547 

34.604 
4.836 

16.093 
5.099 
3.216 
3.502 
0.143 
1. 715 

23.151 
3.905 

11.106 
2.336 
2.609 
2.122 
1.073 

24.233 
3.905 

10.230 
3.367 
2.415 
3.356 
0.150 
0.810 

4.842 
2.89 

1.474 
0.478 

3.731 

1.892 

0.485 

15.631 
1.451 

10.841 
1.079 
0.578 
0.638 
1.048 

10.127 
1.451 
4.788 
1.498 
1.079 
0.77 

0.043 
0.502 

7.843 
1.172 
3.998 
0.769 
0.827 
0.804 
0.273 

7.839 
1.172 
3.882 
1.212 
0.798 
0.738 
0.045 
0.194 

1.138 
0.887 
0.358 
0.093 

0.373 

0.338 

Tol•I 

101.015 

11.123 

2.908 

62.081 
8.287 

40.954 
4.295 
3.196 
2.758 
4.593 

44. 731 
8.287 

20.879 
6.595 
4.295 
4.272 
0.188 
2.217 

30.994 
5.077 

15.104 
3.105 
3.438 
2.928 
1.348 

32.072 
5.077 

13.912 
4.579 
3.211 
4.094 
0.195 
1.004 

5.178 
3.577 

1.83 
0.571 

4.104 

2.030 



c,., 
co 
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• 

wesno. 

30 

III I~.-:. .:-:::;;::~/ 

30.01 
30.01.1 
30.01.2 
30.0t.3 
30.01.4 
30.01.5 
30.01.6 
30.0t.7 
30.01.8 

30.02 

30.02.1 

30.02.1.1 
30.02.1.1.1 
30.02.1.1.2 
30.02.1.1.3 
30.02.1.1.4 

30.02.1.2 
30.02.1.2. 1 

30.02.2 

30.02.2.1 
30.02.2.1.1 
30.02.2.1.2 
30.02.2.1.3 
30.02.2.U 
30.02.2.1.5 
30.02.2.1.6 

• 

GEM Muon Sub-1y1tem Coal Matrix • Rew 15 1/15/93 

Ernlneertn1111 eslan M&S lnsn cllon/Admln 
Labor Ra11 Toral labor Ante Total 

Uom nu k$/ ... ~ k• k$ PY k$/nv k$ 

Muon Sub-system (CSC) 83.9 110 9256 1691 71.4 118 8419 

.... ~~·'&.Ji).!;j~!itiil} lR~tif!!f§li } ••:~ Ho t••~2 20~1 72.7 nt ·$4$5 

rAlon Sub1r1tem R&D 11.71 123 2313 110 
Develop Chamber Tachnologlas 6.26 119 743 38 
Chamber P811ormance Evaluallon 1.56 161 251 9 
Muon Trigger 0.48 140 67 3 
AHgnman1 Technology t.68 119 200 10 
Electronics 8¥alual Ion t.52 119 180 9 
Slmularlons 0.20 161 32 1 
Ind. Chamber Oeo. & Fadory layour 0.00 154 0 0 
Engineering (srructures, cos11, ere.) 7.07 119 839 42 

BARRB.REGIOH lt.71 106 2016 370 23.40 110 2575 

B•rr•I Region Module A1Mmbly 3.00 .. 217 32 2.32 67 155 

on.Siio 0.00 0 9 1.44 99 
Modula S1orage 0 0 0.00 0 
Tosi 0 3 0.56 69 39 
Assembly 0 4 0.63 69 43 
Fae P18P 0 2 0.25 69 17 
Off·Sllo 3.00 297 23 0.88 55 
Assy Fixr Final Dsgn: Mach. Assy 3.00 99 297 23 0.88 63 55 

Cathode Strip Chember1 3.25 102 332 79 8.49 133 1129 

Off.Sito 3.25 332 79 8.49 1129 
Shi>plng 0 0 0.00 133 0 
Tes1 0 8 1.32 133 176 
Assembly 0 38 6.29 133 837 
Facilily Prep 0 5 0.75 133 100 
Machining. lnspacllon 0 8 0.00 133 0 
Fina! Design, Drwg/Spec Mods 3.25 102 332 20 0.13 133 17 

Page 1 

• • • • • 

Proc/fab A&Mmblv 
Malertal labor Rall Subtotal C•nd. Enni. Toollna 

k$ nv k$/m k$ k$ k$ 

25032 272.9 87 23825 8849 597 

16263 237 .6 ai; 
.-- __ ,, ... :, 

200811 9185 970 
.. 

18988 174.92 89 15632 5300 267 

75 9.29 48 447 3768 0 

75 9.29 48 441 3768 0 
0 0 

25 1.25 52 65 100 
50 7.29 47 343 3668 0 

0 0.75 52 39 
0 0.00 0 0 0 

14552 123.83 103 12738 521 122 

14552 123.83 12738 521 122 
0 1.00 82 82 0 0 
0 20.61 133 2741 266 0 
0 98.47 97 9552 255 122 
0 3.75 97 364 0 0 

14552 0.00 57 0 0 0 

• • • • 



) 

c:.:i 
00 
lo-"' 

wesno. 
30.02.3 

30.02.3.1 
30.02.3.1.1 
30.02.3.1.2 
30.02.3.1.3 

3o.o:u 

30.02.5 

30.02.5.1 
30.02.5.1.1 

30.02.5.2 
30.02.5.2.1 
30.02.5.2.2 
30.02.5.2.3 
30.02.5.2.4 
30.02.5.2.5 
30.02.5.2.6 
30.02.5.2.7 

30.02.1 

30.02.8.1 
30.02.6.1.1 
30.02.6.1.2 
30.02.8.1.3 
30.02.8.1.4 
30.02.6.1.5 

30.02.7 

30.02.7.1 
30.02.7.1.1 
30.02.7.1.2 
30.02.7.1.3 
30.02.7.1.4 
30.02.7.1.5 
30.02.7.1.8 

, 

Item 
..,..,. Support Structure• 

Olf·Sllo 
Sltj>plng 
Machining, lnspee1lon 
Final Design, DfW9/Spac Modi 

Electronlcl/Electrlc11 Hardnre 

G•• System 

Oll·Sllo 
Ooslgn and Develcpment 
On-Siio 
Ooslgn and drawings 
Tesl Procedure devetopmart 
Safely Procedure d8v9iopmeN 
MalNenanco Pf0Ctldt"9 davelopmllll 
Assembly IMtd Teel 
............,. • Surfaco Syotem 
ProclnmoN-HalSyelem 

Coollng Syllom 

Olf·Sllo 
Sltj>plng 
SUbassembly, Test 
Machining. lnspecllon 
Proca.nmenl 
Final Ooslgn, ~Modi 

Local AUgnmenl 

Olf·Sllo 
Slt"'*'9 
Teal 
Assembly 
Facilily Prep 
Machlttlng,i_... 

Final Design, Dtwgr.!pec -

GEM Muon Sub·•r•t•m Cost Matrix • Rev 15 1115193 

Enalne•rinru -· M&S Ins cllon/Admln 

l•""' Roll Total Labor Rot• Total .. kS/"" kS kS •• k$/nv kS 
5.00 111 555 17 4.77 88 410 

5.00 155 87 4.77 410 
0 2 0.25 69 17 
0 46 3.77 76 287 

5.00 111 555 39 0.75 142 107 

0.00 0 0 0.00 0 

5.02 110 550 124 6.06 108 855 

3.20 121 317 75 3.50 137 480 
3.20 121 387 75 3.50 137 480 
1.12 347 U3 49 2.56 88 175 
0.20 82 16 4 0.50 82 41 
0.46 57 26 8 0.12 73 9 
0.58 104 60 10 0.12 133 16 
0.58 104 60 10 0.12 133 16 
0.00 0 7 0.65 53 34 
0.00 0 4 0.42 52 22 
0.00 0 6 0.63 59 37 

2.00 113 228 31 0.48 140 87 

2.00 113 221 31 0.48 140 87 
4 0.05 133 7 
5 0.13 133 17 
5 0.13 133 17 
2 0.05 133 7 

2.00 113 226 15 0.13 161 20 

1.50 t1 137 17 1.21 124 151 

1.50 11 137 17 1.28 124 159 
1 0.20 69 14 
3 0.43 133 57 
2 0.35 133 47 
2 0.25 133 33 
0 0.05 161 8 

1.50 91 137 9 

Page2 

, 

Proclfab Aasemblv 

Material labor Rola Sublolal C•nd. E""" Toollno 
kS .. k$/nw kS •S kS 

498 12.00 51 817 711 145 

498 12.00 697 711 145 
20 0.50 82 41 

478 11.50 57 656 711 145 
0 0 0 0 

0 0.00 0 0 0 

481 11.10 48 533 0 0 

0 0.00 0 0 0 0 
0 0.00 0 0 

481 11.10 48 533 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 

337 11.10 48 533 0 0 
25 0.00 0 0 

119 0.00 0 0 

1517 2.30 94 217 0 0 

1517 2.30 94 217 0 0 
0.10 82 8 
1.00 95 95 

1467 1.00 95 95 
50 0.20 95 19 

1115 11.40 11 1000 300 0 

1885 18.40 81 1000 300 0 
0 0.50 82 41 

8.55 59 504 300 
6.85 59 404 

25 0.25 107 27 
1840 0.25 95 24 0 0 



C.:l 
00 
N 

• 

GEM Muon Sub-system Cost Matrix • Rev 15 

wesno. 
30,02' 

>.30.02.2• •········· 
30.02.2.1' . 

30.02.2,1.1' 
. 30.02.2.1.2' 
.. 30.02.2.1.3' 

30.02.2.1.4' 
30.02.2.1.5' 

. 30.02,2.1.6" 

"""' BARRE~ REGION .••. llDTIRPC 

· .1 ik>ui.ii ~tit 'r~~~ : l~rm > 

.·.1~;~ i ••..•.•••..•..•••••.•••. ': ···········.(.1 .•••.....••. i.·· 
Ass8111biy 
Faclllly P,.P 

Madllnlng, lnspecllon .•• .· .· .·•• .·· .. ··•.•· 
Flrial~, D~M9~f .. ·•·•·•·•·• 

~:~:~ . R;;1;;i;; pi~"' ~~nlfr• IRP!i; 

~iiUii~!~ 
c~~§\i:J;~ ii}~~~~·::pc• 

· 
30:0::!:;:1··.· . ~t;:::; fr• )./ . 1· ":< 

.·.·· ·.·.::~~;:~·>) ==~~~?{ 
,_ :'.::;:;·J:::·:::'_:\/::::::_;):?-r.::-: .. , \:\W@H1~::::'::/?:'_::·::,:~.--:')t_.::·: __ .: ... , :: _-_:'.· :.· ::=:)j'f';:::::-: 

• · 30.02,5'.. •· .·. . °'f!ly~lw""' • RDTIRPC ( • •... · . 
. -' -' _::::·:·:.::·::::·:·::': : ':_._'.°:'{'t::~.'::·_:~>: ... -:· - ;·,, 
30.02c!t1'. .·••.· , ·•·· Off;$!19'· RDT ·.•.•·.·.·.•.•.• ,· .. •··. .· 

30.02.S.U'. •·••· Deolgjj an~ D!1•111lcp111en1 . 
.. 30.02.5.:i' •···•• OlfSlhl; ROT> .i 

30.02,5,2.1· .·. o..IJiiil~ driWingl. . . .. > > 
.· 30.02.5.2.2" .•· Tl!fl !il"Oc:edure ~0pmti11 i,, .· 

•. :19.oz.5.2.:r ) ~ill)' P!Oc:ed••• dovel~n! >· <···· . 

. /s1El!f ·~Si~ii!.· 
·. _.:-;: :.'. '. ·-. . -;_/~::::~-<··=·:·: .. __ ._.-,. 

30.02.s, 1" . .•.. Olf:Sll!>; RPC .. ..··• . .. .· . < 

:~Jiiiiiidl 

• • • 

.·3'~25• 

3.25 

:125 

5,00 
5.00 

5.ool 1111 . ~551 

8.991 1111 . >774 283 

1.80 121 58 
L60 121 56 
1.89 102 85 
0. 15 82 ... 12 41 
0.58 104. . $0 10 
0.58 104 ..... &o 10 

<~::~. 104 <. ao . 10 ·.·. A 4 
0.00 .•. •. ,•JI 5 
0.00 >o 5 

121 ,194 . 56 
121: \'1'4 • 56 

1.n 102 ·•·· i t93 ··•••·· >'6 !Iii>!iiI !c •·•••••;{~ 
Pago 3 

• • 

4;46 
4;46 
0.00 
0.96 
2.30 
0.75 
0.32 
0:13 

<;77 
4.77 
0.25 
3.77 
0.75 

7.92 

1.95 
1.95 
2.01 
0.25 
0.12 
0.12 
0.12 
0.40 
0.50 
0.50 

1,95 
. 1.95 

2.01 
0.25 

\•.Q,12 
·•:foj~ 

133 
133 
133 

. 133 
133 
133 
133 
133 

133 

. 133 
133 
133 
133 
133 
133 

86 

69 
76 

142 

110 

134 
134 
86 
69 

133 
133 
133 
48 
88 
88 

134 
134 
86 

. 69 
133 
133 

1115193 

Total 
k$ 

"2476 

593 
593 

0 
128 
306 
100 

43 
17 

H3 
343 

0 
35 

I 16 
·100 

76 
17 

410 
410 

17 
287 
107 

867 

261 
261 
172 

17 
16 
16 
16 
19 
44 
44 

261 
261 
172 

17 
. 16 

. 16 

• 

Proc/fab 

Malerlal 

k$ 

10946 

7851 
7851 

0 
0 

25 
0 

7826 

1092 
1092 

0 
0 
0 
0 

1092 

498 
498 

20 
478 

0 

640 

0 
0 

320 
0 
0 
0 
0 

212 
16 
92 

0 
0 

320 
·o 

·>o 
0 

• 

80.75 
80.75 

1.00 
15,00 
36.00 

3.75 
5.00 

31.54 
31.54 

1.00 
4. 11 

13.68 
3.75 
9.00 

12.001 
12.00 

0.50 
11.50 

0 

12.50 

0.00 
0.00 
6.25 
o.oo 
o.oo 
0.00 
0.00 
6.25 
0.00 
0.00 

o.oo 
0.00 
6.25 

.0.00 
0.00 

. 0.00 

103 
103 

82 
121 
99 
97 
82 

89 

82 
133 
95 
97 
57 

58 

82 
57 

0 

51 

0 

51 

51 

0 

0 
51 

0 
0 
0 

8235 
8235 

82 
1815 
3584 

384 
410 

2805 
2805 

82 
547 

1300 
3U 
513 

e97 
897 

41 
656 

0 

638 

0 
0 

319 
0 
0 
0 
0 

319 
0 
0 

0 
0 

319 
0 
0 
0 

• 

508 143 
508 143 

0 0 
211 0 
297 143 

0 0 

110 7t 
110 71 

0 0 
34 0 

156 79 

01 0 

711 145 
711 145 

71 I 145 

2:1 

154 

0 

HI. 17 

• • 
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c,.., 
00 
w 

WBSno. I ltam 
"!Wl02_5~ ,..U:!iintAnanrA. ~~~:Inf~'·'"" 

.,.;....:.·-·-· .. ·.-... -......... - '.,- ... 

···············~-~6.1.5". Fma!~····f)~ •. ~ ...•..•.•. , ..... ~~:;;.f:~;; ~~jg~mo~I <~tk~6 : ( . 
•. i.ii~!lf _,;;.··.•. t c1k~i1~ <i··· ·. Pr·;;;•·.······.·•))··········· 

30.02.7.1.1.1' Shjlplng. 

>~:~:~:1:::~ !:~;.., \ \·········· 
<:i:&:i!:::u: · ··· s~,•~~ / 
30.03 

30.03.t 

30.03.1.1 
30.03.1.I. 1 
30.03.1.1.2 
30.03.1.1.3 
30.03.1.1.4 

30.03.1.2 
30.03.1.2.1 

END CAP IEGllH 

End Cep Region Module A .. y 

On-Site 
Sector Slorage 
Tesl 
'Assembly 
Facllily Prap 
Oll·Slle 
Assy Flxt Fnl Dsgn: Mach. Assy 

OEM Muon Sub.ay1tem Coat Melrlx · Rev 15 

'" 

•· ~:~~1-·•\N~l···i• .... <II 

It.Ill 107 

3.001 0 

0.00 

3.001 

3.ool 99 

2131 

297 

0 

2971 

297 

M&S 

n 

1G 
4 
4 
4 
2 
2 

16 
4 
4 
4 
2 
2 

15 

15 

2 
0 

10 

"'I 32 

• 
3 
4 
2 

23 
23 

Pago4 

0.10 

0.05 
0.01 
0.01 
0.01 
0.01 
0,01 

0.05 
0.01 
0.01 
0.01 
0.01 
0.01 

0.79 

0.79 
0,20 
0,16 
0.1~ 
0.25 
0.05 

19.79 

2.32 

1.44 
0.00 
0.56 
0.63 
0.25 
0.88 
0.88 

1115/93 

llonlAdmln 
Total 

k$ 

re 
19 

hi 44 
·es ':·44 

118 H 
7 

133 1 
133 1 
133 I 
133 1 
161 2 

154 7 
133 1 
133 1 
133 1 
133 1 
161 2 

93 

93 
69 14 

133 21 
133 17 
133 33 
161 ·a 

105 2083 

0 155 .. 
0 

69 39 
69 43 
69 17 

55 
63 55 

• 

~ 
Material 

'-'-
··•. 0 
212 
)6; 
92 

so 0,16 0 15 0 0 

25 0,08 7 0 0 
0 0.02 82 2 

0.02 95 2 

:1g11 
0.02 95 2 
0.02 95 2 

2~11 0.08 95 7 
0.02 82 2 

0 0 

0.02 95 2 
2~11 0.02 95 2 

0.02 95 2 

74011 6.771 I 
4321 

:icio 

74g11 
8.77 432 300 
0.50 u 41 

0 

0 

3.20 59 1891 3001 
2.57 59 f52 

74~11 0.25 107 27 
0.25 ; 95 241 0 0 

5866 98.01 84 
81931 35491 3301 

75 8.14 47 386 2900 0 

75 8.14 47 3161 29001 0 
0 0 

25 1.25 52 651 100~ 

50 6.14 46 282 21001 0 
0 0.75 52 39 
0 0.00 01 01 0 

0 0 



c.:i 
00 
~ 

• 

WBSna. 

30.03.2 

30.03.Z.1 
30.03.2.1.1 
30.03.2.1.2 
30.03.2.1.3 
30.03.2.1.4 
30.03.2.1.5 
30.03.2.1.6 

30.03.3 

30.03.3.1 
30.03.3.1.1 
30.03.3.1.2 
30.03.3.1.3 

30.03.4 

30.03.5 

30.03.5.1 
30.03.5.1.1 

30.03.5.Z 
30.03.5.2.1 

. 30.03.5.2.2 
30.03.5.2.3 
30.03.5.2.4 
30.03.5.2.5 
30.03.5.2.6 
30.03.5.2. 7 

30.03.1 

30.03.6.1 
30.03.6.1.1 
30.03.8.1.2 
30.03.6.1.3 
30.03.6.1.4 
30.03.6.1.5 

• 

.. ... 
Cathode Strip Ch1mber1 

011-Slte 
Shi>f>in9 
Test 
Assembly 
Faclllly Prep 
Machining, lnspecilon 
Final Design. Drwg/Spec Mods 

Module Support Structur11 

011-Slte 
Sh"'"ng 
Machining. lnspecllon 
Final Design. Drwg/Spec Mods 

ElectronlcsJEl1ctrlcal H1rdwar1 

011 System 

Off-Site 
Design Md Developmonl 
On-Site 
Design Md drawings 
Test l"raced<Ke development 
Safely Procech•e developrnen1 
Maintenance Procedure develapmant 
Assembly and Tell 
Procurentent - Surlaca Syttom 
Procurement - Hall Syllom 

Cooling System 

Off-Siie 
Shi>f>in9 
Subassembly, Toll 
Machining, Inspection 
Pracureinenl 
Final Design. OrwglSpec Mods 

• • 

OEM Muon Sub-ayatem Coat Mlltrlx • Rev 15 1/15/93 

EMlneerifttlll ..... 11&'1 Ins '""llon!Admln 
Labat RalO Total La"°' Raio Total .. kSt .... kS kS PY kS/nv kS 

3.ZS 102 332 57 4.72 133 828 

3.25 332 57 4.72 828 
1 0.00 133 0 
4 0.62 133 82 

17 2.84 133 378 
5 0.75 133 100 

10 0.38 133 51 
3.25 102 332 20 0.13 133 17 

5.00 111 555 .. 4.97 85 422 

5.00 111 555 19 4.17 85 422 
2 0.25 69 17 

48 3.97 75 298 
5.00 111 555 39 0.75 142 107 

0.00 0 0 0.00 0 

5.14 114 515 126 6.06 109 662 

3.20 121 317 75 3.50 137 480 
3.20 121 387 75 3.50 137 480 
1.94 102 197 51 2.56 71 182 
0.20 82 16 4 0.50 82 41 
0.58 104 60 10 0.12 133 16 
0.58 104 60 10 0.12 133 16 
0.58 104 60 10 0.12 133 16 
0.00 0 7 0.65 53 34 
0.00 0 • 0.42 52 22 
0.00 0 6 0.63 59 37 

2.00 113 228 31 0.49 140 69 

2.00 113 22& 31 0.49 140 69 

• 0.05 133 7 
5 0.13 133 17 
5 0.13 133 17 
2 0.05 133 7 

2.00 113 226 15 0.13 161 21 

Pages 

• • • 

Proc/fab Auembty 
Material labor RalO Subtotal Cand. EoDI. Tool~g 

•S PY k$/m kS kS kS 

3004 84.17 .. 1351 301 10 

3004 64.97 6351 301 80 
42 1.00 82 82 0 0 

0 9.68 133 1287 134 0 
20 44.54 96 4276 167 80 

0 3.75 97 364 
2942 6.00 57 342 

104 10.50 139 611 300 150 

104 11 139 811 300 150 
20 0.50 82 41 
84 10.00 57 570 300 150 

0 

0 0.00 0 0 0 

506 11.10 48 533 .. 100 

0 0.00 0 0 0 0 
0 0.00 0 0 

506 11.10 .. 533 .. 100 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 

337 11. 10 48 533 
25 0.00 0 25 0 

144 0.00 0 23 100 

1517 2.30 94 217 0 0 

1517 2.30 94 217 0 0 
0 0.10 82 8 
0 1.00 95 85 0 0 

1467 1.00 95 95 0 0 
50 0.20 95 19 

0 

• • • • 
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c,., 
o:> 
CJ1 

wesno. 
30.03.7 

30.03.7.1 
30.03.7.1.1 
30.03.7.1.2 
30.03.7.1.3 
30.03.7.1.4 
30.03.7.1.5 
30.03.7.1.6 

:iofoaW'<-•t' · 

i11I~~~~,: 
,;; iii~~!:[· 

.. ' 30.03.Uc6' 

/.=)::30~0:i.2·~. : 
t~;~,~,j7 'i 

./ ["~::::~:::~·-
~:::~·~:~ 

\ ;iO:O:U. 1.5" 
.. ''""'•30:CJ3.2:i .6" 

<~'.~.; .. 
·,._: ,--,:::·: 

iia.63.3.1 • 

; B.!:~tr..' 
\icj,~; 

:1·jll!1
·
1
' 

> 

Utm 
loc11 Allgnment 

Ofl·Sllo 
Shj>plng 
Tosi 
Assembly 
FaciNty Prep 
Machining. Inspection 
Final Design, ClfwglSpoc Mods 

Mo<!!!•• ~pjlj>rl il!'!l~!\!j" llltrlRPC 
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1.50 137 18 
1 
2 
2 
2 
2 

1.50 91 137 9 

· 231 .1011 2~3·11 . 538 

11:12 
·us· 
;~8 

>:~~~ 
<1:ie Ni ·· ..., H• 

.91 
91 

0 
3 

13 
5 

10 
20 

3t 
3t 

0 

4 
5 
9 

20 

81 .. 
2 

48 
39 

275 

:,;ii: )~ti ;: .i;tii I'' ..., .. H 
Page6 

1.23 
0.23 69 
0.25 133 
0.25 133 
0.25 133 
0.25 129 
0.00 133 

21.54 105 

3.88 
:di 

129 

o.oo 133 
0.57 133 
2.17 133 
0.75 133 
0.26 133 
0.13 133 

1.86 124 
1.86 
0.00 1331 
0.16 1331 
0.60 133 
0.75 133 
0.22 U3: 
0.13 U3 

4;97 85' 

4.97 as 
0.25 69 
3.97 75, 
0,75 1421 
7.18 110 

141 
16 
33 
33 
33 
32 

0 

225911 ... 
~99 

'O 
76 

289 
100 
·35 

230 
zao 

0 
_21 
80 

· ioo 
29 

422 

422 
17 

•. 298 
107 

112 

1l15 134 /)2.i 
1.9$ 1~• \ 2e1 
l.S4 92 il:ls 

) ) 

Proc/Fab 
MatertlU 

k$ 

660 

660 1.00 tsl OI 0 
0.00 0 0 
0.25 95 24 
0.25 95 24 
0.25 95 24 

660 0.25 95 24 

513911 104;511 ••I 88211 36801 441 

3480 81.42 100 51591 2871 130' 
,3450 51.42 5159 217 130 

0 0.67 H· " 0 9.00 120 10801 821 39 
25 34.00 f8 3332 185 91 

0 . 3.75 97 384 
3425 4.00 82 328 

429 20.29 t2 1868 185 78 
429 20.29 1168 185 78 

0 1.00 82 82 0 0 
0 2.58 133 343 34 0 
0 9.46 93 880 151 78' 
0 3.75 97 364 

429 3.50 57 2001 01 0 

183 10.50 139 
8111 3001 

150 

183 11 131 111 300 150 
20 0.50 e2 41 

163 10.00 57 5701 3001 150! 
0 

uoll 12'50 51 638 

2:1 

II 

all -·· o.oo o __ .-.. _-· __ .-- -.·o 0 
o ·o.oo. <-··o 

<2" 3ZO 6;2$ SI ' $19 .3 
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W8S no. I llem 
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. ::::::~:f-. ~;r.;;~;:~~-1: 
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. 30.03.6.1.1• Sh~ .<" ·; .,. ·)•'i;"•';,;}0 
30.03.8.1.T S~nibly, Tell· .. ·') )(·•·;.·. 
30.03.8, 1.3" . Mad'llnlng, I~ ; , " ;:, "'· . 
30,03.8.1.4" Procuri~fll , ;,. .... 
30.03.6.1.5" Fona1Pei;lgri, ~~ 

I 

30.03.7' 

.·o.'15' 
o,saL 

. 0.58 
0.58 
q.001 
o.oo 
o.oo 

1.60 12i 
1.60 U1 
1;89 . 102 
0.15. 82 
IJ.58 104 
0.68 1Cl4 
0,58 1041 

; o.oo 
o;~o. 
O.Oo 

o.iol no 

o;o5 

0.051 110' 

. 0.05 

0.051 110i 

1,50 
1,50 ~~7;'.;,,. ~~1a•ni······· ~~~f~~:·············c· 

.... :iEilI . ::::~ · ... · .... ·.·.···. ~i I:/, l r 
•<••. '.:g:~:i;\:;fr••; ~~~~.ill&l 'i ; ..• ;t11

·'·'•·····. 

• • • • 

MIS II 
I.! 

•S 
•! 

tl.O 
10 
10 

• 1 
5 

. 1•~ 56 
56 
ez 
41 
10 
10 
1 i> 
~ 
1 
6 

. 32 

16 
4 
4 
4 
2 
2 

16 

' 4 
4 
2 
2 

Pago7 

• 

Ins ctlon/Admln 
l•bor Tola! 

k$ 

0.25 
<!~ •<0.12 

0.12 >16 
·0,12 16 
Q;40 19 
Q'13 6 
o.so 44 

1,95 1 :14 261 
, .95 134 261 
1.84 82 135 
0.25 69 17 
0.12 133 16 
0.12 133 16 

. 0.12 133 16 
0,40 48 19 
0;13 . 48 6 
0.50 88 •··{H 

0.10 120 14 

0.05 7 
0.01 133 1 
0.01 133 1 
0.01 133 1 
0.01 133 1 
0.01 161 2 

0;05 154 1 
0.01 133 I 
0.01 133 1 
0.01 133 1 
0.01 133 1 
0.01 161 2 

1.23 148 
1.23 148 
0.23 69 16 
0.25 133 33 
0.25 133 33 
0.25 133 33 
Q;25 129 ;32 

• 

ProcJFab 
Mllttlrl .. 

kS 
0 
0 
0 o.oo ·o 
0 0.00 0 

212 6.25 51 31~1 141 

0 
16 0.00 0 
92 0.00 14 631 

0 0.00 0 ol ol 0 
0 o.oo 0 0 

320 6.25 51 3191 01 28 
0 o.oo 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 

212 6.25 51 31~1 I 
0 

16 0.00 14 
92 0.00 14 

50 0.16 92 

1 :1 
:1 

0 

25 0.08 0 
0 0.02 82 2 

0.02 95 2 
25 0.02 95 2 

0 0.02 95 2 

25 0.08 95 71 OI 0 
0 0.02 82 2 

0.02 95 2 
25 0.02 95 2 

0 0.02 95 2 

312 1,50 1451 01 
0 

312 1,50 145 .0 0 
0.50 82 41 
0.25 107 27 
0.25 107 27 

0 0.25 107 27 
312 0.25 95 24 

• • • ' 



, 

v,, 
00 
-._] 

WBSno. 
30.04 

30.04.1 

30.04.1.1 
30.04.1.1.1 
30.04.1.1.2 
30.04.1.1.3 
30.04.1.1.4 

30.04.1.2 
30.04.1.2.1 

30.04.2 

30.04.2.1 
30.04.2.1.1 
30.04.2.1.2 
30.04.2.1.3 
30.04.2.1.4 

30.04.2.2 
30.04.2.2.1 

30.04.3 

30.04.3.1 
30.04.3.1.1 
30.04.3.1.2 
30.04.3.1.3 
30.04.3.1.4 

30.05 

30.05.1 
30.05.2 
30.05.3 
30.05.4 
30.05.5 
30.05.8 

30.06 

Item 
INSTALLATION 

Berrol Region 

On-Sito 
THI 
Madianlcal Assembly 
Eleclrical/Eleclronlcs Assy 
Facl'n!p 
Oii-Siio 
ln!llOI. Tool Fnl Dsgn: Mach. Ally 

End Cop Region 

On-Sito 
Test 
Madianlcal Assombly 
Eleclrical/Electoonk:s Assembly 
Fae Pn!p 
Oll·Sllo 
lnsral. Tool Final Dogn: Mach. Aay 

otoNI Allgnmont 

Oll·Slto 
Shj>ping 
Test 
Assembly 
Final Design, Dlwg.llpec Mods 

PROJECT MANAGEMENT 

Admlnlslrallon/Oversight 

- Management ES&H Assunn:e 
Quality ,.......,. l>ftlgram 
Syslems lnlegralion 
5U>oyslom COOllSclledult Monlor 

CONCEPIUAL/PR~YDESIGN 

GEM Muon Sub-•r•t•m Coat Matrix 4 Rev 15 

Enulneerlnnn -·· M&S Ins 
Labor Rall Total Labot .. k., ..... k$ k$ •• 
13.50 .. 1325 123 6.13 

t.00 .. Ht 75 3.51 

0.00 0 I 1.31 
0 0.00 
3 0.50 
2 0.38 
3 0.50 

1.00 811 87 2.13 
9.00 99 891 67 2.13 

3.00 .. 217 34 2.51 

0.00 0 8 0.16 
0 0.00 
2 0.33 
2 0.38 
2 0.25 

3.00 217 21 1.63 
3.00 99 297 28 1.63 

1.50 11 137 14 0.73 

2 137 14 0.73 
1 0.23 
2 0.25 
2 0.25 

1.50 91 137 9 

435 21.40 

150 9.50 
45 1.19 
90 2.38 
90 3.57 
30 2.38 
30 2.38 

12.00 116 1392 300 

Pagee 

) ) 

1115193 

tlon/Admln Proclfab Assemblv 
Rare Total Material Labor Aa!O Sub1otal C•nll. E ...... Tool-

k$/nv k$ k$ .. k$/n" k$ k$ •S 
68 46& 178 

83 221 100 

ts 100 
0 0 

69 35 25 
69 26 75 
69 35 0 

126 0 
59 126 0 

63 162 28 

86 28 
0 0 to 

69 23 t 8 
69 26 0 
69 1 7 0 

96 0 
59 96 0 

113 12 50 

12 50 
69 16 50 

133 33 0 
133 33 0 

154 3296 

154 1463 
154 183 
154 367 
154 550 
154 367 
154 367 



30.01 

"" 

wesno. 

30 

30.0t .1 
30.01.2 
30.01.3 
30.01.4 
30.01.5 
30.01.6 
30.01.7 
30.01.8 

00 
00130.02 

• 

30.0Z.t 

30.02.1.1 
30.02.1.1.1 
30.02.1.1.2 
30.02.1.1.3 
30.02.1.1.4 

30.02.1.2 
30.02.1.2.1 

30.0Z.2 

30.02.2.1 
30.02.2.1.1 
30.02.2.1.2 
30.02.2.1.3 
30.02.2.1.4 
30.02.2.1.5 
30.02.2. t .6 

• 

OEM Muon Sub·•r•••m Coit Matrix • Rev 15 1/15193 

AIMm"' lnsta1i..•on Summarv 
U.leftlil I Toa.I Labor I Ra1e I Sublol•I t.od. EqPlf TooHna I Matet11!111 I Tolal labor Malet1111 IC.Pll. Eood TooHna 

ttem kS I kS •• I k$/py I kS I kS I kS I kS I kS kS kSlkSl•S 

Muon Sub-system (CSC) 18851 3513811 18.4 591 10951 12651 1251 2651 275011 425961 288531 101141 722 

lr.t~n~~•vsij!fi ... (llof/~Pc> f h72l 3~ii~lld•.~I . &el 1oesl 126$1 12s1 :au1 ~1!ioll 3u211 204511 104ao1 109s 

Muon SUb1y1tem R&D 
Develop Chamber Technologies 
Chamber Pedonnance Evatuallon 
Muon Trigger 
Allgnman1 Tachnotogy 
Electronics avalua1lon 
Slmulalions 
Ind. Chamber Des. & FIClory layoul 
Engineering (slructures, cosls, ate.) 

BARREL REGION 

Barrel Region Module A11embly 

On-Siio 
Modulo S10<ago 
Tosi 
Assembly 
Fae Prop 
OH-Sito 
Assy Fbct Final Dagn: Mach, Auy 

Cathode Slrlp Chambero 

OH-Sita 
Shipping 
Test 
Assembly 
Facil~y Prep 
Machlrmg, 11111pealon 
Fmal Oaslgn, Orwg/Spac Mods 

• • 

1221 22420 

121 4277 

62 4277 
so 50 

2 167 
9 4020 
1 40 
0 0 

0 

8401 14021 

640 14021 
372 454 

25 3032 
118 10047 
125 489 

0 0 

Pago& 

• • • • 

2313 
743 
25t 

67 
200 
tao 
32 

0 
839 

20303 

11 0 
38 

9 
3 

10 
9 
t 
0 

42 

20579 

8981 169 

546 146 
0 50 

104 30 
386 63 

56 3 
352 23 
352 23 

141191 15271 

14199 15271 
82 372 

2917 33 
10388 156 

464 130 
0 14560 

349 20 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 

5300 

3768 

3768 
0 

too 
3668 

0 
0 
0 

521 

521 
0 

266, 
255' 

0 
0 
0 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 

267 

0 

0 
0 
0 
0 
0 
0 
0 

122 

122 
0 
0 

122 
0 
0 
0 

• 



c,.., 
CXl 

I 

I 

. 

"' 

, 

wesno. 
30.02.3 

30.02.3.1 
30.02.3.1.1 
30.02.3.1.2 
30.02.3.1.3 

30.02.4 

30.02.5 

30.02.5.1 
30.02.5.1.1 

30.02.5.2 
30.02.5.2.1 
30.02.5.2.2 
30.02.5.2.3 
30.02.5.2.4 
30.02.5.2.5 
30.02.5.2.6 
30.02.5.2.7 

30.02.1 

30.02.1.1 
30.02.6.1.1 
30.02.6. 1.2 
30.02.6. 1.3 
30.02.6.1.4 
30.02.6.1.5 

30.02.7 

30.02.7.1 
30.02.7.1.1 
30.02.7.1.2 
30.02.7.1.3 
30.02.7.1.4 
30.02.7.1.5 
30.02.7 .1.6 

Mom 
Module Support Structure• 

Off-Sito 
Shipping 
Machining, lnapedlon 

Anal Design, Drwg/Spac -

Electronlca/Electrlcel Hardw•r• 

Ga1 Sy1tem 

Off.Sito 
Design and D<Mlklpmonl 
On· Sito 
Design and drawings 
Test Proceclura davalopmom 
Salaty Procedure davalopmMtl 
Maintenance Procedure d1U1lap1t1n1: 
Assembly and TOii 
Procuromere • Surlaco Sjllom 
Procuremonl • Hal Syolanl 

Cooling Syatom 

Off-Sito 
Shipping 
Subasaombly, Tasl 
Machining, lnlpealon 
Procurement 
Final Design, OlwglSpec -

Locol Allgnmonl 

Off-Sito 
Shipping 
Test 
Assaml>ly 
Faclllly Prop 
Machining, lnapedlon 

Final Design, llrwglSpoc -

GEM Muon Sub-1yatem coat Mlitrtx ~ Rev 15 

Auembh lnstalllllon ........ Tolal L""" "'"" Sub101a1 

kS ., .. kSJ .. v kS 
113 UH 

113 UH 
51 92 
62 1574 

0 0 

0 0 

275 '°' 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

275 IOI 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

102 635 0 0 0 
25 25 0 0 

148 148 0 0 

12 279 

12 279 
25 33 
10 105 
25 120 

2 21 

.. 1319 .. 13st 
26 67 
10 814 

8 412 
25 52 

0 24 
0 

Paga 10 

» 

1115193 

Summ• ... 
.e- Toollna Materlal Total labor Malerlel 1:.nn, Enn1 Tool~ ., ., ., k$ ., ., ., ., 

1882 ... 711 145 

1662 198 711 145 
58 73 0 0 

942 586 711 145 
662 39 0 0 

0 0 0 0 0 

0 0 0 0 1738 880 0 0 

0 0 167 75 0 0 
0 0 867 75 0 0 
0 0 871 805 0 0 
0 0 57 4 0 0 
0 0 35 8 0 0 
0 0 76 10 0 0 
0 0 76 10 0 0 
0 0 567 446 0 0 
0 0 22 54 0 0 
0 0 37 273 0 0 

511 1610 0 0 

511 1610 0 0 
15 29 0 0 

112 15 0 0 
112 1497 0 0 
26 54 0 0 

246 15 0 0 

1295 1951 300 0 

1295 1951 300 0 
55 27 0 0 

562 13 300 0 
451 10 0 0 

60 52 0 0 
32 1840 0 0 

137 9 0 0 



c.,, 
c.o 
c 

• 

GEM Muon Sub-system Cost Matrix - Rev 15 

Au.embl' ........ 
WBSno. lt•m ., 

BARREi. REGION RDTJRPC '. . 

~~~:: / . ~:e:?r'i+~.... /tfiilT> i / +1 ui1 

~:~:~:::~ .·• ~~\ ·.· \· 

. 30.02~. 

30.!)2;~;!.3' . • Assembfy ' · 
~.!>2.2'. l,4' . Facilty Priip 
;io:02'.2.ur •···· MadllnlriQ, lnapacllor) 

•3o.Cl2.s'.1' Off·Slm,R~; .. ·.. i.... .. . <o 
··. ~~,l·1 · 1 ' · ::'lio7ifo~7;~t >i s~ 

30 02 5.2 1' Design "1cl Qr8*1ngl ( < < 0 

i iJ:!)2:5:2:i T8$1PrQ<i~"' ~8'1~~1 \· .. · ·····O 

• • • 

Paga 11 

• • 

1115193 

U.terlal Tol•I l•bor 
k$ ., •S 

0 10119 

7151 
7j59 

$2 
1943 
3870 

464 
453 
349 

3480 
3480 

82 
HI 

1415 
464 
689 
349 

teb 
1&82 

88 
942 
662 

2278 

0 0 455 
0 0 455 
0 0 U4 
0 0 30 
0 0 7& 
0 0 76 
0 0 76 
0 0 338 
0 0 44 
0 0 44 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

•· • 

Summar' 
Material Co Tootln1 

kS kS 
1206 $21 

8212 508 143 
1282 508 143 

188 0 0 
24 211 0 
82 297 143: 

130 0 0 
7838 0 0 

20 0 0 

1350 1'0 7t 
1350 110 7t 

188 0 0 
7 34 0 

11 156 79 
10 0 0 

1114 0 0 
20 0 0 

&98 7t 1 145 
198 711 us 

73 0 0 
&86 71 I 148 

39 0 0 

1041 28 154 

56 0 0 
56 0 0 

484 14 77 
41 0 0 
10 0 0 
10 0 0 
10 0 0 

275 0 0 
21 0 14 
97 1• . 63! 

56 0 0 
56 0 0 

485 14 77 .. 
41 0 0 
IO 0 0 
10 o· 0 

• • • 
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GEM Muon Sub-1yatem Coit Matrix • Rev 15 

wesno. I h•m 

~·0·· . ~,~f~c!)g'J ~;·' 

s:'· >·~·~ii .. ~t'i'° 
30.03 

30.03.1 

30.03.1.1 
30.03.1.1.1 
30.03.1.1.2 
30.03.1.1.3 
30.03.1.1.4 

30.03.1.2 
30.03.1.2.1 

END CAP REGION 

End C.p Region Modulo AHy 

On· Sito 
Sector S1orage 
Tesl 
Assembly 
Fac:illly Prep 
Off-Sito 
,Assy Fixl Fn1 Dlgn: Madi. Assy 

144 

10 

10 
50 

2 
7 
1 
0 

12711 0 0 0 

3348 0 0 0 

3341 
50 

167 
3089 

.40 
·o 

0 

Page 12 

1115113 

Total 
k$ 

0 0 
I) 0 
0 . I) 

0 0 

0 0 0 0 

0 0 0 0 

) 

Summ 

Labor Mal•rl• 
k$ k$ 

76 10 0 0 

~:: .275 0 0 
21 .0 14 ;.:. 98 H 691 

40 103 0 0 

20 55 0 0 
3 6 0 0 
3 5 0 0 
3 31 0 0 
3 it 0 0 
7 2 0 0 

20 48 0 0 
"3 6 0 0 
3 s 0 0 
3 31 0 0 

·3 4 0 0 
1 2 0 0 

601 813 300 0 

601 813 300 0 
~s 27 0 0 

210 s 300 0 
f68 4 0 0 
60 27 •o 0 
32 740 0 0 
77 10 0 0 

12407 6863 3549 330 

838 167 2100 0 

41& 144 2900 0 
0 50 0 0 

104 30 100 0 
326 61 2800 0 

56 3 0 0 
352 23 0 0 
352 23 0 0 



c.:i 
(.;) 

N 

• 

WBSno. 

30.03.2 

30.03.2.1 
30.03.2.1.1 
30.03.2.1.2 
30.03.2.1.3 
30.03.2.1.4 
30.03.2.1.5 
30.03.2.1.6 

30.03.3 

30.03.3.1 
30.03.3.1.1 
30.03.3.1.2 
30.03.3.1.3 

30.03.4 

30.03.S 

30.03.5.1 
30.03.5.1.1 

30.03.5.2 
30.03.5.2.1 
30.03.5.2.2 
30.03.5.2.3 
30.03.5.2.4 
30.03.5.2.5 
30.03.5.2.6 
30.03.5.2.7 

30.03.8 

30.03.8.1 
30.03.6.1.1 
30.03.6.1.2 
30.03.6.1.3 
30.03.6.1.4 
30.03.6.1.5 

hem 

C1thode Strip Ch1-r1 

Olf·Slle 
Shipping 
Test 
Assembly 
Fac:ll~y Prep 
Machtnlng. lnopec:tlon 
Final Deolgn. DrwglSpac Mods 

Module Support StructurH 

Ofl·Slte 
Shipping 
Machtnlng. lnopec:tlon 
Final Deolgn. DrwglSpac Mods 

Electronlcl/Electrle11I Herclw•r• 

0.1 Sysllm 

Ofl·Slte 
Design and Dawlopmant 
On·Slte 
Design and drawings 
Test Ptocedure development 
Salety P1ocedure development 
Maintenance Procedul8 dlYOlopment 
Assembly and Test 
Pr- • sooace System 
Procurement • Hall Syotem 

Cooling Sy111m 

Ofl·Slte 
Shipping 
&lbelMmbly, r ... 
Madt1r*'9, lnopec:tlon 
Procurament 
Final Deolgn, DrwglSpac Mods 

• • • 

GEM Muon Sub-1y1tem Coat Mitri• - Rev 15 

Auom~ .-ie1all1don 
Melerlal Total lobar Rat• Subtotal :.ntt. En,. 

k$ k$ •• kS/nv k$ k$ 

353 7015 

353 7015 
156 238 
12 1433 
53 4576 

125 489 
7 349 

105 1188 0.00 0.00 0.00 0.00 

105 118~ 0 0 0 0 
51 92 
54 1074 

0 0 

41 730 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

41 730 0 0 0 
0 () 0 0 0 
0 0 0 0 0 
0 D 0 0 0 
D 0 0 D 0 

49 582 0 0 0 
0 25 0 D 
0 123 0 0 

82 271 

12 271 
25 33 
10 105 
25 120 

2 21 

Page 13 

• • 

1115193 

Summwy 
Toollna Ma1ertal Total labor Material C&Dll . ........ Tooling 

k$ k$ k$ k$ •S kS k$ 

7310 3414 301 10 

7310 3414 301 10 
82 199 0 0 

1370 16 134 0 
4654 90 167 80 

464 130 0 0 
393 2959 0 0 
349 20 0 0 

0.00 0.00 0.00 1588 298 300 150 

0 0 0 1588 298 300 150 
58 73 0 0 

868 186 300 150 
662 39 0 0 

0 0 0 0 

0 0 0 1779 681 48 100 

0 0 167 75 0 0 
0 0 867 75 0 0 
0 0 913 606 48 100 
0 0 57 4 0 0 
0 0 76 10 0 0 
0 0 76 ID D 0 
0 D 76 10 D 0 
0 0 567 393 0 D 
0 D 22 29 25 0 
0 0 37 150 23 100 

512 1610 0 0 

512 1610 0 0 
15 29 0 0 

112 15 0 0 
112 1497 0 0 
26 54 0 0 

247 15 D D 

• • • • • 



~ 
CD 

"' 

wesno. 
30.03.7 

30.03.7.1 
30.03. 7 .1.1 
30.03.7.1.2 
30.03.7.l.3 
30.03.7.1.4 
30.03.7. I .5 
30.03.7.1.6 

3·0~·03~::::·:········ .. 

.········!~\t 
( i1~;i)?~~ 

' 00.00.2.1.S" 
iio.ii:i.2.i.6' 

••m 
loC81 Alignment 

Off·Slle 
Shipping 
Tas1 
Assembly 
Fadlhy Prep 
Machining. lnspedlon 
Final Design. lhwglSpec Mods 

· •Efio¢Ail lle@r( M:!'!~il\}ii! !!, 

OEM Muon Sub-system Coat Mitri• • Rev 15 

~ 
Materiel 

kS 
15 

15 
15 

Jo• 

zi>i 
206 
188 

3 
6 
5 
4 

105 

10 
5 
5 

I 

Tot•I Subtol•I 
k$ k$ 

I 10 

110 
15 
2'4 
24 
24 
24 

0 

Page 14 
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Meterlat 

k$ 

0 0 0 

0.00 

0 

Total 
k$ 

0 

0.00 

0 

0 
0 
0 

t 

Summ 
Labor 

k$ 
379 693 0 0 

379 03 0 0 
16 16 0 0 
57 2 0 0 
57 2 0 0 
57 2 0 0 
56 662 0 0 

137 9 0 0 

13518 8584 3110 449 

5999 3843 217. 1 :io 
5989 3843 217 130 

55 164 '0 0 
1156 14 82 39 
3621 79 f85 91 

464 130 0 0 
363 3436 •o 0 
332 20 0 0 

200 674 1•s • 2430 674 .tu • 82 188 0 0 
364 4 34 .0 
960 10 151 78 
464 10 .0 0 
229 '442 \.Ji) . 0 
332 20 . JO 0 

1589 377 3oO 150 

1588 377 300 '· 150 
58 7~ ,· ..• ·O 0 

868 265 < ~99 150 
862 39 o. 0 

2203 1033 28 91 

4$$ 56 > , .. ~ . ,0 
455 . ,.56 >,/' .. •.•.o /0 
147 "'° u ... ., 



• 

30.03.1.1'~. 

3ci.o3.6. t,1• 
. 30.03.6. 1 2· 
30.03.6.1.3" 
30.03.6.1.4" 
oo.03.6.1.s· 

• 

Off-Sito, RPC . 
Shipping 
Subassetnbly, Tosi 
Machining, lnspeclion 
Procuremen1· · ·. :_:.. -: ..... 
Final De$1gn; ~ MCids 

• • 

OEM Muon Sub-ay1t•m Cost Mitri• · Rav 15 

~I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Page 15 

• • 

1115193 

Total 
k!_ 

0 
.• o 

0 
0 
0 

I I 0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

• • 

kS 
0 

0 
0 
0 
0 
0 

83' 

I 

4$5 56 0 0 
455 56 0 0 
IH 01 0 28 

30 .j 1 0 0 
76 10 0 0 
76 10 0 0 
76 10 0 0 

338 1!75 0 0 
G 17 0 14 

44 98 .•o 14 

40 110 ·o 

. 20 55 0 
3 6 0 
3 5 0 
3 31 0 
3 11 0 
7 .2 0 

ao 55 0 0 
3 6 0 0 
3 5 0 0 
3 31 0 0 
3 11 D 0 
7 2 D D 

0 
.. 0 

0 
0 
0 
0 
l) 

·•O 

• • • 



~ 
CD 
en 

WBS no. 
30.04 

30.04.1 

30.04.1.1 
30.04.1.1.1 
30.04.1. I .2 
30.04. I. I .3 
30.04.1.1.4 

30.04.1.2 
30.04. I .2. I 

30.04.2 

30.04.2.I 
30.04.2. I. I 
30.04.2. I .2 
30.04.2.1.3 
30.04.2.1.4 

30.04.2.2 
30.04.2.2. I 

30.04.3 

30.04.3.1 
30.04.3.1.1 
30.04.3.1.2 
30.04.3. 1.3 
30.04.3.1.4 

30.05 

30.05.1 
30.05.2 
30.05.3 
30.05.4 
30.05.5 
30.05.6 

30.08 

Hom 
INSTALLATION 

a.,11 Region 

On.Siio 
THI 
MochanlcalAsoembly 
Elec:lrlcal/Elec:lronlcs Assy 
Fae Pl'lp 
Off-Siio 
lnslal. Tod Fnl Dsgn: Mech, AsS'f 

Encl Cop lloglon 

On-Siio 
THI 
MechanlcalAsoembly 
Elec:lrlcal/Elec:lronlcs As-.bly 
Fm:Pl'lp 
Off.Siio 
lnslall. Tod Anal Dsgn: Mech,""" 
Globol Algnmonl 

Oii-Siio 
Shipping 
THI 
A11embly 
Final Design, DIWfllSpec Mods 

PROJECT MANAGEMEHT 

Admlnl11ratlon/Overs~h1 
_M.._..,,. 
ES&HAslurance 
Quallly Allurance Prognm 
Systems lntagr•lon 
SUbsyslem CoSllSchadule Monllor 

CONCEPIUAL/~ARYDESKIN 

OEM Muon Sub-•y•t•m Coat Metrlx - Rev 15 

AuomN h&talllllon 
Mlli.rt• Tolal lobor Rato Sublotat ~"d. Enn 

kl kl .. k$1 ..... k$ kl 
11.44 st 1015 1265 

10.11 56 808 785 

10.11 808 785 
3.00 71 213 60 
0.41 47 19 600 
1.00 57 57 125 
8.50 49 319 
a.oo 0 0 
0.00 0 0 

8.53 80 393 480 

8.53 80 393 480 
3.00 71 213 60 
0.28 46 13 420 
1.00 57 57 
2.25 49 110 
0.00 0 0 
0.00 0 0 

1.00 95 95 0 

1.00 95 0 
0.50 82 41 
0.25 107 27 
0.25 107 27 

Page 16 

' 
1/15193 

Summ• ... 

Toollno Material Total labor Materlol Cann. E•"" ToOllna 
kl k$ •S kl k$ k$ •I 
125 265 2750 2816 566 1215 125 

125 85 1603 I 720 280 715 125 

125 85 1603 703 193 715 125 
0 76 349 213 76 60 0 
0 0 619 54 28 600 0 

125 I 308 83 78 125 125 
8 327 353 11 0 0 

0 0 0 1017 17 0 0 
0 0 1017 67 0 0 

0 80 t53 853 142 410 0 

0 80 953 459 I 14 410 0 
0 76 349 213 86 60 0 
0 0 433 36 20 420 0 

I 58 83 3 0 0 
3 113 128 5 0 0 

0 0 0 393 28 0 0 
0 0 393 28 0 0 

0 100 195 313 164 0 0 

0 100 195 313 164 0 0 
100 141 57 151 0 0 

27 60 2 0 0 
27 60 2 0 0 

0 137 9 0 0 

3296 435 0 0 

1463 150 0 0 
183 45 0 0 
367 90 0 0 
550 90 0 0 
367 30 0 0 
367 30 0 0 

1392 300 0 0 



• 

~ 
CD 
O';) 

IM!Sno. 

30 

·• ••i··•····•·aot ; ;;;; 

30.01 
30.01.1 
30.01.2 
30.01.3 
30.01.4 
30.01.5 
30.01.6 
30.01.7 
30.01.8 

30.02 

30.02.1 

30.02.1.1 
30.02.1.1.1 
30.02.1.1.2 
30.02.1.1.3 
30.02.1.1.4 

30.02.1.2 
30.02.1.2.1 

30.02.2 

30.02.2.1 
30.02.2.1.1 
30.02.2.1.2 
30.02.2. I .3 
30.02.2.1.4 
30.022.1.5 
30.02.2.1.6 

• 

OEM Muon Sub--1y1tem Coat Mlitrlx • Rev 15 1/15193 

Summ• ... 

Subtotal r...-n Orowlh Altwnect Total Number 
Item ., RalO Amount k! k$ A-·tred 

Muon Sub-system (CSC) 82285 31% 25803 108088 1 

' 
M'&i~ 1t;v~!m t6Pt!#e91 .• ·. \ 71611 ~·'4 20209 /.t1Q1$ 1 · ..•.. · 

Muon Sub1y11om RID 2423 20% 485 2907 
DOV91op Chamber TochlOlogils 780 20% 156 937 
Chamber Perfonnance Evalualion 260 20% 52 312 
Muon Trigger 70 20% 14 84 
Allgnmenl Technology 209 20% 42 251 
Ele .. ronlcs eval'*ion 189 20% 38 227 
Simulallons 33 20% 7 40 
Ind. Ch-., Del. & Fact«y layOUI 0 0% 0 0 
Engineering (lllU .. lftl, ...... •IC.) 880 20% 176 1057 

llMIEL llE<IOH 48441 34% 15628 62078 2 

B1rrll Region Modulo A11ombly 4135 30% 1451 8216 2 

On-Sito 4480 30% 1338 5798 
Module Storage 50 30% 15 65 
Test 234 30% 70 304 
Assembly 4117 30% 1235 5352 
Fae Prep 59 30% 18 77 
Off-Sito 375 30% 113 488 
Assy FIKI Final Osgn: Mach, Assy 375 30% 113 488 

C1lhod• Strip Ch•mber1 30113 3S% 10841 40954 1024 

Off-Sito 30113 38% 10841 40954 
Shipping 454 36% 163 617 
Test 3216 36% 1159 4373 
Assembly 10921 36% 3932 14853 
Faclllly Prep 594 36% 214 807 
MIClllnlng, 1._,.1on 14560 36% 5242 19802 
Final Design, Drwgr.lpec Mods 369 36% 133 502 

Page 17 

• • • • • 

•unli- ..... •r•• "unlr l•al 
coat Kt M'2 coat. KS modlHed 

108088 15-Jan-93 

91 eh! .. 
1 $-.Ion -93 

21-Dec-92 

21-0ec-92 

21 ·Dec-92 

21-Dec-92 
21-Dec-92 

21 ·Dec-92 

21-Dec-92 

21 ·D•c-92 

31039 15-Jan-93 

3143 15-Jan-93 

13-Jan-92 

2-May-92 
15-Jan-93 

10-Jan-92 

18-Jun-92 

40 4000 10.24 4-Jan-93 

4-Jan-93 

4-Jan-93 

4-Jan-93 
23-0cl-92 

4.J•n-93 

23-0cl-92 

• • • • 



I 

c.:> 
c.o 
"'1 

""'5 no. 
30.02.3 

30.02.3.1 
30.02.3.1.1 
30.02.3.1.2 
30 .02 .3 .1.3 

30.02.4 

30.02.5 

30.02.5.1 
30.02.5.1.1 

30.02.5.2 
30.02.5.2.1 
30.02.5.2.2 
30.02.5.2.3 
30.02.5.2.4 
30.02.5.2.5 
30.02.5.2.6 
30.02.5.2.7 

30.02.1 

30.0Z.8.1 
30.02.6.1.1 
30.02.6.1.2 
30.02.6.1.3 
30.02.6.1.4 
30.02.8.1.5 

30.02.7 

30.0Z.7.1 
30.02.7.1.1 
30.02.7.1.2 
30.02.7.1.3 
30.02.7.1.4 
30.02.7.1.5 
30.02.7.1.6 

) 

GEM Muon Sub-1y1l9m Coat Mltrlx • Rev 15 

Summ•rv 
Sublolat 1111nn Growlh Allwnce 

ll•m •• Roll Amount. kS 
Module Support Structure• 3218 3411. 1079 

Off-Siie 3211 3411. 1079 
5""'*'9 ' 131 2311. 30 
Machining, lnspecllon 2384 3411. 811 
Final Design, Drwg/Spec Mods 701 3411. 238 

ElactronlcllElectrlc1I H1rdw1r1 0 0 

O..Sy1- Ziii 2211. 576 

Off-Siie 942 2211. 207 
Design and Devofopment 942 22% 207 
On-Site 1171 2211. 369 
Dlllgn end -gs 81 22% 14 
Tes1 Procadure dovelopmanl 43 22% 9 
Salaly Procadure dftalopmenl 86 22% 19 
Malrw_,.,. Procadure-lopmen1 86 22% 19 
Assembly end Tiii 1013 22% 223 
Procul8nll'" - SUllace Syslem 76 22% 17 
PIOaJ- • Hal Sys1om 310 2211. 68 

Cooling Sy1tom 2121 3011. '36 

Off-Site 2121 3011. '36 
Shq>lng 44 30% 13 
SUbassambly, Tesl 127 30% 38 
Machining, I-Ion 1609 30% 483 
Procurement 80 30% 24 
Final Design, DrwglSpec Mods 261 30% 78 

Loe11 Alignment 3548 2911. 1046 

Off-Site 3541 2911. 1046 
Sh4>1>fng 82 30% 25 
Ta11 875 30% 262 
AU1mbly 481 30% 138 
Faclllty Plop 112 23% 26 
MocNnlng, I-Ion 1872 30% 562 
Final Design, DrwglSpec Mods 146 23% 33 

Page 18 

> 
1115193 

Total Number ·un1r· 
kS R-1lred cost KS 
4295 24 179 

4295 
161 

3195 
939 

0 

3194 2 1597 

1149 
1149 
2045 

75 
52 

105 
105 

1236 
93 

378 

2757 2 1378 

2757 
57 

165 
2091 

104 
339 

4512 2 2296 

4592 
106 

1137 
599 
138 

2433 
179 

Area area •un1r 
u•2 COGI. KS 

) 

laol 
modified 

15-Jan-93 

26-0cl-92 
15-Jan-93 

16-Jun-92 

4..Jan-93 

4-Jan-93 

4-Jan-93 

21·0Cl-92 
21-0cl-92 
21-0cl-92 
4-Jan-93 
4-Jan-93 

4-Jan-93 

4-Jan-93 

4-Jan-93 

4-Jan-93 

4-Jan-93 

4-Jan-93 
4-Jan-93 

13-Jan-93 

13-Jan-93 

13-Jan-93 

13-Jan-93 
31-Jan-92 
13-Jan-93 
31-Jan-92 

, 

I 
' I 
1 



• 

c,., 
c.o 
00 

GEM Muon Sub-1y11M1 Cost Mitri• · Rev 15 1/15/93 

Summa1 
Subtotal n Growth AUwnce Total Number 

MS no. llem kS Ra• Amount, kS kS Reaulred 
30.02• BARRELReGDll 'RllTIRl'(f••··. •·• '734001 •"i9% --s10121 447281 ·2 

\~~~~;:;; i ~~~~1~!1~J~~flij~~l?\i y tit~~. ::f / :~:: !::~: 288 

i~, 1 BJJ,, ,I I ~;1 ,~!! 
<~;:: 1:; 

:':~70 30'4 
)!22 ii0% 
1&•1 30'4 
<•H 23'4 

/ 1703 .. iio~ 
. ili69 30% 

11~~~-~~1~ 
30.ou,1•. ···•· •·· :;;;~;;~]~~ ..• \!:•. . i~n 2210 

. 30~~!.~1,1\ •• ~~'/.~.;~~ t:J! . ::: 
30.02.U.1\ . Dnlgn llricl drowtllg$ . ·· 11 22% 
30.02.Ui' •• Te11 p~re .de•~IM"ll 8$ 22% 
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• • • • • 

H96 
14il& 

81 
187 
498 
109 
~11 
111 

1079 
1079 

30 
811 
238 

170 

112 
112 
273 

16 
19 
19 
191 

135 
17 
0 

6595 
659$ 

351 
8091 

2160 
582 

2214 
479 

288 

42'51 32 
4295 

161 
3195 
939, 

4272 a 

• 

"unit" I "'•• 
cost, KS M"2 

22364 

72 . , ,000 

2:1 I 7821 

134 

2136 

• 

aru "unlr 
COii, KS 

0.84 

l.os1 
modified 
8.Jan~9:1 

8.J,n·i3 

4<Jan•93 
8-Jan·llll 
8.Jan-93 
2•·JM·92 
a-Jan~93 

16-Jun-92 I U·J•n-93 

13-Jan-93 
13-Jan-93 
13.Jan.93 
24...Jan.92 
13...Jan.93 
1Nun-92 

15-Jan-93 

,~ 2.~Jan-e2 

15"jan·93 
18~JUn•92 

4-Jai1-93 

4-Jan-Cl3 

4.JM·93 
21·0et·92 
21·0el·92 
21·0e1·92 
4.J&ri-93 
4..Jan·~3 

4..Jan•93 

4-,1~~3 

.\>>>1·•.•:iffl.ea 
2H;ic~92 
~1.Q¢i.92 

• • • 



I 

~ 
co 

"" 

I 

OEM Muon Sub-1y1t•m Coit Mlltrlx • Rev 15 

WBSno. I ll•m 

.l1rlf 
:~1rt~i:.£i;1&! :······· 
• ·oo.~.$;13•·· 
• . :jg.o~,ii:! ;I•!! 
oo.02.U ;&-.•· • 

>•~~~~~~;~~ii 
········.······~:oz:s,un t!!iill!i*•illl!IY; 

~• .,. 
30.03 IEHD CAP REOIOH 

30.03.1 End C., Region -ulo AHy 

30.03.1.1 On·Sllo 
30.03.1.t.t Stttor Sloroge 
30.03.1.1.2 Teal 
30.03.1.1.3 Assembly 
30.03.1.1.4 FllCllMy Pnp 

30.03.t.2 Off0 Slto 
30.03.t.2.1 y Fhd Fnl Dsgn: MllCll, Aloy 

SubtDI .. 

k$ I Ra• I AmounL kS 

~r~2%I· .·· ) 19 

:~:r!m < ~~! 
1•31 ~o~ \ht• .. 
15 :io% iz 
: ···!~~ +] 

34 :io..C. io 
1.4 •·~.~ . T)• 
f 3o'Kt · ~ 

••A~~ 
. • )t /111!~ 

·. <~1 ···~~~ 
•j ·~~ • •ao~ 

1114 ~;~ 
171~ ~;~ 

ai ao'Kt 

·1~: j~ 
!fU· ~g 

87 ·13% 

23141, 34%1 

3105 30'!1. 

3530 30'!1. 
50 30% 

234 30'!1. 
3187 30'!1. 

59 30% 
375 30'!1. 
375 30% 

Page 20 

20 
3 

. ·2 

10 

.. ······~ 
502 

-~2 
25 

j$5 
... 52 
)~~~ 
. 201 

71421 

1172 

1059 
15 
70 

956 
18 

113 
113 

1/15193 

<h 
12 
·n 

2~7 

1M1 
670 . •i• 
~~ 
l•] 
1~ 

309111 

5077 

4589 
&5i 

304 

41431 
77 

488 
4991 

2 

2 

93 

115495 

2538 

,, .. 
M"2 

arH •unlr 
cost, MS 

..... 
modified 

2H><:t·92 
4..Jen-93 
4.Jaft-93 
4.Jan.93 

4-Jan-93 
4.Jan-93 
4-Jan·93 
4-Jan•93 
4·Jan-93 

4;.Jari-93 

4~an-93 

4.Jii.n·93 
4-JaA-93 
.. .,,_,.~93 

13.Jan-93 

13-Jan-93 
t3-Jan-93 

13..Jan-93 
31.Jan.92 
13.Jan-93 

31..Jan-'92' 

15-Jan-83 

15-Jan-93 

t3·Jan-92 

2-M•y-92 

15-J•n-93 

tO-Jan-92 

18.Jun-92 

) 



• 

.::.. 
0 
0 

\W&no. 

30.03.2 

30.03.2.1 
30.03.2.1.1 
30.03.2.1.2 
30.03.2.1.3 
30.03.2.1.4 
30.03.2.1.5 
30.03.2.1.6 

30.03.3 

30.03.3.1 
30.03.3.1.1 
30.03.3.1.2 
30.03.3.1.3 

30.03.4 

30.03.5 

30.03.5.1 
30.03.5.1.1 

30.03.5.2 
30.03.5.2. I 
30.03.5.2.2 
30.03.5.2.3 
30.03.5.2.4 
30.03.5.2.5 
30.03.5.2.6 
30.035.2.7 

30.03.6 

30.03.8.1 
30.03.6.1.1 
30.03.6.1.2 
30.03.6.1.3 
30.03.6.1.4 
30.038.l.5 

• 

GEM Muon Sub-ay1tMn Co11 Mltrl1 • Rev 15 

Summ•rv 
SUblolOI ~ Orowlh Allwnce 

ltam •• Ra• Amount, kS 

C- Strip Chombero 11105 31% 3tta 

Off.Sit• 11105 31% 3998 
Shipping 281 36% 101 
Teal 1520 36% 547 
Assembly 4991 36% 1797 
Facilily Prop 594 36% 214 
Machining, lnopeclkln 3352 36% 1207 
Final Design, Drwg/Spoc Modi . 369 36% 133 

Module Support S•uctur•• 2338 33% 789 

Olf·Slte 2336 33% 789 
Shipping 131 15% 20 
Machlnlng,lnlpldkln 1504 34% Sit 
F'1181 Design, Drwg/Spoc Modi 701 34% 238 

Eloctronlcl/Electrlcol Hordwore 0 0 

O.s System 2801 32% 827 

011-Slt• 942 21% 284 
Design Ind Devw1opman1 942 28% 264 
On-Sito 1887 34% 583 
Design and drawings 81 28% 17 
Test Procaclute deV81opmenl 86 34% 29 
Salaty Proc:edurv devalopmenl 86 34% 29 
Malrtanonco Procedure dewlopmonl 86 34% 29 
Assembly and Tosi 960 34% 326 
Procurvmtrl • 5url8cll System 76 34% 26 
Procurvmort • Hol System 310 34% 105 

Coollng Sy1lom 2122 31% 804 

OH-Sito 2122 31% 104 
Shlflplng •• 40% 18 
SLtJ111ambly, Tesl 127 40% 51 
Machining, lnopeclkln 1609 40% 644 
Procuremen1 80 40% 32 
Final Design. Drwg/Spoc Modi 262 23% 60 

Page 21 

a a a a 

1/15193 

Total Number ·unti- Are• are• ·unlr Leal 

•• R-•lred CO&I, KS M•2 coal KS modified 

15103 256 59 2847 5.30 13-Jen-93 

15103 
382 12-Jan-93 

2067 13·Jan·93 
6787 13-Jan-93 

807 18-Jun-92 
4558 13-Jan-93 

502 18-Jun-92 

3105 32 97 15-Jan-93 

3105 
151 31-Jan-92 

2015 15-Jan-93 
939 18-Jun-92 

0 5-Jan-93 

3435 2 1717 13-Jan-93 

1205 
1205 13-Jan-93 

2229 
79 13-Jan-93 

116 16-Jun-92 
116 16-Jun-92 
116 18-Jun-92 

1287 13-Jan-93 
102 13-Jan-93 
411 13-Jan-93 

2926 2 1463 5-Jan-93 

2126 
61 5-Jan-93 

178 5-Jan-93 
2253 5-Jan-93 

112 5-Jan-93 
32: 5-Jan-93 

a a • a • 



.ea. 
0 
f-.> 

) 

OEM Muon Sut>-ayatem Coat Matrix .. Rev 15 1/15113 

I I I Sublotail ID&gn Growth Allwncel Total I Number 
WBS no. ll•m kS "-" I Amount, Id k$ f\8Q.llted 

30.03.7 ILocal Allgnmenl I 10721 25%1 2731 13451 2 

30.03.7.1 
30.03.7.1.1 
30.03.7.1.2 
30.03.7. I .3 
30.03.7.1.4 
30.03.7.1.5 
30.03.7.1.6 

:10:0:1; t ; 
.;ii,:l;i;Hi 

3o.~.~···•··•··········· 

30.03.:I' 

3o.oi3:1' ..... i: 
30.~3.311~1·· ·,:,,; :-:., 

~:! 

Off-Siie 
Shipping 
Test 
IA ... mbly 
Facllily f'l-i> 
M-lng. 1,_.:tlon 
Fina! Oos91, Drwg/Splc Mods 

:::::-.-:,:::;:· 
. ···~:-:} 

ilbrliii!e 

1072 25% 
32 15% 
59 23% 
59 23% 
59 23% 

718 27% 
146 23% 

'~f~'l 32% 

1~!~~ . 31% 
10~~' 38% 

H~~i ::: 
•.• ~978 .38% 
•. \$94 )il;r. ( '!" ?3~~ ... )1~2 36% 

. n:J .::: 
?~tP · .. ~!'" ·· 
i~)~~ •.. =::. 
.o11• ,. 36% 

>q171 3&% 
•3S2 38% 

,,· ii~~ls1 3:1% 

~~~' ~3% 
rJ •• 2 ~~=! ~:: 

... 701 'fo4'!<-

ii~~ .. 
Ii~~ 
iii~ 
?~~ .... 

Pogo 22 

273 1345 
5 37 

14 73 
14 73 
14 73 

194 912 
33 179 

1a3il 3 ... ~•.o. a.~ ... ·1. 2 
13911 . 192 
iii;o . 

1212 
1212 

97 
145( 
431 
170. 
241 
127 

796 

796 
20 

538 
238 

·738 

li~I / 
11~ 

~-3 

"unu· 
coet KS 

673 

18034 

..... 
M'2 

72 I 21l47 

•ru •untr 
coal, KS 

Last 
modllled 

14-Jan-93 

t4-Jan-93 
14-Jan-93 

14-Jan-93 

31-Jan-92 

14-Jan-93 

31-Jan-92 

12-Jan-93 

4.89 I 12.Jan-93 

12.Jiln-93 
8.Jan-93 
8-Jan-93 

18-Jun-92 
8-Jan-93 
18-Jun-92 

13.Jan-93 

13.Jan-93 
13oJan-93 
13.Jan•93 

1e..Jun·92 
;3-Jari-93 
19..Jun-92 

15-Jan-93 

31-JSn-92 
15-Jan-93 
uf-Jun-92 

13.Jan·93 

~~ei 

, 



• 

.t:i. 
0 
!\:) 

GEM Muon Sub-1y1tem Cost Mitri• . Rev 15 1/15193 

vmsno. 11em 
'.':': ~A18,#~iiiji(. 

i. 

··············~a3f~,; ;i? 
. 3(}03,8.1)1'. 

• 

. 30.03.8, 1 ~ 
30.00,8,1,~ 

..•••• 30.~.~.1,f ••. 
30.03.8.1,5' 

. 30.0i~if &it,~~~;;) :;~t·> ..... 
30.03.8.1.1" . ShljlplllO< i/ ' · .• 

• • • 

Sublolal IDlan Growth Altwncel Total 
k$ I Ra• IAmoun~ k$I k$ 

·.•·. < $ii·····~~~ . $23 
(\}i :iii% 

1!38 .. :IZ!JC. 
~1 22%' 

Ga~I j385 

.···.if ~~~· 
.·.•.B&·H'!C. 

•• ib'li. .,4 '~211. .· at 22\!.' 

96 
10~ 
105 
ios1 
?48 
•!II 

no )!:! .~2% 
ti4I · 2 
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Cost parameterization objectives 

.i::.. 
0 
-...1 

• Develop a system capable of assessing the cost impacts of different 
design options for the CSC technology 

• Integrate model with Muon System cost matrix 
- consistent cost "story" 
- enable rapid updating for future cost refinements 
- EXCEL spreadsheet 

• Permit valility of a broad range of fundamental system parameters 
- system size, configuration, unit costs 

• Include parametrization of barrel and endcap 
- initial barrel model complete 
- endcap model not yet implemented 

-- totals assume baseline configuration and costs 

, 
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Cost model data flow 

~ 
0 
00 

• 

Engineering 
component 

cost 
estimates 

• 

Muon 
- System cost 

matrix 
(EXCEL) 

• • 

--

• 

Electronic 
channel and 
prototyping 

costs 

t 
Cost 

parameterization Cost of systems 
- in optional model 

(EXCEL) configurations 

• 
Unit costs and 

scaling 
relationships 

• • • • • 
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Middle radius Total cost 124000 Middle radius # channels 600000 

123833 .. 123500 559104 .. 500000 
6.4 123833 " 123000 6.4 559104 " 
6.2 122960 • 6.2 522240 

• 400000 
-;; 122500 -6 122626 0 6 522240 g 300000 

5.8 122303 .. 122000 5.8 522240 
5.6 121991 ~ 121500 5.6 522240 '! 200000 

a 
5.4 121690 

I- 121000 5.4 522240 I- 100000 

120500 
0 ·-·-·-·---· ... N co "' co ... ... "' co "' co ... .; ..; .,; .,; .,; ..; .; .,; .,; .,; 

Middle superlayer rad • m Middle superlayer radius • m 

..i::i. 
~ 
l\J 

M layer pitch Total cost M layer pitch #channels, 
123833 559104 
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9 123305 124500 9 522240 " 
8 123833 .. 8 559104 ~ 600000 

" 124000 c 7 124360 7 595968 .. . .c 
6 124887 -;; 123500 6 632832 .. 550000 

" a ·;: .. 123000 e 500000 ii 
~ 122500 u .. 

'i 450000 
122000 .. 
121500 400000 

0 "' Cl) .... co 10 
~ 

9 8 7 6 

Middle layer pitch • mm Middle layer pitch ·mm 

• • • • • • • • • • 
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0 layer pitch Total cost 0 layer pitch # channels 
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~ ... 
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123833 124000 124000 
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122005 
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150 § 122500 

50 1t7977 ]! 118000 ]! 122000 
{:. 11 7000 0 ... 

121500 116000 
115000 

121000 0 0 0 0 0 0 
0 O> .. ..... "' 

., .. ., 0 "' 0 -., 
"' 0 ..... ., 

"' "' "' - - Percent of nominal panel 
Strip plane unit cost • $/m2 manufacturing cost 
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Ch assy rate 
Man-hr/gap 

it>. 
~ 
~ 

50 
45 
40 
35 
30 
25 

• 

Total Casi 
123833 
123833 
122277 
120722 
119167 
117612 
116057 

• 

124000 

122000 .. 
"' • 120000 
# • g 118000 

! 116000 
0 
I-

114000 

112000 
OUlOlOOlO 
IOV'-=t'C?r>N 

Chamber assembly cost • man· 
hrs/gap 

• • • • • • • • 
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Preliminary cost parameterization results 

#Phi 
segments 

12 

#planes/ 
superlayer 

I I M I 0 

41 .4 

pitch (mm} 

I I M I 0 

5 5 5 

Measure. 
# Barrel I error 

E/channels {microns 

786432 38 

Ii . I =Baseline 81414, 12 fold segmentation, 5mm/5mm/5mm pitch 

111111]1 = new proposals 

) 

ill!. 

Cost 
(K$} 

122469 

) 



• 

~ 
f--o 
O'; 

• • 

CSC/RDT Cost Comparison 

csc (6/6/4) AOTfRPC 
Barrel Endcap Total Barrel Endcap Total 

Sector assembly 4836 3905 8741 4835 3905 8741 
Chambers 29892 11105 40997 21191 13596 34787 
Suppon structure 3216 2336 5552 '.)216 2415 5630 
Gas syslems 2681 2608 52 89 3501 3355 6856 
Cooling syslems 2229 2122 4351 143 150 292 
Alignment 4024 1072 5096 21 92 809 3001 
Installation 2890 1475 4365 2890 1475 4364 

Mechanlcal sublotal 49768 24623 74391 37968 25704 63672 

Electronlcs subtotal 6571 4202 10773 1309 2519 3828 

Subtotal 56339 28825 85164 39277 28223 67500 

R&D 2423 2246 4669 2423 2246 4669 
Conceptual/prellmnary 1692 1692 1692 1692 
Prolect management 3731 3731 37'.JI 3731 

Subtotal 64184 31071 95256 47122 30469 775g1 

Contingency 19255 9321 28577 1 3373 8647 22020 
(30% CSC, 28%RDT) 

Grand total 83440 40392 123832 60495 39116 99611 

Notes: 
1) CSC costs were developed from cost parameterization model 

2) ROT cost are from Gus1avson"s cosl matrix with electronic channel cost added 
3) Same electronic unit costs used for CSC and ROT 

• 

a) channel cost::. $11/channel plus contingency 
b) Electronic prototype development cost~2246K$ 

c) • channels (fine and coarse, barrel and endcap) 
:979,395 csc 
= 348,000 ROT {no RPC channel costs lnctuded) 

• • • • • • • 
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