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Abstract: 

GEM TN-91-16 

Transparencies from the Muon Meeting held at the SSC Lab on 
October l, 1991. 



AGENDA for 10/1/91 GEM Muon Meeting 

------------------------------------
The purpose of the meeting is to discuss the specifications of each 
of the technology choices and associated R&D plans. The intent is 
to start the detailed specification process which we need for the 
LOI. 

The R&D plans should be discussed with consideration for how we 
can work as a group to define the final technology choice by Summer 
1992. 

Assemble in the SSCL CAFETORIUM before 9:00 AM Oct. 1, 1991 

9:00 - 9:30 General Topics: Ahlen/Taylor 

9:30 - 10:00 Design of PDT system and associated R&D: Ahlen 

10:00 - 10:30 Design of LSDT system and R&D: Osborne 

10:30 - 11 :00 Design of CSC system and R&D: Whitaker 

11 :00 - 11 :30 Strip readout possibilities: (Mitselmakher) 
t2 ~" t..) .Q;""' s f ~ ;..,,.._ ~ 

11 :30 - 12:00 Discussion of technical issues: Group 

12:00 - 1 :00 Lunch 

1 :00 - 2:00 Design of RPC system: Pless and LLNL 
Beam tagging and Z-coordinate 

2:00 2:30 R&D coordination: Nimblett 

2:30 - 4:00 Discussion of R&D program: Group (Baltay) 
Milestones, schedules, where?, etc. 
Draft a plan for distribution. 

4:00 - 5:00 Discussion of general topics: Group 

5:00 Adjourn 
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Frank Taylor 



Progress since last GEM Meeting 9/5/91 : 

(1) GEM Muon Group meeting 9/6/91: 
- Discussed technologies pros & cons 
- Agreed that Ahlen/Nimblett/Tayfor would formulate 

a recommendation of technologies to retain for LOI 
and R&D work in preparation for Proposal. 

(2) Decision Group at CIT 9/19/91 to 9/21 /91: 
- Technologies as proposed accepted. 

(3) GEM Muon Group notified of technology choices 9/23/91 

(4) Engineering Coordination meeting 9/26/91 requests: 
- Develop specifications of system 

o function 
o channel count 
o resolution, etc. 

- Determine the mechanical specs. 
- Rough out services needed (HV, gas, etc.) 

(5) SSCL Decision Group meeting 9/27/91: 
- Harden the specifications of each system for PAC 

presentation 10/3/91. 

(6) GEM Muon Group meeting 10/1/91: 
- Present specifications for LOI systems 
- Develop a coordinated R&D program 

TASK: develop a muon system by summer 
'92 for GEM Proposal 



Proposed Technologies for LOI 

(a) Momentum Determination and Trigger: 

Central Region: e > 300 (0 < T\ < 1.3) 

Pressurized Drift Tubes (PDT) 
Limited Steamer Drift Tubes (LSDT) 

Endcaps: 9.5° < e < 30° ( 1.3 < T\ < 2.5) 

Cathode Strip Chambers (CSC) 
(LSDT as backup) 

(b) Beam Crossing Tag: 

Central region: 

Endcaps: 

Resistive Plate Chambers (RPC) 
(Scintillators as backup) 

Cathode Strip Chambers 

(c) Second Coordinate Determination: 

Central region: 
Resistive Place Chambers for PDT option 
Limited Streamer Drift Chambers 

Endcap region: 
Cathode Strip Chambers 



Engineering Program: 

(1) Technology non-specific: 

(a) Alignment system (superlayer-to-superlayer) 

(b) Support structure for superlayers 

(c) System aspects: gas, power, cabling 

(d) Access (scaffolding) 

(e) Electronics layout - high end 

(f) Test rig in Boston to evaluate technologies 

(g) Evaluate 8-fields/ muon system performance 

(2) Technology Specific: 

(a) Large scale prototypes of PDT, LSDT, CSC, RPC 

(b) Develop internal alignment system 

(c) Test rig for Lorentz angle measurements 

(d) Develop electronics for chamber readout, 
triggering, and beam cross tagging. 



R&D for Technologies: 

Tasks: 

( 1) Develop drift tube concept 
(a) PDT 
(b) LSDT 
(c) Houston factory 

(2) Develop CSC concept 
(a) Classsical Pads 
(b) Dubna hybrid 

(3) Develop RPCs 

$430 k 
$430 k 
$198 k 

$597 k 
( ? ) 

(a) LLNL resistive glass $200 k 
(b) MIT RPC lab $395 k 

Total: $2250 k 



Steve Ahlen 
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Cost Model: N = 8:8:4 in barrel; N = .!,!~ in endcap; endcap muon cost = 1/2 of 
barrel muon cost; muon cost proportional to chamber area; magnet cost proportional 

to (stored energyf (2/3); resolution= 5% at 90 degrees at 500 GeV 
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[l)~f'r TUBE DETECToRil 
Expt., Wall #of Diam. Length Field, Thick. tubes (mm) (an) Gas a(µm) Pressure (µm) 

BU SSC Proto. 25 (P) 23 3.8 30 Ar-ethane 89 
CLEOIVD 25(P) 192 4-6 50 Ar-ethane 90 

(1.s•t111J DME 37 
AMY ITC (3T)A 25 (P) 576 4-6 57 Ar-ethane 80 
PBAR (IT) 25 (P) 332 12 20 Ar-ethane 84 

DME 34 
HRS(l.6T) 150 (SS) 996 25 360 Ar-C02(9: 1) 150 
CDF(l.Sf) 200(SS) 2016 25 300 LSfmode 200 
EXAM (cosmic) 150 (SS) ()()() 38 370 Ar-C02(9:1) 175 
MAC(4atm) lOO(P) 320 6.9 JO Ar-C02(1: 1) 45 
DUKE SSC 50(P) ()() 4 270 Ar-ethane 110 

P =plastic 
SS = stainless steel 
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I Wire Tests I 
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L = 3.7 m; R = 99.5 ohms 

Z = 1.95 m Magnet 
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Tungsten/Gold Wire Weights 

Scopey Lisajous Figure at Resonance 

Scopex 

R = 99.5 ohms implies diameter= 2r = 49.6 microns ( 70 F) 

S =wire sag 
p =mass density= 19.3 glee (gold and tungsten) 
g =gravitational acceleration v 
f = fundamental resonant frequency 
T =tension in wire 

T = pn2(2Lf)2 

S = pn2g(Z2-LZ) /(rr) = g((Z/L) 2 - (Z/L)) /(8f 2) 

NOTE: S depends on f only, and has no additional 
dependence on T or r 



Sag Measurements; L = 3. 7 m; Tungsten/Gold, 50 micron diam. 
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Frequency Determined Wire Position Minus Actual Position 
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Contribution of Voltage to Sag; L - 4 m; R = 2 an; r - 25 microns 
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GEM muon system resolutio 
0.10 I- barrel: drift tubes, 100µ/tube, conf: 8-8-4 

endcap: pad chamber, 75µ/layer, conf: 4-4-3 
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Boll Staked loto 

MetalTube 

Tack-welded 0-Ring Seals 

Manifold Plate 

Accuracy Achieved with precise alignment plate, an 
accurate (size and concentricity) ferrule and slmllar 
concentrlclty for the Insulator section between the 
ferrule and the Precision hole in the Alignment Plate. 

Pressurized Drift Tube 
End Plug Assembly Concept 
(REV3, one piece Insulator) 

Snap Ring 

older 

Crimp 

Brass 
Ferrule 

Delrio 
lnsulator/endplug 
(1 piece) 

Precision Alignment 
Plate lconslder Mycalex) 

F. Nlmblett 20 Sept 91 
Draper Laboratory 



Lonie Osborne 
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Chamber Inventory 
for 8-16-8 system 

Barrel w"? /oc:T. 

Layer r(m) chmbrs. total wgt /sect vol/ sect wires 
/sect. chmbrs. (lbs.) litres 

lA 4.23 8 128 
lB 4.23 8 128 
2A 6.57 22 352 
2B 6.57 22 352 
3A 8.76 14 224 
3B 8.76 14 224 

Total 1408 

Front and Back 
Layer z(m) chmbrs. total 

/sect. 
1 6.5 4 64 
2 10.2 8 128 
3 13.4 

Total 

4 64 

256 

Grand Total 1664 

1 

1632 3960 20,480 
1240 3000 20,480 
6820 16500 56,320 
5456 13200 56,320 
5908 14200 35,840 
5544 13440 35,840 

1.03x106 225,280 
t.lktrD ~~ 

wgt/sectvol/sect wires 
(lbs.) litres 
812 1960 
3717 8984 
3296 7968 

9,856 
30,720 
20,480 

0.30x106 61,056 

1.33x106 286,336 



'92 Budget for GEM Streamer-Drift Tube Group 
MIT Group 

I. The Task 
1) Design and build (D & B) 1 meter wide cham-

ber. 
2) D & B pick-up strip plane. 
3) Investigate and make thinner cathodes. 
4) D & B optical window system. 
5) D & B tilt able chamber stand as a cosmic ray 

muon telescope. 
6) Adjoin prototype optical alignment system. 
7) Measure chamber performance in magnetic fields.I 

1 



II. The Budget 

Item Time Cost(k$) 
m-mnths 

Post-doc 12 75 
Mech. Engineer 4 55 
Elec. Eng. 4(2) 20(30) 
Mech. Technician 10 60 
Elec. Tech. 12 80 
Student help 15 20 
. Chamber parts & 30 
outside work 
Alignment Tools 30 
Travel 45 
Louisiana State 5 

Total 420( +30)=450 

() Parentheses indicate amounts sub-contracted to 
LeCroy Corp. 

2 



Scott Whitaker 



CATHODE STRIP CHAMBERS for GEM 

MUON GROUP MEETING 

SSC Laboratory 

1 October 1991 

Scott Whitaker 

• Conceptual Design 

• Endcap system parameters 

• R & D program and budget 

• Tasks 



CA THODE STRIP CHAMBERS 

Proportional chambers: 

• 5 mm gas gap 

• 2.5 mm anode wire pitch 

• C02 I CF4 mixture 

-> small Lorentz angle 

-> adequate drift velocity max drift time - 40 ns 

• Gas gain 10,000 -- 20,000 

Good resolution achieved by precise measurement of image charge sharing 

between cathode strips 

• Precise cathode structure 

• Charge measurement to I % 

• Integration times - 1 µsec to reduce noise 

• Precision achieved < 1 % of strip width 

• Space-point -- no UR ambiguity 

• Two-track resolution 3--4 strip widths 

For the present exercise: 5 mm strip width 

assume I -- 2 % resolution -> 50 -- I 00 µm 



L * 20MW Magnet Version/ 4 

Muon Spectrometer Volume 
c. arums/I 
scale I 100 
VIT"SIOn 4 5 14 02. 90 
from ZOMW/4 13 10 89 
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"TWO INTERMEDIATE STRIP" CATHODE DESIGN 

20 wires ( 5 cm ) ganged for 
e hodoscope and timing 

resistive stripe 
to set strip potentials 

plain cathode 

Floating strips between readout strips act as capacitive divider and 
improve linearity 

Advantages of the TIS Cathode over zigzags: 
• straight pattern -- easier to fabricate 

lower capacitance -- so strips can be longer, => fewer channels 
• insensitive to wire positioning 

2.Smm 

2.Smm 



Wire Frames 

• no walls -- no efficiency loss 
-- lower mass 

or 

• 2.5 mm anode spacing-> lower tdrift 

• 1/2 charge collected vs 1/4 (?) 

• easily fabricated in trapezoids 

Wires-in-profile 

I· I· I· I· I 
• broken wire is isolated 

(depending on HV distribution) 

Cathode structure can be the same in either case 

Electronics is the same too ... 



MECHANICAL LAYOUT CONCEPT 

4 chambers in an integrated package 

Chambers to 1.5 m (phi) x 2 m (r) -- larger possible 

Hexcell -- 25 mm thick 5 x 
Circuit board 20 -- l 00 mils 10 x 

deflections for center of 4 ft x 8 ft laminate< O. l mm (C. Grinnell) 

Alignment targets integral to cathode strip structure 

5 mm gas gaps 

Anode wires 2.5 mm pitch 

100 gm tension 

Ganged by 20 for theta measurement 

Weight of 4-gap package 25 Kg/sqm 

45 Kg/sqm 

(modeled as 10 x 1.5 mil Cu+ 
1 mm G-10 boards) 

F. Nimblett -- thicker bds 

Thickness for super layer of 4 chambers < 8 % XO 

Electronics mounted on cathode boards -- full readout chain + trigger processor (?) 

5 cm + 7 cm allowance on sides for wire termination. HY. e electronics 

20 cm on one end for strip readout 
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CATHODE STRIP CHAMBERS 

THETA ELECTRONICS and HV DETAILS 

LEFT SIDE 

s shapers mounted on 
preai;nP , bd carrying power, 
multilayer . ted to closeout signals -- moun 

scale : full 

RIGHT SIDE 

wires fixed with 
1.5 cm glue, 1 cm solder 

HV distributio~ and 
filtering on plam 
cathode 

114 in closeouts 
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CA THODE STRIP CHAMBER 

STRIP END DETAILS 
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CATHODE STRIP CHAMBERS 
MODULE 

scale : full 



STRIP 

STRIP READOUT 

Long integration time Highly multiplexed 
• low noise • calibration on board 
• no analog pipeline • lower effective channel count 
• built-in level I delay 

Asynchronous operation Autonomous electronics 
• no 62 MHz clock • good noise immunity 
• provides trigger • small cable plant 

PREAMP 

pickoff 
(faster 

shaping) 

hold readout elk 

1
_L _____ 1 _______ 

1 I Precise Charge Readout I 

-, I 
I I 
---l TRACK I 

& t--i'~ .......... 
I 

-, SHAPER 
----j 1 µsec 
_J 

I --, 
--l 
_J 

HOLD 
MUX 

I I L _______________ J 

----------------1 
I Trigger Circuits 

-, I 
~I I 
~I I 

I I 
-I ~ hodoscopic info? t-----i 

--1 V-- local slope?? : 
-I I -L _______________ J 

ADC 

DAQ 

trigger bus (?) 



Session Name: sscvxl 

While at CERN for a few days I looked up Pierre Jarron (the AMPLEX 
designer) to see what would be the most efficient way to develop a 
next generation amplex chip taylored to our needs for the cathode 
strip chambers. He told me that CERN (Werner Bausch of the Omega 
Spectrometer) is interested in a similar development for an Omega 
upgrade. We then set up a meeting with Beusch to see if there 
is enough common ground to join efforts and produce one chip. 
Eric Hazen(BU), Chris Fabjan(CERN) and Francois Piuz(CERN) were 
also at the meeting. My impressions from the meeting very briefly: 

l. Dynamic range similar (9 or so bits) 
2. Preamps can be optimized for input capacitance of 100-150 pf 

especially if since I think we can tolerate some more power 
consumption than the current 1-2 mW. 

3. Peaking time they would prefer something arount .5 usec but 
Francois at least was arguing for the usec that we want. 

4. Base line restoration time currently about 3 times the peaking 
time when signal stays withing the linear range of the device 
(currently 70 fC which is fine for us too) . 

5. They too need parallel fast signal paths for triggering although 
in their application they would prefer a fast OR of the 16 channels 
of a given chip whereas we would like them out in parallel but 
doesn't seem to be a fundamental problem. We all agreed that we 
don't want any comparators (especially fast ones on the chip). We 
always planned to have a separate digital chip for triggerin for GEM. 

6. Pierre said that an AMPLEX derivative chip that he did for ALEPH 
includes individual integrated 2 pf capacitors for calibration which 
within the same chip are within 0.5% !! The charge injection is 
controlled with on-chip analog switches which are in turn controlled 
by a shift register allowing charge injection to arbitrary patterns. 
This should graetly simplify calibration to the required accuracy. 

It seems to me that we can ride along in this development. Pierre will 
start modeling the new chip around the end of the year and would be 
expecting input from us to finilize the specs. 

--Vinnie 

Page 1 
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6 

4 

BARREL 

ENDCAPS 

CHANNEL COUNTING 

Model used -- not the most efficient... 

6 

Bend plane 

40-fold symmetry 
strips 5 mm (r-phi) x 2 m (z) 
capacitance-limited 

4, 4, 3 chambers 

844K channels 

20-fold symmetry 

10 

strips 5--6 mm (phi) x .23-2.0 m (r) 
occupancy /capacitance limited 

4. 4, 3 chambers 

occupancy < I 0 Hz : 231 K channels 

occupancy < 5 Hz : 397K channels 

14 

- 9.4 

Theta 

wires run r-phi 
2.5 mm pitch 

degrees 

ganged by 20 --> 5 cm hodoscope 

2, 2, 2 chambers instrumented 

96K channels 

wires run r-phi 
2.5 mm pitch 
ganged by 20 

2. 2, 2 chambers instrumented 

21 K channels 



Channel Counting in the \tuon Endcaps of GE\I SW 13Aug91 

strip occupancy= 10 Hz assuming 60KHz per unit eta. occfac = 0.209 
max strip length= 2 meters 

chambers at z= 6 rmax= 4 

5 mm inner width 

eta(i) theta(i) rad r(i) theta(i) deg strip length N strips/plane 

2.500 0.164 0.992 9.386 0.233 1246 

2.292 0.201 l.225 l l.539 0.369 1539 

2.036 0.260 l.594 14.880 0.669 2003 

1.702 0.361 2.263 20.668 l.760 2844 

l.190 0.591 4.023 33.844 

total per plane 7633 

x4plx2ends 61061 

chambers at z= IO nnax== 6 

2.500 0.164 1.653 9.386 0.700 2077 
2.154 0.231 2.352 13.239 !.588 2956 
1.661 0.375 3.940 21.507 2.016 4952 
1.290 0.537 5.957 30.784 

total per plane 9985 
x 4 pl x 2 ends 79877 

chambers at z= 14 rmax= 8 

2.500 0.164 2.314 9.386 l.485 2908 
2.015 0.265 3.799 15.183 I.968 4774 
l.620 0.391 5.767 22.390 2.195 7247 
l.330 0.517 7.962 29.63! 

total per plane 14929 
x3plx2ends 89573 

total nun1hcr of ~hanncis for 4-4-3 configuration 230511 
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Momentum Resolution @ 500 GeV/c 
B:0.8 T: Strip Resolution = 0.01 X Strip Width 
Various # of planes per Superlayer: (n1.n2.n3) 
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Strip Widths for (n 1.n2.n3l:(2.4.2) 
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Momentum Resolution @ 500 GeV/c 
B:0.8 T: Strip Resolution = 0.01 X Strip Width 
Various # of planes per Superlayer: (n1 ,n2.n3l 
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Cost Estimate: Endcap cathode Strip Muon Chambers 29 Sept 91 

Chamber mechanics only! 

330 modules (see below) 

cost each tot cost (M$) 
Module: 4 chambers. plus two outer skins 10088 3.33 

i;;omJlQnent ®'. !illi1 c12~tAmit ~ if'.lmodul~ 

strip cathode 2 ml\2 250 $/ml\2 500 4 2000 0.66 20% 
wires 800 I rn wires 0.34 $/rn 272 4 1088 0.36 11% 
frames 4 lb 60 Snb 240 4 960 0.32 10% 
hexcel 2 mA2 150 $/mA2 300 5 1500 0.50 15% 
plain cathode ., m"2 40 $/ml\2 80 6 480 0.16 5% ~ 

labor 200 hr 18 $/hr 3600 1 3600 l.19 36% 
testing 20 hr 18 $/hr 360 1 360 0.12 4% 
shipping 1 ea 100 $ 100 1 100 0.03 1% 

Endcap module count: 
sectors N arcs l N arcs 2 N arcs 3 #mod.s 

20 2 3 3 320 l or 2 swaths/arc ( < -2 m) 
areal areal area3 

or 48 103 182 333 at 2mA2/module 
nchanl nchan2 nchan3 

or 61061 79877 119431 325 at 500 *4 ch/module 
(Corr by 4/3 ) 



R&D Plan for Cathode Strip Muon Chambers 

1) Engineering of module configuration, support, alignment, and placement 
• preliminary design of structural support 
• development of a conceptual alignment system 
• realistic cost estimates for modules, supports, and alignment 

2) Physics simulations 
• punchthrough, pattern recognition, momentum resolution 

3) gas studies 
• drift velocities and Lorentz angles for various gas mixtures 
• construct a gas mixing and monitoring station for use in beam tests 

4) construction of test chambers to study mechanical details and performance 
• frame structures and cathode designs 
• performance with field wires interleaving the anode wires 
• performance in a magnetic field 

5) development of readout chains for the strips and for the wires 
• readout system using existing preamplifier designs and readout chips for 
system tests 

• start of the design of a custom system 

6) prototype and beam-test a typical module -- four chambers, l m x 2 m 
• position resolution and systematics 
• timing performance 

7) Trigger studies 
• feasibility of hodoscope or slope schemes for Level I and/or Level II 
• begin development of circuits 



MUON CHAMBERS -- R&D BUDGET 16 Sept 91 

EQUIPMENT FUNDS: .J48.000 

Salaries: 315.000 

Electrical engineer.; 75,000 

Mechanical engineers 100,000 

Electronics technicians 40.000 

Mechanical technicians 100.000 

Detector Prototypes: 133.000 

Strip cathodes -- 4 @ $2K 8,000 

Mechanics -- frames, honeycomb, 30,000 

wires, cathcx:ies, tooling 
Test chambers 10.000 
Electronics 

1500 strip channels 42,000 
300 z channels 12.000 
Power supplies, cables 5.000 

Trigger logic circuits 20.000 
Gas system 6,000 

OPERA TING FUNDS: 149.160 

Physicist ( 1/2 FTE) 20,000 

Fringe benefits (22 % ) 4,440 

Travel 50,000 

Supplies 25,000 

Total direct 99.440 

Indirect costs @ 50 3 49,720 

TOTAL R&D FUNDS ~27,l(!!I 



R&D --- Tasks and People 

BNL: -4 FfE 

Electronics developments 

prearnps, shapers 

monolithic development 

trigger/control 

V. Polychronakos, V. Radeka 

D. Stephani, L Rogers 

P. O'Connor, J. Harder, S. Rescia 

L Paffrath 

Cathode studies, manufacturing 

D. Stephani, B. Yu, G.Smith 

BU: - 3 FfE 

Gas studies 

Trigger/control 

M Thompson, R. Wilson,B. Zhou 

R. Wilson, E. Haz.en ID. Orlov I W. Earle (BU EDF, l FTE) 

Chamber construction and tests 

DAQ 

Simulations 

S. Whitaker, D. Osborne, D. Warner, J. Shank 

J. Shank 

J. Shank 

Draper Lab: 

System engineering F. Nimblett 

SSCL: 

Chamber construction, wires-in-profiles 

G. Mitselmakher 

Areas where people are needed: 

System design: module layout.support, and alignment 

Physics simulations: detector modeling, pattern recognition & punchthrough studies 

Detector tests: DAQ, simulation and data analysis 



G. Mitselmakher 
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EXMIPU or RAW PATA 

P18.3.3 .lnal.yeia ot data obtained in limited-proportional mode: 
(a) spatial resolution vs distanoe; (b) example ot raw data 
(points are apaoed 500 µm apart). 

AVERAGED SPACE RESOLUTION - 41 .o µ.rn and mostly dtermined. by 
eleotronio noise (eleotronioe were designed to have a noiee which 
might be expeoted. !rom 8m strips with low noise amplitiere. 
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IJSER OAl'- M. T\Jllt, PROP, NODl 

]!l'ig.J.1 Ana1)'11i11 o! data obtained. in limited-proportional ll)Od.e: 
(a) eyste111atioe <Xmeas>-Xreal ve ooordinate (!it is superimposed.); 
(b) eyetematio data residuals !rom the !it. 

Position reoonatruotion was pertol'IDld W!1ng oharge ratio 
method [•], It is not oruoial what method ie ohosen (other 
oorrmonly used methods are COG (Center of Oravit7), Gauaaian tit 
eto.), The important point that all thee• method.a give a 
ooordinate Xmeas '"1ioh is oorrelated with a :real traok ooordinate 
Y.real, but di!ters from it. The systematics oan easily be 
ubtained. !rom data analysis. Pig J.1& show• the behavior ot the 
systematics (the data rrom several oentimetera are overlapped. on 
one atrip pit.oh), Points present dit!erenoee <Xmeas>· Xreal. 

SYSTEMATIC CONTRIBU'l'ION IS NEOLIOT'RT,R fR~:11 '""' 
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11g.J.6 Analysis o! data obtained. 1n SQS mod.e: 
(a) spatial resolution ve distanoe1 (b) example of raw data 
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Irwin Pless 



SSC R AND D PROPOSAL FOR THE GEM MUON DETECTOR 
SYSTEM 

1 . COLLABORATION 

The collaboration proposing this R and D program consists of the 
following groups: 

Boston University 
S. Ahlen 
B.Zhou 

Brown University 
M. Widgoff 

Indiana University 
E. D. Alyea 

MIT 
E. S. Hafen 
P. Haridas 
I. A. Pless 

One of us (I.A. Pless) has contacted F. Ceradini and R. Santonico who 
are involved in a Rand D program of RPCs at CERN. A collaboration with 
this group has been set up. In addition, discussions have been held with C. 
Gustavino who is involved in RPC developement at Gran Sasso. 

1 . DESCRIPTION OF THE PROPOSED MUON DETECTOR SYSTEM 

The proposed system consists of three tracking modules that make 
successive measurments along the muon's path. Each module makes a 
precision measument of the muon's trajectory in the bend plane and a less 
precise measurement in the nonbend plane. In addition, each module will 
:ag the beam crossing time with a precision of a few nanoseconds. The 
three modules will will be able to generate a first level Pt trigger within 

a hundred nanoseconds or so. 

The precision components of the muon detector will consist of 
stainless steel cylindrical drift tubes. These tubes will be 4 centimeters 
·1n oiameter and 4 meters long. They will be filled with pressurized gas and 
·.viii be used to measure the track position in the bend plane. 



----.... 

&er. 
T/l- ! G-t. C.~ - --- - -

I tf ~o ---------

T - I o 
9 Jo \ .. 

"' " 'I 

__ _,,,,/" 

- / 
I I 

• I 

/ 

00 / 
370 / 

....... -~ 

13 erV o f £,.A /v' c - :3 c M s ~1-P--s _ 

-- ,,.v",N' ~e/VD f'l/tµc 

ovT e /7.... --- - 3 c ("i. -S 77<.. t f ~ 

/ ,V JI tT/2-. - 3 Cr"1 '$" TfL.t f S 

Mt ODt..<3 - 1 CM 5Tf-lf 5 

7312025 #03 



--·~·- ---- ·---·--····· 

/3A f2.. 11.. t t· -- 8 tf-1.D f t--A N t 

!~A f. 12- ~ L - ~.,JV 13 e,vo f t.A.Yc 

e/<-' JJ c A f - 13 e/V' J) fl-A/"' c 
{ jl.A-)}!Al ) 

t;.; o c l"1 J' - ,;v o,..t; ~ e,v /) r t.AtV e 
{A1'-C4) 

"{:> I 5 C. /LI ;ti i ;fl 4 fP J2.. S 

f !fJ'LcC- fQ t..O C {)INC., 

c fl A- .R. (,. tS ;:; J) l'.. 

r== 0 '- L) 
• 

1'-V'0 (11/V(.,. 

ttlf/ '-I I ~ 

J 3 8 0'" .,! 

9, & ~-o 

~ 'l;).. 

I f' ;4 "" f L I r I ~ /2.. f p I s ( ,1.- I t"l / p ~ ro ,12.. -t T [) c. 

c .9 s T ~ ~ o f f A c If /f ;11 Ale '- ) T fl ~ ,,v 

r: G- v e s s -r tt 's e L e: , T1L c:w, ~ .s w , / I 
-1V6Y-,<J-c,-c 

11 30 fC/l.. C.;/-/J,,4/PeL, 

6- v e ~ ~ !? r- ca <? T ~ !//' I. b X ID I. 

7312025 lt08 

:f 



. ·-- ---·- ... ·---

t'J c:r Q r;;;;i c::::t l ;. gc.,.. 
,!"o c,..e~ I 

I c I 
! 
I 

p r::J i.::f Q ,::;7 I I:? 4 c~- ..,._ 
I 

~o ~c% 
I 

/ 

09124 12:56 731202~ 



C /-l,4Jl/1)6 '- C-f)c11VT 

/Jlf ~/l.tl ... /3 ttv.P ft-Aµf ~{"Vo 

~A jL /Lt G - /V°tfl ~f/VD '' 2 ~ .1 1Ja o 



:naximum tlux per square centimeter that maintains full 
ettic1ency w111 be measurea. 

3.SCHEDULE 

It is expected that we will have installed at MIT a complete RPC 
system oy October of this year. We will be aided in this effort by our 
collaborat1on with the group working at CERN. We expect that au the R and 
D goals will be accomplished within 9 months after the receipt of R and D 
~unds. At that time we expect to be prepared to construct a full size 
;:rototype of the first barrel moaule for the GEM detector . 

..:. COLLABORATION AND COORDINATION WITH LLNL 

This group and LLNL are coordinating their efforts. LLNL is 
concentrating their efforts on the basic studies of RPC design and the 
materials that go into that design. This group is concentrating on the 

4 

assign ana testing of individual components that will lead to a full size 
orototype GEM muon tracking module. RPCs built by LLNL will be tested and 
':lvaluated by this group. The studies of this group will help guide the LLNL 
'NOrk and vice versa. 

5. BUDGET 

200 cy1inarical drift tubes-4 cm by 4 meters 
Cylinarica1 drift tube electronics 
Cylinarica1 drift tube gas system 
RPC construction 
RPC readout strips 
RPC electronics 
RPC gas system 
Scintialltion counters 
Scintilator counter electronics 
'.1echan1ca1 assembly (MIT) 
Vlechan1cal assembly (FNAL) 
Transoortation ( FNAL) 
DAO 
Trave1 
Full time tecnnic1an 
Half t!rne engineer 

TOTAL 

K DOLLARS 
30 
30 
10 
20 
20 
60 
10 
10 

10 
20 
15 
10 
15 
45 
75 
50 
430 



Frank Nimblett 



GEM Muon System 
Engineering/R&D Coordination 

Frank Nlmblett 01 October, 1991 

GEFUR -- ( GEM Experimental Facilities User Requirements document) 
( Includes Estimates of all necessary service requirements for the 

entire GEM Facility ) 

Initial Inputs to Integration Team ------
Inputs to F. Nimblett• -----------------·-······----

,.;;,1-
04 OCTOBER po6i>~"r 
03 OCTOBER ~ wJuf ocll_. 

1-1:•~s? 
Cost Estimates for GEM Muon System: 

WBS to be finalized* ·--··--·--·····------·--·-·· 11 OCTOBER 
Corresponding Schedule Finalized* -·---------- 11 OCTOBER 

Initial Muon Subsystem 
Cost Estimate* ··-···········-························· 18 OCTOBER 

Internal GEM Cost Rev.iews Start ·-·········-····- 25 OCTOBER 

COSTS COMPLETE ··················--···········-·· 15 NOVEMBER 

Loi presented with final costs -------·------ 30 NOVEMBER 

• See Frank Nimblett for copies of GEM Muon System WBS; 
Preliminary Schedule; Cost Estimating Plan; and GEFUR 
questionnaire. 



R&D and Engineering needs for FY92 

Structure and Alignment R&D : 

1 ) Design, fabricate and assemble Large Support Prototype 
(LSP) to serve as a uniform test bed for the various 
technology options for large scale chamber prototypes. This 
test fixture will accommodate three separate layers of muon 
chambers, an RPC layer, a silicon detector, two sclntlllator 
layers and 30 cm of lead as filter for the second layer of 
scintillators. 

2) Design, Fabricate and test GEM Alignment system (stralght
llne monitor) 

3) Design, Fabrication and Test a Small Prototype Structure to 
evaluate construction concepts for Sector Test Fixture to be 
proposed In GFY93 

4) Design, Fabricate and Test Interface hardware prototypes 
(chamber/structure/magnet) 

5) Provide engineering support to produce a credible design of 
muon chambers and structures as well as the costing 
analysis for the Muon System for the GEM Loi. 

Pressurized Drift Tubes (PDT): 

1 ) Design, Fabrication and Evaluation of End 
Plug/Manifold/Alignment Plate concept. 

2) Design, Fabrication and Evaluation of "Large Prototype" to 
evaluate assembly procedures, handling, structural Integrity 
and resolution In LSP fixture. 

3) Safe gas versus pressure and resolution studies with the 
LSP. 

Limited Streamer Drift Tubes (LSDT): 

1 ) Safe gas versus resolution studies with the a Small 
Prototype in a representative O.ST magnetic field. 

2) Design, Fabrication and Evaluation of "Large Prototype" to 
evaluate assembly procedures, handling, structural Integrity 
and long term stability as well as resolution In LSP fixture. 

2 9{30/91 



Cathode Strip Chambers (CSC): 

1 ) Design, Fabrication and Test a Small Prototype In a 
representative a.ST magnetic field to determine resolution, 
evaluate safe, low Lorentz angle gases and Radiation 
Hardness evaluation. 

2) Development of electronics suitable for the 1% accuracy 
requirements as well as for improved multiplexing should be 
carried out. 

3) Design, Fabrication and Evaluation of "Large Prototype" to 
evaluate assembly procedures handling, structural Integrity 
and resolution in the LSP fixture. 

4) Evaluation of wire tensioning problems in a non-rectangular 
frame 

5) Rate capabilities study for luminosity of 1034. 

Resistive Plate Chambers (RPC): 

1 ) Design, Fabrication and Test a Small Prototype In a 
representative 0.8T magnetic field. 

2) Develop materials for high rate low noise capability. 
3) Design, Fabrication and Evaluation of "Large Prototype" to 

evaluate assembly procedures handling, structural Integrity, 
and resolution in the LSP fixture. 

3 9/30/91 



Cosmic Ray 

~ 
I 

Silicon Detector 

Scintillator Detector 
' • 

Resistive Plate Chamber 
Support Structure 

athode Strip Chamber 

U.---- Pressurized Drift Tubes 

Limited Streamer Drift Tubes 

Lead Filter 
(not supported by fixture) 

t11 ; Scintillator Detector 

~;~}5}5}5}5}j}5}5}~}~}5}5}5}5}5}5}~}1}5}~}~}-:"";~}~}~}~}5}~}~}~}5}5}5: 
~.,.,.,.,.,.,.,., ...... ,.,.,.,.,.,."",.~,.,.,.,.,.,.,.,.,.,.,.,.,.,., . . ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., .,.,.,.,.,.,.,.,.,.,.,.,.,., .. 
~ ...... ,.,.,.,.,.,.,.,.,., ...... ,.,.,.,., .. , ........... ,.,.,.,.,.,.,.,.,.,.,.,. 
~,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,i.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ,.,.,.,.,.,.,.,., ...... ,.,.,.,.,.,.,., .. ,.,.,.,.,.,.,.,.,.,.,.,.,.,., ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., .,.,.,.,.,.,.,.,.,.,.,.,.,., .. ,.,.,., ... ~.,.,., ....... ,.,.,.,.,.,.,.,.~ ...... , .... ,.,., ................ , .... , 
,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,~.,.,.,.,.,.,.,.,.,.,.,.,.,., .. 
";. .. ';, .. ,. .. ';, .. ':.'':. .. ':.'":.''l.'":.''l.'':.'';'';,'':.'':.'':.'":. , ... '!. .. ':.'':.'':.'':.'':. ... ':.'':.'':.'':.'':.'\'':.'':."" 

Chamber width nom. 0.5 m 
Chamber length nom. 4.0 m 

LARGE SUPPORT PROTOTYPE 
( Muon System Evaluation Fixture ) F. Nlmblett 

9/30/91 
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Magnet Pola 
and 

Endcap Muon System 

Cryo· Turnaround 

Cantrel Region Muon 
System Modula 

Sloped Quad 
Support 

GEM 
Muon System 

Access 

Slowed 1/16th 
Pola and Muon 

Module 

F. Nlmblatt 
9/17/91 



GEM Magnet 
(one-piece pole) 

Endcap Muon 
Modules attached to 

Central Region 

Endcap Module 
removed to 

provide access 
to calorimeter F. Nlmbl•tt 

11/211/111 



GEM Magnet 
(two-piece pole doors) 

Endcap Muon 
Modules attached to 

Central Region 

One Encap module 
Removed to provide 
Access to Calorimeter F. Nlmbletl 

9129191 
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