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Muon Chamber Design Meeting -
SSCL

May 18, 1993

Abstract:

Agenda, attendees, and presentations of the Muon Chamber design
meeting held at the SSC Laboratory on May 18, 1993.
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Draft-3
GEM Post TDR Muon R&D Program for FY93

May 7, 1993

Abstract

The objectives of the Post-TDR FY93 R&D and Engineering Program for the GEM Muon
System are to carry the chamber design, alignment, and support structure into fully integrated, and
engineered system. In contrast, the Pre-TDR program concentrated on the conceptual design of the
muon system and on extexsive investigations of various chamber technologies. This effort lead to our
choosing Cathode Strip Chambers for both the triggering and tracking functions of the muon system.
In the Post-TDR program certain aspects of the Cathode Strip Chamber design will be developed and
tested by means of small prototype chambers where the parameters of interest will be varied. Such
issues as the resolution of the chamber for different anode-cathode gaps will be investigated. In
addition, the full engineering details and "industrialization" of the chamber design will be conducted
with the intent of setting up a pilot factory and producing first production chambers in FY%94. The
design of the chamber support and alignment systems will be developed in sufficient detail to allow
for the fabrication of a sector prototype in late FY94. The construction of an alignment test-stand will
be an important obiective for this phase of the R&D program. The test stand will enable the concept of
the "false-sagitta” measaurement and interpolation to be validated.
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i
In order to manage the activities of the groups contributing to the chamber design a Chamber
Commitee will be created with the primary function to overlook all activities and coordinate chamber
design. The chairman of the Commitee is the Task Coordinator.
The proposed work is broken down into the following subtasks:

Deliverables:

(2.1.0) Purchase common parts (raw materials) for chamber construction.

(2.1.1}) Fix the baseline chamber design for barre! and endcap chambers. Document all
mechanical tolerances and dimensions. Compile a set of drawings. Integrate with
electronics, alignment, gas and services.

(2.12) Investigate and validate with reduced size prototype measurements of different aspects
of chamber design:

a) resolution performance vs. gap and strip segmentation;
b) investigation of different possibilities of calibration: with wire induced signal,
electronicaily and using data from real particles.

‘ c} consider the possibility of molded chamber frame production.

(2.1.3) Construction of full size prototypes:
a) "1 generation” prototype of a barrel middle layer chamnber: 3m by 1.1m - six 4mm

gaps;
b) "0 generation” prototype of a barrel outer layer chamber: 3.5m by 1.4m - six Smm

3aps;
¢) "0 generation” prototype of an end cap middle layer trapezoidal chamber:
2.2m by 0.9/0.61m - six 4mum gaps.

Task Coordivator:. Gena Mitselmakher - SSCE

M Carl Bromberg. Igor Golutvin, Ya-nan Guo, Coleman Johnson, Yuri
Kiryushin, Kwong Lau, Louis Osborne, Vinnie Polychronakos, Alexei Vorobyov, Craig Wuest,
Scott Whitaker, - A

Task Contributors:

BNL
M. Atiya, M. ]. Murtagh, V. Polychronakos, V. Radeka
BU '- |

J. Shank, S. Whitakez, F.5.U. visitor, engl, eng2, techl, tech?
e
Y. Chen, Y. Guo, Y. Xie, physicists and engineers

ITER
M. Danilov, V. Gavrilov, L. Laptin, P. Murat, V. Nagovitsin, A. Ostapchuk, V. Popov, V. Shibaev, V.

Stolin, V. Tchistilin, I. Tikhomirov.

IINR-Dubna
Yu. Ershov, L. Golutvin, N. Gorbunov, Yu. Kiryushin, A. Makhankov, S. Movchan, V. Rashevsky, L.

Simov, S. Serg°ev D. Sirolin, V., Perelygin, V. Zhiltsov

A A G. Gaviilov, V. Grachev, O. Kiselev, A, Krivshich, V. Maleev, V. Mylnikov, S.
Patrichev, O. Prokofiev, A. Vorobyov
SSCL
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We have identified several specific tasks organized along the general lines indicated above.
(1) Develop Cathode Strip Chamber Technology :

» Develop chamber design which achieves the baseline performance of spatial and time resolutions
and has a good stability in terms of alignment and operating point. :

» Optimize the chamber design in regards to system performance and costs.

* Construct several small-scale chamber prototypes to evaluate specific aspects of the design.

* Construct large-scale prototypes of barrel and end cap chambers.

* Integrate the chamber support and alignment systems with the chamber technology.

(2) Chamber Performance Evaluation:

.

* Test prototype chambers at the Texas Test Rig and available accelerator beams (FNAL, BNL,
RD5-CERN).

¢ Study the influence of the magneﬁc field on the chamber performance and the Lorentz-angle

compensation.
» Study the single layer resolut:on, double track resolution, operation stablhty, and time resolution.

» Develop an optimal gas mixture which has the best time resolution and efficiency.

¢ Study the chamber sensitivity to neutrons.

» Software development for calibration, tracking, triggering, on-line momtonng, and off-line data
processing.

(3) Muon Trigger :

. Desxgn and evaluate performance of Level 1 muon trigger by means of Monte Carlo simulations,
cosmic ray, and veam tests.

» Develop and evaluate electronics needed for trigger in collaboration with the GEM
Electronicz Group.

(4) Alignment :

* Assess technology options and develop them for GEM application (LED-LENS, or CCD, etc).

* Set up test bench to evaluate technologies in a standard way.

« Integrate alignment technology with chamber design and support structure.

* Set up Alignment Test Rig (ATR) to evaluate alignment techrology with chamber mock-ups.

+ Design complete system - specifying the type, number, and deployment of monitors.

» Simulate operatior: of complete system and validate the design and its error budget.

* Evaluate X-ray alignment scheme. Develop mass production techniques for aligning layers within a
chamber module.

(5) Electronics:
* Fabrication of front-end electronics for prototype chambers to be tested in FY1993.
*Work in collaboradon with GEM Electronics Group to specify electronics for chamber readout

and trigger.
*Test the design of front end /readout electronics on prototype chambers.

{6) Simulations:

¢ Study backgrounds (muon-associated, punchthrough and neutron).
» Evaluate system performance - resolutions vs. chamber placement, alignment specifications, flux

3
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Considet a'niddle supermodule

Module Length 350 cm Densities of materials
Module Width _ 119 cm
Panel Skin Thickness(G10) 0.05 cm Cu 8.96 gr/cc
Panel Skin Thickness(Cu) 0.0017 cm Epoxy 13
" Frame Thickness 0.4 cm Nomex 0.039
.. Frame Width = -~ — - 6.5 cm G1o0 17
. *. .. Panel border Wldth (epoxy) 2L X - - TR e Sy
[y -Panel Thickness =g 0w Polymer 04
Curreny design Casting
Weight of Frame 498 Kg
Weight of Epoxy Border 341Kg
Weight of Skins 49.6Kg 496 Kg
Weight of Cu 8.9Kg - 89Kg
Weight of Nomex 227 Kg 22.7Kg
Weight of Polymer Frame 247Kg

Weight of wire attachemnet boards 2.9 Kg

Total 165.1 Kg 81.2Kg

11



LA NN Y




L |

27 A NN

//f/_

N

<WIRESD> ——— == —— &

7
N/

NENERNE

A7
\\

RIGHT

r
X
g
[i'3
2 N A rh
L} ) L) ]
o x o x %
= S £ = &
v v v v
A
) A
_ .— ..\..\_/-._ [ x_.q. _
_}\_.__,____ ___:m____,_ :.‘____,____ I »_____ 7
f i 1 y A o]
N SN A NN NN N AN ~
| NEEEE N AN AN NN R RN
K RN NENEEN o
NN NERNER NN S R AR
_ __::_ NN NN NN
NEEEEN NEENEN N e
ﬁ M__ 1

7 7 A A r//////////. Y

////%/ V.

LEFT

cLnse

- 13



_; _
M |
(T \\\\\\ /NN

UM ANNNN oy Y, V///// )

.

e

X
7
RIGH

—
l
!—-—33:-:

Ly [
[ R N A (R
it
O I I I li v
(IR [
[ BRI ___..___:
(I LY B R
RS I T _ L,
Ly s
n.\

FAR

RIGH™

? «.)_ |
; \_ | AN I aR _/ | 1t -

71 I O B (I I _._T«:__ t rarnii (. _ S i
Vil FETrrn N A RN [ T I B 1l P RN i
PLE LY FELrn VU SN P RS N S S -
(B R A LR ki Trrnel 1110 Pk T '___:_“

I (A IR I IR it IR (NI
P I P I I A B A R I i | ey v ey
_._f___: ________f:__ #________: ,___________ _.___________ NS _____J:;
i i ! i P! N 1 il
\_w”_ww “._ﬂ_z__.uﬂ i) | __ Ly, i b /,___Ag,w/_m ) _nd.,ll.
\\ } %m\ \ IN\\5 3
_ SC
| =
\ | _mﬂ_

il il ninininiuiniuind i pinininipiinininly i ipniniebel bt § fnlniniuinidinhing § Mkl i == ; ulu_r
ﬁ@x\I\\\\\\\s ST 7 A TR , S .-



W Y27 LAANNNNY 2 NN\

A s
Ns W NV NN

g | — T 4

AN g SSe 2l S I
IR YR ,ﬁ,_"_“_“_“_” it __“_x_”__;“ :_:____4 g By

ANNRRE .—_ 147 PRSI (4] _____._ah ___:___.______:,______m_______
___“‘_“_.___”_____ _" K _-“ ________m____",“—_ _A__\_._.,__d____ “_ g “m A m“_

._.g/_d...\&x,_,.# _~ ~ * f.ﬁv._ H * :_ T B _. AR _,__

n n " n w -~
FON : : | c

e ‘___ WEOINE __.H. 1 W__ SR
'__.M____ __.__ “_“ mm NN _._._“___ NN : ___“ _ “r ﬂ____. AR

______ ___‘“_ _: _: ____ ____ ___._ Pt m: N _:_, 1t

__.a____ " “ _____ﬂ_ “ _________ __ ._. “—.___ﬂ____,.
___"4____,____“-% ~ _____“_"_____“:” n_____ ! : 2“__H”_“_HA_
V/M//VMl Yol V//‘//s/”“:W\\N\s\\\“_: /////// __m_ \\\\\\\

— a— — — — =] — — w— (\__—\. _— - —_— [

‘-// \\\\.”/__W 7/. \\?//

TR A\_w S N7 70 &)




1.4.3_7—_—-’
——1.125—] |l 250
-—1.000—3
.063 PC BOARD | | _
1 o
) ) Zmu
' x L.068 % I 4 /// _')o..j /
800 / / o~
_ / /
i 7 //A (
.ozoJ :
! | | 250
2 281 THRU—~ =
%—1_437 ——]
250 | —1.125—
‘ Fnooo—-—‘
i I — 020 —.005 , | | —.063 PC
_L_,[___J;A , 1 ! !
] | |
\ .?OOJ W 4 '% .068—f T Il
("' % 799
] 7 4 N Y P
]
250 —= -
L®.281 THRL

{1



PoLTYMEK CONCRETE ( PC)

(Ngrks Just ke concrele with fofe#2

CEMENT

MANY POLY&%K RESINS
MANY AGGREGRTES
AT dpeds on afphedtion

Ussge of inferest
PC for wbchine ol bases
Wl witead £ catl irou
o gl STi€tness T wejjU nle .

 Dimessiona | Shbi ity
0 H\a\t V‘l\gmﬁo\*\ G(AM« iwg Ce-ﬁp
. Lo Hhermd cordmBidy

. s LoV cost
0 ca. ¥l -

“ dl\/auy/6d6 @W‘UJ)
with hollow gla;ss §‘Vlte/vf—s.
17

Uee Pﬁ\y ude\y |-



10.

© ® N > oo w

Desired Properties

. Low Density (< 0.5g7/cm?®)

Dimensional Stability
¢ Low casting shrinkage (< 0.05%)
e Low creep
e TAC 1-3 107%n/in/C°
No outgassing
Resistant to water vapor absorption
Good adhesion to G10, Al, Cu
Low viscosity (possibl.e to cast features ~2.0mm)
Modulus of elasticity (35,000,000 psi)

Dielectric constant (<4)

. Dielectric strngth

Vibration damping factor (;0.003)

18
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(ge))
CHAMBER EDGE SPACER FRAME

B FUNCTIONS

« Cathode-cathode spacing

+» Cathode-anode spaclng

 Wire support

« Gas seal

+ Location for resistors, capacitors

ONLY 2 REQUIRE ACCURATE DIMENSIONS:
« Cathode-cathode spacing
« Cathode-anode spacing

DESIRED PROPERTIES:
« Minimum material
» Minimize fabrication costs
» Minimize assembly costs

evjuxxaxx-1
5/18/9
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GG

Gas Manifold

Gas
In / Outlet

Anode Wires
(20 - 40 per group)

Readout
Connector

High Voltage
"Header

To Preamplifier

Blocking
Capacitor

GIO Frame

NOMEX
Honeycomb
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Tablel.  Radiation Length Comparison Between 1 cm pitch OPC and Baseline

Component Xo(cm) Baseline 1 ecm OPC
thickness (cm) r.L thickness (cm) rl

NOMEX Core 1400 7x19 0.0095 7x19 0.0095
Strip board G10 19.4 14x005 00361 14x0.05 0.0361
Strip Board Cu 143 .14x00017 0.0166 14xb.001'f ~ 0.0166
Epoxyedges (53%) 312 7x1.9x0.053 00226 7x19x0.053 0.0226
G10 gap frame (84%) 194 6x8x0.084 0.0208 - 0
open profile chambers _16.0 - 0 . 6x0433 01626
Chamber r.1. Subtotal 0.1056 0.2474
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Table2  Comparison between Baseline and OPC_(Q._S_ém_cell_simmd.double.pmﬁle)

Component———xo(cm)—Baschnc 0.83cmOPC
- o thickness (cm)—r.).———thickness-tcm)—11——
NOMEX-Core—H00—7Tx 1.9 0.0095 4x19 0.0054
__.._____Stripboard—GlO —19:4 14-x0:.05 0.0361 8x0.05——0.0206
_ Strip Board Cu___ 143 _14x 0.0017—0.0166——8 x 0.0017 — - 0.0095

Epoxy edges (5.3 %_)_3_L2_7_x_1.9_x_0.053._0.036—4-x-1-‘_9-x-0=053——0.0129-

G10 gap frame (8.4%) - 194 6x8x0.084 00208 - 0
_open profile chambers 16,0 - 0 6x0260 00975
Chamber r.l. Subtotal | - 0.1056 0.1459
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