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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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CSC Chamber Alignment Sawicki 12:50-1:00
CSC Chamber Construction Kiryushin 1:00-1:30
Trigger : Atiya 1:30-1:50
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System Performance Whitaker | - 2:20-2:50
Houston Option Weinstein -. 2:50-3:30
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BL2A (RDT & RPC) o ‘
RDT Chamber Construction  Bromberg = 4:30-5:00
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The CSC System Layout

Presentation by:

F. Nimblett
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GEM CSC Muon System Layout
(6-6-4 Gaps per Superlayer Barrel)
(Version "h" Endcap)

Frank Nimblett
18 January "93



Barrel Reglon 100% Phi Overlap** CSC Endcap Version "h" Chamber Layout
(6-6-4 Gaps per Superlayer) (segmentation of each group)

Frank Nimblett
18 January '93






Ol

¢ = chamber half-angle (°)

6 = Chamber tilt angle (°)

L = Lorentz angle of gas (°)

|IL-8] + ¢ < 6° L=8°

Superlayer ¢ 0 Sum

Inner 7.5° 10.5° 10°
Middle 3.75° 11.5° 7.25°
Outer 3.75° 10.8° 6.55°

F. Nimblett
18 January 1993
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The CSC System Alignment

Presentation by:

R. Sawicki
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LT

fiquration with rigid chamber coupling in phi direction

Phi module segmentation = 12
# chambers/module = 56

# towers/module = 8

# alighment paths/module = 48
#alignment paths/GEM = 1152
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c

onfiguration with po rigid chamber couplin

in phi direction

Phi modute segmentation = 12
# chambers/module = 56

# towers/module = 16

# alignment paths/module = 96
#alignment paths/GEM = 2304
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CSC endcap alignment configuration

61

c

nfi tion with rigi amber coupling in phi directio

0

nfiqur. ion ith

® rigid chamber coupling in phi direction

Coupled chambers

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/moduie = 48
#alignment paths/GEM = 2304



Endcap region alighment slots
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Phi module segmentation = 16

Barrel confiquration with rigid chamber couplin

# chambers/module = 9

# towers/module = 3

# altgnment paths/modute = 18
#alignment paths/GEM = 576

in phi direction

| ¥4

Endcap configuration

Phi module segmentation = 16
# chambers/module = 6

# towers/module = 2

# alignment paths/module = 9
#alignment paths/GEM = 288

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




Alignment path comparison

. 60

1) alignment channel cost = $650
2) Endcap towers have fewer than 6 alignment paths

#Alignment Alignment
paths channel
cost - K$
CSC (no chamber 4608 2995
coupling)
CSC (with chamber 2304 1497
coupling)
RDT (with chamber 864 561
coupling)
Notes:
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The CSC Chamber Construction

Presentation by:

Yu. Kiryushin
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CSC

conctruction

presented &y
Y. Kirvushin

BML- TINR
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. Structure of the chamber

For layout 6/8/9

ImEeR - J9ar
M | dol e - 39ap
Ou ter - Y9ap
qap of the chomder
INNER - 4 MM
MUDILE -4 Mmm

Ou ter - &5 MM
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e« BASE ELEMENT- HONEYComg
PANE L

-NOMEYX core -19 mm 2hick
-skiwn é’ay;eg -0,5MM thick GO
- fraMgs — 2S5 rmmundth G 10
~THICKNESS TOLERANCE 21| mm
~FLATNESS TOLERANCE 2S5OpK
-PARALLELISM OF THE S1DES

2 S0 MK
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s wire péone

wire spacing 2.5 mm
wre @& 30 mk
wire tensron Z2/50g

the wires ore soéleres

lo the prended Boors
and 9Cweo Ly cooty

al the vires are grouped
a grovpes of 40 wcres
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I

WIRE PLANE

C
H.V B
f 64 readout channels
(4 LeCroy cards 2735DC)
Test

31

Test



. Spacer

"3 spaecers slvou&/fe
cnstaltey on 2he crhombler

to prevent oany dJlEsturbtio.
of the 9op of the chomber

0ll the panels shouts Lo
tighten with a rorce

Z0-=30 éj
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- Strip caithode
-strcp readout piich s
ditrerent tor €ogyerc
- gap Fum - S5 mm
“gapdmm - 8/ pm
- gap S5mMm - |0 mMm

Each strip chornef
consist Of one reedow¥

and two floafirng strgps
- Strep gap - Q.Ymm

- COOp=er -éhic/eness - /7/416 |
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STRIP CATHODE

45"

0.062"

60"
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. N8l strips are grovped
(n growvpes of 16 strips

i - Fach 16 sitrips from
(l{) 3 gaps of the chamrber

are comnmnected <o
one cord

- Commection of the
- Streps o the card con

be o one by s&¢ colle
) weth grownd sha'eia/z'/)j
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. 2Cgn ment

Each strep cathode panef

has & preccsron weashers
weh overClopped’ ¢he edye
so as to Lo tovchalé

for mechamcca€ a(cfﬂ ment

Each chamber cn the
midd€e CLaver jfoe &

séots to provide a&sp-
nment cn sxper foyers
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Covera ge loss tor stots
in miel plane CS5C

6 sbots per plore
179 @ sbots per Cayer

Actve area cn mid & yep

[_-.- 2(952‘/ M M
R = 9450 Mm

A ¢ = 6?'? %o
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Middle Laver, 23 chamber module

Area of chamber: Frame width = 0.050 m
Length = 2.4 m Fraction of active area
Width = 0.8 m overlapped by frames: 0.104
Total area = 1.92 m**2
component material density cm/X0 thcknss {(cm) mass (Kg) normal X0
Hexcel core Nomex 0.14 485.7 2.0 19.74 0.0165
circuit boards G1l0 1.70 19.40 0.0% 13.06 0.0206
copper - copper 8.96 1.47 0.0017 2.34 0.00925
frames G1l0 1.70 19.40 2.8 28.29 0.536

A S A D e o ol A sk ek A et o i ) Tl — A T .

Total mass = 63.43 Rg
Mas per area = 33 Kg/m**2
X0's through center = 0.04635
X0’s through frame = 0.536
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Conclusion .

. CSC has a rig.d
Sebrsyporting
canstruction
9.Chaméber construction
techniges «sE a minim w7
0¢ moterials andad theose

materials ore fow Z

3. Wire placement toleronces

are norma € oamd easi €y
achgvsa(

o . Ex-ter‘nae reference Yo
the precisiorn streps ror
alegnment ts rncorporateyd
in the ocecwrode coithode
production by phoZo -
bcthograbhy
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The CSC Trigger

Presentation by:

M. Atiya
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Muon Trigger Componenfs:
(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 I/O pins
@ 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

o2
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160 mm —

input Connector J ‘

Y r j ' ) ( ] ) 4 N
P/A P/A P/A PIA
J \. _J —— \ J .. J
' 8 N N N Ty
SH [ SH f SH f SH
Logic Logic Logic Logic
L MUX j (MUX ) L Mux ) [ Mux ] L Mux )

100 mm

‘CSC Chamber Board Layout
128 Channel Yersion

o SrTneremcamel L o T L e s e e

" Figure 4: Physical layout of the CSC front end printed circuit board. Each 128:channel
board services 32 cathode strips on the four layers that comprise a superlayer.
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Anode Wires

Brass Pins
Cathode Board
<=— 4-Layer PCB
8-Layer PCB IC's |
Cooling Water :
Data Connector , | 160 Pin Connector

Figure 2: Mechanical mounting scheme for the CSC readout boards. One 128-channel board
services 32 cathode strips on each of the four layers that comprise a superlayer.



Trigg_Board

(1) Receives signals from 2 SL2 and 2 SL3 Z chambers per
sector in barrel.(similar number hold for EC)

(2) Total Number-of pogeds Trigger Card
33

No Sectors * 4~ s hnectio:

| (3) FB size, housmg recegﬁrg, CAM, Interface and

56



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 1.1)to -
~ improve rejection..

(4) Can interface to DAQ

57




Associative Memory
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Source Point
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[(MUELCOST. XLWITrigger Card Cost

64

[ Trigger Card Cost [
Component |Number |Unit Cost Total Parts Comment
Receivers(singie) 1 256 0.1 25.6|ECL
Latches{singie) 256 0.1 25.6,ECL
Decoders 18 3 4B|ECL
Associative Memory 32 60 1820]Custom
Timing Counter 16 10 160|ECL/Custom
Giue Logic 32 50 1600IFPGA
Connectors 12 3 36(|Hi Density
interface 2 50 100{FPGA
Board 1 400 400(12 Laver/12 wk
Debug {hrs) 8 56.32 450.56|(Sr Tech SSCL)

0

0

0

0

0

O

0

0

0

0

0

0

6]

0

0

O

0

0

0

Q

Q

0

0

0

0

0

0

0

0

0

]

0

0

0

0

0

0

Page 1




Level 1 Trigger Rate/sec

Y
(@)
n

A

)

3

4]
B T}

- 10%x34 charged particle trigger rate

(]

10x+x33 charged particle tpfgger rate

HE—

triggn.for

FRPS

Neutron rate/cm==»2sec

-
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- The CSC Test Results from TTR

Presentation by:

V. Polychronakos
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/. Porye#RomvAies
TaN. 1g, '3

CSC Prototype Performance

Brief Description of BNL Prototypes
TTR Tests
Resolution

Bunch Crossing Timing

Dubna Prototype TTR Tests

69



¢ aan31 3

Z661/12/80
8.21/401-01d

~J—-
\

./.M;.//
///W/f/. N
NS // S

Sclli¥IsS X

JUOHIVD

=2 SRIM . Z L
& Faq0ny = N P
o
1Noav -
OV

TRy

Sy e,

Ly Ve
St

Vo) Ly o) {
d_“_ et ".. .._ ._...
10RO 0 W]
) .".._. Ry
f ] ! Ifl [ ] [ ] —J
. - Y
e om—— P e
11 1 1
__—_d._o TAEY
i

DRI

e

NS,
2N

N,
&«

AR

My

N
DR

ey

s

RN

)/;MM_V/ (stporjjod papsawbas ue pay) |)
Yo SLARIVE INIWNOTY
N

S

iR

aar |

0

A

aranty

s
L . ) 3 :
| . e

B e L T [

PR 1. 1 it Ttk Attt 2o
=3

-\\k\\‘.\“\\ﬁ'{v&
NSRS ANE AN




UP seint. Countere

| T A NN R | -

J (P>12 Cc%)

LTI S LA SCt.h{. aou'blcr Caﬂrole
T peadout e&cfrom .

£5C ozmn fcrs‘

I T T3 17 4 [ 51 6]
down scint. ters




SUPEriiack o
Friday, January 15, 1993 9:38 PM

rayge E

Front Panel

- Number of

Chamber hits

[un 4]

Tape ¥

-

ngg_j iPAUSEI |
Stallslics” Fit I e —
|

ea E
igm
m I
| |

=
"g 0.4394 ]}

Iol Selector

Gl

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

umbor of Events, 100000 |
S - |

Events so far m

[ —

r| Flevy v—u

Yerppprep v"rrn AR q!n
il 5o T8 oo




Event Selection, Reconstruction Algorithm,
and Corrections

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

Reconstruction Algorithm
Use Calibrated Ratio of Max PH 1o second Max

Corrections
Correct for relative displacement
Correct for effect of positive ions
NO Mutltiple Scattering Correction
(estimated at ~30 microns)
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BNL CSC testat TTR
RUN14B_19.HST

3 D 11
E Entries 14525
- Mean 2310.
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3 UDFLW .0000E+00
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RUN14B.HST

0.4
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-1.2

TR T NN AR NS W

40 80 120 160 200
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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 10 use in the Experiment

-

Efficiency better than 99%

Timing Performance
92% tagged within 16 nsec using Time-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 LA without magn. focusing
I = 25 A with magn. focusing

Preliminary test results

(without magn. focusing)
Monochromator Si (111) planes
Reflex width 70 mkm
Angle width < 50 mkrad ,,
Reflex counting rate 102 per. sec for K.
(forv-95kVI-30#A)
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CSC System Performance

Scott Whitaker
18 January 1993

System specifications

Momentum resolution

dPt / 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
RDS3 results
Lab tests
TTR results
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ENDCAP CSC -- STAGGERING OPTIONS

FRONT VIEWS
6 1
TOP VIEWS
| 7%
-
-
-~
- -
SIDE VIEWS — ﬂ
-
ranks

Potential access

Minimizes sector-to-sector
variations; more theta variation

Alignment difficult?
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-
rd ] 4 -
2
// 1 —-— ——

//‘n]____.
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Best for alignment
Access possible?

Larger sector-to-sector
variation; less theta variation

th
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S ut -- eline [T Versi we SW 12/22/1992
Nomenclature: Layout: .
active coverage 9.75° to 27.71° 12, 62 -
R2 ’
module thickness(4 gaps)=  0.15m : -~
. . (b) modules shaded -~
odul = X
intermodule space 0.10 m / 1;'1’31 ”Rl _ 6
/
neutron flux (Hz/em?2) = 10,000 J— _v_ ~ 4 _
neutron efficiency = 0.005 -~ _ - 5
- 2
e e 3 — -
Note: modules (a) occupy even-numbered sectors P -~ _ 1 o
ek / modules (b) occupy odd-numbered sectors . - - -
o Nsctrs/2 are type (a) and Nsctrs/2 are type (b) e =
o
Total chcounts:  single strip oce.
pgaps zk 2z  zav Dza nl @1 1n2 02 Nsem RI O R2 dR S2 siywid #strips wiregp #rch  #stwrch #rch chopt peut
m m m deg deg m m m m mm  fpifsctr cm [plfsctr fsec fsec
Inner modules
1a) B 595 625 610 246 975 19 1701 24 105 187 082 049 500 76 5.0 16 14607 3,144 186 2,047
1b} 8 675 705 690 246 975 19 17.01 24 119 211 093 055 500 86 5.0 19 16,523 3,556 211 2,315
2s) 8§ 635 665 650 190 1701 140 2771 24 199 341 142 089 500 141 5.0 28 21077 5470 39 3561
2b) 8§ 715 145 130 190 17.01 140 2771 24 223 383 160 1.00 500 158 5.0 32 30410 6,143 43 3,999
Middie modules
3a) § 1070 1100 1085 475 246 975 190 17.01 24 185 332 146 087 5.00 135 5.0 29 25,982 5,592 74 3,640
3b) 8 1135 1165 1150 460 246 975 190 17.01 24 198 352 154 092 500 143 50 3 27,538 5926 79 3858
4a) 4 1055 1070 1063 4.13 190 1701 140 2771 48 325 558 233 073 500 116 50 47 22,178 8941 14 5821
4b) 4 1110 1125 1118 3.88 190 17.01 140 2771 48 342 5387 245 077 500 121 5.0 49 23,326 9,404 15 6,122
Outer modules
5a) 4 1570 1585 1578 493 246 975 19 17.01 48 271 483 212 063 500 99 50 42 18,928 8,130 36 5293
5b) 4 1620 1635 1528 478 246 975 190 17.01 48 280 498 218 065 500 102 50 44 19,528 8,387 37 5460
6a) 4 1545 1560 1553 490 19 17.01 140 2171 48 475 815 340 107 5.00 169 50 68 32,406 13,065 7 8506
6b) 4 1595 1610 1603 485 19 1701 140 2771 48 490 842 1351 1.10 5.00 174 50 70 33,449 13,485 7 8,779
total area of strip cathodes (mA2) 2858 Total=> 291951 91242
total volume of chambers (m”3) 14.3
Total number of modules 432

) ) }




ok
N
(e~
ngape
m
Inner modules
1a) 8 595
1b) 8 635
2b) 8 675
2a) g 715
Middle modules
3a) 8 10.70
3b) g 1110
4b) 4 1020
4a) 4 1045
Outer modules
Sa) 4 1595
5b) 4 16.20
6b) 4 1545
6a) 4 15.70

CSC

out --

module thickness(4 gaps) =

intermodule space =

neutron flux (Hz/cmA2) =

11.00
11.40
10.35
10.60

16.10
16.35
15.60
15.85

10.85
11.25
10.28
10.53

16.03
16.28
15.53
15.78

4.75
4.75
338
3.23

5.18
5.03
525
5.25

neutron efficiency =

al

246
246
1.90
1.90

246
246
1.90
1.90

246
1.90
190

eline IT Version

active coverage 9.75° to 27.71°

0.15
0.10

10,000
0.005

)}
deg

9.75
9.75
17.01
17.01

9.75
9.75
17.01
17.01

9.75
9.75
17.01
17.01

m
m

Nomenclature: Layout:
2,02
2 w32 R2
// h S1-4 | dR (b) modules shaded
// _ nl, el Vi R1
. 'S
z
Note: modules (a) occupy even-numbered sectors P -~
modules (b) occupy odd-numbered sectors - - :
Nsctrs/2 are type (a) and Nsctys/2 are type (b) e 5

n2

1.90
1.90
1.40
1.40

190
1.90
1.40
1.40

1.90
1.90
1.40
1.40

total area of strip cathodes (mA2)
total volume of chambers (m#3)
Total number of modules

17.01
17.01
21
2

17.0t
17.01
211
271

17.01
17.01
2111
21N

2809
14.0
432

SW 12/22/1992

RRYRE

EE&ES

1.86
1.93
3.14
322

2.75
2.80
475
483

332
344
5.40
5.53

4.90
4.98
8.15
8.28

1.45
1.51
2.25
23t

215
2.18
3.40
3.46

0.49
0.52
0.95
1.00

0.87
0.90
0
0.72

0.64
0.65
1.07
1.08

Total chcounts:  single strip occ.

§2 st wid #strips wiregp #1ch  #swch #rch ch.pt npeut
mm /pl/sctr cm /plfsctr Isec fsec
5.00 76 50 16 14,607 3,144 186 2,047
5.00 81 50 17 15,565 3,350 198 2,181
5.00 150 50 30 28,743 5,806 41 3,780
5.00 158 5.0 32 30410 6,143 43 3,999
5.00 135 5.0 29 25,982 5,592 74 3640
5.00 140 5.0 30 26,940 5,798 77 37115
5.00 112 50 45 21,447 8,647 14 5,629
5.00 114 50 46 21,969 8,857 14 5766
5.00 100 5.0 43 19,228 8,258 37 5377
5.00 7] 5.0 44 19,528 8,387 37 5460
5.00 169 50 68 32,406 13,065 7 8,506
5.00 171 50 69 32,927 13,275 7 8643

Total => 289,752 90,321



Strip counting for various chamber configurations JISW 13-Jan-93

Ni = # of planes in chamber i

strw = strip width in mm

Inner modules (z = 6.6m) Middle modules (z = 11.0m) Outer modules (z = 15.8m)

N1 N2| strw totstr N3 N4| strw totstr N5 N6| stow totstr] Total strips

8 8 5 88,617 8 4 5 99,023 4 4 5 1043111 291,951
8 8 5 88,617 8 8 5 145,153 4 4 5 104,311 338,081
8 8 7 63,298 8 4 7 70,731 4 4 7 74,508 208,537
8 8 7 63,298 8 8 7] 103,681 4 4 10 52,156) 219,135
8 8 5 88,617 8 8 7{ 103,681 6 6 10 78,4181 270,716
8 7| 63,208 I 7] 103,681 6 6] 10|  73,418] 245,397

Gcl




dcap CSC g -~ ine II Versi -- Towe SW 12/22/1992
Nomenclature: Layout:
active coverage 9.75° to 27.71° N2, 62 52
i R2 <
module thickness(4 gaps)= 0.15m i R -~
intermodule space = 0.10 m // . S~ (b) modales shaded i 6
nl, 61 R1 -
7 v
-~
neutron flux (HzfemA2) = 10,000 ] s 1L _
neutron efficiency = (0.005 Z - __‘,/ - 5
- Z_ 3 -
Note: modules (a) occupy even-numbered sectors _ -~ // 1/ ———
/ modules (b) occupy odd-numbered sectors P /’ . : . o —
F-IG Nisctrs/2 are type (a) and Nsctrs/2 are type (b) =
op
Total ch counts: single strip occ.
ngaps zZfi zba zav Dzs nl 81 n2 €2 Nscts RlL R2 dR S2 strwid #suips witegp #i<ch #strch  #rch chopt. neut
m m m deg deg m m m m mm /pl/sctr cm [fplfsctr fsec fsec
Inner modules
1a) 8 595 625 610 246 975 190 17.01 24 105 187 082 049 500 76 5.0 16 14,607 3,144 186 2,047
1b) g8 675 705 690 246 975 150 17.01 24 119 211 093 055 500 86 50 19 16,523 3,556 211 2,315
2a) 8 635 665 650 190 1701 140 27.71 24 199 341 142 089 500 141 5.0 28 21,017 5470 39 3,561
2b) 8 715 145 130 190 1701 140 27,71 24 223 383 160 1.00 5.00 158 50 32 30,410 6,143 43 3,999
(88,617)
" Middle modules
3a) 8 1070 11,00 1085 475 246 975 190 17.01 24 186 332 146 087 100 97 50 29 18,558 5.592 104 5,096
3b) B 1135 1165 1150 460 246 975 190 17.01 24 198 352 154 092 700 102 50 3 19,670 5926 111 5402
48) 8 1055 1085 1070 420 190 1701 140 27.71 48 327 562 234 073 100 83 50 47 31,906 18,008 20 8207
4b) 8 1110 1140 1125 395 190 1701 140 2271 48 344 591 247 077 100 87 50 49 33,546 18934 21 8,629
(103,681)
Outer modules
5a) 6 1570 1593 1581 496 246 975 190 1701 48 272 484 212 063 1000 49 50 42 14230 12,223 72 10,611
5b) 6 1620 1643 1631 481 246 975 19¢ 1701 48 280 499 219 065 10.00 5 50 M 14,680 12,610 75 10,946
6a) 6 1545 1568 1556 486 190 1701 140 2271 48 476 8.17 341 1.07  10.00 85 50 68 24,363 19,644 14 17,052
&b) 6 1595 1618 1606 481 19 1701 140 2711 48 491 843 352 110 10.00 87 5.0 70 25,146 20,275 14 17,600
(78.418)
total area of strip cathodes (mA2) 2873 Total => 270,716 131,526
total volumne of chambers (m*3) 14.4
Total number of modules 432
) rs F 4 d 4 d F 4 d



t --

-- Towers
Nomenclature:
12, 62
//
ni,61
/’/ »”

Note: modules (a) occupy even-numbered sectors
modules (b) occupy odq-numbered sectors
Nsctrs/2 are type (a) and Nsctrs/2 are type (b)

active coverage 9.75° to 27.71°
module thickness(4 gaps)= 0.15m
intermodule space=  0.10 m
neutron flux (Hz/em*2) = 10,000
neutron efficiency = 0.005
=
3]
~1
Dgaps zfi  zba zav Dzs 1l a
m m m deg
Inner modules
1a) B 595 625 6.10 245 975
1b) 8 675 105 69 246 975
2a) 8 635 665 650 190 17.01
2b) 8 715 745 1730 120 17.01
Middle modules
3a) 8 1070 1100 1085 475 246 9.75
3b) 8 1135 1165 1150 460 246 9.75
4a) 8§ 1055 1085 1070 420 190 17.01
4b) 8§ 1110 1140 1125 395 1% 1701
Outer modules
Sa) 6 1570 1593 1581 496 246 975
5b) 6 1620 1643 1631 481 246 975
6a) 6 1545 1568 1556 4.86 150 17.01
6b) 6 1595 1618 1606 481 190 170t
total area of strip cathodes (m#A2)
total volume of chambers (mA3)

Total number of modules

|

1.90
1.90
1.40
1.40

1.90
1.9
140
140

1.90
1.90
1.40
1.40

17.01
17.01
2
211

17.01
17.01
21.71
217

17.01
17.01
2
21

2873
144
432

24

&R

48
48
48
48

1.86
1.98
327
34

272
2.80
476
4.91

332
3.52
5.62
39

4.84
499
8.17
8.43

1.46
1.54
2.34
247

212
2.19
3q
3.52

S5W 12/22/1992

Layout;
(b) modules shaded P
- 6
-
/:Il ¢
- 5
2 —
// - 3 o — -
- -
-
==

m

0.49
0.55
0.89
1.00

0.87
0.92
0.73
0.77

0.63
0.65
1.07
1.10

min fpl/sctr
5.00 16
5.00 86
5.00 141
5.00 158
7.00 97
7.00 102
7.00 83
7.00 87
10.00 49
10.00 51
10.00 85
10.00 87

cm

5.0
50
5.0
5.0

7.0
1.0
1.0
7.0

10.0
10.0
10.0
10.0

Total ch counts:
Ipl/sctr
16 14,607
19 16,523
28 27,077
32 30,410
(88,617
21 18,558
22 19,670
33 31,906
35 33,546
(103,681}
21 14,230
22 14,680
34 24,363
35 25,146
(78,418)
Total => 270,716

3,144
3,556
5470
6,143

3,994
4,233
12,863
13,524

6,112
6,305
9,822
10,138

85,303

single strip occ.

#1<ch #soch  #rch ch.pt  peut

Isec

186
211
39
43

104
111
20
21

72
75
14
14

[sec

2,047
2,315
3,561
3,999

5,096
5402
8,207
8,629

10,611
10,946
17,052
17,600



Material Audit for Cathode Strip Chamber Module

Calculation of mass and radiation lengths for a four chamber module

128

Active area of chamber: frame material (and dead area):
length (m) = 24 width (m) = 0.025
width (m) = 0.8
total area (m”2) = 2.1 ——(including inactive frames)
number of gaps = 3 fraction of active area overlapped by frames = 0.063
(sides only)
component materi density | c¢m/X0] thcknss (¢m)| mass (Kg)[ normal X0
Hexcel core Nomex 0.14]  485.7 2.0 21.50 0.0165
circult boards| . 031" GlU 1.7 19.4 0.050 14,16 00206
copper 172 oz.1t™2 8.96 [.43 0.001 2.54 0.0055
frames Gl 1.7 19.4 2.8 30.94 0.5773
total mass (Kg) = 6Y.1
mass/area (kg/m"2) = 33.2
average AUs = 0.090
X0's through center = 0.047
AU's, center + frames = 0.624] <- includes material of overlapping chamber
area-weighted ave X0's = 0.094




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(7)

Thickness per plane: 1.5% X0

129



Momentum Resolution for Various CSC Configurations

Pt = 10, 25, 50, 100, 250, 500 GeV/c
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dPt / Pt

0.1

0.08

0.06

0.04

0.02

6/6/4

h.a
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dpPt / Pt
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0.1

0.08
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132



dpPt / Pt
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Getl

etal ga g.b h.a h.b
1.42 .09 .08 .075 .093
1.44 .096 .086 077 .095
1.46 .099 .089  .080 .098
1.48 102 .092  .082 101
1.5 105 095 .085 104
1.52 108 .097  .087 107
1.54 110 100 .089 110
1.56 113 103 .092 113
1.58 17 1068 .095 1186
1.6 120 109 .097 118
1.63 123 112 100 122
1.65 126 114 102 125
1.67 129 118 .105 128
1.7 132 A21 .108 131
1.72 136 124 110 134
1.75 .139 126 113 137
1.77 A41 129 116 140
1.8 144 132 118 142
1.83 .148 135 121 145
1.86 150 .138 123 .148
1.89 .154 140 126 .150
1.92 101 110 104 124
1.95 .103 112 106 125
1.98 104 413 107 126
2.01 .106 114 109 127
2.04 107 116 110 .128
2.08 .108 417 11 129
2.12 109 118 112 130
2.15 110 118 113 131
2.19 A11 118 114 131
2.23 112 118 115 131
2.27 113 120 116 132
2.32 114 121 17 132
2.36 114 121 118 131
2.4 113 120 117 130
2.46 113 119 A17 .130

p res
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1.42] .093 .084 .075 .003
1.44, .096 .088 .077  .095
1.46| .098 .089 .0B0  .098
1.48| .102 .092 .082  .101
1.5 105 .095 .085 .104
1.52| 108 .097 .087  .107
1.54|] 110 .100 .089  .110
1.56] .113 103 .092 113
1.58| .17 108 .095  .116
1.6/ .120 108 .097 .119
163 123 412 100 .22
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1.72] 136 124 110  .134
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23 1.8 144 132 118 142
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.Fig.4.1a j
;Momentum resolution in the GEM GEM Muon Rev 2: 3/30/92 |
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0.250 - - -, |
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Table 4.1 APUPt vs eta for selected Pt values and different
Muon System configurations.

eta

10

25

Pt vatues
50

GEM Muon Rev 2: 3/30/92

100

250

500

150

1000

0.070

001

0.010

0.011

0.013

0.02

0.043

0.071

0.094

0.250

0009

0.009

0010

0.013

0.024

0.045

0.06/7

0.089]

0500

0.009

0010

0.010

0.013

0023

0.044

0.062

0.087]

0.750

0.010

0.010

0.011

0.013

0.023

0.044

0.065

0.086

1.000
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Fig4.2a Momentum resolution for 100 or 500 GeV Pt vs eta, for 8, 4, or | hits in the first module

and 4 hits each in the second and third modules.

i

Resolution degradation due to lost points in Module 2

pseuderapidity

Fig 4.2b Momentum resolution for 100 or 500 GeV Pt vs eta, for 4 hits in the first and third modules

and 4, 2, or 1 hits in the second module (8, 6, 5 hits below 12,45 degrees).
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Table 4.2 Momentum resolution for Pt = 100 and 500 GeV versus pseudorapidity,
varying the number of useable hits in the first and second modules from
the nominal 8/4/4 (except that 8/8/4 is nominal below 12.45 degrees.)

Hitspermodule 844/884 844/884 444/484 444/484 144/184 144/184
eta \ Pt 100 300] 100 300 100 300
0.07 0.016 0.042 0.016 0.044 0.017 0.051
025 0.015 0.039 0.015 0.041 0.018 0.043
05 0.013 0.038 0.013 0.030 0.016 0.
0.75 0.016 0.039 0.016 0.040( 0.017 0.
1 0.019 0.043 0.019 0.04 0.019 0.052
1.16 0023 0.052 0.023 0.053 0.024 0.
1.32 0.046 0.098 0.046 0.101 0.048 0.i116
1.36
143 0.01 0.066 0013 0.068 0.020 0.081]
1.7 0.023 0.095 0.023 0.009 0.026 0.117
1.9 0.026 0.113 0.026 0.117 0.030 U.139
191 0024 0.102 0.023 0.105 0.027 0.120
22 0.025 0.113 0.03 0.116 0.029 0.13
2.46 0.026 0.114 0.027 0.120 0.032 0.19
Hitspermodule 444/484 444/484 424/464 424/464 414/454 414/454
eta\ Pt T00 300 100 500 100 300
0.07 0.016 0.044] 0.017 0.053 0.019 0.08%|
0.25 0.013 ~0.041 0.016 0.049 0018 0.
0.5 0.015 0.0 0.016 0.047 0.018 0.060
0.75 0.018 0.0d40 0.017 0.043 0018 0.06
1 0.019 0.043 0.020 —0.053 0.021 0.
1.16 0.024 0.053 005 0.064 0.026 0.081]
132 0.04% 0.101 0.048 0.120 0.052 0.
1.36
143 O.018]  0.068 0.020 0.084 0.05 0.108|
1.7 0023 0.099 0.027 0121 0034 0.156
19 0.026 0.117 0.031 0.143 0.03% 0.185]
191 0.024 0.1 0.028 0.128 0.035 0.168
22 0.025 0.116 0.030 0.1 0.038 0.185]
2.46 0.027 0.120 0.028 0.126 0.020 0131
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Muon efficiency (n & electr)
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5-12

Table 33.1 Overiap probability for barrel of single muon events (all superiayers)
# of bad doubie-hit resolution
planes
{good) 6mm Smm 10mm
0(16) .188 181 175
1(15) 334 312 309
2(14) .206 .197 182
3(13) .123 A17 132
4(12) .083 .083 .079
5(1D .043 .060 .051
6 (10 011 011 .020
7(9) 011 013 022
B (8 .007 .011 .011
> 8 (<8) 009 016 .020
Table 3.3.2 Overlap probability for barrel of singie muon events(only superiayerl)
# of bad planes double-hit resoludon
(good) 6mm gmm 10mm
0 (8) .442 435 430
1(7) 294 273 267
2 (6) .134 143 .135
3(3) 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 5.33 Overlap probability for barrei of single muon events (Only superlayerl) with
one or Zero good plane (4-plane and §-plane superiayer)
| e
# of planes 0=90 deg 0=60 deg 8=15 deg
7mm 10mm 7mm 10mm 7mm 10mm
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 35.3.4 Overlap probability for barreil of top events (all superiayers)

# of bad double-hit resclution

planus

(good) 6mm gmm 10mm |
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
51D .026 026 032

6 (10) .003 .003 010
7(9) .007 .003 .007
3(8) .003 .003 .003

> 8 (<8) 000 .003 .003

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

# of bad double-hit resolution
planes

(good) 6mm Smm 10mm
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 (O .003 007 007

Table 5.3.6 Overlap probability for endcap of single muon events (all superiayers)

# of bad planes double-hit resolution
(good) 6mm Smm 10mm
0(16) .151 151 151
1(19) 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
149
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Table 5.3.7 Overlap probability for endcap of singie muon eventsionly superlayerl)

# of bad double-hit resolution

plznes

(good) 6mm 8mm 10mm
0(8) .297 292 292
1(7) 281 276 .243
2 (6) .162 .146 .178
3(5) .092 .097 081
4 (4) 045 .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 for endcap of top events (all superiayers)
# of bad planes double-hit resolution

(good) 6mm §mm 10mm
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
T7(D 006 .010 013
8(8) .000 010 .016

> 8 (<8) .003 003 .006

Table 53.9 Overlap probability for endcap of top events (oniy superiayerl)

# of bad double-hit resolution

planes

(good) 6mm Smm 10mm
0(8) 567 551 535
1 (7) 233 220 223
2 (6) A12 .108 092
3(5) 054 064 070 |
4 (4) .019 029 .038
503 010 013 .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, 6 measurement

Could also measure charge to

resolve ambiguities for multimuons

by charge correlation

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

gnergetic Z's

Drell-Yan

decay of neutrai scalars

example: a 500 GeV Z — uy has a typical
opening angie between the muons of

0.19 radians, or a separation of 1.1 mat 6 m,
so these muons will frequently hit the same
muon detector module.

Y

IIIFIIIIIIH[IIIIIIII IHNENR]

PHLHIELR SR HI BRI

strip readout
fast (30 ns peaking) output for trigger, timing

slow (300 ns -- | usec peaking) output for
precision charge measurement

« track-and-hold

» Switched capacitor array
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Pulse height correlation between bend and non-bend
measurements can resolve ambiguities

d(PH)PH (%) Wrong 1D (%)
0.5 1.3

1 1.8

2 4.2

5 10.5

10 19.2

20 30.8

30 36.3

40 40

50 43

Probabllity of wrong pairin

L -
o »
} i

¥

w
(4]

Misidentification probability vs PH

- - NN W
o th O O O »h O
i 1 1. 1 '

resolution

PR S
T

o 4

10

20

30 40 50

Charge measurement precision
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Discriminator Options

Simple Discriminator
30ns Shapst I . .
Grouped Wire Input — - Simple and easy to implement;
Threshold however suffers from unacceptable
l Pro-Amp Threshald Set | I pulse height dependent time walk.
© t] Measured (140 ~ 20-30 ns oo Reference [1].
Two Level (LE imerp.) Discriminator
o 10 Calcuiator Need to implemt a
Vi 30ns Shaper scheme such as the
"t0 Calculator"

Ve G‘roqvedWimlnpm._D_D_ a
|| Pro-Amp 52::‘11
w=2- U2 _v2

01 =~ Jitter on t) might be
excessive over a large

2 2 Vi-v2 dynamic range.
| V2 Reference [2].
Constant Fraction Discriminator
U/ 30ma Shaper
Grouped Wire Input
Eauble Excellent compensation for pulse height
Pre-Amp variation. Due to long shaping time, rather
CF frac. = Rb/(Ra+Rb) One > long delay lines required,
- J\ Shot
CF Delay - CFOu Reference [3].

Zero Crossing (R-C) Discriminator

\/ 30ne Shaper | i‘ >
Pro-Ammp ]

Able 1o compensate +/- 100ps over
25-30dB input variation. Easy implementation

in high-density packaging. Good match {0
Zero crossing circuit utilizes O;ED_‘ the Anode dynamic range.
a simple R-C network and 2 Adjust (‘;3 Reference [4].
very [ast comparator,
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"The Time Skewer"

Projective Swath Leading Edge
Pre-Amp  30ma Shaper . Timing
A0 —I>—-D—|_ 1
]
Plane 1
Disc.
B1
B2
Planc 2
c2 —
c3 N23
Plane 3

D3 |
D4

Plane 4
VETO Generator
AD ———
81 2 > veTo
Disc.
B2 Amplitude
C2 —
C3 [P——
D3 i Sum and discriminate
D4 I Use as reject for
excess E deposition
in CSC.

Delay

BX Clock
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VETO
(Maskable)

Position
Correct
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A

Time Skewer

Nearest Hit

Priority Encoder

Fast Cathode Signals

OR’d Cathode Fast Qutputs
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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 GeV muons

Marginal noise performance

Pedestal o ~ 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 possibie:
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
e Non-floating strips with a ground plane
e 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 pm)
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Side View of UH CSC Prototype

Chambers, 12/layer

(1 example per layer shown)

1/2° Hexcell . G10 strip board
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12.00 mm % 0.025

2475 ‘mm+ 0.025— % L

12.00 mm 0.625

Fiducial

e 495.00 mm + 0.025 —

| 400" mm+0.025
e————

2000 mm 0,13

1040 mm 10,15

Mark\. :

10,00 mm0.025

539 mm £0.15 A
> 12.00 mm £ 0.025
12.00 mm £+ 0.025 \ SCARF UH
(Center line of stripno.1_)  (Center fine of strip no. 100 ) SSC-GEM-FM-8B
05CU062FR4
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GEM Muon System
e 8-6-6 configuration for the barrel and endcaps

e Rectangular chambers for the barrel and endcaps

- Precision strips epoxied to honeycomb panels

- Standard Iarocci-type PVC chambers with low-resistance (< 4
kQl/square) carbon-coated profiles and 50 gm wires
e 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 s0 as 10 minimize the degradation in resoluton resultng from non-normal
angles of incidence. The chambers of the middle and outer superlayers are tilted by 8 and 11
degrees, respecdvely. 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
“4/4/4" configuration—i.c. a configuration with four chambers in each superlayer—recent sudies
have led us to choose an 8/4/4 configuration throughout the barrel and endcap regions.

C2Cz 1 3arrei
/ 32 sagcments

|/

CSCg1Barre!

32 segments
Cuter ptane
. R=8.6817m
R = 6.1948m x=0.85m
x=0.6024m y = §.64m
y = 6.1654m Tit=11.0ceg
Tit=d.0deg

Figure 1.1 End (x-y) view of the barrel CSC system.
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83.71 degrees

.

CSCf2crzBarrellayout
Lengths of active areas

62.88 degrees 47.37 degrees 36.97 degrees 298

3A%4 m

Figure 1.2 Side (r-z) view of the barrel CSC system.
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Justifications

e 1.0 m x 0.5 m prototype met GEM specifications
-0 <60pm

- strip centers known to within 50 ym

e All parts obtainable from industry with minimal assembly labor ( 25
hrs / supermodue)

e Low costs for parts and assembly labor
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Prototype TTR Test Results
e Single layer resolution and strip alignment
- Best c =38 £3 um
- Relevant 0 = 56 = 2 um
- Interlayer alignment = 33 £ 5 um
e Losses due to chamber walls

- Averageloss <3 %
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run 796 {3.1kV), Gauss fit (t80 ): mean = 0.3, sigma = 27.1
Resolution per layer: 66.4 £10.7 um

25 —
20 —
15
10 —
5 —
0 1 lnri T llrlnilul L I S 'l'l T 1) ITI T 1 T ’ L i
0.20 .10 0.00 0.10 0.20
20 —
run 798 {3.2kV), Gauss fit (180 ): mean = 3.0, sigma = 25.6
Resolution per layer: 62.8 £ 8.6 um
15 [£2deg

-0.20 010 0.00 0.10 0.20
40 —
run 800 (3.3kV), Gauss fit (180 ): mean = 0.8, sigma = 15,5
Resolution per layer: 37.8 £ 3.0 un
30 |£2deg
20 —
10 —
o n . oo 0
rj I L3 1 T l LYY LB l 1 T 1 i) I 1 1 L L) I
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60
run 796 (3.1kV), Gauss fit (£150 ): mean =-1.1, sigma =305
Resolution per layer: 74.8 £ 3.9 um

50 —
+ 6 deg

40 ~

30

20 —

10 —

0 T L I 13 L 'l I l L ] 4 + 1 1 T i _l_}' 1 T 1 [ LI

-0.20 0,10 0.00 0.10 0.20

50
run 798 (3.2kV), Gauss fil (150 ): mean = 2.1, sigma = 29.4
Reso n per layer: 72.01 3.5 um

40 -

i

0.20 0.10 0.00 0.10 0.20
{nn BCI)&ﬁ.SKV). Gauss fit (+150 ): mean = -0.6, sigma = 23.0
80 - |Res0 h per layer: 5641 20 um
1 6 deg
60 —
40
20 —
0 L] I LI

-0.20 -0.10 0.00 0.10 0.20



Summary of Results ( Preliminary )

e Averaged over * ~~ 6°

HV(kV) o{pm)
3.1 74.8 £ 3.9
3.2 72.0 £ 3.5
3.3 56.4 £ 2.0

e Averaged over all angles + ~ 8°

HV(kV) o(pm)

3.1 78.9 + 3.6 (96.3)
3.2 73.2 = 3.0

3.3 59.7 £ 1.9

e Normal incidence £+ 2.0°

HV(kV) o{pm)
3.1 66.4 % 10.7
3.2 . 628+86
33 37.9 + 3.0
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150 —

100 —~

Sum of pulssheights for 4 stiips, three iayars
3.3 kV, nc ovarflows

3.3 kY

160

140 —

120 —

100 —

80 —

60 —

40 -

20 —

Sum of pulseheights for 4 strips, three la
3.2 KV, no overflows yors

3.2 kV

250 ~

Sum of puisehoigihts tor 4 strips, three la
3.1kv.r;:to“owm ps yors

3.1 kY
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0.4 — run 800 3.3 kV |
Before systematic correction
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MPC, INC
Microwave Printed Circuitry
81 Dld Ferry Road
Lowell, MA 01854
Phone: 208-4352-90461 Faus 30B-441-QQQ4

QUOTATION

Company: Institute for Beam Particle Dynamics
University of Houston

Attna Kwong Lau Date: 12/17/92

PART NUMEBER GUANTITY UNIT PRICE NRE

Type A Board 1024 *3537.06 $023,00
(size to be 3132 mm x 370 mm)

Type B Board 1024 337.06 823.00
(size to be 3028 em x I70 mm)

Type C Roard 2048 387.02 575,00
(si1z® to be 28183 am x 540 mm)

Type D Board 4096 378.04 8973.00

(mize t0o be X306 mm x 480 mm)

Due ¢to processing size restrictiaons, boards will]l be supplied
in the sizes given above,

MPC to supply material,

Artwork to be supplied by the Institute as 111 pomitives.

Delivery: Initial delivery -~ 10 weeks ARO and artwork
Deliveary rate to be mutually agreed upon.

Terms: 1-— 10, N3O F.0.B.: Lowell, MA.

Quotation is budgetary pendxng raview of final drawings and

requiremants.

1f you need additional information, please contact the
undersigned.

Best Regards,

Bah Deitz
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Performance (extrapolated to full-sized supermodules)

e Strip precision

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

expect comparable precision

e 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

e 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

e Strips from US or foreign suppliers

e Honeycomb panels from US suppliers

e Chambers from US and/or foreign Labs and/or commercial suppliers
- Labs : SCARF (US), DUBNA(FSU), CHINA
- Commerical : Hodotector (US), Pol Hi Tech (Italy).

e 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 pm )
install wvtilities ( gas, LV, HV etc.)

test

ship to GEM

Resources for assembly
- Space : 10,000 sq ft

- labor : =~ 25 hrs per supermodule

1

- 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:
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RDT QUADRANT LAYOUT

ELEVATION VIEW
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RDT BARREL, MIDDLE SUPERLAYER

PHI OVERLAP DETAIL
30
11.25 ° -l
5 —_
SECTION A Z
15c¢m
< 4 Hits —™ -
SECTIONB //

Alignment Path,

Center of Sector Alignment Path,

Edge of Sector
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RDT ENDCAP LAYOUT

PROJECTIVE VIEW
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\ j
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A
B
16.0°
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GEM BARREL RDT CHAMBER SPECS

16 SECTORS; 8+10+8; 25 mm Dia.

INPUT PARAMETERS:

Theta angular coverage :
Tube Material, density:

Tube Wall: (mm)

Plate Thickness (mm), density:
Case Thickness (mm), density:

# of Segments:

VARIABLES:
Radius (m):
Chambers/Theta

Chambers/segmnt
# of Layers:

Tube Dia: (mm)

RESULTS:

Tube Length: (m)
Tubes/Chamber:
Avg. width: (m)
Chamb. thick.: (m)
Chambers/Half:
Chambers Total
Tubes/Half:

Tubes Total

Weight/chamber. (Ib)

Tubes: .

Manifold plates:

Plugs:

Case:

Electronics,cable:
Total/Chamber:
Weight/Segment:
Weight/Half:
Weight Total

256
715
1429
22867
45733

84.5

243

92

55

41

248
679
4075
65208
130415

203

1/14/93

4.6
528
1.69
0.28

96

192

50688
101376

348
106

59

68

264
844
5066
81051
162102

26

224

448
114688

229376

85 ton
169 ton



GEM END CAP RDT CHAMBERS

16 SECTORS; 8-10-8; 25 mm Dia.

INPUT PARAMETERS:
Tube Material, density:
Tube Walil: (mm)

M. Plate Thickness (mm), de
Case Thickness (mm), densit
# of Sectors:

VARIABLES:

Avg. Z (m): 9.25
Inner Theta 9.8
Outer Theta 16.0
Chambers/segmnt: 1
# of Layers: 8
Tube Dia: (mm) 254
RESULTS:

Tube Length: (m) 0.7
Tubes/Chamber: 224

Chamb. width: (m) 0.71
Chamb. thick.: (m) 0.28

Chambers/Half: 16
Chambers Total 32
Tubes/Half: 3584
Tubes Total 7168
Weight/chamber (1b)
Tubes: 23
Manifold plates: 45
Plugs: 25
Case: 6
Electronics,cable: 112
Total/Chamber: 211
Weight/Half: 3372
Weight Totai 6744

Alum.
0.30
19.05
6.40
16

6.85
16.0

29.0

254

1.8

1.51
0.28
16

32
7424
14848

121
95

52

26
232
525
8407
16814

2.7

2.7
0.25

16.0
29.0

10
254

3.0
960
247
0.32
16

32
15360
30720

179
107

480
1240
19844
39689

204

9.8
16.0

10
254

1.2
464
1.21
0.32

16

32

7424
14848

80

88

52

16
232
467
7475
14951

15,60 15.00
16.0 9.8
29.0 16.0

1 1

8 8
254 254
4.2 1.7
1072 528
3.44 1.71
0.28 0.28
16 16
32 32

17152 8448

34304 16896
636 128
215 107
120 59
116 27
536 264
1624 586

25976 9374

51953 18748

26

314 km

96

59392

37 ton
74 ton



RDT MUON ACCEPTANCE LOSSES

Crack Size R,Z 1C] A(®) LOSS LOSS

SQURCE dnm  (nm (degree) (radian) 1 @2r (B4m A
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% A15
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 404 0158 1.000 1.00 1.0% 024
Alignment Path 470 6400 404 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

200
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The RPC Chamber
Construction and Tests

Presentation by:

R. Bionta
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RPC Candidate Material

Material Thickness Bulk Arc
(cm) Resistivity (Qcm) | Resistivity (Qcm?)

MIT mirror 300 .| 5.0x1012 1.5 x 1012
750 micron mirror .066. 4.9 x 1012 3.23 x 1011
Kodak projector glass 123 6.42 x 101 7.89 x1010
ltalian RPC 200 1.0 x 1011 2% 1010
Bakelite 161 4.5 x 109 7.24 x108
ABSTAT-M310 072 5.78 x 109 4.16 x 108
ABSTAT-M310 060 5.78 x 102 3.47 x 108
Mitech~410 090 2.03 x 109 1.83 x 108
Mitech-410 .030 2.03 x 109 6.19 x 107
Corning 0211 glass .056 6.7 x107 3.75 x 106
Boron .0001 1x 109 1x 102

BAK.KA- 14/AMB
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Saturated Singles Rate vs SPICE 1/tau CR
| | I
Mitech 411
— Abstat M310 |
— _‘ Italian —
750pum n
Mirror
A ‘ MIT Mirror
r a . .
10 100 1000 10000

100000
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10000
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100

1/tau Hz
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1D RPC | L)

- 25 ym Al foil
/ - 0.476 cm 1.8 1b/ft3
i Polyurethane
< Graphite 40kQ/sq
N
-

B R R
500 um ABS
P~
a N < - Gu strips
| - 0.476 cm 1.8 1b/ft3
Polyurethane

Lucite ' o . 25 pym Al foil
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EFFICIENCY PLATEAU FOR DIFFERENT ISOBUTANE CONCENTRATIONS

it FICIENCY

1.0

0.8 -

0.6

0.4 =~

0.2 1

0.0~

17%

10%

60%

6000

HIGH VOLTAGE
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Efficiency vs threshold voltage for various isobutane concentrations

efficiency

1.0 -

0.8

b
'
i

0.2~

0.0 -

40%

400 600 800 1000
threshold (millivolts)
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Noise vs threshold voltage for various isobutane concentrations

1400-‘}‘5- 17%

7

1200 - 4

1000 —

rpc counts/sec

600
threshold (millivolts)
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Noise vs high voltage for various isobutane concentrations

7000 -
6000 =
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4000 -

3000 =

rpe counts/sec

2000 —

1000 —

e
0 R

T
4000 6000 8000
hig_;h voltage
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éfficiency curve for 40% isobutane, 2.5% freon 1381
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6000 6500 7000 7500 8000 8500
high voltage
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Efficiency vs threshold for 40% Isobutane, 2.5% freon 1381
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Gce

Lucite

_—— 25 pm Al foil

# _0.476 cm 8 1b/ft3
Polyurethane

mar . - Cu strip

~. Mylar

» - Graphite 40 kQ/sq
~ - 500 ym ABS

Cu strips

. 0.476 cm 8 Ib/ft3
Polyurethane
25 um Al foil
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HOH YOLTAGE
CONNECTOR -

RPC PACKAGE

CONCEPTUAL I ftlEvy 17 DEC 92

TOP SHIPPING COVER
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ASSEMBLY TRAY
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188 THICK FOaM

39 CM STRIPS ON MYLAR

005 AJUADAG ON
028 RESISTIVE PLATE

PURGE OAS FITTINGS
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028 RESISTIVE PLATE
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Bulk reatativity (ohm cm)

*53 13:::2 SR0M 3 DIVIZION

Bulk resistivity of various RFC ¢candicates
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RPC singles (counts/sec)

30%10°

Longevity study of available plastic candidates
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rpc counts/secs

TTA TGS"' 3% § -

5 det E
150x10° = premixed gas
file det E:t premix gas try 1
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Future Work '

« Fabricate large area RPCs with new plastic materials
 Continue study of RPC pulse height and time jitter

. Continue gas mixture studies - replacement for Freon 13B1

« 120 Q strip line RPCs for reduced cabling volume and cost

. Fabricate 2D 1 m x 2m RPC
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Conclusion E';

« 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 mechanically rigid

« can be read-out In 2 dimensions

« exhibit high rate capabllity up to 15 KHz/cm
* have rise-time ]iﬁer of2ns

- have geometry limited efficiencies of > 95%

» 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 mduced noise generated on RDT and
UH CSC systems

- Plastic RPC trigger of HDTs in TTR gives a total of 6.9 ns time jitter

- Higher rate RPCs can be constructed with suitable plastics
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DUBNA PDT TECNOLOGY CONCEPT
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DUBNA TECNOLOGY CONCEPT
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Resolution, o (um)
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Ar — C,H,(50/50)

PROP. MODE
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Ar + C4Hro= 25 + 75
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Conclusions:

I. A 25 pm accuracy mechanical alignment of wires
within a drift chamber is possible.

2. A spatial resolution of 50-100 um 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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IRWIN A. PLESS
18 JANUARY 1993
SSCLAB

CONCIDERATIONS FOR A GEM MUON
] TRIGGER

I. COST
II. BEAM CROSSING TAG

HOI. TRIGGER LATENCY

IV. FALSE TRIGGER RATE
A. SEGMENTATION

V. TRIGGER RESOLUTION
A. STRIP WIDTH
B. CLUSTER REMOVAL
C. END CAP SEGMENTATION

V1. DEAD TIME
UIT, PROGRAMMA _BLE
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BEAM CROSSING TAG
SL1 (1.4 METERS X 5) =7 NANOSEC
CLOCK PERIOD - =4 NANOSEC
RISE TIME JITTER_ =2 NANOSEC

BEND PLANE STRIP WIDTH=1.3 CM

USING SL1 IN THE BEND PLANE AND SL1
IN THE NONBEND PLANE WE HAVE:

SL1 = 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 SL.3 NB TOTAL CHANNEL COST
TRIGGERS COUNT ELECT.

MILLION
4
1 1 1 1  1.8X10 100,448 $1.3
3
1 1 3 71 6.0X10 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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SYSTEM ARCHITECTURE
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Drawa by: Hebula Guap.
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Bend Plane Architecture (1 of 56 Channels)
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Bend Plane Chip (continued)
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Non-Bend Plane Chip (continued)
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Gem Detector Pipe Line Muon Trigger Electrozics
Feasilbility Study - Nebula Carp.
Preliminary Report 1/17/93

1. Overvien

Nebula Corporatioa bas stedied the feasibility of integrating the electroaics of the SCC Pipe Line Mucn
Trigger. We bavo created ; preliminary electroaic system architecture, studied potential technical risk, and
estimated poteatial electronics cosws. The study centered on the integration of the electronics into several
semi-custom ASIC devices. It is anticipated that mast of the system design and cost will be contained in these

devices.
This is a prefiminary report, and 2« such is meant to corumunicate onr findings as 1o basic feasibility, and as
to expected groas coste. Much detailed analysis remains to be performed to determine system architecture

and cost mare sccurately.

2. Assumptions
Qur analysis was performed asing the foilowing set of assumptions:
a. A basic 16 os period, 50% duty cycle system cock is used.
Bend plane Supar Layer signals will be resolved to 16 us.
Non-bead plaze Super Layer signals will be resolved 10 4 ns.
b. Superlayer information from SL1,SL2,SL3 will be presented to the ASIC's as a digital logic
signal pulses with standard logic levels of =5v, Ov. Bend piane pulses will have 3 mimimum
width of 16ns. Non bend plane pulses will be 3 minimum width of 4ns.

& Bead pisne and 20o-bend plaae bits are determined to be simuitaneous if they occur within
a 2 clock pulse 32 ns window.

d Lateacy time of 300ns after detecting a "hit" befare bit must be written 1o SRAM.

e. Operating ecvironment will be 25C, 5v +- 5%.
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GEM Detactor Mnon Trigger Electronics- Feasibility Analysis, Preliminary Report -Nebula Corp /1793
3. System Architecture

3.1 Architecture

The two basic electronic system architectural issues considered in this study are:

a How to perform relatively s'mple signal processing ( the determinacion of simultanecns "hits”
on the appropriate Super Layers) oo a very large aumber of Super Layer inputs, in a cost
efective manner.

Nebula determined that an ASIC implementation of the system was JO limited rather tha:
gate limited, meaning that the system wounld have 1o be partitioned in such a way as to
maximize the number of channels integrated per chip based upon the aumber of IO pins per
channel, rather than the complexity of the logic on each chip.

b. How 10 resoive and determine simultaneous Super layer hits 1o resolations of 4ns(non_bend
plane) and 16ns(bend plane) in a cost effective manner.

We determined that it should be feasibie to meet the resolution requirements by creating
highty pipelined ASIC implementatioas using 2 highly pipelined architecture, and 0.8 micron
CMOS technology technology. )

3.2 System partition

Considering the previously discussed architectural constraints, Nebuia belicves that it is feasible to perform
this signal proceszing by developing three semi-custom ASIC devices to be nsed as per figure 1.

The system partition separates signal processing into Bend Plape processing, and Noo-Bend plane signal
processing. Communication between Bend Plane processing chips avd Non-Bend processing chips is required.
Additionally, a Bend Plane concentrator chip is propesed. The concentrator chip takes advantage of the lower
Bend-Plane processing clock speed to use a less expensive ASIC technology to concentrate the 3 redundant
imputs per superlayer input into a single superlayer input. This concentration reduces the amouat of inputs
per channel required on the more expensive Bend Plane ASIC.

'l‘heBendPlanehonBeudleeAS!C'smbepuhgedm 2 391 pin CPGA package, with an approximate
10 to 16 square inch footprint. Further investigation is required to determine if lower cost surface mount
packages or TAB packages may be available.

ASIC Characteristics:

2. Bend Plane ASIC
One 300 pin bigh pincount, 16ns clock, 90K gate higher deasity 0.8 micron ASIC to perform
most of the Bend-Plane signal processing and the bost processor interface. Estimated used
gates 77K

b. Non-Bend Plane ASIC
One 30C pin high pincount, 4ns/16ns clock, 90K gate lower density 0.8 micron ASIC w
perform Non-Bend plane signal processing. Estimated used gates 37K.

¢ Bead Plane Concentrator
One 150 pin lower pincount, 16as clocked, ICK gate 1.0 micron ASIC to be used as a
concentrator chip to reduce the number of input pins . Estimated used gatas 7.4K. Packaged
in a 208 pin package.

.2.
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As per Ggure 1 Nebula estimates that the complete system would require:
2073 Bend-Plane concentrator chips with 20 chaanels per chip
740 Bend plane ASIC's each witk 57 channel/chip
352 Non-Bend plane ASIC's each with 27 channeis/chip

Supporting analysis can be focad in the attached appendix.
4. Estimated System Cost
The following costs are based upon recent ASIC quotations Nebula has received from ASIC vendors for the

development and procurement of ASIC devices similiar to the electronic system ASIC's. These prices are
estimates only.

4. imat joce

Estimated unit price 0.8 micron ASIC Gate ARRAY with 300 JO pins is $350 @1K pieces
Estimated ugit price 1.0 micron ASIC Gaie ARRAY with 180 IO pios is § 30 @1K pieces

Note that typical minimum device volumes are typically 1000-2000 pieces. Estimated device costs are at these
volumes. Whmthenumberotdmmdomnotmeetmuvolumewewﬁlmmethatammmpurchue
of 1000 pieces will be required and com the system at that total price.

ASIC TYPE NumberlSysfom EST Unit Cost Total Cost Minimum Cont
Bend Plage 740 $350 $259K $350K

Bend Flane Conc, 273 3 $ 63K $ 63K
Non-Bend Plae 352 ~ $350 $124K $350K

Total Cost $420K $763K

4.2 Exi 1 Vendor Tooling C | .

Bend Plane $150K

Non Bead Plane $150K

Bend Plane Coac $ 30K

4.3 Estimated Engineering Design Costs

Total Design Cost S1S0K
4.4 Total ASIC Development/prodoctica Costs
Tota] Cost $1243K

&, Teemical and Cost Risk Assesment
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GEM Detector Muon Trigger Electronics- Feasibility Analysis, Preliminsry Reprort -Nebula Corp 1/1753
be performed to bernter characierize and understand these risks.

a. Power Dissipation
No power analysis bas been performed. High speed CMOS devices operating at high clock rates can
dissipate significant power.

b. High speed 4ns clocking/ device performance
Parts of the Non-bead plane chip run with a 4 os clock. We believe it is possible, although difficalt
to operate these chips at that clock rate.
Chue issue is metastability in the synchronizer. We have not analyized the synchronizer MTBF due
0 metastability. '
Another issue is the conirol of on chip clock skew. We have not agalyized clock skew issues for these
designs.

¢. Gate Array Density/performance
We have made a preliminary estimate of Gate Array density, and believe that the designs are feasible
at the estimated Gate Array utilizations. However, at this preliminary stage it is difficult to access
the effect of internal Gate Array routing on the maximum Gate Array utilization or on the Gate

Array performance. .
d. Gate Array Testability
No allowances bas been mude for ASIC testability or System testability. The addition of test circuitry
may impacs device performance, or gate array utilization.
e. System PCB ‘ .
No analysis has been made of system PCB routing or density issues.

If the system can be configured such tha: standard 4 or 5 layer PCB (24 inch by 24 inch) can be used,
Nebula estimates the cont of such a blank board to be S1K at 100 guantity.

Michael Goldman

b Bl
Principal Engineer
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APPENDIX

© L. System Purtition

1 Bepd ceptrator ASIC IO Pig Counnt

Based upon Prof Pless’s caclulations for the number of SL1,2,3 inputs per charnel
Maximam Number of Bend Plane Channels/Bend plane Concentrator ASIC is 20,

Calculation assumes approx 185 signal pins mavimum(plus additional power/ground)

See below for details:
a. IO Pin Count
As per prof Pless’s calculation, on & per channel bassis there are the following 10 pin
considerations:
Icputs Outputs @ N=20
IN OouT

SL3 3/channel 1/channel 60 20
SL2 3+%(0.75)/channel 0.75/chapnel 435 15
SL1 3*(0.5)/channel 0.5/channel 30° 10
Overhead pins

SL3 adjacent pins 4 4

for chister removal -

16 ns Clk In 1 1

Number Channels/ASIC Nw» (185-5)/(4°2.25)= 20

Maximum Number of Bead Plane Channels/Bend plane ASIC is 56
Calculation assumes approx 300 signal pins maximum(plns additional power/ground)
Number of channels N= (300-170)/2.25 = 56

See below for details:

a. Seasor 10

As per prof Pless’s calculation, on a per channol bassis there are the following JO pin
considerations:

SL3 inputs ) 1/channel

S1.2 imputs 0.75/channel
SLI inputs 05/channel
Overhead pins

Adjacent channel Overhead Pins

SL2+ inputs 20

SL2. inputs 20

SL1+ inputs 15

SL1- inputs 15

SL12 outputs 70

Total Sensar IO per channel N*(2.25)+(140)

-5-
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GEM Detactor Muon Trigger Elactronics- Feasibility Analysis, Preliminary Report -Nebuis Corp 1/17/93
where Nwnumber channels/chip

b. Coatrol IO

SRAM IO: 11
8 bit SRAM SL address data bus

2 bit WE/CS memcry controls

1 Output enable input

System Programuming/IF 10 13
1-16 ns ckk input
1-CS inpunt
1-Address/Data select
1-SL Enable Data/SI. Address Data
1.SL Engble Data
select h/1 address load
8 bit Data I'F
use for SL address programming

Trigger 10 - 2
Misc TBD 4

Maximum Number of Bend Plane Channels/Bend plane ASIC is 56
Calculation assumes approx 300 signal pins maximam(plus sdditional power/ground)
Number of chaanels N= (30046)/(9) = 27
Soe below for details:

a. Sensor IO

As per prof Plesy’s cakulation, on a per chanzel bassis there are the following IO pin
considerationa: -

SL3 3/chaooel
SL2 3/channel
SL1 3/channel
Overhead pins

Adjacent channe] Overhead Pias

SL3 iopurs

S12 inputs

SL1 inputs

SL3 outputs

S12 outputs

SL1 outpuis

LB I )

[~

SL1/23 outpuls
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Total Sensor 1/O per channel N*3*(2.25)+(140)
where N=npumber channels/chip

b. Control 10

SRAM 1O: 19
8 bit SRAM SL address data bus

5 bit SRAM Ciock data bus

2 bit WE/CS memory controls

1 Output enable input

System Programming/IF [O 13

1-16 s clk input

1-CS input

I-AddressData select

1-SL Enable Data/S1. Address Data

1-SL Enable Data
select b/l address load

8 bit Data I/F -
use for SL address programming

Clock Data IF 6
. Trigger IO 2

Total Control 10 40

-7
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2. Gats Count

CTTTS

tor
Funetion Est Gate Coun?
Svnchronizers 20
Coincidence Detect 19
Pipelined Cluster Rem 75
Output Buffer 10
Total Gates

Replication

135
45
45
45

Total

2700
855
3375
430

7380

Coaclusion: 10K (useable gates) Gate Array in 208 nin package(185 signal 23 power groond) seems
feasible solution.

Techuology: Must support 16as pipelined architecture

As below S levels of 4 input logic can be supported.

"This is consisten: with the proposed design.

Typical Industry Vendor 1 micron process

Worst case process@Ta=25C; Vdd=Sv:
DFt

tp = 2.7ns +0.10sAU

tsuth= 0.60ns

In load = ILU + Lwire-

Lwire approx= 1SLU/FO + 1 LU

4 In NAND(uabuffered)

tp = 0.90ns + 0.25as/LU

In Load = 1 LU + Lwire

If FO < 3 then Lwire spprox=6
and approx delay/stage =2.5ns

In a 16 as pipeline approx 1d.stage=

16as-(tpdff)-(tsdff) -(N*tdlogic/stage)>J
Therefora N=§

-8-
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1C Estimat te Count

Fuoction Est Gate Count Replication Total
A Strip Addres Registers 80 156 15680
B. 8156 to 1 mix

{8 to 1 mux} 15 64 950
C 8x82 10 1 mux .

(8 to 1 mux) 15 88 1320

(4 0 1 oux) 7 8 s6

(2 w 1 o) 5 16 30
D. 8x58 10 1 mux

(8 to 1 mux) 15 64 S60

(2 1o 1 mux) s 8 40
E. Stip ADR Qutput Reg 80 3 240
F. Strip ADR Hit Lawch 2 196 3R
G. 56 1o 6 Strip ADR Piped Mux Decode

8 10 3 priority encode 27 8 216

3 OR 3 ? 21
H. 82 o 7 Strip ADR Piped Mux Decode

- 8 15 3 priority encode 27 13 s

3 OR 3 13 39 -
L 58 1o § Strip ADR Piped Mux Decode

8 to0 3 priority encode 27 8 216

30R 3 7 21
Program Gate Latch s 4144 20720
H Program Gate Enabie gate 1 4144 4144
L Input SL pipeliae +buffer 14 196 2744
i Pipelined 33 ORM410R/AND

33 ORAIOR 40 56 240

Pipeline 160 56 8960
K SI3 matching pipeiine 10 s6 560
L Bend Plane Trigger Out Pipe 10 56 560
M. Misc Uncounted Gates

Fina! Number TBD o ’ 10000
Total Estimated Gate Count 76560

Note in the target 0.2 micron technology we asticipats targeting this device into an ASIC with
approximately 50,000 useable gates.

Conciusion: 9GK (useable gates) Gate Array in 391 pin package(305 signal, 65 power ground) seems
feasibie aolution.

-0.
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GEM Detector Muon Trigger Eloctronics. Feasibilicy Analysis, Preliminery Report -Nebula Corp 111793

Technology: Must support 16ns pipelined architecture
As in the 1 micron case no more than 4 levels of Jogic with a fan out of 3
is used exrcept in 1 critical path.
The critical path occurs at the input 1o the chip, where the SL2 lines drive
33 differeat gates or outputs, and SL1 lines drive 41 different gatesjoutputs.
The architecture will pipeline and buffer this path so that the eritical path
will be:
1 dff driving 4 buffers;
a buffer driving 8 single fo PG AND gate
the AND gate driving a singie OR gate.

“This is consistent with the proposed design.

Typical Industry Vendor ¢.8 micron process
Worst case process@Ta=25C; Vdd=S5w:

DFf

tp = 1.3ns +0.56ny/LU

tsu/th= (.50ns

In load = ILU + Lwire

Lwire approx= 24 LUFO + 1 LU

4 In NAND(unbuffered) -
tp = 0.40ns + 0.14nsLU

InLoad = 1 LU + Lwire

In @ 16 na pipeline approx td/stage=
16ns-(tpdf)-(tsdffy -(N*:clogic/stage)>0
Therefore N=3

- 10 -
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GEM Detector Muon Trigger Electronics- Feasibility Analysis, Preliminary Report -Nebula Corp /1793

o mat 4

Function Est Gate Count Replication Total
A. Synchronizer 20 243 4860
B. Piped Coincidence Detect A4 81 194
C Pipelined 4ns Cir 132 27 3564
C.  Pipelined Cluster Rem 20 81 1620
D. Output Buffer 10 45 450
E. Strip Address Registers 80 84 6720
F. (828 10 1 mux)x3

(8 to 1 mx) 15 72 1080

(4 t0 1 mux) K 48 336
G. Strip ADR Ourput Reg 80 3 240
F. Strip ADR Hit Latch 2 84 168
G. 28 to 5 Strip ADR Piped Mux Decode

8 to 3 priority encode 27 18 486

30R . 3 9 27
H. Program Gate Latch 5 135 675
L Program Gate Enable gate 1 135 138
I Input match pipeline +buffer 36 81 2916
i A Pipelined 3 ORBAND 13 27 351
K SL3 maiching pipeline - 10 27 2K
L. Non Bend Plane Trigger Out Pipe 10 27 270
M. Input clock register . 50 1 50
N. Output clock register 70 1 ™
0. Misc Uncounted Gates

Final Number TBD 10000

Total Gates 36232

Conclusion: The proposed 90K useable Gate Array seems feasible for this design.

ASIC Technology/ performance.

The worst case speed paths for this chip are the 4as clocked patha.
We propose to perform them in a pipelined fashion with only 1 level of logic between each
pipe. The counter is performed as per sketchl. As shown there is approximately 109% margin

loading the count register at 4ns clock.
This preliminary timing estimate shows that the 4ns counter timing is tight but feasible and

must be carefully designed.
A similiar situation occurs when loading the external clock data into the clock data buffer,

. =-11.
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per smal! sector = NEFPA.
NBPA=6x108/32x3=6.3x10%
Accidentals per small sector = ASS

ASS = (NBPA) (BPA) (t, + 1p)
= (6.3) (10%) (6 (102) (16 + 16) (10°%) = 1.2

The accidental for the full sector = AFS is given by:
AFS = (3ASS) = 3.5

Tetal asaizlamtal for QCM « (0.0) (08} = 113 ]l la. Tu s we add
27 Hertz which gives the GEM accidental rate of 142 Henz.

Dead Time

To calcuiate the dead time we must considsr 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 uss 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 - (LTP)Bj, j=1,2, 3.

- )2 )3
DBj = Dead time probability for bend plane strip Bj.

Total bend live time = (LTP)gq (LTP)gs (LTP)g3 = Lg

- Tctal bend dead time = 1 - (LTP)4 (LTP)s (LTP)3 = Dg

We will assume that aftar each hit on any strip the strip is "dead" for
100 x 1078 seconds. Frem the previous information we calculate:

Dgy = (631.9) (1.3) (500) (100) (10°%) = .041
- 304
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Dpgy = (148.5) (3.9) (500) (100) (10°%) = 028
Dna2 = (239) (6.5) (500) (100) (10°%) = 077
Dngs = (329) (8.9) (500} (100) (10°9) = 147

DNBj j= 1,2, 3is the dead time probakility for non-bend piane
strip Bj

(LTP)g1 = (3) (.04 (.96)2 + (.96)° = .995
(LTP)gs = (3) (.C68) (.932)° + (.832)° = .987
(LTP)gs = (3; (.096) (.904)2 + (.904)% = .974
Total bend live time = LB = (.935) (.987) (.974) = .957
Total bend dead time = 1 - LB = 1 - .957 = .043
Let (LTP)NB] - Liv‘e tirr;e probability of the non-bend plane j.
(LTP)\g1 = (3) (.028) (.872)% + (.972)° = .988
(LTP)Ng2 = (3) (.077) (.923)2 + (.923)° = .983
(LTP)NB3 = (3) (.147) (853)2 + (.853)3 = 942
Let LNB = total ncn-bend live time.
LNB = (LTP)ng1 (LTP)ng2 (LTP)NG3
Total non-bend dead time = 1 - LNB
LNB = (.993) (.983) (.642) = .924
Total ncn-bend dead time = 1 - 924 = 076

Let total GEM live time'= LT 305

Bl/16 15:51 7312925  #17
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LT = (L3) (LNB) = (.957) (.924; = .88 = 88%
GEM dead time =.12 = 12%

If we assume our pulse dead tims is 50 nanoseconds insteaa of 100
the dead time is reduced to about 6%. Both numbers ara acceptable. If we
assums, because of the high rates, the efficiency of the RPC degradss then
there will ba a different calculation for the GEM live tirme and dsead time.
Assume that the efficiency cf an RPC plane is E.

GEM five time = [(3) (1 - E} (E)2 + ESJP

E - @EM Live Time GEM Dead Time
85% 96% 4% .
80% 84% 16%

85% 69% 1%

80% 52% 48%

Obvlously the dead tims Is sensitive to the efficiency of the
individual RPC piane. A proper, by definition, high rate RPC will have an
efficiency greater then 85%. It should be noted that at efficiencies
greater than 95%, the previous calculaticn 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 twao.
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SUMMARY

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

1=10 * 29 HERTZ

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

5. PﬂOGﬁAMMABLE
b. RPC pLANVE AL GNMENT

[, |NTERACTION peixT ALIGAMEFRT
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The RDT Trigger Consideration

Presentation by:

A. Korytov
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AP_
Drif{; Times:
T = & T =T, - T,
v
Ty= %& T=T, -1,

T = N4Te Mt 1 _ TeT, | Tar

WHAT WAS USED .

1. VdriFt = const
2. \Vertical track (dao) = A+ A, =R
3 Track went @Q{'wem wWires

4. Measurements are good (ro 8 -cleckrons,

no bac
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'DPE-H'. .Timqsg
T=oab, + by - T, -T,
-Ez"'“ a Az'\' % Ai‘ -t2="r2 —7;

A’_: R'I"O(D— Ai = CO_AJ_

T +T, 0/ 2. AT
T 3R g (d )

G=R+dD
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Drift Time, ns

y = m1*MO + m2*MO*MO

T=a*X + b*XA2

{Points are calculated

from accurate fit of LASER DATA),

Value Error

ml 17.357073062 0.094725
mZ 0.28546071821 0.0104131
Chisq 13.306709135 NA
R 0.99994534341 NA

Ar+lB =25+75

250"

200

100 -

I SR |
T 1

o

6 8 10 12

Distance, mm
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Drift Time, ns

y =« ml+m2*MO + m3I*MO*MO

Value

Errer

m1

3.3417585497

0.484641

m2

5.031063318

0.23408

m3

1.4116950304

0.0239047

Chisg

2.9760939244

NA

0.99995388072

NA

CF4 + CO2 +C‘Hw =69 +20 +11

U=54kV
Laser Data

200

1504

O R ST S

507

e

317

Distance from wire, mm



Drift Time, ns

T=b*xA2
Vale Error
b 5.3277617937 0.0214464
Chisq 199.89311477 NA
R 0.39973685403 NA

Ar+CO+CH =25+ 88 +9.5
2z 4 10

Laser Data

500 T

400 77

007

2001

100+

318

Distance from wire, mm
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dN/dTO {counts/ns)

10000 tracks (Ntot=12*10000) +  P=10 GeV/c

MC1-iB(.00, 0., .000).DATA
s.00010* +—7mmF——"+——+———t———

7.000 10% T
6.000 104 __ T VRSO A

5.000 1 04 -+

W NS N

4.000 107 = e

LA Nt L L BB
L

3.000 10% — B E—

2.000 1 04 *_ e S

1.000 1 04 __ .............. ........................................ S Jd

0 Trdei—t— ! B S

-50 0 50 100 150 200
TO, ns
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1= 5.031063 b= 1.411695
EY=1

ps=.000 Terror(ns)=0.0 Aerror(rad)=.000

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

1 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0 664 0 0

7 0 1602 0 0

8 0 4161 0 0

9 0 2764 0 0

10 0 764 0 0

11 0 42 0 0

12 0 3 0 0

320
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dN /dTO (counts/ns)

10000 tracks {(Ntot=12*10000)

7.000 10*
6.000 10*
5.000 10*
4,000 10*
3.000 10*
2.000 10*
1.000 10*

0

= P=10 GeV/c

MC1-IB(.05, 0., .000).DATA

T T

LN ARLINLEN e e

| ] 1
A T A At |

T

AR

' AR B A

' AR I I

AN I TS
|

-50

0 50 100
TO, ns
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dN/dTQ (counts/ns)

10000 tracks (Ntot=12*10000} +  P=10 GeV/c

MC1-1B(.05, 2., .005).DATA
2.000 10% e AARRRARAL fror e AARASRAN e

1.60010* + e e R SR

. :

. *Sarsinsstanbetrise

0 saiaisiamatsiaislaassisieis i saefaeie®®s (¢ )i yg st [t NN 0
I

1

-30 -20 -10 0 10 20 30
TO, ns
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Time Trigger Inefficienc
SL2 €8 Y

CF44-C02+C4H10 = 69+20+11

(5,

Inefficiency (%)
¢ T
L
I

™
]
I

P ST TR U [ SR A T S I SO |

i P P SPEPEN B
5 10 15 20 25 30 35
d-electron probability per cell (%)

w
4

i
Tt

l

1

Inefficiency (%)
w
l

03 s 4 3 10

Drift Time Error (), ns

o
—

Y
{
T
i
T

Inefficiency (%)
(T
|

N
B
T
®
Jo
T

”E. ........................ . __

ot ] .J!l
0 0.005 0.31 0.015 0.02 0.025 0.03
Max Angle Error {flat distribution), rad
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SL2

Inefficiency, %

Time Trigger Inefficiency

CF4+COz+C4H10 = 69+20+11

T_l"l T T

N
|

w
l
T T T

® 05, 2., .005
® .05, 4., .010
o .10, 4, .010

B I R N —

"

v ¢ !

324

Momentum (P), GeV/c



SL2

Inefficiency, %

Time Trigger Inefficiency

CF‘4+COZ+C4H]0 = 69+20+11

T T

il

i e .05, 2.,

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

u

329

100
Momentum (P),

GeV/c
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SL2

CF4+C02+C4HIO

Time Trigger Inefficiency

= 69+20+11

! ® 16 ns CLOCK!

5 — T T

Inefficiency, %

10
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10,000 tracks (Ntot=18*10,000)

SL2+SL3

dN/ d’l‘o (counts/ns)

P=10 GeV/c

MC1-CF4a(.00, 0., .000).DATA

] ! {

1.500 10°

I

5.000 107

: : s |
R VPR e P R S U T
J

L
.1

U L A L

-100

-50 0 50 100 150 200

T ,ns
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SL2+SL3

Inefficiency (%)

Inefficiency (%)

Inefficiency (%)

CF4+C02+C4H10

Time Trigger Inefficiency

= 69+20+11

(%]

F.N
|
|

W
}
T

4

P

—
15

20 25

,g
30

-
35

d-electron probability per cell (%)

w

E N
|
|

[F]
1
T

i

PP
6

8

10

Drift Time Error (o), ns

[ Vo]

F-3
l

78]
{

~N
Il

0 0.005

328

0.0t

L J

A

0.015

0.02

0.025
Max Angle Error (flat distribution),

0.03
rad



Time Trigger Inefficiency
SL2+SL3
C]c'*‘4+COz+C4H10 = 69+20+11
5 ——— ® 16 ns CLOCK (SL2+SL3)
* ;
&, 1 1
a 4
L
o E |
&
[ B 1
E 3 [ .-
2 —:I— .................................................................................................................................................. _L_
M IR e
® ® ® ¢ bt ® :
i J 1 1 A, 'l
0 1
10 100

Momentum (P), GeV/c
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DATA CUTS(1):

—

TTR : # TTR dota consisloncy )
¥ 2 Tor larccci Planes" |
(.’:ﬂ'ff‘-- ij(x‘rf-‘.on? \
& xstrs:  phiks(0)wnhE=07) = 1
¥* 2 POoTTom larecci Tlﬂnqs

C:ru;;": (_F - Fﬁ‘j&:".".: N o

-

M 17___@-?&“:.'0-:: 2 M,

——— I
————————

L‘%’D'r: * 0Ong l\H: i "’?‘-Le. -t\:F r-'a | s A
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% haks sty = 6

T ey T

T

'l'TR_/ lﬂ?b'l : ¥ ]a:(,usxﬁ‘) o (TTR) ! < 20 on
AR lyQSpT)= 4 C7TEY | 5 4. F o

TURE /

-ty
Ty B e R R i T
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BaRB

4. TURE WITH THE

SHORTEST TimeE
in the plane

Y

0.8 %
GAVE INCONSISTENT
PATTERNS
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RUN

Drift Time, ns

0626

300

250

200

150

100

50

T = a*X + b*XA2

Value

Error

16.357749129

0.148809

0.38743023349

0.0142478

Chisq

60.432318987

NA

NA

LSRR AL S L A B B

0.99985114084

| | | |

S W S B

. -
5

o

332
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300

300

700

600

500

400

300

200

100

RUNOB26

92/11/20 01.40

llfl]_l_lllill]llfll"l’jlﬁTTl']!l’lllllrlfrllllil

i8]
tntries
Mean
RMS

4001
8808
14.86
38.18

-120 -80 —40 0

TO-Distribution, ns

120
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100

06

300

;00

100

00

00

00

92/11/20
RUNQG26
L 1D 4001
E Entries 8808
i Mean 14.86
N RMS 38.18
r X 6.805
r Constant 717.4 & 8112
- Mean 1620+ .3100E-01
= Sigmag 29164 .2504E-01
E
L
S

I
(¥
]

TO-Distribution, ns

01.45
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92/11/20 ©3.25

RUNO626
F iD 4002
] L Entries 1468
_ 500 Mean .2582
ﬁ ’— RMS 1.934
i UDFLW  .CODDE+00
1200 | OVFLW  .O0DOE+00
- 1000 k-
800
[
- 00
[
400 F
“ 200 F
0 _—'—! 1 i_[ ) B | L«.J P 1 I 1 ) — l | W ‘ ~ 1 - ‘ 11 i_L L& 1 ‘ ] 1
-20 -16 -12 -8 -4 0 4 8 12 16 20
- ‘ TO Trigger Distribution {(bunch numbers)
TR MC
RGHT To 94, 93.¢%
WRonNg To SZ 6.400
P -]
No T Ao 0.%%
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Counts/iIns

— 10 GeV/c Ar+C4H10=1+3
----20 GeV/c SL2: 6+2+42 (no angle information)
eps=.00 d1=0.0 Tbin=0.0

] ] ! ] |

3.000 10" +——— "+

2.500 10* __

L I -
I
1

-

1.500 10° __ RS J— P S

1.000 10" et f .

5000 | e b

- o -

-60 -490 -20 0 20 40 60
All TO's, ns
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Efficiency, %

100

80

60

40

20

®
o

Within 2 buckets
Within 1 bucket

—

|i\11||:|_|_|_1_ln11

100

Barrel Pt, GeV/c
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Efficiency, %

5% d-electron probability

2 ns Time errors

4 ns TDC bin width

No bending angle information

100
— T

—,,— - — - — g~ — — g —

40 _'—""““T ...................................................

100

Barrel P_ (GeV/c)
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2 emwf LBARREL.

PN

Paol  eBL®  epatp®
Pu Pu /6 ~
_ eBx%0° 6°

F.v

Pa

2
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Simulation of Muon Background:
CSC vs RDT

Presentation by:

A. Ostapchuk
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The GEM Muon Subsystem
Cost Matrix

Presentation by:

R. Gustavson
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MUON SYSTEM
COST ESTIMATION WORKSHEET BACK-UP

WBS ELEMENT DESCRIPTION: Barral Reglon; RPCs; Off-Site; RPC & Assy Fixturing, Final Design

WBS ELEMENT NUMBER: 30.02.2.1.6"

DATE: 16 June 92 REV: 0 ESTIMATOR: T. Hamilton
ENGINEERING/DESIGN INSTALLATION/ASSEMBLY
Qrganizstion: MIT Qrganization: nons
Rate Rats
LABOR PY (SK/PY) $K LABOR PY _[SK/PY) $K
engineer, natl lab 0.00 161 o angineer, natt iab 0.00 181 o
designer, natl lab 0.00 118 0 str. tech, nat'l lab 0.00 118 4]
draftsman, nat! lab 0.00 77 0 jr. tech, nat! lab 0.00 108
engineer, natl avg 1.25 133 166 engineer, natl avg 0.00 133 4]
designer, nat! avg 0.00 107 0 st. tech, natl avg 0.00 107 0
draftsman, nat1 avg 2.00 82 164 jr. tech, nar! avg 0.00 82 o
engineer, SSCL 0.00 69 4]
Total, w/ Comp Rate 3.25 102 330 sr. tech, SSCL 0.00 44 0
machinist, job shop 0.00 57 o]
s1. toch, job shop 0.00 48 0
M&S: ENG/DESIGN and INSPECT/ADMIN $K | jr tech, job shop 0.00 34 ")
office supplies (32.4K/PY) 8 rigger, welder 0.00 46 [s]
PC/Mac/workstation operating charges ($3.6K/PY)} 12 pipefitter, electrician .00 57 0
travel 0
officesengineering service equipment 0 Total, w/ Comp Rate 0.00 0 0
o]
4]
ww 0 PROCUREMENT and FABRICATION MATERIAL $K
xx 0 component stock 0
Yy o] fabrication equip 0
22 [+} assembily/test equip [}
materials and supplies (nuts, bolts, etc) 0
Total 20 inspection equipment [
support tubes 0
- end plugs 0
INSPECTION ADMINISTRATION tt o
Organization: MIT uu o
Rate vy ¢
LABOR P (SK/PY) SK ww 0
engineer, nat! lab 0.00 161 0 xx 4]
sr. tech, natl lab 0.00 118 o] vy o
jr. tech, nat' lab 0.00 108 0 zz 0
engineer, nat! avg 0.13 133 17
st. tech narl avg 0.00 107 0 Total
jr. tach natl avg 0.00 82 0
engineer, SSCL 0.00 69 0
sr. toch, SSCL 0.00 44 ] MATERIAL: INSTALLATION/ASSEMBLY SK
sr. tech, job shop 0.00 48 (s} office supplies ($1.2K/PY) s]
jr tech, job shop 0.00 34 o travel o
officesengineering service equipment 0
equipment operating charges 0
Total, w/ Comp Rate 0.13 133 17 uu o
vy 0
CONTINGENCY ww 0
Factor Percentage _ Total
technical 8 2 16% Total 0
cost ] 1 6%
schedule 8 1 8%
Total Contingency 30%
.
COMMENTS
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Portion

C Dbs R{nj

“Frs Rin
n 3

Modules

Ba.\rre_l Rejion S—hf'ch_UV‘c.
(H'Uminum)
Size L emgth Cost /e+ *
0" 0. )'lz'mll G O07€t $ 28,1l
"o, 3 "wall G2 £+ 5 10.15
(0" 0D, 4+ "wall 1702 £t $ z8. I
G'o.D, L wall 1350 FF #1015
4”0.5,){-”mn 2ol38ft & .37
2300t ¢ 56.93 (/F‘r’)

Plotes (2" thick)

X " raualﬂ " es+imq7{'e 'F\row\
Ryersov\ (Bas“f‘on)

o) (9
12.0
.8 g
472,
14,1 —_—
1.9

128.3
131,

2594

R.€. GusTavson
(5 Jom. 1993



09¢

# Operation
9 Barometer

10 Interferometers

11 Thermometers

12 Distance references

13 Tool boxes

14 Gas System

15 Electrical test system

16 Scintillators / counters
17 Electronic Bubble Levels

18 Alignment laser

Barrel Assembly - Sectors Veréion

Description
very fine calibration
range up to 3.5 M

32 deg,F. - 120 deg.F.

recelving chamber test
module test of group

goes with gas system

calibration of structure

calibration of modules

Rev. 1

Equip.required

High precision
0.1 deg. C. precision
Reference bar

Measuring stick
Survey plug

12/31/92

Quantity
1
2
10
15

20
50

Micrometer digital set{0 to 4) 3
Micrometer digital sei{4 to 8) 1

Complete tool set

wrenches, drivers, digital

caliber, files, hammers,

50

precision square, sockets,

rachet wrench, eic.
Hand drill with drills

Supply
mixing
distribution

rack
test programs

4M long x 0.25M x 1 in.

((18X4)+4)*1.1 = BO

Page 2

10

3%

220

80

Mat'l.
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

n/a
n/a
n/a

n/a
n/a

n/a

n/a

n/a

Unit
welght

Total

wit.

(tb)
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#

10

1

12

13

14

15

16

17

18

Estimated
unit cost

1009
150000
500
300
300
200
760
1065

500

300

200000

200000

2310
1500

15000

i }

wr

Barrel Assembly - Sectors Version

Deasign Fabrication Assembly
Labor hours Labor hours Labor hours

240

Minimum
people

Page 6

Rev. 1

Labor
Cosi

0

0

(=T = R = = I o ]

o

12/31/92

Purchased
Cost

Materials
Cost

1000
300000
5000
4500
6000
10000
2280
10865

25000

3600

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 scenarios for increasing
yield and reducing cycle time. Include replacement
costs and inflation factors, as appropriate.

o)
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RPC Assembly Process

Aggregate
task

1
2

=R -

10

11

Description

Incoming inspection

Layout and clean resistiveplastic
(6 sheets)

Apply Aquadag high voltage
coating to resistive plastic sheets
(1 hour per sheet plus 8 hours

drying time).

Glue mylar with pick-up strips

to 6 resistive plastic sheet (1 hour

per sheet plus 8 hours drying time).
Glue metal foil to 6 dielecmic 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).

Install termination resistor pack on
strips.

Install cabling on strips
Cut, machine, drill Lucite for frame
Assemble frame

Glue one lamninate into Lucite frame
and install and glue spacers onto
resistive plastic sheet (4 hours to
install spacers plus 8 hours to allow

glue to dry).

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

apply glue to previously installed spacers

8 hours to allow glue to dry).

Glue 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).

Glue fourth laminate to previously
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

367

Time

10 hr
6 hr

14 hr

26 hr

6 hr

18 hr
4 hr
1hr
12 hr

14 hr

14 hr



APPLICABLE TECHNOLOGY CHART

R PC Chambers /‘fssy/resf vae !/ Jam. 93

Titte
224 Working Days per Year 0/ %  Mn, Atractve Rate of Return
{ Shifts Avalable 3 yr  Capital Recovery Pericd
O s Station-to-Stabon Move Time 59.71¢ Average Loaded Labor Rate ($/h)
Units Beyt-required
228 Bayvre

Producton Bateh Data 1922 =

RESOURCE Data SetName: R PC RE S TASKDamSethame: RPCT Sk
For each resource - when a resource can

be used on a sk .

¢ Hardware cost ($)
Installed cost ¢ Hargware ¢ost - rho Factor

P !
€ Upitime expected (%) Operaton 1 Tool
v
t

Operating / Mainterarce rale {$/hr) time {sec) : numbper

|m.chan @& hime (Sec Hardware
Maximum
"‘ ] slatons per wor ko cost (Si

e
MIR MTS CUR j
RESOURCE ¢ c. 200 C: 200 c: O c: c
A ¢ I8o ¢ (30 ¢ ol :': ¢
TASK v o' v 1 vi '} v: [gg v: v:
te: go le: €0 te: 120 le: © te: te:
Numbet My: , 4 my. £,23 Me: 0,76 my: 20 My: my.
Theomi : 3geo0e, 30| \ ! '
{. I‘nngA;?gi\ [ = N=a -"-"--B!b-d-----'_ ol i S -----
Loyout & chemn [y —Thidam 2ot o — 71 e T 0 e eee
2. yesistive plafic 2560
5. Arply aguadaq [ P zarl S T J—
¥ ~ : I . 288w 40! : j
4. Pry B e R s R P e i -1 T B e e
Glya' mylav B.U.s 14400, 10} N K . . .
5. 'f'd » f{ske‘f l-:-z_-o-a-é---r--- PRI S R N i S EI. E =
N ! " 28800, 441 ' J
. Dvy 2SS Pt P i T Y1 i W
Clue metal Taj 4400 102 L j ) ! !
7- To d:‘efg'l"ﬂ'e Caam --.z_o_a_a_-:'-_—‘ ------ — f """ iefieied niaiies i
. L T K| za’é “, b L]
8. Dry P P N P [ 1 720 R et ety B
Gloe foa-yntf-! j44do:[¢33 ) . } . e L. :_____
9. +o plastic fmy lar - ulnly o e P ol
' - : ' £a! : '
0, Dry e | o o g oL 3]
Tustall Tevm. |14do0’ 104 . j , : )
. res. pack ow stvips '"Qa'a'o“'L"' S PPt o0 i ~uinl Hii B -
Nete: 16 hrs aﬁ":/r'nej
Prepared by : 6 Shesl d of
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Assembly / Test

=P Barrel Chamber s
ASSEMBLY SYSTEM DESIGN C1-11-1993 12:52:25
A. 5. D. P, Version 7.0
tinit Cost 85.00%4
Weighting factors: Investment 0.00%
Stations 15.00%
- 288 units
48 1 st
38
R
=
- t
i =3
n
2 § .
- 13
- %

Portion of 3 years regulred

369



V. 64049
149

0.6428
162

0.5%901
178

0.5365
179

0.39356
10
0.4561
223
0.4303
223
0.4291
224

0.4285
254

0.3776
297
0.3222
298

0.3213
319

335

0.2860
356

0.28695
358

0.2678
448

o0.2142
537

0.1785
590

0.14624%
395

0.14611
597

el /
20.10

7.04
23.72

5.53
23.12

5.53
23.41

5.27
26.13

3.68
25.97

1.96
14,10

1.97
14.43

1.29
11.87

1.16
15.06

1.01
15.17

1.00
16.51

0.91
17.46

0.92
20.47

0.7%
16.82

0.65
24.17

o.22
11.86

0.20
13.26

0.19

12.83 -

0.18
12.00

i

11

i0

11

11

11

12

10

10

10

10

L300 .4

9229.82

1393t.81
8649 .57

15177.10
86&2.569

15177.12
8620.03

16654646
8189.43

17534 .47
8145.24

2€1810.20
160461 .39

21751.73
968.465

24313.57
10179.75

25220.81

. 9228.88

26466.08
F162.14

256653.19
BE61.76

e7501.97
8631 .07

27385.03
B109.28

29537.52
8684 .49

310146.88
7301 .54

44155.48
9271.70

45634 .82
8849.32

46542 .04
8937.98

47787.31
?152.37

370
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402400

422800

422800

427200

417600

449200

429200

631600

632000

&£72400

7346400

716800

676800

&97600

702000

1040400

10564800

1065200

1085600

y

Ym .

>

LN

»Q

L]

13

13

14

» U

»u

'm

L)

L

>0

11

11

17

b))

‘w

o

18

18

i8

18

18

18

18

18

a7

27

27
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)

REC Bappel thawhers |

)
jcsemhly /1 Jost

)

)

148

410 nits §767%,%65 Each

3.dh Cyele Time 1.8 Shifts 1,208 §F

Lol a b5 |6 | r |8 (9| 1] u

5.0h| 8.0W| 8.8W| d4.BH B.Bh|i 40| 0.0W| 4.0W 8.0n| 4.0
el Gy o d Il
NIS-2 MR-l CUR-L MSR-L CUR-2 MSR-L CUR-3 WSR2 CUR-4  WSR-2
140 15 (| 16 {17 || 18 || 19| 2 || a || 22 ||23-24

B|5h 4:9}. Blghi llahl B.Bhl 5|Bhl Blah 1|Bh| Bthl B.Gh
T3 (T (i 8y (Th
MR WSR3 CUR-S WSR3 CUR6 MSR- CURT MSR4 CUR-G  WJR-4



RPC Barrel Assembly / Test

Productian Improvement Behavior 01-14-1993 11:10:19

Total time available 3§ 2453 H
Cycle time for first unit : 8.9 H
Yield for firet unit = 75 %

Qutput units : 217 ain. B2F max.

ie : { ] —t
F ' N s O O
1 +H(f>r 984 — =88
n 8+ T B, b -+
il t{f>» ¥.494 H '
C &4+ U 317
b= |
G
1
e 4.1 +
T
1
" 2+ +
© CIF 93.77
CH) ]
8 t } } }
g 28 408 68 880 14304
Firmal \/fieeiltﬁ < %)
processed
units = 1.425 -0.405 sqrl 1 - [(output - 288.000)/ 294.7261°2 3
c:ful\: = 10,439 -3.239 sqrf 1 - [{units - 317.000)/ 420.8411°2 1
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RFPC Barrel Assembly 7/ Test

Production Improvement Behavior 01-14~1993 11:16:35

224 Working days per year, 1 shift per day
13.78 Warkers required at S9.71 $/hr { 4.0% inflation)
15.3 $/hr gperatina/maintenance rate ( 3.0% inflation)

$3792.00 initial Materials Unit Cost ( S5.0% inflation)
25.00% of current cost for replacement

$177021 Capital Equipment Cost $90579 Tooling Cost
2.000 (Total Cost)/(Hardware Cost) 0.0% MARR 3 yr Capital Recovery

e e

- i
I o oM
iy L daa e
_h
L#
i £ A Lbx
i
- K
th
atfl e G e Inv
RED. Mtl
I | |
e 3. Gl i e o o LA
G gt M &
Units Units Materials Investment Labor Oper/Main. Tatal
~(ear Output PFrocessed Unit Cost Unit Cost Unit Cost Unit Cost Cost
1 201.2 228.0 3918 1044 7327 136 2500395
z BE .8 869.0 4008 1044 &519 120 1014325
totals 288.0 317.0 1136145 300774 2040090 37711 3514720

FS
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GLE

Muon Sub-system Barrel Assembly Costs RDT/RPC

0% 5%

14%

T

Sector Assembly
10%

L

RDT chambers

RPC chambers
Structure

Gas Systems

08 1 a

Cooling Systems

[

15% % Alignment




3.¢

Muon Sub-system End Cap Assembly Costs CSC

4%

B Sector Assembly
[l cSC chambers
Structure
B Gas Systems
Cooling Systems
[ Alignment
'] £




LLE

Muon Sub-system End Cap Assembly Costs RDT/RPC

1% 3%

10%

14%

(]
|
u
-

RDT chambers
RPC chambers
Structure

Gas Systems
Cooling Systems

Alignment

M sector Assembly
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WES No.

30.01

30.02
30.02.1
30.02.2
30.02.3
30.02.5
30.02.6
30.02.7

30.02
w021
30.02.2

ap.02.2"
30.02.%
30.02.5°
Jo.02.6
Jo.02.7

30.00
30.03.1
30.03.2
30.03.2
30.00.5
006
30.03.7

30.03
30.00.4

©30.03.2

30.03.27
30.00.Y
30.03.5
30.03.8
30.02.7

30.04
30.04.1
30.04.2
30.04.3

30.0%

30.08

hem
Totals - CSC
Totals - RDT/APC
A0

Cantral Region - CSC
Secior Assembly
CSC chambers
Structure
Gas System
Cooling System
Aignment

Coniral Reglon - ROTAPC

Soctor Assembly

RDT chambers

APC chambers
Steucture

Gas Systsms

Cooling Systems
Allgnment

End Cap Roglon - C5C
Secior Assembly
CSC chambers
Siructure
Gas Sysiems
Conling Systems
Alignmant

End Cap flegion . RDTRPC
Secior Assembly
ROT chambars
RPC chambers
Structure
Gas Systems
Cooling Systems
Alignment

Instailetion
Barrel Rogion
End Cap Region
Global Alignment
Project Mgmi,

Concapt Design

Engrg/Design
9.250
9.048

2113

2.097
0.297
0.332
0.555
0.550
0.228
0.137

2.370
0.297
0.232
0.332
0.555
0.774
0.011
0077

2.132
0.297
0.332
0.555
0.585
0.228
0.137

2.4)8
0.287
0.332
0.332
0.555%
0.774
0011
0.137

1.325
0.a91
0.297
0.137

1.392

Muon Subsystem Cost Summary - Rev. 15

MsS
t1.801
2.051
0.110

0.370
¢.032
0.079
0.087
0.124
0.031
0.017

0.547
0.032
0.055
0.042
a.0a7
0.203
¢.032
0.018

0.2%)
0.032
0.057
0.089
0.128
0.011
0.018

0.538
0.032
0.051
0.039
0.009
0.275
0.032
0.018

0123
0.075
0.034
0.014
0.435

0.300

insp/Admin
8.420
8.498

]

2575
0.155
1.129
0.410
0.855
0.087
0.159

2.475
0.155
0.592
0.342
0.410
0.067
0.014
0.093

2.004
0.155
0.628
0.422
0.662
0.069
0.148

2.260
0.155
0.499
0.230
0.422
0.792
0.014
0.148

0.485
0.221
0.182
0.082

Matoriais
25.032

168,508
0.075
14.552
0.488
0.481
1.517
1.065

10.948
0.075
7.0851%
1.092
0.498
0.840
0.050

0.74

5.8886
0.075
3.004
0.104
0.508
1.517
0.860

5.139
0.075
3.450
0.429
0.182
0.640
0.050
0.312

0.178
0.100
0.028
0.050

Assembly
25.890

21.983

1/15/93

Installalion
1.361
1.381

Q

(=N -T =~ = ] COoOo0CDODO o0 DODO0O

0000000

1.381
0.693
0.4723
0.195

Equipmeni
10.838

11.545%

5567
3.768
0.64)
0.856
0.000
0.000
0.300

6.026
3.768
0.651
0.269
0.856
0.182

0.300

3.879
2.900
0.301
0.450
0.148

4129
2.800
0.297
0.283
0.450
0.119

1.39
D.910
0.480

Sub-101al

82.209

71.525%

2.423

46,450
4.8036
30.113
e
2.618
2,120
3.547

14 604
4.836
16.093
5.099
3.216
3.502
0.143
1.7115

2315
2.805
11.106
2.336
2.609
2.122
1.073

24.233
3.005
10.230
3.367
2.415
3.258
0.150
0.810

4.842

2.89
1.474
0.478
.70

1.692

Dos Gr Allow

25.008

0.485

15,831
1.454
10.841
1.079
0.578
0.838
1.048

10127
1 451
4.788
1.496
1.079

0.7r
0.042
Q.502

71.843
1472
3.898
0.769
g.a27
0.804
0.273

T1.839
1.472
3.682
1.212
0.798
0.738
0.045
0.194

1.138
0.8087
0.3568
0.083
0.373

0.338

Total

100.005

91.823

2.800

62.081
6.287
40.954
4,295
J.198
2.758
4.593

44.731
8287
20.879
6.5935
4.285
4.272
0.188
2.217

30.904
5.077
15,104
3.105
3.438
2.928
1.248

32.072
5077
13.912
4.579
.21
4.094
0.195
1.004

5978
3.577

1.83
0.571
4.104

2.030
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GEM Muon Sub-system Cost Metrix - Rev 15

1/15/93

Engineering/Design 1| M&S Inspaction/Admin ProcFab Assembly
Lsbor | Rew | Toist || Labor | Rate | Total || Materil || Labo: | Raie | Subtotat [Capy. Eqpi] Tooling
WES 0. liem py_Iwsipyl  ws || ks py  |k$rpyl ks k$ oy Ixsipy] us X3 k$
3o Muon Sub-system (CSC) 83.9] 110 9256| 1691 71.4| 118] 8419|l 25032) 272.9} 87| 23825 6849 597
2081 72,7 117] -dass 1626a]| 207.5] a8 970
36.01 Muon Subsystem RAD 1077 123 2313 11 0\
30.01.1 Develop Chamber Technologles 6.26| 1191 743 as ‘
30.01.2 Chamber Perdormance Evalualion 1.56] 161 251 9
30.01.3 Muon Trigger 0.48) 140 67 3
30.01.4 Alignment Technology 1.68] 119 200 10
30.01.5 Electronics evaluallon t.52[ 119 180 9
30.01.6 Simulations 0.20] 181 32 1
320.01.7 ind, Chamber Des. & Factory layout 0.00] 154 0 ¢
30.01.8 Engineering (structures, cosls, eic.) 7.07, 119 839 42 n
30.02 BARREL REGION 19.77} 106 2096 370f| 23.40{ 110{f 2575{ 18988y 174.92| 89| 15632 5300| 267
30.02.1 Berrel Reglon Module Assembly 3.00, 99 297 32 2,321 67 155 75 9.23| 48 447 3768 0
30.02.1.1 On-Site 0.00 ] 9 1.44 29 75 g.29| 48 447 3768 0
30.02.1.1.1 Module Storage 0 0 0.00 0 0 0
30021.1.2 Test 0 3 .56 69 39 25 1.25 582 65 100
30.02.1.13 Assembly 0 a| 0.3l 89 43 so| 7.29] 47 343| 3668 0
3002114 Fac Prep 1] 2 0.25 69 17 0 0.75] 52 39
30.02.1.2 Off-Site : 3.00 297 23 0.89 55 0 0.00 0 0 0
3002.1.21 Assy Fint Final Dsgn: Mach, Assy 3.00 99 297 23 0.88 63 55
20.02.2 Cathode Strip Chambers 3.25| 102 332 79 B.49 133 1129 14552i 123.83 103r 12738 521 122
i
30.02.2.1 Oft-Site 3.25 132 79 8.489 1129|] 14552|| 123.83 12738 521 122
20.02.2.1.1 Shipping 0 o 0.00] 1233 0 ] 1.004 82 82 0 0
3002212 Test ] 8 1.32} 133 176 0 20.61) 133 2741 266 0
30.02.2.1.3 Assembly o ae 6.29f 133 837 off 98.47| 97 9552 255] 122
30.02.21.4 Facitity Prep ] 5 0.75| 1233 100 0 3.75| 97 364 0 0
30.02.2.1.5 Machining, Inspection 0 8 0.00] t33 of| 14552 0.00] 57 ] ] 0
3002216  |Final Design, Drwg/Spec Mods 3.25| 102 332 20ff o.13] 433 17
Page 1
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GEM Muon Sub-system Cost Matrix -

Rev 15

1115/93

EnginesringDesign M&S Inspection/Admin Proc/Fab Aasambly
Labor | Raw Towl Lebor | Rate Total Malerinl Lsbor | Rata | Subtotat [Capl. Eqpt] Tooling
WBS no. ltsm BY k$/py k$ k$ py | n$/py k$ k$ py__ {k$/py L1 ] 13 k$
30.02.3 Moduis Support Structures 5.001 11 87 4.77 - 1] 410 438 12.00| 58| 687 711 145
30.02.2.1 Off-Slte 5.00 87 4.77 410 498 12.00 697 711 145]
30.02.3.1.1 Shipping 2 0.25] 69 17 20 0.50] 82 4
30.02.3.1.2 Magchining, Inspection 46" 3.77 76 287 478 11.50] 57 656 rAR! 145
30.02.3.1.3 Final Design, Drwg/Spec Mods 5.00] 1% 39 0.75] 142 107 0 L] 0 1]
30024 Electronica/Elecirical Hardware o.ooL 0 0.00 0 0 0.00 0 0 0
30025 Gas System 5021 t10] 124 6.06} 108 655 481 11.10| 48 533 1] [
30.02.5.1 01l-Shte 3.208 129 75 3.50] 137 480 L] 0.00 0 4] 0 0
30.025.1.1 Designh and Davelopmen! 3.20{ 1 75 3.50| 137 480 ] 0.00 o 0
30.02.5.2 On-Site 1.82] 347 491 2.56 66 17§ 481 11.10| 48 533 0 4]
3002521  |Daesign and drawings 0.20 82 4 0.50] a2 41 ] noo] o o
30.02522 Tesl Procedure developmant 0.46 57 8 0.12 73 9 o 0.00| L] 0
3002523 Salely Procedure davelopment 0.58| 104 10 0.12] 132 16 0 0.00 0 o
3002524 |Maintenance Procedure developmont 0.58] 104 10 0.12] 133 16 0 0.00 0 0
30.025.2.5 Assembly and Test 0.00 7 0.65 53 34 337 11.10 48, 533 0 0
30.02.5.2.6 Procurement - Surface System 0.00 4 0.42 52 22 25 0.00 0 0
30.02.52.7 Procuwromant - Hall Sysiem 0.00 6 0.63 59 37 118 0.00 0 0
30.02.8 Cooling System 2.00f 113 31 0.48| 140 67 1517 230 94 217 0 0
30.02.6.1 Oft-Site 2.00] 313 n 0.48] 140 67 1517 2.30| 94 217 0 0
30026.1.%  |Shipping 4t o0.05 133 7 0.10| 82 8
30.026.1.2 Subagsambly, Test 5 0.13] 133 17 1.00] 95 85
30.026.1.3 Machining, Inspection 5 0.13] 133 17 1467 1.00f 95 95
30.02.6.1.4 Procurement 2 0.05] 133 7 50 0.20f 95 19
30.026.1.5 |Final Design, Drwg/Spec Mods 2.00 na‘ 15]  0.13] 161 20
30.02.7 Local Alignment 1.50 21 17 1.20] 124 159 1865 18.40| &1 1060 300 o
30.02.7.% Otf-Site 1.50 21 17 1.28] 124 159 1865 16.40| &1 1000 300 0
30.02.7.1.1  |Shipping 1 0.20| 69 14 0 0.50| 82 41
30.02.7.1.2 Tesl 3 0.43] 133 57 8.55| 59 504 300
30.02.7.1.3 Assembly 2 0.35] 133 47 6.85| 59 404
2002714 |Facily Prep 2| 0.25] 133 a3 25 0.25 107, 27
30.02.71.5 |Machining, Inspaction ) 0.05] 161 8 1840 0.25] 85 241 0 /]
30.02.7.1.8 Final Design, Drwg/Spec Mods t.500 o1 9
{

Page 2




GEM Muon Sub.system Cost Matrix - Rev 15

1/15/93

Englneedng/Design

Inspection/Admin

Proc/Fab

Assembly

Tomi ||

Labor

Rate

Total

Malorial

Labor

Subioial

Capil. Eqpt.

Tooling

k§

k3/py

P

k$

1§

k$

¢88

-30.022,1.1° -
002212

Paga 3

.: 08 —

133]
y3af
REEE
133
133
133’

- 133

133.01

60.75
60.75
1.00
15,00
36.00
2,75
5.00

L&

51

11267

- B2
- 3564

384
410

- 2005

soolcoe

" g208|

“yaus|

- 2808

5505
508
508
.0
211

. 297

0

190

Tiy

711

7

2]

190
ol
- T | i

L

. 521
- 143
143

143

145
145

145

154
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GEM Muon Sub-system Cost Matrix - Rev 15 115/93
EngingeringDesign I wss Ingpaction/Admin I ProcFan i Assembly
H Labor | Aaw | 1o || Labor | Rete | TYotal || Mawedal || Labor | Raw | Subtosl [Capt. Eqp] Tooling
BY_ JKS/py) kS PY_. IRS/py] k3 Lt

0.02.7.1:7
130.02.7.1.1.1"

30.00.1

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

F

104 of - 0.12

70,50

End Csp Region Module Assy

On-Site

Sector Slorage

Test

Assembly

Facilty Prep

Off-Site

Assy Fixt Fnl Dsgn: Mach, Assy

AT

0.04
0,01
0.01

0.05
0.0t
0.01
0.01

0.01

0,20
0.16

5
1
1
1
2l o025
0 0.05
4 _

19.79

3.00 ] 2.32

1.44
0.00
0.56
0.562
0.25
0.88
0.88

3.00
3.00

WLNEa W

NN

Page 4
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‘060" 8

" 0.08|
“ |

0,01|

o0

o

o.lap :

L] B N
iaff - 749i
- ‘93)f -'ri’ol
69 14 o
123 2
133) - 17
133 a3t o
161 - el 740
10S 2083 5866
0 155 75
99 75
0 0
69 ag 25
69 43 50
69 17 o]
55 0
63 55

8.14

1.25
6.14
0.75
0.00

LY}

47

47

52
46
52

k$

8193
86
188

65

282
39

300

- 300

3549
2900

2900

100
2800

330
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GEM Mion Sub-system Cost Matrix - Rev 15 1/15/93

EnginsedngMesign || MaS Inspection/Admin [[ProcFan Assombily

Labor | Raw | Tom: || Labor | Rate | Total || Matedai ]| Labor | Raw [ Subiowl [capt. Eqm] Tooling
WES no. rem pr_Iksipy| %8 | ws py Ikspyl x8 || s by |usrpy| k8 k$ k$

30.03.2 Cathode Strip Chambers 3.25| 102 332 57 4.72| 133 628 3004|| 64.97] 98 6351 201 80
30.03.2.1 Off-Slte .25 332 57 4.72 628 3004 64.97 6351 301 a0
20.03.2.1.1 Shipping 1 0.00] 133 0 42 1.00] 82 a2 0 0
30.03.2.1.2 Test 4 0.62] 133 a2 o 9.68] 133 1287 134 0
30.03.2.1.3 Assembly 17 2.84 133 37e 20 44.54] 96 42786 167 80

30.03.2.1.4 Facility Prep s 0.75] 199 100 (] 3.75| 97 364

30.03.2.1.5 Machining, tnspection 10 0.38| 133 51 2942 6.00] 57 342

30.03.2.1.6 Final Cesign, Drwg/Spec Mods 3.251 102 332 20 01 3ﬁ 133 17

30.03.2 Module Suppert Structures 5.00| 111 555 89 4.97| B85 422 104){ 10.50} 139 641 300 150

50.03.3.1 Off-Slte 5.000 111 555 89 4.97 85 422 104 11] 139 811 300 150
30.03.3.1.1 Shipping 2 0.25 69 17 20 0.50] 82 41
30.03.3.1.2 Machining, Inspection 48 387 75 298 a4l 10.00| 57 570 300 150
30.03.3.1.3 Final Design, Drwg/Spec Mods 5.00| 1 555 39 0.75] 142 107 1]

20.03.4 Electronlcs/Electrical Hardware 6.00 0 0 0.00 0 0 0.00 0 ] 0
30.03.5 Gss System 514 114 505 126 6.06] 109 662 506 11.10] 43 533 49 100
' 30.03.5.1 Ofi-Site 3.20] 121] ae7l| sl a.so| 137]  aso of| o.00] o 0 o )

30.03.5.1.1 Design and Development 3.20[ 121 387 75 3.50| 137 480 0 0.00 0 0
30.00.52 On-Site 1.94] 102 197 51 2,56 71 182 506 11.10| 48 533 48 100
30.03.5.2.1  |Design and drawings 0.20] a2 16 4 0.50| 82 41 0 0.00] o 0
.30.03.522 Test Procedure development 0.581 104 60 10 0.12] 133 16 0 0.00 0 ¢
3003523 Salety Procedure developmen 0.5a| 104 60 10 0.12[ 133 16 4] 0.00 0 0
30.03.5.2.4 Maimenance Procedure developmen 0.58] 104 60 10 0.12] 133 16 0 0.00 0 0
30.03.525 Assembly and Test 0.00| 0 7 0.65 53 a4 337 11.10] 48| 533
30.03.526 Procurement - Surlace System 0.00 0 4 0.42 52 22 25 0.00 0 25 0
3003527 Procurement - Hall System 0.00 0 6 0.63 59 a7 144 0.00 0 23 100
30038 . Cooling System 2.00| t13 226 N 0.49) 140 69 1517 2.30| 94 217 0 0
20.03.6.1 Ofi-Site 2.00] 113 226 N 0.49] 140 69 1517 2.30] 94 2117 0 0
30.03.6.1.1  |Shipping 4|l o.05 123 7 0 0.10[ 82 8
30.03.6.1.2 Subassembly, Test 5 0.13] 133 17 0 1.00| 95 85 0 0
30.03.6.1.3 Machining, Inspection 5 0.13] 133 17 1467 1.00] 95 95 0 0
30.036.1.4 |Procurement 2 0.05] 133 7 50 0.20{ 85 19
30.036.1.5 Final Design, Drwy/Spec Mods 2.000 113 226 15 0.13] 161 21 0
Page 5§
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GEM Muon Sub-system Cost Metrlx - Rev 15 1/15/93
Mss || inspectionsAdmin ProcFab [[ Assembly
Labor Rate Total Materal Labor Rawe | Subtow) |Capt. Eqpt] Tooling
WBS no. llem k3 PY h$/py k$ h$ ” pY k$/py k$ [3] k$
30.03.7 Loc¢al Allgnment 18 1.23 148 cso" 1.00 13 [ [
30.03.7.1 Off-Site 18| 1.22 148 660 1.00 #5 (] 0
20.03.7.1.1 Shipping 1 023 69 16 oool o o
3003712  |Test 2] o.25{ 133 33 0.25| 9s 24
3003.7.1.3  |Assembly 2| oz2s| 123 33' 0.25| 95 24
3003714  |Facility Prep 2l o.2s5] 1aa 33 0.25| 95 24
30.03.7.1.5 Machining, Inspection 2 0.25] 129 az 660|| 0.25] 95 24
30.02.7.16 Finat Dasign, Orwg/Spec Mods 9 0.00{ 133 ]
536/ 21.54 10451 ac8o| 449
| -aies| 5142|100 ‘267 130
3.08] 81,42 7287 130
O+ 0.00f - - 0,67| 83| N
- -3l os7] 7 9.00 a2 a9
SR MR Y 34,00 .94 18] 91
S| 0.75)- 375 e ‘
10 0.2¢]: {400
zo|l 0.13]
1.86] t24] 230  «29|| 20.20] 92|  1268| 18s| 78
S V.86 . 270 429|| 20.29[ . | 1068 185 78
o.o_oL_‘_ : off 100 aal - a2 0 ]
‘0.16)" 7 13: 0 2.68] 133 ‘243 34 o
4l 060 13 _ ‘0 9.46) 93l - 840 151 78
5| - .0.75{ "1 of| 3a.vs| o7 . 3s4f.
ol 0.22{ 13: 429 3.50 7] 200 ] 0
20 0.13] 13 : S '
Befl 497 os{ a2zl 183f| Y0.50 129] 611 300] 1s0
4.97 139 - 61t adoh 150“
9,07 7 87| s7el  sool - 159

Page 6




GEM Muon Sub-system Cost Mstrix - Hav 15 15/93

98¢

Inspaction/Admin || ProcFab Assambly
Labor | Rate Totai Material tabor | Aaw | Sublowl [Cepd. Eqpt] Tooting |
Py . & " k$ PY k$/py k$ k$ L]
0.25 T4 | REEEY | 0_-90 N GO N
EOSR || IR M 1i] B
B 1| X1
0 000 - .|
212 6.25| 51}
16 p.oo] T
92| o0.00 i
0 000 O o] .o 0
4] 0.00 0 o L
320 §.25| S1 e 0 28
0 oool o ] S
0 000 "0 0 _
aff -o.00f . 0| 0
) 000 o 0 :
- 212l . &.25] &1 a9 0
sl ‘o.oof N L
~92l.  ©:00 0| 14
50 0.16| 92 15 (] 0
-25[-. o.08 7 of o
0 0.02] 82 2 1
0.02| o5 2
25 0.02| 95 2
] 0.02| 95 2
28 0.08] 95 7 .0 0
] 0.02[ 82 2
0.02] 85 2
25 0.02] 95 2
0 0.02| o5 2
312 1,50 145 0 0
312 1.50] 148" 0
0.50] 82 41
- 0,25) 107 27
- 0.25] 107 27
“ofl o a.25] 107 271
a2l 025 e 24| s

Page 7
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GEM Muon Sub-system Cost Mattix - Rev 15 1/15/93
Englneering/Design “ MAS Inspection/Admin Proc/Fab Assembly
Labor | R | Tow Jf tabor | Rate | Towl f| Material || Labor | Raw | Subtotal [capy. Eqpt| Tool
WBS no. Itam PY [ x$/py k$ h$ By k$/py k3 k$ pY k$/py h$ X ] .t )
30.04 INSTALLATION 13.50 29 1325 123 6.803 68 466 178
il
30.04.1 Barrel Reglon .00 ODL 891t 75 3.51 62 221 100
30.04.1.1 On-Site 0.00 ° o 1.3 sl 100
30.04.1.1.% Test o 0.00 0 0
30.04.1.1.2 WModunlcd Agsambly 3 0.50] 69 a5 25
20.04.1.1.3 Elecirical/Electronics Assy 2 0.38] &9 26 75
30.04.1.1.4 Fac Prep 3 0.50 69 35 0
30.04.12 off-Site 9.00| 891 67| 2.1 al 126 0
300412t Instakk. Tool Fnt Dsgn: Mach, Assy 9.00] 99 891 67 2.13] 59 126 o
30.04.2 End Cap Reglon 3.00 99 297 :HLI 2.59 63 162 28
30.04.2.1 On-Site 0.00 0 ] 0.96 66 28
3004211 Test 0 0.00 0 0 10
30.04.2.1.2 |Mechanical Assembiy 2 0.33] 69 23 18
3004213 Elecirical/Electronics Assembly 2 0.38| 69 26| ¢
30.04.2.1.4 Fac Prep J 2|l o.2s| 9 17 0
30.04.2.2 Otf-Site 3.00 287 28 1.63 96 0
30.0422.1 install. Toof Final Dsgn; Mach, Assy 3.00] 99| 297 28 1.63| 59 96 0
30.04.3 Global Alignment 1.50] 91 137 14 0.73] 113 82 50
30.04.2.1 Off-Site 2 137 14 0.73 82 50
3004301 Shipping ) 0.23 69 16 50fE
3004212 Tes! 2 0.25) 1 aal a3 o
30.04.3.1.3 Assembly 2 0.251 133 LE| 0
30.043.1.4 Final Design, Drwg/Spec Mods 1.50] 91 137 | @
30.05 1PHDJECTMANAGWI’ 435 21.40L 154 3296
30.05.1 Administration/Oversight 150 9.50| 154 1463
30.05.2 Resource Management 45 1.19] 154 183
30.05.3 ES&H Assurance 90 2.38] 154 367
30.05.4 Qually Asswrance Program 80 2.57] 154 550
30.05.5 Systems imegration 30 2.38| 154 367 i
30056 Subsysiem Cost/Schedule Monhor 30 2.38| 154 387
30.08 CONCEPTUAL / PRELIMINARY DESIGN 12.00| 116 1392 300
|

Page 8
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GEM Muon Sub-system Cost Mairix - Rev 15

11593

Assembly Instaliadon Summary

Matarial | Tout iabor | Rais | Sublots! Capi. Eqpl] Tooling | Material | Total Labor Materie [Capt. Egpt] Tooling

WBES no. hem k$ k$ pY k$/py k$ k$ k$ h$ k$ k$ k$ k$ k§
30 Muon Sub-system (CSC) 1885] 35136 18.4 59| 1095 1265| 125{ 265| 2750]| 42596| 26853} 10114] 722
8723 1098| 1268| 125|: 265| 2780] a8s31| 20454| 10450| 1008

i
30,01 Muon Subsystem R&D 2313 110 o 0
30.01.1 Develop Chamber Technologies 743 a8 0 Q
30.01.2 Chamber Performance Evaluation 251 9 0 0
30.01.3 Muon Trigger 67 3 0 0
30.01.4 Alignment Technology 200]| 10 0 0
30.01.5 Elactronics evaluation 180 9 4] Q
30.01.6 Simulations 32 1 0 0
30.01.7 ind. Chamber Des, & Faciory layoul 0 1] 0 0
30.01.8 Enginaering {structures, cosls, etc.) 839 42 0 0
30.02 BAHREL REGION 1221 22420 20303| 20579 5300 267
30.62.1 Berrel Reglon Module Assembly 62 4217 898 169 3768 0
J30,02.1.1 On-Site 62 4277 546 146 ares 1]
30.02.1.1.9 Module Siorage 50 50 0 50 1] o
3002112 Tesl - 2 167 104 30 100 0
30.02.1.1.3 Assembly 8 4020 386 63 668 (]
30.02.1.1.4 Fac Prep 1 40 56 k] ‘ 0 0
30.02.1.2 Oftf-Slte 0 0 52 23 0 [}
30.02.1.21 Assy Fixt Final Dagn: Mach, Aasy [ asz2 23 0 0
30.02.2 Cathode Strip Chambers 840| 14021 14199 15271 521 122
30.02.2.1 Off-Site 640 ta021 14199 t52 521 122
30.02.2.1.9 Shipping 372 454 82 arz 0 0
30.02.2.1.2 Tost 25 3032 2917 33 266 ]
30.02.21.3 Assembly 118] 10047 10388 156 255 122
30.02.2.1.4 Facilty Prep 125 489 464 130 ] 0
30.02.21.5  [Machining, Wmspection 0 0 0] 14560 0 0
30.02.216 Final Design, Diwg/Spec Mods 349 20 0 0
Page 9
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GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93
Assembly instaliation 1l Summary
Matednd | Totsl || Labor | Rate | Subtowl Caps. Egpt] Tooling | Materiat | Totm Labar Mateds [Capd. Eqpt] Tooling
WBS no. em h$ h$ pY k$/py k$ h$ k$ h$ k$ K$ k3 k$ $
30023 |Module Support Siructures 113 1886 1862 (1 1] 711 145
30.02.3.1 Off-Slite 113 1688 1662 698 T 145
30.02.3.1.¢ Shipping 51 92 58 73| 0 0
30.023.1.2 Machining, inspection 62 1574 942 586 71 145
30.0231.3 Final Deslgn, Drwg/Spec Mods 0 0 862 39 0 0
30.02.4 Electronice/Elsctrical Hardware 0 o 0 [+] 0 0 Q
30.02.5 Gas System 275 208 0 [+] 0 0 [} 0 0 1738 880 0 4]
30.02.5.1 O-Site ] 0 ] ] 0 0 ] 867 75 Q0 Q
30025.41 |Design and Development 0 [/ 0 0 0 o () 867 75 0 0
30.025.2 On-Site 275} L] ) ] 1] 0 0 1] a7 805 ] 0
30.025.21 Dasign and drawings [+] 0 (4] 0 0 o o 57 4 0 0
002522 Test Procedure development 0 0 0 0 0 1] 0 35 8 0 0
30.025.2.3 Salety Procedure development 1] 4] [+] 0 [} 0 0 76 10 0 0
30.025.2.4 Maintenance Procedure development 0 1] L] 0 0 L] 0 76 10 o 1]
3002525 Assembly and Test 102 8335 0 0 Li] L] 0 567 446 1] 0
30.025.286 Procurement - Surlace Sysiem 2% 25 0 0 0 0 22 54 0 0
3002527  |Procuremeni - Hall System 148 148 0 o o o 37 273 o 0
0.028 Cooling System 62 279 511 1610 [+ ] ]
30.026.1 Off-Site 82 279 511 1e10 0 0
30.026.1.1  |Shipping 25 a3 15 29 0 ()
30.02.6.1.2 Subassembly, Test 10 105 t12 15 0 0
30.02.6.9.3 |Machining, Inspeciion 25 120 112 1497 0 0
30.026.1.4 Procurgment 2 21 26 54 0 0
30.026.1.5 Final Design, Drwg/Spec Mods 246 15 0 0
30.02.7 |Local Alignment 69 1388 1295 1951 300 0
30,0271 OH-Slte 69 1368 1295 1951 300 0
30.02.7.1.1  [Shipping 26 67 55 27 0 0
3002712 Test 10 814 562 13 300 0
30.02.7.1.3 Assembly 8 412 451 10 0 0
20,02.7.1.4 Facility Prep 25 52 60 52 0 ]
30.027.1.5 |Machining. Inspection 0 24 3z 1840 0 0
30.02.7.1.6 Final Design, Drwg/Spec Mods 0 137 9 0 0
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GEM Muon Sub-system Cost Matrix - Bev 15 1/15/93

Instaltagon H
Subtotal Capt. Eqpt| Tooling | Material | Total Labor Material [Capt. Egpt] Tooling
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30.03.1

30.03.1.1
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80.03.1.1.3
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30.03.1.2
30.03.1.21
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GEM Muon Sub-system Cost Matrix - Hev 15 1/15/93

Assem Instalistion 1l Summary

Materinl Total Rate_ | Subtotal Capi. Eqpt] Tooling | Materis) | Total Labor Matorist (Captt. Eqpt] Tooling

K$/py k3 $ $ k$ k$ k$ k$ k$

ol L ol e

FIEaY

44| 69

o] 0

0 .0
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0 1]

0 .0

o .0

8 e

S0p 0
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END CAP REGION

End Cap Reglon Moduis Assy
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Sector Storage
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Assembly
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Off-Site

Asgsy Fixt Fnl Dsgn: Mach, Assy
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GEM Muon Sub-system Cost Matrix - Rev 15

1/15/93

Assemily Instailation Summery
Material Tatal Labor Rate | Subtotal Capth. Eggll Tooling | Material { Total Labor Malerial [Capt. Egpt] Tooling

WBS no hem kS LY ] pPY k$/py h$ k$ k$ k3 k$ k$ k$ [ ] k$
30.03.2 Cathode Strip Chambers 353 7005 7310 414 301 80
30.02.2.1 OH-Site 353 7085 7310 3414 301 80
30.03.2.1.1 Shipping 156 238 82 199 0 0
30.032.12 Test 12 1433 1370 16 134| 0
20.03.21.3 Assombly 83 4576 4654 80 167 80
0.03.2.1.4 Facility Prep 128 489 464 130 0 [\]
30.03.2.1.% Machinlng, inspection 7 349 393 2959 0 0
30.03.216 Final Design, Drwg/Spec Mods 349 20 0 0
30.03.3 Module Support Structures 108 1168 o0.00] 0.00 0.00 0.00{ o0.00] o0.00] o0.00 1588 298 300 150
30.03.3.1 Ofi-Site 105 1165 0 0 4] 0 0 ] ) 1588 298 300 150
30.03.3.1.1 Shipping 51 92 58 73 0 0
30.03.3.1.2 Machining, inspection 54 1074 868 186 300, 150
30.03.3.1.3 Final Dasign, Drwy/Spec Mods 662 39 1] o
30.00.4 Electronics/Electrical Hardware 0 0 e 0 0 0
30.00.5 Gas System 49| 730 0 0 L] 0 0 o o 1779 (1]] 48 100
30.03.5.1 Off-Site 0 0 0 0 0 ] 0 867 75 0o ]
30.03.5.1.1 Design and Development 0 0 0 0 0 a 0 867 75 0 o
30.03.5.2 On-Site 49 730 [ o 0 0 0 913 606 48 100
30.03.5.21 Deslgn and drawings 0 ¢ 0 0 0 1] 0 57 4 0 0
30.03.5.2.2 Test Procedure developmeni 0 0 0 0 0 0 0 16 10 0 0
30.035.23 Safety Procedure developmeni 0 0 0 0 0 0 0 76 10 0 0
30.01.5.24 Mainienance Procedure development 0 0 0 0 0 0 0 76 10 0 0
30.03.5.25 |Assembly and Test 49 582 0 0 0 ] 0 567 393| 0 0
30.03.5.2.6 Procurement - Sudace Sysiom 0 25 o 0 o 0 22 29 25 1]
30.03.5.27 Procurement - Halt System 0 123 - 0 0 0 0 37 150 23 100
30.03.6 Cooling System 62| 27¢% 512 1610 4] /]
30.03.6.1 Off-Site 82 279 512 1610 /] [\]
30.036.1.t  |Shipping 25 33 15 29 0 0
30,036.12 Subassombly, Test 10| 105 12 15 0 0
30.036.1.3 Machining, inapection as 120 12 1497 ¢ o
30.036.14 Procurement 2 21 26 54 0 0
30.03615 Final Dasign, Drwy/Spec Mods 247 15 0 0

Page 13
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} ) ) ) ) )
GEM Muon Sub-system Cost Metrix - Rev 15 115/93
Assambly i installaton Il Summary
Matertl | Tow || tabor | Aate [ Subtotal Cepii. Eqpi Tooling | Materiat] Total Labor | Materiel |Capd. Eqpt] Tooiing
WES 1o, nem s k8 _J| py | ksipy| ks K$ kS k3 i$ ks K k$ ks
30.01.7 Local AHgnment 15 no, 7% 693 0 [
30.03.7.1 Oti-Site 15 110 ar7e 693 0 0
30.03.7.11 Shipping 15 15 16 16 0 o
30.03.7.1.2 Test 24 57 2 0 0
30.03.7.1.3  JAssembly 24 57 2 0 0
30.03.7.1.4 Facility Prep 24 57 2 0 0
30.03.7.1.5 Machining, Inspection 24 56 662 0 0
30.03.7.1.6 Final Design, Drwg/Spec Mods 0 137 9 0 o
[
0.00
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GEM Muon Sub-system Cost Matrlx - Rev 15

1/15/33

Assem

Installation

Matgrinl Total

ll_Lebor

Subtotat

Capt. Eqpt| Toollng

Material | Totsl

Labor

Tooling

3

. )
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30,026.1.3*
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GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93
Assembily installation Summary
. Materisd | Total Labor Rats ] Subitotal Captl. Eqpt| Tooling | Material | Total Labor Maiterinl [Capil. Eqpt} Toolin)
WBS no. ttem k$ k$ py | k$/py k$ k$ k$ k$ k$ k$ k$ k3 k$
30.04 INSTALLATION 10.44 59 1095 1265 125 265] 2750 2806 566 1265 125
30.04.1 Barrel Region 0. 56 808 785 125 85 1603 1720 280 T85 1275
30.04.1.1 On-Site 10.91 808 765 125 85 1603 703 193 785 125
3004.1.1.1 Tesl 3.00 IA 213 60 0 76 349 213 76 60 0
3004.1.1.2 Mechanical Assembly 0.41 47 19 600 0 0 619 54 28 600 0
30.04.1.1.3 Electrical/Electronics Assy 1.00 57 57 125 125 1 308 83 78 125 125
30.04.1.1 .4 Fac Prep 8.50 49 319 8 327 353 1 [v] 0
30.04.1.2 Of1-Slte 0.00 0 Q [] 0 ] 107 87 o o
30.04.1.21 Instalt. Tool Fnl Dsgn: Mach, Assy 0.00] 1] 0 0 ] 1017 67 0 0
30.04.2 End Cap Region 6.53 eor 3saf s o| a0l es3 053] 142]  as0 0
30.04.2.1 On-Sie 6.53 60 393 480 0 80 953 459 114 430 0
30.04.2.1.1 Tesl 3.00 7t 213 60 0 76 349 213 86 60 0
30.04.212 Mechanical Assembly 0.28 46 13 420 0 0 433 36 20 420 V]
30.04.21.3 Elecirical/Electronics Assembly 1.00 57 57 1 58 83 3 0 0
30.04.2.14 Fac Prop 2.25 49 110 3l 113 128 5 ) 0
30.04.2.2 OH-Site 0.00 0 0 0 0 0 393 28 0 [+]
30.04.2.2.1 Install. Tool Final Dsgn: Mach, Assy 0.00 0 0 0 0 393 28 0 0
30.04.2 Globs! Allgnment 1.00 95 95 0 0 100 1 BSJ 313 164 0 0
30.04.3,1 Off-Site 1.00 95 [+ 0 100 195 4 313 164 0 0
20.04.3.1.1  |Shipping 0.50 82 4 100 141 57 151 o o
30.04.3.1.2 Tesi 0.25% 107 27 27 60 2 0 [+)
30.04.3.1.3 Assembly 0.25 107 27 27 60 2 0 4]
30.04.3.1.4 Final Design, Drwg/Spec Mods 0 137 9 0 1]
30.08 PROJECT MANAGEMENT “ 3296 435 0 [
30.05.1 Administration/Oversight 1463 150 0 0
30.05.2 Resource Management 183 45 0 0
30053 ES&H Assurance 367 90 0 1]
30054 Quality Assurance Program “ 550 90 0 0
30.05.5 Systems Integration 367 ao 0 0
30.05.6 Subsystem Cost/Schedule Monitor 367 30] 0 0
30.06 CONCEPTUAL / PRELIMINARY DESIGN 1392 300 0 o
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GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93
Summary
Subtotal 1Dsgn Growth Allwnce| Towl Number | “unit” Area | arem “unit” Last
WES no. kem L} Rate [Amount, k$ k$ Aequired| cost, K§ ! M+2 | cost K$ | moditied
30 Muon Sub-sysitem (CSC) 82285]| 31%| 25803} 108088] 1 108088 15-Jan-93
’ i
' 1 Ee1818 ] 15-J41-93
30.01 Muon Subsystem R&D 2423 20% 485 2907
30.01.1 Develop Chamber Technologies 780! 20% 156 937 21-Dec-92
30.01.2 Chamber Performance Evaluation 260| 20% 52 312 21-Dac-92
30.0t.3 [Muon Trigger 70| 20% $4 B4 21-Dec-92
J30.01.4 Alignment Techhology 209 20% 42 251 21-Dec-92
30.01.5 Electronics evaluation 188] 20% LT} 227 21-Dec-92
30.01.6 Simulations 33] 20% 7 40 21-Dec-92
30.01.7 ind. Chamber Des. & Factory layout of 0% 0 0 21-Dac-92
30.01.8 Englneering (struciures, cosls, eIc.) 8e0[ 20% 176 1087 21-Dac-92
30.02 BARREL REGION 46449 J4% 15628 62078 2 31039 15-Jan-93
30.02.4 Barrel Reglon Module Assembly 4035] 0% 1451 6286] 2 3142 15-Jan-93
30.02.1.1 On-Site 4460] 0% 13309 5798
30.02.1.1.1 Module Storage 50| 30% 15 65 13-Jan-92
.02112 Test 234| 30% 70 304 2-May-92
30.02.1.1.3 Assembly 4117] 30% 1235 5352 15-Jan-93
30.02.1.1.4 Fac Prep 59] 30% 18 77 10-Jan-92
30.02.1.2 Off.-Site 375] 0% 113 488
30.02.1.21 Assy Fixt Final Dsgn: Mach, Assy 375 a3o% 13 488* 18-Jun-92
30.02.2 Cathode Strip Chambers 30113 38% 10841 40954 1024 40 4000 | 10.24 | 4-Jan-93
30.02.2.1 Off-Site 30113 36% 10841 40954
30.02.2.1.1 Shipping 454] 6% 163 617 4-Jan-03
3002212 |[Test az216| as% 1158 4373 4-Jan-83
30.0221.3 Assembly 10921 36% 3932 14853 4-Jan-83
30.02.2.1.4 Faciity Prep 504 36% 214 807| 23-Oct-92
3002218 Machining, Inspection 14560] 36% 5242 19802 4-Jan-93
30.022.1.6  |Final Design, Drwg/Spec Mods 36% 36% 133 502 23.0c1-92
Page 17
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) } ) } } } ) '
GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93
Summary
Sublotal n Growth Aliwnce]  Total Number [ “unit® | Area |ares "unirr Last
WBS no. liam k$ Rai_|Amount, k| 1] Roquired| cost, K$ | M*2 | cost, K$ | modilied
30.02.3 Module Support Structures 32151 4% 1079 4295] 24 179 15-Jan-93
30.02.2.1 OH.She 3218| 4% 1079 4295
30.02.3.1.1 Shipping 134 23%| 30 161 28-Oct-92
30.02,3.1.2 ﬂMachining. Inspection 2384| 34% 811 3195 15-Jan-93
3002213 Final Design, Drwg/Spec Mods 701) 34% 238 93¢ 18-Jun-92
30.02.4 Elsctronics/Electricel Hardware 0 0 (]
30025 Gas Syatam 28018] 22% 576 3194 ? 1597 4-Jan-93
30.02.5.1 Off-Site 942F 22% 207 1149
30.02.5.1.1 Design and Devefopment 842| 22% 207, 1149 4-Jan-93
30.025.2 jon-She 1676] 22% 369 2045
30.02521 |Design and drawings 61] 22% 14 75 4-Jon-93
3002522 Test Procedure development 43| 22% ] 52 21-Oc1-92
3002523 |Salety Procedure development 88| 22% 19| 105 21-0c1.92
30.02524 Maintenance Procediure development 86] 22% 19 105 21-0¢1-92
30.02525 Assembly and Test 1013 22% 223 1236 4-dan-93
3002526 Procurement - Surface System 76| 22% 17L 93] 4-Jan-93
3002527 Procuroment - Hall System 310} 22% 68 378' 4-Jan-93
30.02.6 Cooling System 2121| 30% 836 2757 2 1378 4-Jan-93
30.026.1 OH-Site 2121} 30% $36 2757
30.0261.1  [Shipping 44] 0% 13 57 4-Jan-93
30026.1.2 Subassembly, Test 1277 20% 38 165 4-Jan-93
3002613 |Machining. Inspaction 1609+ 30% 483 2091 4-Jan-93
30.026.1.4 Procurement 80] 0% 24 104 4-Jan-93
30.028.15 Final Design, Drwg/Spec Mods 261| 30% 78 339 4-Jan-93
30.02.7 Loesl Alignment asas| 20%| 1 oas+ ase2f 2 | 2206 13-Jan-93
30.02.7.1 O#H-Site 1546| 29% 1046 4592
3002711  |Shipping 82] 30% 25 106 13-Jan-93
3002712 Test 875| 30% 262 1137, 13-dJan-93
30.027.13 Assembly 461 30% 138 599 13-Jan-93
30.02.7.1.4 Facitity Prep 112] 23% 26 138 31-Jan-92
30.02.7.1.5  |Machining, Inspection 1872 30% s62 2433 13-Jan-93
30.02.7.1.6 Final Design, Drwg/Spec Mods 146| 23% 33 179 31-Jan-82

Page 16
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GEM Muon Sub-system Cost Mairix - FRev 15

1/15/93

Summary

Subtotal [Degn Growth Aitwnce)

Amo

unl, k$

Number

Area

area “unlt®
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GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93

Summary
Subtotal |Degn Growth Allwnce Total Number | “unit” Area | area "unit” Last

WBS no._ - L k8 Amoun coat, K$ | moditied
. ; 3 = i Bt LT B-Qct82
| 4~jwa-93
43an-93
4~Jan+83

‘4-Jan-93
4-Jan-93
4-Jan-93
4-Jan-93
4-Jan-93

|- 4vani-09
o | a~an-g3

1 “ajanioa
1 4-Jan-93
| #Jan-0a

13-Jan-83

13-Jan-93
13-Jan-83
13-Jan-83.
n -Jan-ﬁ?
13-Jan-63
A-Jan-p2

30.03 END CAP REGION 23149] 4% 7042 30991 2 15405 15-Jan-§3
30.03.1 |End Csp Reglon Module Assy 3905] I0% 1172 s077] 2 2538 15-Jan-93

30.03.1.1 On-Site 3530| 30% 1059 4589
30.03.1.1.1 |Sector Storage 50| 30% 15 85 13-Jan-92
30.03.1.1.2 Tost 234} 30% 70 304 2-May-92
30.03.1.1.3 Assembly 3187] 30% 956 4143 15-Jan-93
30.031.14 IFaclhy Prep 59 20% 18 77 10-Jan-92

30.03.1.2 Off.Slte 375] % 113 488
30.03.1.21 iAssy Fba Fnl Dagn: Mach, Asey 375) 0% 113 488! 18-Jun-92

Page 20
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GEM Muon Sub-system Cost Matrix - Rev 15 1/15/93
Summary
Subtotal [Degn Growth Allwnce Totwl Number [ “unit® Arag | ares “unip Last
WBS no. Iiem k$ Raw | Amounl, k$ k$ Required| cost, K$ | M*2 | cost, K$ | modilled
30.03.2 Cathode Strip Chambers 11105] &% J998 15103] 256 59 2847 530 13-Jan-93
30.03.2.4 OH-She 11105] 6% 3990r 15103
30.03.2.1.1 Shipping 281] 36% 101 382 12-Jan-83
30.032.1.2 Test 1520] 236% 547 2067 13-Jan-83
30.03.21.3 Assembly 4991 36% 1797 8787 13-Jan-93
30.03.2.1.4 Facility Prep 594) 36% 214 807 16-Jun-92
30.032.1.5 |Machlnhg. Inspection 3352| 3s% 1207 4558| 13-Jan-93
30.03.2.1.6 Final Design, Drwg/Spec Mods .369] 36% 133 502 18-Jun-92
30.03.3 Module Support Structures 23368 3% 769 3105] 32 97 15-Jan-83
30.03.3.1 Off-Site 2336] 1% 769 3105
20.03.3.1.1 Shipping 131] 15% 20 151 31-Jan-82
30.03.3.1.2 Machining, inspaction 1504] 4% 511 2015 15-Jan-93
2003313  |Final Design, Drwg/Spec Mods 701] 34% 238 sag{ 18-Jun-92
30.03.4 hEIoeuonlchloelﬂell Hardware 0 ] 0 5-1an-92
30.03.5 Gas System 26008 J2%n 827 3435 2 1717 13-Jan-93
30.03.5.1 Ofi-Site 942 28% 264
30.03.5.1.1 Design and Development 942 20% 264 13-Jan-93
30.03.5.2 On-Site 1667 34% 563
30.03.5.2.1 Design and drawings €1| 28% 17 13-Jan-83
30.03.52.2 |Vesi Procedure development 86| 3% 29 16-Jun-92
3003523 |Salety Procedure development 86] 34% 29 16-Jun-B2
3003524 Maintenance Proceduwe development 86| 34% 29 18-Jun-92
3002525 Assembly and Tast 960| 4% 326 13-Jan-93
30.03.5.28 Procurement - Suriace System 76| 34% 26 13-Jan-92
3003527 Procurament - Hall Sysiem 310] 34% 105, 13-Jan-93
30036 Cooling Syatem 2122 3% 804 2 1463 5-Jan-93
30.036.1 OH-SHe 2122] 8% 804
30.036.1.1  |Shipping 44| a0% 19| 5-Jan-93
30.036.1.2 Subassembly, Tes! 127] 40% 51 5-Jan-93
30.00.6.1.3  [Machining, inspection 1608 40% 644 5-Jan-83
30.036.14 Procurement 80| 40% 3z 5-Jan-83
30.03.6.1.5  |Final Dasign, Drwg/Spec Mods 262| 23% 60 5-Jan-93
Page 21
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GEM Muon Sub-system Cost Matrix - Rev 15

115/9)

Summary

Subtotal

WES no.

ltemn

n Growth Allwnce

Total

Amount, k3

k$

Number | “unit®

Araa
M*2

area “unif®
cost, K$

Last
modilied

30.03.7

30.03.7.4
30.00.7.4.1
30.03.7.1.2
30.03.7.1.3
3003714
30.03.7.1.5
30.03.7.1.6

Local Alignment

Of-Site

Shipping

Tasl

Agsambly

Facility Prep

Machining, Inspection

Final Design, Drwg/Spec Mods

10712

1072
32
59
59
59

718
146

25%

25%
15%
23%
2%
2%
27%
23%

Page 22

273

1345

1345
37

73]
73
912
179

Asquived | cost, K§
2

673

100

1077

489

4.25

13Jan 93

14-Jan-93

14-Jan-92
14-Jan-92
14-Jan-93
31-Jan-92
14-Jan-93
31-Jan-92

12-Jan-93
12-Jan-93

12-Jan-93
9-Jan-93
8:Jun-93
16-Jun-92
8-Jan-93
16-Jun-92

13-Jan-§3

13-Jan-93
13+Jan-83
13+Jan-93
18-Jun-92
13Jan-93
18-Jun-92

15-Jan-93

9-J&n-02

15-Jan-93
16-Jun-02
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GEM Muon Sub-systemn Cost Matrix - Rev 15 1115/93

Summ
Subtotal [Dagn Growth Allwnce Total Number | “unii” Area | mrea "unir® Last
Wesno. - tem k3 Raw | A k$ cost, K$ cost, K$ | moditied

2, i Y ‘ E2X e B i aan-03)

|} 1edunig2
16-uh-92

o] 18-dun-p2
13~den-03

1. 18-Jan-0a
13an-83

13-Jan-93
-1 13-Jan-93
:| 18-dun-92

16-Jun-92
18-Jun-92
13-Jan-93
13-Jai:93
+3-J8n-9)

) 5~.Ian93

S:Jan-93 |
S-dan-93
S:Jan-93
5-Jan-93
B-Jan-93

5-Jan-93
5-Jan-§3
5-Jan-93
5-Jan-93
5dan9d

14-Jan-83

‘t45an03
14-Jan-93.
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GEM Muon Sub-system Cost Meirix - Rev 15 1/15/93
Summary
Subliotal |Dagn Growth Allwnce Total Number{ “unit” Area | area “unit® Last
WBS no. _ Itam k$ Aaw JAmount, kS Kk$ Roquived| cost, K$| M*2 | cost, K$ | modilled
30.04 INSTALLATION 4042] 23% 1136 5978 2 2988 15-Jan-93
30.04.1 Barrel Reglon 2000] 24% 687 ISTY 15-Jan-03
30.04.1.1 On-Stte 1806| 22% 394 2200
30.04.1.1.1 Tesl 349] 17% 59 408 2-May-92
30.04.1.1.2 Mechanical 682] 23a% 157 839 15-Jan-93
30.04.1.1.3 Electrical/Electronics Assy 4117 23% 95 506, 2-May-92
30.04.1.1.4 Fac Prep 364] 23% 84 448 6-Jan-92
30.04.1.2 0-Site 1084 27% 293 1376
30.04.1.2.1 Install. Tool Fnl Dagn: Mach, Assy 1084 27% 293 1376 18-Jun-92
30.04.2 End Cap Reglon 1475 24% 356 1831 15-Jan-92
30.04.2.1 On-Site 1053 23% 242 1296
30.04.2.1.1 Test a59| 23% 83 442 27-Jan-§2
3004212 Mechanical 476] 23% 109 585 15-Jan-93
30.04.2.1.3 Electrical/Elactronics Assembly 86| 23% 20 106 27-Jan-92
3004214 Fac Prep 133] 23% ao 163] 27-Jan-92
30.04.2.2 OH-Site 421 27% 114 535
30.04.2.2.1 Install. Tool Final Dagn: Mach, Assy 421 27% 114 535 27-Jan-§2
30.04.3 Giobal Allgnment 4T7| 20% 83 571 1 571
30.04.3.1 OH-Slte 477 20% 83 571
30.04.3.1.1 Shipping 208 15% 3 239 3.-Jan-82
30.04.3.1.2 Test 62| 23% 14 76 A -Jan-92
30.04.3.1.3 Assombly 62| 23% 14 76] 91-Jan-92
30.04.3.1.4 Final Design, Drwg/Spec Mods 146] 23% aaL 179 31-Jan-82
30.05 PROJECT MANAGEMENT 373t 10% 373| 41 Mr
30.05.1 Adminisiration/Oversight 1813] 10% 161 1774 9-Jun-02
30.05.2 Resource Managoment 228] 10% 29| 251 9-Jun-92
30,053 | ES&H Assurance 4571 10% 46 502 9-Jun-92
30.05.4 Qualily Assuwrance Program 640] 10% 64 704 9-Jun-92
30.055 Systems Inlegration 397| 10% 40 436 9-Jun-92
30.056 |Subsystem Cost/Scheduie Monkor 397| 10% 40 436 9-Jun-92
30.06 CONCEPTUAL / PRELIMINARY DESIGN 1692] 20% 33s 2o:loI 21-Jan-92
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Cost parameterization objectives

L0V

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 var(ia{bility 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



Cost model data flow

m
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Electronic
channel and

prototyping

costs
Engineering Muon Cost
component System cost parameterization
cost matrix model
estimates (EXCEL) (EXCEL)

Cost of systems
in optional
configurations

|
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12 ] Average radivg m 4.2 4 a7

|13 Minifum thete of hafrel oagrens 296

| 14] Maximum_theta ol barrel degrees, 8.7

|15 Ialuhm volume m3 4037

118 | Batehng § chamoers [ 1024

[17]

RLE Shambser_contiguration ShamBarcenilauraicn

[1e]

a0 Axial_space batween chambaers em 25 10 2.5
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22 Phi_ssgmeniston » 24 L] 48
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28
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a7 Phi d spacs mm 50 [
E jBateine number ¢! channete » B15374
[38 Layerfiayst piacement smor fricron 50 50 5
LA Supsritisuperic/mensuremant errar micron 25 26 2
:_} ® wires/coarse channel [] 40 1] 4
(%3]
[a4]
a5
| 48] Piain_cathede cost $/m2 Electronic_channs! devei [ 2246
[&7] Strp_cethods_cost $imz 2 Nurnoer_of_Sne_electronic_channels ] 282000
|40 ] Ma clured panel cost - » patamal K$ Number ol _Coarse siectronic_channets ] 20000
1 49 | Manutactuied panel cost - b parametd K$/m2 (] [1]
13 Wirs_cost $/m ¥il
|51 ] Clreult_board cost $/m2_ 50
1 52 | Spacet_cost KS/GEM €31

53 Cositine _elgctronic channel Sichannef 11

54 Cost/Coarse electronic_channe! S/channal 11

[1] Agsembly lsbor cogt KS/yr 180 4“
[ 56 i % FY]
67! [ 24
s8] XS 37
E13 [ 1692
1 60 Manhreig) [1:] “
[81] KS/yr [T}
m
[63]
0

[T shours 10_assemble ave. chamber hrg 200
m
=
[e7]
| 68 Baseline costs: Bass posis:

[1]
70 | Pargmeisr Units Value Value Veolus Paramaeter Untts Valuvs
| 71 Inner Migdis Outer
| 72 Fixed costy
(73]
[7a s and L) 3505
[75] S 3268 C3 11108
(76| K 1082 [ 233
| 77 i [ 0 3 224
| 78] [+] 1804 [ 260/
|79 Conling_system xS 386 [ 2122
[ 30 ANgnment_sysiem [ 11568 L] [}F]
31 installation K 1287 il ttalintion [ 1475
[oy S
[33]
| 84 Fired bate gost subtowl K 241 Fixed base cost subtomm! [ 28869
[13

| 1] Variable costs
7] al
| 48] [ 4352 JSector_axsembly
| 39| [+] 26345 s [
EI1 L 2164 Su truciure

21 [3 24969 Elsctranics ] 4202
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Got syster [ 1014 [Gas_system [
Caolng system (3 3734 Cooling _gystem -] ]
Ahgnmant_syster [} 2868 Ahgnment system L:J °
Insisliation [ 160 (nstaliation 3 0
[anabie beve cost wbiow ] 49545 Varabis base cosl subtotsl ] [FTT]
Iwas totale
Secior _sssembly 4835
ELERK]
3216
8969
2618 1
Cooing_sysiem ziz!
Alignment_system 4024
instajiation 2890
Subtotat S&78%
|112] Bassline totmis
113
f114] Diarrel_Fixad+Variable costs [} SE785 E“”‘b Fized+Vansble costs ] 31071
18] Endcap Fixedsvanable cosis [ 31071
18] K 2423
m KS a7
18] ary _aesign Ks 1892
11§
120 Eubreul KS 87702
127
1122] [Contingency (307} [3 29311
123
124 [Tofal_baxe cosl with contingency K$ 127612
12%
[ED)
[127]
[128] Output_quantities: Output quantities:
128
[130] Paramster Unite Valus Value Valus Paramsier Units Valus
[131] inner WMiddis Oular
133
t133 |Sugoﬂt[cr regoluton microns
[134) Superlayet length m [X] 14.36
135 Average chamber_tength m 34 3,57
E Average scive chamber arss m 3.6 3.98
137 Acive length m 3.32 3.44
138 Tolal_sirip_cathods arsa/GEM m2 2115.53 £119.60
[138] Total piain catmode Sten/GEM m2 3525.88 $179.41
[148 Total manuiactured pane! mrea/GEM m2 2820.70 7648.51
141} Total_s merulactured parelv/GEM [] 768 3072 1920
j142] Torl wite HngthVGEM superiayer m 564141 1275595 1223821
m Totsl wirs jength/GEM m 3063657
144 Tots:t GEM barrs! region volume m3 4037.43
JSegmentation_wadth m 10 .84 1.94
Rasl width m .2 ' 1.26
Active width m _1 .85 1.18
Calanated pitch mm 4.83 k] 10.34
G mm 2.47 8 5.17
Number of card widths/chambet [] 14.00 D 7.00
¥ fine channeis/chamber piane ] 224 12 112
#_tne_channeis/GEM superiaysr [l 129024 258048 172032
Tolal number of fine  channels/GEM [] 55 4
x_coarss channait/GEM superisyer [] ] 18701 13210
# toahie channel/GEM F] 38291
®_chamber Through thickness ] 2.00 2.00 1.00
Total re, GEM chambers/supeniayer [] 192 788 384
Total number of GEM chambers. [ 1344
Number of GEM slignmaent lowers Il 384
Single layer arror microns £7 54 64.03 70.85
ariayer error microns 23.41 26.14 35,43
Error weighting facior - 0.51 1.00 0.49
Bsig2 microns2 785.77 208 .33 1095.00
Totsl _eror mcrons 35.71
I?mm sosis: Output goste:
Paramseisr units Valus Valus Yalue Paramsisr Units Value
tnner Widdis Qutet
IFlnd conts H
K$ 484
KS 268
K$ 1052
]
K$ 1604
K 386
K$ 1158
i K5 1287
|i=|nd cost_subtotal L] §241
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51
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258
258
260

[] [3 [-] E F Rl 4
Variable sosts
Sector_assembly K3 4352
[Chambers 26823
Chamber mawnal cost 14881
Pan cathodes. 103
costarsa $rm2
e m2 20678
Sinp_eathodes 359 Il
coslarea $im2 258
[ 1] m2 13019
] Marutachted pared 9008
$xed cost - & paramwter $ 686
COLUSMSA - B D SMaW 3/in2 0.160366
LN m2 16848
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Cirauh boards §1
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ares m2 1 ]
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number of paps ] 2208
o8t S/gep 50
labar rate KS/vr (1]
Support_structure Lt 21564
EigCIronics x3 8571
fine channsl 1otal XS 6150
costAnechannel $ichanne! 1
# charnels ¥ 552104
coarse channel tota! 421
CORUCONNES Ch i Sichanns| 14
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Gas system [ 1077 L
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Project management W 682
{Subtotal 2] 95258
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258
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= [} o0 ~ w
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b4 80
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o~ o~ o - o
Strip plane unit cost - $/m2
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559104
559104
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6082586
632832
681084

Total cost

123833
122661
121490
120319
119148
117977

A
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600000
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400000
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122000
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118000
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115000

Total cost - K$

50 |
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Ch assy rate
Man-hr/gap

50
45
40
35
30
25

Total Cost
123833
123832
122277
120722
119187
117612
116057

Total cost -K$

124000
122000
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118000
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114000 ;

112000
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CSC/RDT Cost Comparison

CSC {6/6/4) RDT/RPC
Barrel | Endcap | Total Barrel | Endcap | Total
Seclor assembly 4836 3905 ara 4835 31805 8741
Chambers 29892 11105 40997] 21191 13596 4787
Support structure 3216 2316 5552 1216 2415 5630
Gas syslems 2681 2608 5289 3501 3355 6856
Cooling systems 2229 2122 4381 143 150 292
Alighment 4024 1072 5096 2192 809 3001
Installation 2990 1475 4365 2890 1475 4164
Mechanical subtotal 49768f 24623 74391 37968 25704 63672
Etectronics subtotal 6571 4202) 10773 1309 2519 3628
Subtotal 56339 28825 85164 19277 28223 67500
RaD 2423 2246 4669 24213 2246 4669
Conceptual/prelimnary 4 1692 1692 16932 1692
rPrulecl management 3731 a7a| a7 3731
Subtotal 64184 31071 95256] a7122[ 30469 77591
Contingency 19255 9321] 28577} 13373 8647] 22020
{30% CSC, 28%RDT)

Grand total 83440| 403%92| 123932 60495 29116 99611
Notes:

1} C€SC costs were developed from cost parameterization model
2) RDT cost are from Guslavson™s cost matrix with etectronic channel cost added

3) Same electronic wnit costs used for CSC and RDY
a} channel cost = $11/channel plus contingency

b) Efectronic prototype development cost=2246K$
c) & channels (fine and coarse, barrel and endcap)
=979,395 CSC

= 348,000 ADT {no RPC channel costs Inchuded)




gem

Muon Technology Choice

Discussion led by:

F. Taylor

417



C..t.

Elemads o Consideo— l/18/93

‘) SvS‘f’Q‘m Pfr fa"mao-,ce
Q) 17aftern ﬂ?Cojn:'Hoh |
1:) PJ_ 1"'-850“")
<) B9 ¢ resoln
d) T‘r.‘mer resol’n (P § To)

Q) T:h 'h'ins?: rﬁf’( Cara&.'[: 'f7
__ £ Kebustrness
2) Technicaf Risk of System

a) How Well has ReD vl dotad cles;jh?
b) f-]'m? major Viskhs W/o feasible hacke?
<) Corhplfxi+7 of Sns‘u‘tmcﬁo.(ﬁannd;’d‘c.)
d) Construction rea{)'r-d Cchambars, S.S.)

3) Cost of System ‘
o) Cost " of Chambers 3 Fishk
b) Cost of =lectfronics 5 piste
C) Cost OJ( Sur.. S‘l'ruc'faﬁeéa(: nment
d) F-‘are;?h Contr; butions § interests

4) Steengtt of RTID Effort
&) Short term (T{ TDR)
Proaram stro enouab 1> ansver
cruciel Qunestions for TDR ?
b) Enoual«. ¢ffort ihvested in bac‘«—ufs'?

5) Sfrenj‘ﬁo 03( TDR Case -
f bar(wrs needed, What % afdes:ﬁn wibl c‘m].?

419




Techneol 9 Review Questions
""{rah» ISNL rhteffhj-

0 The Qxisfc‘hj < SC pr‘o"[‘o'f'jpes h ust
Show resel'ng Congistent w; th 75'/‘bw
Dubna chambaer
| Larse BN L cham ber
BUL. chamber
- BY/RDS chambar

Aad: VH chambear
2) The jitter of CSC should be marsured

BU/I/RDS cham bur

l%:’)‘b:lc:‘nmaof: 2ynr J8L Tgleng

3) Must demonsirate a larg-e Ric qoera)(bh
Consistent with EC applicafion
- jitter

opetration Wi, RDT

rafe qunk: (¢
Y) Credible d2sigan a;_ RDTs ik EC 3 RPC s

‘!:ﬁgs-er‘

reselh

(ayawf 3 align mont

S—) hohffcmhveé/f 3as far-IIZDT
Vesolihg

met fgq'h'on
A20



