
GEM Muon Group 
Meeting - Tucson 

March 8, 1992 

Abstract: 

GEM TN-92-80 

Agenda, attenders, and transparencies of the GEM Muon group 
meeting held at Tucson on March 8, 1992. Agenda: (1) Review of the new 
baseline; (2) Status of the trigger; (3) Status of engineering design; ( 4) 
R&D short term goals and schedule; (5) cost review preparation; and (6) 
Long range plans - EDR and beyond. 
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ro: Muon Group 
FROM: Frank Taylor 
SUBJECT: Muon Meeting at Tucson Sunday 3/8/92 

Agenda: 

(1) Review of the new baseline 

- general layout (Taylor) 
- momentum resolution (Sullivan/Taylor/Rosenson) 
- channel counts, weiqhts, costs (Nlmblett) 
- hadron punchthrough versus calorimeter thickness 

(Atiya) 
- neutron background estimates (AtiyaJ 
- proposed neutron tests (Osborne) 

(2) Status of the trigger 

- barrel (Atiya/Pless) 
- endcaps (Polychronakos) 

- Discussion 

(3) Status of engineering desiqn 

- support structure for barrel and endcaps 
- alignment concept (ParadiaoJ 
- barrel solid anqle covera9e (Nimblett) 
- endcap solid angle coverage (Whitaker} 

(4) R'D short term 9oals and schedule 

- status reports from R&D proponents 
o csc (Polychronakos/Whitaker> 
0 RPC (Pless) 
o LSDT (Osborne/Korytov) 
o PDT (Miller/Golutvin) 

(Nimblett) 

- TTR goals and schedule (Stocker/McFarlane/Yost) 

- Discussion 

(5) Cost review preparation (Nimblett) 

(6) Long range plans - EDR and beyond (Nimblett/Taylor/Group) 

9:00 to 11 :00 
-------------
9:00 to 9:15 
9:15 to 10:00 

10:00 to 10:15 
10:15 to 10:40 

10:40 to 10:50 
10:50 to 11: 00 

11 :00 to 12: 30 
--------------
11 :00 to 11: 30 
11:30 to 12:00 

12 :00 to 12:30 

1:30 to 3:00 

------------
1:30 to 2:00 
2:00 to 2:30 
2:30 to 2:45 
2:45 to 3:00 

3:00 to 5:00 

------------

3:00 to 3:20 
3:20 to 3:40 
3:40 to 4:00 
4:00 to 4:20 
4:20 to 4:40 

4:40 to 5:00 

5:00 to 5:10 

------------
5:10 to 5:30 
------------
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GEM MUON SYSTEM BASELINE 3/8/92 

Resolution design criterion: 

pt = 500 GeV /c 

6pt/pt ~ 5 % for T\ ~ o 
6pt/pt ~ 1 o % for T\ ~ 2.5 

Forced design changes: f ;~. ,, f ~f:.t'i 1:: 

( 1) Larger bore magnet: 

radius or cryostat Increased from 8.3 m to 9.0 m 

(2) Longer lever arm In forward direction: 

Z-postlon or last EC ch. Increased from 14.4 m to 16.5 m 
Coll halfs separated by 1.5 m 

(3) More compact calorimeter: 

outer radius decreased from 4 m to 3.5 m 
length decreased from 6 m to 5.5 m 

(4) Field shaping In forward direction: 

solid Iron flux concentrator from Io m to 16 m 

(5) Very good position measurement needed: 

o layer 11: I oo µm to 75 µm (chamber layer resolution) 
o Internal 11: 50 µm (alignment of chamber wires/strips) 
o external 11: 25 µm (alignment of superlayer-to-superlayer) 
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GEM 

Collaboration Meeting 

March 7-11, 1992 

J.D. Sullivan 
MIT/PFC NW16-166, (617)253-7537 

March 7-1' '992 JDS-I 



Magnet and Flux Concentrator Geometry: 

Coil 
mean radius 9.5 m 
length 14.25 m 
center gap 1.5 m 
axial extent 0.75-15.0 m 

Cryostat 
ID - 18 m 
OD 19.8 m 
axial extent 0.6-15.4 m 

Flux concentrator 
ID 0.4 m 
OD 8.7° cone 
axial extent 10-18 m 
notch 

ID 1.17-1.25 m 
axial extent 16.5-18 m 

support structure > 16.5 m 

Mardi 7-11, 199:! JDS-2 
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Muon Resolution Studies: 

GOALS: 

• 6.S / S = 0.05 at 'f/ = 0.0 and 

• 6.S / S = 0.10 at -'T/ = 2.5. 

CONCLUSIONS: 

Barrel 3.5 m OD for central detectors; 
100 ~Lm chambers in 8-8-4 superlayers 

) 

End Cap 5.5 m axial limit for central detectors; 
75 µm chambers in 4-4-4/ 4-6-4 superlayers 
split at 20° with outermost at 14.75/16.25 m 

Mardi 7-11, 1992 
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Field Mapping Concept: 

Use a finite number of measurements and an analytic fit to de­
termine field in active detector volume. 

Only need measure one component of the field as B = Y"'llm, 

Wm= cifi 

where '11 111 is the magnetic scalar potential, ci are the coefficients, 
and /i are basis functions. So that, 

B _ l8'11m _ ci8fi 
p - p 8p - p 8p 

March 7-11, 1992 
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Field Mapping Next Step: 

Initial study to determine what accuracy of measurement is 
needed, to compare accuracy, cost, and time of measurement 
with conventional techniques, and to define necessary field trans­
ducers (e.g., search _coils, Hall probes, NMR probes, etc.) their 
number and spatial distribution. 

In central detector volume, it can certainly be done; numerical 
simulation (experiment) will refine and scope technique. 

In muon detector volume, it is more complex and will require 
careful evaluation of choice of basis and number of measure­
ments. 

Need to know what accuracy, components, threshold values, etc 
before de.fin itive results can be given. 

March 7-11, 1992 JDS-5 
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Simulation Group: 

Have supplied for c~e 511 (also Loi baseline, 332, and 478) and 
for a CLUTent muo:ri detector configuration-· 

1. Field map and subprogram to read and to interpolate the 
field GUFLD.FOR, 

2. M11on resolution function subprogram RESMAG.FOR, and 

3. Magnet and flux concentrator geometry for case 511. 

March 7-11, 1992 
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Properties of the Calori1neter: 

(1) Hadron Punchthrough: 
(R. McNeil) 

Barrel Region: O < T\ < 1.3 

Criteria for detennlnlng calorlrneter depth: 

(I) For L 'l< I oH /cm 2 sec rate of particles In first superlayer 
should be < 20 Hz/cm 2• 

Find number of "- > 1 o 

(2) The overall rate of particles exiting the calorimeter from 
hadron punchthrough should be much less than the sum of rates 
from prompt muons and 11/K decay muons. 

Find number of "- > 12 

(3) The rate of particles with transverse momenta above a ·trigger 
threshold from hadron punchthrough should be less than that from 
prompt muons and 11/K decay muons. 

Find number or "- > 1 o 

Conclusion: 

Number or Interaction lengths In barrel section of 
calorimeter should be thicker than 12 "-· 

Endcaps will probably require 14 "- (being evaluated). 
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• 

(2) Fluctuations of energy loss In calorhneter: 
(R. HcNetl and F. Taytor) 

Problem: 

I 
Landau aEµ In calorimeter can not be measured 

How Bad? 

Use GEANT to slmutate aEµ distribution 
Compute RMS(aEµ)/Eµ versus Eµ. Add to resolution smearing 
of magnet system. 

Conclusion: 

Find significant contribution at low Eµ: 
Effect dominates for Io < Eµ < 1 oo GeV 
Cu calorimeter better than Pb 

• 

• 
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CHAMB!JI 

Oll'1'ER RPC 
CENT!JI RPC 
INNER RPC 

RPC GEDHETRY AND CHANNEL COUNT 
1 MARCH 1992 

THICKNESS 

5 CM. 
5 CM. 
5 CM. 

WIDTN 

312.0 CH. 
234.l CH. 
143.5 CH. 

LENGTH 

1471.4 CH. 
I075. 7 CH. 

642.6 CH. 

RADIUS 
(TO CDIT!JI) 

858.5 CM. 
644.0 CM. ' 
394.9 CM. 

TO CALCULATE THE WIDTHS AND L!JIGTHS, I USED THE INFORMATION OF THE 25 FEB 
1992 BASE LINE FROM F. TAYLOR. 

SECTCll ANGLE 20.60 DEGREES 
THETA ANGLE OUTER SUP!JI LAYER 30.19 DEGREES 
THETA ANGLE CENTER SUPER LAYER 30.81 DEGREES 
THETA ANGLE INNER SUPER LAYER 31. 41 DEGREES 

• • 

CllAllll!JI 

OlJTER RPC 
CENTER RPC 
INNER RPC 

TOTALS 

CHAMB!JI 

OlJTER RPC 
CEfl'l'ER RPC 
IllNDI RPC 

TOTALS 

CHANNEL WIDTH AllD COUNT (PER SECTOR) 
BEND PLANE 

OLD WIDTN 

1.3 CM. 
1.3 CM. 
1.3 CM. 

OLD COUNT 

254 
185 
113 

552 

NEW WIDTH 

1. 3 CM. 
1.3 CM. 
1.3 CH. 

CHANNEL WIDTH AND COUNT (PER SECTOR) 
NON BEND PLANE 

OLD WIDTH 

9.0 CH. 
1.3 CH. 
4 .1 CM. 

OLD COUNT· 

161 
805 
161 

1127 

NEW WIDTN 

8.9 at. 
6.5 at. 
3.' at. 

OLD TOTAL COUNT 1679 (PER SECTOR) 
NEW TOTAL COUNT 1036 (PER SECTOR) 

1 MARCH 1992 
I. A. PLESS 

't) • • • 

NEW COUNT 

240 
187 
111 

538 

NEW COUNT 

166 
166 
166 

498 

• :i • • • • ) ' 



.· 

_____ .. , ", ''"'" 1 u 1111::. GEM MUOI I ·11 llUGt;ll SUUGllOUP 
MEETIUG OF 6 J/\llU/\11 Y 1992 l\r UHL 

ovrEP. 

C!Hrll\ 

I IVT E(l~I c ff.O/V 

pou.tr 

Outer plane 
Center plane 
Inner plane 

Inner radius 
Outer radius 
Interaction lhickness 

1nw1u A. PLl~SS 

l3ASE LINE GEOlvlEI I lY 

cAt."I< It-IE TlI R 

lll\OIUS 

UJO 
GOO 
370 

LEl-.IG 11-1 

1450 
1046 
664 

• 75 
- 370 
- 121.. 

WIDlH 

330.2 
239.7 
147.2 

Total numlJer ol ra<.liation lengths • 12/.5Gx 1U.5•39G 

o. • 21/E -Jx1x. • ~l/E-J396 

ORMS • 11./2 Uo. 

plane 

. oRMS • 11./3 L uRMS 
plane . plane 

{O 

.l 



''· 

Outsi<.le plane 
Center plane 
Inner plane 

Total number strips 

l3END PUl.NE C/\LCULA I IOl~S 

/\II s \rip widths = 1 .3 c111 

• 254 s\lips 
• 185 strips 
• 113 strips 

• • 552 (• number of discriminators) 

-

-

-
.. 

-
-
-
-

If 

... 



A 20 OeV/c track has a sigma of 2 strips around the Ideal 
inlerseclion poinl at R • 3,{'due to multiple scallering. In order to have a 
95% acceptance we have lo be able lo handle ± 4 strips around the Ideal (no 
multiple scallering) intersection point. 

At R~644.0 we have to accomodate just two strips for a given 
geometry at R·394.9. There is no additional effect from multiple 
scattering. 

In a sense , we make two simultaneous measurements of the 
momentum. The first consists of the sagitta at R·394.9 formed between 
the interaction point and the strip at R-858.5. The second consists of the 
sagitta at R-644.0 formed between the strip struck at R-394.8 and the 
strip struck at.R-858.5. 

Multiple scattering plays a large role in the first measurement and a 
very .small role in the second measurement • .. 

j ')... 
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To handle the multiple scattering problem we must have many 
circuits. 

10 GeV positive charge. For example: 

u x 254 - 2032 

10 GeV 
20GeV 
(30 + 40) GeV 
!iO GoV 

- 2032 
- 2032 
- 2032 
- 1524 

Total number of circuits for positive chni go 

For both charges • 2 x 7620 

The logic gives lour momentum trigger ranges. 

> 10 GeV/c 
> 20 GeV/c 
> 30 GeV/c 
> 50 GeV/c 

• 

-7020 

- 15,240 



Ciicuil "Desiy11" using signetics 100 I< soiios ~CL d 1ip I 00 I 0 I. This ... 
is a ~ i11pul und/ur cllip. 

Need a last i11li11ite Ian in circuit (i11li11ily "" 2032) 

l oJL-

1) I 5 C /--~~!--NW-, 
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ovr 

10 GeV Circuit= 0 x 2 x 254 • 4,0G4 chcuits l2,032 positive; 2,032 

-
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~v ._...., • 1..111..u11 • 11eeu 4,0G4 circuits. 

lovre~ (~------~~~} 

I 

I 

l cN r C'~} I 
0 
0 

lCtJTE f. I I 
0 

jcc,, -rtt1 \ 

I 

0 /{, 
L< £fol r~it J 

(30·40) GeV circuit· rieed 4,0G4 circuits 

(r)vTE ~ I 
I I jccµreR, 

0 -
[: (ft'I TE'R j 0 

I 
0 , 

\c.f'iY Tt"Rj 0 I? -
[f/J,Vcl~ ]·------) 

I 
0 

u 
I 

0 
I 

- /Ill u 

I 
() 

0 . 
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o VI 

0 
I 

Af'I I) 

50 GeV/c circuit - need 6 x 2 x 254 • 3,040 circuits ( 1524 positive; 
1524 negalive) 
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9.o 
I 

~00 

370 

15 

· For each ouler slrip lhere are lliree, three lulu cuinciuence chculls. 
Any triple coi11cide11ce generates a non·l>enu hiyyer. 

-
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NON DEl..JD ·1111GGEl1 

Tower gco111elry. 

Each plaue is divided inlo 161 strips. 

Outer 
Center 
Inner 

= 9.0 cm 
.. "6.5'' cm 
.. 4.1 cm 

Center is really 5 strips OR'd logclhcr, ead1 Sliip is 1.3 c111 wkJo lo 
lur11ish tho z coordinate ol l,1e lr ack. 

For each outer strip there are three coi11cidonce circuits \o account 
for multiple scattering. 

This i111µlies there are 3 x 161 • 403 circuits per sector. Each circuit · 
is as follows: 

. 
Du 1t= 1' c. 

I 
' 0 

0 1./1)(\/ B 

\··ce,vref{ i 
I ., l () -

' I GIC,.NA 

. .AN() 

• 
llJ(tl ER 1 

• 

.. 

-
-
.. 

L- -
• 

-
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NON OENU ClllCUI r 

lf-
'6 
? 

• " 
0 (\' 

J I 

\NOJll oeivu 51"1\/"L I 
,. 

This has 100o/o acceptance for Pl> 30 GcV/c. 

This has about 70% acceptance lor P1 • 10 GeV/c 

Acceptance falls rapidly for Pl< 10 GeV/c 

We have 161 strips 
161 strips 
805 strips 

·-. Non bend lrlgge 

4.1 cm (inner) 
9.0 crn (outer) 
1.2 can (c ter) 

Hence .a total of 1.127 strips •> 1127 discli111i11u\or s per sector. Trigger 
·box rnust accommodate 1127 connectors or about 2254 c111 linear lenglh. 



Strip count 

Non 

Cilcuits 

Non 

Chips 

Non 

Bend 
Bend 

13end 
Bend 

Bend 
Be11d 

SUMM/\11Y 

1, 127 
552 

4133 
15,240 

644 
45,720 

Each discriminator must connect lo a n1axin1um of 70 circuits. This 
puts eiU1er a constraint on the oulput impedance or the discrirninalor or a 
series Input resistor lo the 100101 ECL chip. As an alterna\lve, to save 
power and money, all this can be redone in C-MOS with large scale 
integration techniques. 

Question: 

How do we write the simulation prograrn? 
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FULL SYMMETRIC DEFORMED MODEL 
.. ( G.E.M.) . 06 Feb. 1992 
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ANGULAR ACCEPTANCE VS INNER MUON CHAMBER CLEARANCE 
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Optical Alignment of Muon Detector Components 

l------1U• 

D • 1Um IV 

Um 

--;--___ ., ____ _ 
GEM MUON SYSTEM 

• Straightness Monitors 
• Barrel Deployment & Issues 
• Endcap Possibilities 
• Approaches to Global Alignment 

3/8/92 J. Paradiso 

JAP 318192 • 1 QRIPlQ I)) 



Straightness Monitors 
Lens 

LED Quad Photodiode 

-.,,.;,:,:<,::::::::::::::~~-:~;{ 

t ...__dx 

dy 

• Measure 2-axis deviation (.L Optical axis) from straight line. 

• Displacement of lens produces 2x (lens @ center) more image offset 
than movement of LED or quad diode. 

• Rotation of lens, lens defects produce limited effect. 

• LED defocused at diode (illumination sharing between quadrants). 

• Sensitive (under few microns over 9m). 

• Few components, inexpensive (i.e. $500). 

• Modulation of source reduces background 

JAP 318192 • 2 
'" 

QRAP!Q~ 
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Straightness Monitor Electronics 

LED Source 

Collimation/Smoothing 

1 Khz 

J1JlJl. 

JAP 3111192 • 3 

X=IA+IJ·f8+9 ) 
A+B+C+D 

y = IA+Bt • fC+ll 
A+B+C+D 

Lens Quad Cell 

0 
(IA Filter) 

Pre-amps 

{optional) 

1 Khz Bandpass Filter 

Gate on high & Low Sampler, ADC 

Average 

Subtract High from 
Low Samples 

Reject Background 
Light 

DRAP[Qt) 



Straightness Monitor Issues 

~ The Source ~ 
- The standard = LED (L3 application) 

- LED's can exhibit spatial inhomogeneity in light output. 

... Collimate or calibrate out? 

,.. New Motorola LED applied w. smooth aperture function. 

- Glass ball embedded atop chip produces near-Gaussian profile. 

- S/N looks good (i.e.< 1 mV noise with 400 mV signal over 9 meters) 

- Stronger sources for better S/N over longer paths? 

- Laser diodes have spatial jitter; need collimation, smoothing ... 

,.. Could launch into single mode fiber. 

- Plenty of light; more expensive (i.e. $500./laser-fiber assembly) 

- Not economical to split fibers; couplers expensive 

- Not needed anyway; LED OK? 

JAP 318192 • 4 RRAPfQ~ 
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Straightness Issues (cont.) 

The Lens 

• Potentially large diameter lens needed to focus to small spot 
over long path lengths. 

- i.e. 1 cm diameter lens will focus to 1 mm spot diameter (IR) 
over 9 meter path. . 
- Current tests use 3" lens over similar length. 

- Large spot requires particular photodetectors. 

JAP 318192 • 5 

) 
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• 

More Straightness Issues 

• The Receiver 

• Quad Cell exhibits 
resolution vs. dynamic 
range tradeoff. 

- Measured position can 
depend on defocus 

• Consider CCD? 

.._ .... -----
• 

. 
. 

-_...,. 

......... --= ..... "'"' 

- Cell quantization removes this problem, electrical calibration. 
- More expensive, complicated readout (new "retinal" devices?) 

• "Photopot" is most promising! 
- Each quadrant of quadcell subdivided and weighted in sum. 
- Yields wide range while maintaining few micron resolution 
- Amenable to centroiding wide spot sizes (i.e. 1 mm) 

JAP 3/8J92 • 8 DRAP[Qi) 
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Straightness Caveats (cont.) 

Mechanics, etc. 

• Development/testing of precision mechanics needed to 
mount source, lens, receiver (alignment of optical axes). 

(Fixed to chamber reference) 

) 

• Multi-purpose mount to simultaneously reference several optical 
paths? 

• Multipoint alignment techniques (i.e. passing alignment between 
consecutive points?). 

L.="== 

JAP 318192 • 1 DRAPERD •· rm Ej!r{/ 
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Multi-Package Straightness 

8-----· ® Bending Direction 

-. ..... _ ~·--

• Nested monitors to determine straightness 
in bending direction between different 
packages and/or wire supports. 

- Similar to L3 bridge monitors 
• Could replace with multipoint monitor? 

=-~~~~~-:____,. 

- I" - -
=12JI· < :is~-~~iiJJ! . ' 

• 

JAP 318192 • 8 RRAPg~ 
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Straightness Between Barrel Layers 

lld71G 111111 -
Ldll77 111111 

,. ,. 

,. 
,. ,. 

B • 
&-

® Bending Direction 

-
•Determine straightness along muon path 

- Particularly in bending direction! 

5.00m 

•Role of L3 "planarity" measurements (i.e. laser beacon)? 
• Minimal set; add other paths ..• ? 

JAP 318192 • 9 

) ) 
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Edge View of Barrel Hexant 

® 
B 

\ I 
\ 
\ 
\ 
\ 

I 
I 
I 
I 

\ I 
\ I • 
' 1 Bending Direction 
\ I 
\ I 
\ I 
\ I 
~ I \L ,. 

• Run alignment up each side of hexant. 

• Align up centerline if chambers are split, as in L3? 

JAP 318192 • 10 
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Additional Alignment Paths 

Rd710Mlll -
..-n-

• 
~ 

® Bending Direction 

-

) 

•Additional vertical paths (better alignment in bending direction)? 

• Add angled alignment paths to monitor vertical displacements? 
- Can't Isolate particular chamber that is displaced. 

-+ Other implementations, systems if needed? 

• Multiple direction alignment fixtures? 

) 

JAP 318192 • 11 "RAPlR.~ 



• • 

The Forward Region 

Bending Direction ® 

B • 
&- z.1111 -.. I 

~ 

• Can establish 2 lines of sight for straightness paths 
• Measure + (bending) misalignments 
• Long path lengths 

z 

• How to interrelate inner edges of middle/outer pairs? 
-+No optical path without holes through chambers 

JAP 318192 • 12 

• • • • • • • 

P.RAPlO~ 

• • 



) ) ) ) ) ~ ) ) ) 

Forward Chamber Interrelation 

Some ideas ..• 

• Sight directly from source on one chamber to array on opposite 
- Original L3 idea (Becker & Paradiso, NIM, 1982) 
- Couples rotation Into displacements 

• Pull out rotations with Bubble Levels 
- Accuracies within 1 arcsec (used in L3 prototypes) 
- can estimate phi (bending direction) rotation 

• Measure interchamber distances with proximity detectors? 
- Accuracy within 1 O µm, phi coordinate difficult? 

) 

JAP 318192 • 13 DRAPIRB 
In _. ll!!fl/ 
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Global Alignment 

· ~ S.neorH .. d 

--------------- -...... • S.nsorHud --------- ...... 0---.. -------------------_-::_-:_-_________________________ ~,------..... =;,.,~ 

&--
• Must be able to sight out to sensors in hall. 

1\ \ ,"','I I 
. I\ \ ," ; I I 

""
•r<:J' f ' I I \ ' I I 

I }\ I I 

"""~~, \ I I .. \ I I 
\ I I 
\/ I 
/\ I 

I \ I 
I \ I 
I \ I 
I \ I 
I \ I 
I \ I 
I \ I 

?l~ ... ,.,")d , , 
r? .!-:!c .• .ln ', ' 

\I ,, ,, 
b 

-;-Im-
Beam 

Ref en:nce 

• Holes to muon array through forward support, hemisphere gap 
• "Reflectors" distributed in ti> 

• Location of sensors precisely known wrt. beam (sight on quads?) 

JAP 318192 • 14 DRAPERn .. -·~ff/I 
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Global Alignment Sensors 

-
• Can measure angle and/or range (range more accurate). 

• Range measurement can be taken in several scales. 

- Start with survey measurements and/or coarse TOF. 

- Progress from monochromatic light to white light interferometry. 

-+White light gives no fringe ambiguity, but null difficult to find. 

,,,. Use information at other wavelengths to simplify fringe search. 

• Temperature gradients? 

• Quadrature AM phase detection on optical carrier (i.e. LADAR). 

• Possible to attain resolutions of order hundreds of microns •••• 

• Improve accuracy by adding more sensors, sighting same 
reflectors at multiple angles? 

These devices could be useful throughout the SSC ... 

) 

JAP 318192 • 15 PRAPDJ~ 
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Workshop & Beyond ... 
•Straightness monitor technology (well underway •.. ) 

•Applications of straightness monitors in GEM 

- How many needed, coordinates to measure, ambiguities 

- Measure inside barrel hexants or at edges only? 

- Need for coplanarity; inject L3 experience 

• Special problems in the forward region 

- Clear optical paths where needed? 

- Big lenses along long paths? 

- Interrelating the upper-lower chamber pairs. 

• Global alignment 

- Accuracies involved 

- Where to sight on detector? 

- How to propagate measurements into barrel (i.e. muon angle) 

- Tying muon array into central tracker ... 

- Technologies 

JAP 318192 • 16 
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CSC Layout Sm:cificatjon Open MaP,. Oeomelry JSW 27 Feb92 
Short calorimeler: z<S.Sm; Covenp lo 29.16° 

Nseclon= 16 
winla pnged by 20 • S.00 cm 
Slrip width al middle • S.00 mm i

rt2,82 -52 R2 

I ' 
I , SI dR 

./,-..... 1)1,81 R ..,,,.~"'"-.j_ i_ I I I 
z - -¥-

Nomeoclaluro Tolal channel counlr. 
Nole: modula (a) occupy eveil-aumbond oecton 41413 planeo/modulo • 

moduloa (b) occupy ocld-tiumbenod oecton Nsecton/2 • 2 endl 

I n1 ll.l 112 Ill Bl B2 dB S1 S2 111111 Lllriul llrip !ICC , r;;b1p1 I lllrilu:ban lr-cban 
m clea des m m m m m mA2 IP/fdr ,_ /pl/llClr 

1"'1U moduloa 
la) 6.15 2.50 9.39 2.35 18.90 1.02 I.JI 1.17 OM IA6 1.07 16 JOI 3 5,494 214 
lb) 6.35 250 9.39 2.35 10.90 I.OS 1.22 0.11 Ml Ml O.OI 19 104 3 5,673 221 
2a) S.75 2.35 10.90 2.10 13.9' 1.11 1.43 0.32 0.43 056 1.16 99 .. 6 6,334 413 
2b) S.95 2.35 10.90 2.10 13.96 · I.IS JM 1.33 OAS 051 0.17 102 91 7 6,554 428 
la) S.75 2.10 13.96 1.35 29.16 1.43 3.21 J.71 1.56 1.25 151 181 65 36 11,582 2).77 
lb) 5.95 2.10 13.96 1.35 29.16 JM 3.32 1.14 I.SI 1.30 1.69 187 67 37 11,985 2,356 

Middle mocluloa 
4a) 11.25 250 9.39 1.91 ts.n 1.16 3.17 1.31 1.73 1.24 1.26 19' IS 26 12,552 1,674 
4b) 11.45 250 9.39 1.91 ts.n 1.19 3.22 1.33 1.74 1.26 1.30 200 16 27 12,775 1,703 
Sa) 10.40 t.98 1s.n 1.35 29.16 2.93 5.10 2.11 1.14 2.26 4.10 341 19 58 21,801 3,680 
Sb) 10.60 t.98 1s.n 1.35 29.16 2.98 5.91 2.93 1.16 2.31 4.99 347 19 59 22).21 3,751 

Outer moduloa 
61) 16.05 2.SO 9.39 1.80 11.77 2.65 SA6 2.80 1.04 2.13 4.35 316 42 56 15,115 2,690 
6b) 16.25 250 9.39 1.10 11.77 2.69 552 2.14 I.OS 2.16 4.46 320 43 57 15,374 2,724 
7a) 1455 1.10 11.77 1.35 29.16 4.95 8.i2 3.17 1.93 3.17 7.!13 510 s 63 24,467 3,146 
7b) 14.75 1.10 18.77 1.35 29.16 5.01 8.23 3.22 1.9' 3.21 8.15 517 s 64 24,183 3, .. 

Iola!-or Cbamben (mA2)- 656 Total clumt.-> l!!i!!! I 21.!!! 
1o1at vol-or chamben (m•l>- 3.3 Total b 41414-> 22>.- Jt,177 
Total number or moduloa- 192 

• • • • • • • • • c c 



-
Plan View of a typical CSC module 

2m 

20-30cm _____ ......, ... +---'- cathode slripn:adout 

anode wires measure radial 
position and provide crossing 
tag 

Chamber si7.e limited by 

\ 1 I 
\ m I 

\ I 
\ I 
\ I 
\ I 

+ 

• strip capacitance 
• capacity of circuit board holises 

2m 

Precision measmement in 4> direction 
by charge interpolation on radial strips 

Trigger with bodoscopic information 
from fast pickoff . 

Need to overlap chambers to limit acceptance losses 

----- ----- -- --- --·----



;c Power. Weight. XO SW SFeb92 
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Merits of Streamer-Drift System 

1. Preservation of the fast rise time in pulse trans­
mission. ""' lt!J x ,ec. ~ / l><' "1V 

2. Open structure for laying down wires-allows 
multiple wire placement and placement check­
ing for 1ease of construction. 

3. Precision wire positioning. 
4. Minimum scattering material. 
5. No restriction on chamber length. 
6. Parts and assembly amenable to mass produc­

tion. 
7. Stiffness in the ~nal chamber to minimize sup­

port points. 

8. Single wire resolution of "'l00µ1n. 
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Philosophy 

Wires placed to ±12.5µm. with respect to sur-
vey points, 

1) indenpendent of gravity 
2) " temperature . 
3) " warp and sag of the chamber. 

Survey points known to ±12.5µm., 
1) by surveying 
.2) by placement (unlikely) 
3)by monitoring. 
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II. R & D Program. 

A, The Tasks 

We list the tasks we expect to complete adding in parenthesis the institution(s) bearing 

the responsibility: 

V 1) Finish assembly and test of 2, 0.5 m. wide chambers.(MIT) 

V 2) Measure chamber tube performance in magnetic fields.(MIT) 

V 3) Design and build (D & B) 2, 1 meter wide chambers.(MIT) 

4) D & B pick-up strip plane.(MIT) 

V~ 5) Investigate and make thinner cathodes.(MIT & UNY-SB) 

6) D & B optical window system.(MIT) 

7) D & B tiltable chamber stand as a cosmic ray muon telescope.(MIT) 

8) Adjoin prototype optical alignment system to the chambers.(MIT, with the help of 

Draper Lab.) 

9) Design of apparatus for mass production of chambers; estimate production costs.(U. 

of Houston) 

VlQ) Investigate various materials for use as cathodes.(MIT) 

11) Analyse the data from both; 1) runs taken at Fermilab on a small prototype, and 2) 

data with cosmic rays on the O . .S m. and 1.0 m. chambers.(MIT, UNY-SB, & LSU) 

V"12) Simulation studies of the muon system directed toward optimization of the subsystem 

... 

.... 

.... 

.... 

.. 

.. 

and integration with the rest of the detector.{MIT) ..., 

V13) Provide chamber electronics, investigate state of the art electronics for TDC's, and 

examine scenarios for the use of chambers in a level 1 trigger system.{LeCroy,MIT) 

.. 

.. 
4 

... 
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Milestones( all in '92): ( rlfl• pr11'-~" I t°tJ 7 NA I. CJ 

Delivery of LeCroy electronics for 0.5 m. chnThn. 1 f(.e""'V 

) 

Design of thin cathodes Jan. W4 qr.t '11f'"1 
1Sa/tt1' /fi11e.E~ 11 ~•~c~e./.~ 

Design of 1.0 m. chamber Jan. $1 l•I' "" .ce.lt•l11lt! 
" 

) 

Assembly of 0.5 m. chambers 

Assembly of 1.0 m. chambers 

Delivery of 1.0 m. chamber to SSCL 

Set final specs. on chambers 

Assemble cost figures for ED R 

Feb. fql'/;S ""' ,,,, e~Ct!Z/.>t: ! 
March 

May 

Aug. 

Sept. 
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Gases Considered 

Argon( A), Isobutane(IB) s, ~,_t;y 1 I 
A(few %),IB(lO %), C02 
A(few %),IB(lO%),C02,CF4 

IB( <10%)-non-fiammable 
C02-ohmic,slow ,cool 
CF 4-fiat,fast 
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Chamber Inventory: GEM LSTD System 
for ~-8-4 system -

Barrel 
Layer r(m) 2(~lchmbrs. total wgt/sectvol/sect wires {, +-uldes 

/sect. chmbrs. (lbs.) litres 
lA 4.23 3.3 8 128 1632 3960 20,480 iO). 'f 

lB 4.23 .l.,5 8 128 1240 3000 20,480 I o l.. <j 

2A 6.57 .5.0 11 176 3410 825d 28,160 1 I I 2. - 2B 6.57 4,0 11 176 2728 6600 28,160 )..( ( "2 

3A 8. 76 ~. 7? 7 112 2954 7100 17,920 ;341 

3B 8.76 '·'1 7 112 2772 6720 17,920 I 3'! 4 

Total J.•t,,S7 832 0.57x106 133,120 f°J(D 

Front and Back 
Layer z(m) f. chmbrs. total wgt/sectvol/sect wires 

/sect. (lbs.) litres 
1 6.5 3. ?> 4 64 812 1960 9,856 sf J.. 

2 10.2 5.0 8 128 3717 8984 30,720 /6Jt:(2JL11r 

3 13.4 6.6 4 64 (ns) 3296 7968 20,480 7& '6( 15 3G 

Total 
t .,_ 4, 9S 

256 (320) 0.30xl06 61,056 Z 'i/U ( t;t.J ~-

Grand Total 1086 0.87x106 194,176 II; 7 7C. 

{tJ, ) / i) 

1 



Solder 

Readout 
Board 

Epoxy 
Wire 
Bond 
and Gas 
Seal J ewe I wire 

~....__ __ guide Wire 
Capture Tube ____ __.. ~ 

Delrio Plug 

Alum. Tub~-.... 
PDT 

... 

.. 

... 

... 

... 

... 

.. 

-

.. 

-
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Honeycomb 
plastic case 

00 

0 

Inlet/outlet into 
isolation gas volume 

J I J I -
0 

Pre prep 
epoxy seal 

0
,, 
i ~o 

0
,, 

:o 

(4) Holes for 
Chamber 
Alignment fixtures 

(1) Gas Inlet/outlet 
to 1/4 " pipe 

nu I PMTllO. I -:~IOll 
PART" I 

UNLESS SPECIFIED: 0011. D Mil 
OECIHALS .,005 

DRAWN 
FRACTHS t O 

PROJECT \iem Muon ANGLES • 1.0 . 

ion. 

1-31-•o: 

'UI 
IRIAk ALL EDSES 

HATEOIAL Alum. jig plate 00 NOT SCALE DWG 

MICHIGAN STATE tJNIVERSITY 
HIGH ENERGY PHYSICS 

mu Manifold Plate Assembly 
llWG.111>. HEPOl-022-274 r"·A 1""'1:2 



GEM PDT PROTOTYPE 

1992 

DESIGN--• 
PURCHASE '//////. 

ASSEMBLY --• 
TEST--• 

FEB I MAR I APR I MAY I JUN I JUL 

116123' 1 1 s 1151 221 ,~ s 1 12 1 19 12~ Is 11011,l 241'31l' l14121 l2f Is 112119 I 
I I I I I 

I I I 
TUBES: '////( '/////..(///////. 

PLUGS: 
I I 

-/('/..,/////f//611/// 

FERRULES: 
I I --, •'///..,.,//(/////// 

WIRE: />/////////)///..__ ... 

I I 
MAN'FLD: _/,,,_,/////}///////./All ____ __, 

I ........ TI'R 

R.0.BOARDS: - ... ------V'///f///////./Jm----1 

I I 
CASE: .................... ,'/////////{////;m.,_..,..~~ 

I 
TABLE: ~//////////'/m-

FIXTURES: 
__ ...,'//.,__ 

+ + + • + + 29May 19Jun. 6JuL ~::::":,n co~r~:: J20 Mar. 
Critical P.O's complete: 

30 Apr. 

Critical components In band: _____ .... 

Tube Assembly completed: 
Chamber Aaembly completed: 

Chamber shipped to TI'R: -----------------' 

-

-

-

-

-

-

-

-
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L. L.A PTIIJ 

P. M\CRAT 

v. II A. & OV I'T s;z Al 

A. Ne: P£:S P%'+10 

A. Os. T.t. PC.ii t( K 

P. PAteMLOV 

F. RA.TW%. ~"" 

r. T11<1-10Mt FlO\/ 

v. TC.MJ:S.TILlA/ 

JJAIR 

".D.A. &~LOJL&.1t>TS.£V 

'/.It/. !>YcH f<OV 

Yu.'\/. £Rc;.MOV 

'I. A. C.0Lt.e"Nt A/ 

N. V. C.C1t~11tJov 

A. G-. KA~EV 

V. Yu. KAR2U A vrt./ 

s.v. k'MA&AROV 

v. 'P. KuA&AR.ov 

Yu. T. Kt ~~u S.HI tJ' 

v. tJ. L ~S..!Al(O'/ 
A.L. l.~u&.tt.I 

A.V. MAl(HAWl'OV 

~.A. MoveMA/\/ 

y, 1). .p ES.HE.I< UolJoV 

'D. Pos.e:. 

I. PRE~O 

~. Yu. <kE.Lyu A11W 

~.A. S~OLlW 

··., A.V. VIt;.HNt.VS.K'J 
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TTR TEXAS TEST RIG 
GEM MUON CHAMBERS EVALUATION TEST STAND 

4.5 m 

SC f 
IT 
T 1 

T2 

TJ 

T4' 

IT 

Magnet 

1.0 m 

2.1 m 

Legend: 

Tl-TS Technotog1es to b• Evaluated 
Tl Preasur1zee1 Drift lubes 
T2 LlmltleCI StrHmer Drift TUOes 
T3 C1t110C1e Strip Ch1m1>er1, 1'1ult1w1re Geometry 
T 4' Cathode Strip Chamlbers, Open Profile 
TS Resistive Plate criaml>ers 

SC Sc1ntl11ator Countert 
IT l.rocc1-Tube Chambers for Trigger 

IT 
TS 
SC2. 
IT 
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Ftan: 
To: 
a:: 
SUbj: 

SSCVXl::MITSEIMNCHER 21~-199119:11:16.47 
JNET%"FET@MITINS"~ BUPHYC: :AHI.EN 
~ VII.IASE?m, YOST,MrrSEIMN<HER 
LSP: assi.mptions and cpestions 

Dear Frank and Steve, 
We have up:lated our list of assurptions and questions.Please 

make your came.its and advise us to whan we should send it (we need the 
mailing list of contactnel of technologies). 

Gena, Frank, I.uis, George 

List of Assl.Jtptioos for the Mlon System Evaluat.icn 

l. F.ac:h technology pi:cpJuent should provicia us, .as soon as possible, 
with a descripticn of the eq11ip1ent they am 901.nq to ship to SOCL, including 
a tentative schecille. 

2. Fac:h prototype should have enotJ;1h. J.a;ietS to allow to estimate 
the .cesoluticn without the use of extemal (!. e., other mdnles) infomation. 

3. We aSSIJlle that only one acquisition electronics standard (either 
OMV:, FAS1'BJS or \!!£) will be used h1 the DP.Q system of the Iarge scale 
Prototype (lSP) • This standard will have to be selected by the GEM Mlon Group 
as soon as possible. We J:1Lopose to~ OMAC. 

4. We assme the fl:alt-end eleccioni~, the ADC's ard/or 'IDC's, 
crate (s), PQ!ler ~lies and cables neoessacy for each 
p:rototype will be provided by the corLeSpOnding institutioo. 'lhe SSCL will 
p=ovide the crate cxntLOll.eLs if necessary. 

5. We aSSIJlle that each instituticn will make its own gas systen (in 
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carplianc:e with SSCL safety i:egulations) avai J able to use at SSCL during trie 
evaluation period. • 

6. We assume that each institution will be :responsible for prq;ier 
transportation of its prototype to SSCL and for making it q:ierational at SSCL. 

7. We assurre all the involved institutions will take part in the data 
taking and analysis. The SSCL will participate by making catputing msources 
available and helping with the design and construction of the software. 
However, each pu:iponent will be responsible for providing any 
technology-specific software, includinq any neoessaxy calibration software. 

8. We will asS1.11e responsibility for the construction of the I.SP. 

9. We will assme full responsibility for the trigger system. 

-

-
..,, 

10. We will asS1.11e full responsibility for the DJl.Q system with equip?E: ..,, 
provided by SSCL. . 

11. All p~ mxtnles should be at SSCL ready for installation into 
the I.SP fixtlma by May 1, 1992. 

12. Data taking will start June 1, 1992, and it will last for about one 
nmth. 

List of OJestioos CcxloemiB1 the M.Jon. System ·Evaluation at SSCL 

1. Nlat am the c:limensialS, mmber of layers, m:mt.er of wims/strips, 
etc., of your prototype? 

2. ll'lat gas mixtu%9 do you need? With what tolerance? What flow? Please 
describe in detail the gas system you want to use. We will check carpllance 
with SSCL safety mgulatials. 

...._.... 1 t a· • · a .... c.,..,.., . .,. . 
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