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GEM Muon Chamber Meeting - Thursday November 19, 8:30 - 12:30, SSCL
Duncanville Holiday INN (Coffee and Rolls provided!)

General Remarks - Frank Taylor - 5min

List of CSC objectives - Gena Mitselmakher - Smin
List of RDT objectives - Frank Taylor -Smin
List of RPC objectives - Craig Wuest - 5min

Status Reports of Tests and Plans to Meet Objectives:

CSCs:

Brookhaven CSCs - Aleksey Vorobyov - 15min
Valery Chernyatin - 15min

Dubna CSC - Yuri Kiryushin -15min

Houston CSC - Kwong Lau- 15min

RDS5 tests -5min

RDTs:
MSU chamber - Bob Miller - 15min
Dubna chamber - Sergey Movchan/andrey Golutvin - 15min
Wire Sag. Calculations - Andrey Korytov -15min
Ideas for Endcaps - Carl Bromberg - 15min
Frank Taylor - 15min

RECs:
Noise Tests at TTR - Irwin Pless - 15min
LINL chamber - Craig Wuest - 15min

Organization of Analysis of TTR Tests - 30 min Andrey Golutvin
Andrey Korytov

Discussion of Short Term R&D Plan - Frank Taylor/ Mike Marx - 30 min
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R$D Objectives

Session Name: sscvxl 1

TO: Muon Group
FROM: Mike Marx and Frank Taylor
SUBJECT: R&D for Technology Choice and TDR Efforts - Short Term Program

DATE: 11/13/92

(I} Introduction:

Now that we have a more focused program following the ENL meeting decisions,
we must concentrate our R&D and Engineering efforts for the next round of the
technology decision process and on the writing of .the TDR. Given our present
state (carry two technology options) we should consider only those long range
items (beyond the TDR time-frame) which are essential to start now.

As a boundary condition for this iteration of the FY$3 R&D program, we have
been asked to make no camnitments in either perscnnel or funding for any
item beyond the TDR which would clese any option (new personnel) for a later

phase.

We suggest that the R&D effort from now until March 1993 be organized along
the following lmes

* Chamber R&D:

This effort will focus on those items crucial to evaluate the technology
choices. There are 5 subtasks in this high priority category involving the
TTR measurements, and R&D on CSC, RDT, RPC, and electronics conceptual design
and costing.

* TDR Work:

This task is directed towards writing a defensible TDR which needs the support
of detailed calculations and measurements. That involves developing our base-
line and backup technologies, and includes the completion of the design of the
chamber support structure, design of the aligmment system, layout of chambers,
resplutions, hadron punch-through and nsutron rates, trigger concept and
simalation, and hit-level Monte Carlo simmlation.

The TDR writing assigmments and rough outline (more required) have been given
in our 11/11/92 I;emo and will not be repeated here.

s
* Essential Long :I'erm R&D:
One essential }on;rtem project is to develop plans for a prototype sector to
be furnished witl™ chambers, attachment fixtures, and alignment hardware. Layout
of a prototype factory is another item which should be started - although the

details should await the final technology choice and the completion of the
*industrialization® process.

(II) Specific R&D Tasks:

{1) Chamber R&D Crucial to the Technology Decision Process
(Note that the list of participants is to be filled out later.)

Task 1.1l: TTR Measurements

Task Coordina_g_o;:s andrei Golutvin and Andrei Korytov

12
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Contributors:. to be completed

Deliverables: (i} Operate the TTR to determine the single layer resolutions
of the CSC and RDT prototypes.

141) Investigate the simultanecus operation of the RPC with
the other two technologies, especially the RDTs which
may need the RPCs for a trigger. Of interest is the
noise sensitivity of the CSC chambers to the RPC noise
- a relevant issue if we decide to build a hybrid muan

sSystem.
The intent of having a commeon analysis group for all technology opticns
is that cross comparisions can be made and a uniform set of standards
applied to all the technology cptions.
Task 1.2: £SC R&D
Task Coordinator: Gena Mitselmakher
Contributors: TBC

Deliverables: (i) Measurement of the single layer resolution of
<< .. the CSC chambers in the TTR and RDS tests. To meet the

T3 .. . baseline regolutions is mast < %5 um
(0 ShxD.53) DaaCSCY, ﬁ,r@j;?/#«c % ) ROS(T), Bul "'?)(?)
1ii) Invesitgafe the wire desi for the EC chamber L~
_*angle compensation, Work out detail:c of the design in PU%EEE

terms of what are the optimal angles as a function of
position, mechanical tolerances, mass production, etc

(iii) Study the production of large cathode planes. Are the
precision requirements attainable {(strip separtiom,
flatness, and stability)

(iv) Work out optimal configuration of chambers in the barrel
am:l endcaps. Is there a way to reduce the channel count

_ while maintaining performance?

Fi

{/‘1{/ H/P_Z‘ P (v) Provide experimental evidence that the beam crossing can

be tagged with high efficiency.
(_,—,? (vi) I::westigate neoise susceptability at the TTR. How does the
single layer resolution depend on the noise pedestal.

Task 1.3: RD’P"R&D SLJW"L ‘(:G(/
Task Coordinator: Frank Taylor

Contributors: TEC

.

Deliverables: {i) Find a nonflammable gas with which the baseline
resolution (<100 um single laver) and timing are
achieved.

(ii) Provide a crediable design for chambers in the endcaps
©+ ¢ in terms of momentum resolution, (triggering), and

: 13




Session Name: sscvxl 1
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(iv)

(v}

\/‘ (vi)

operation in the charge particle and neutron backgrounds.

Show that mechanical aspecﬁs of the chamber design, such
as wire sag, concentricity of tubes, inside tube wall
surface effects, overall error budget are under control.

Make a determination that the stand-alone trigger concept
is viable (costs, complexity, perfomlance) in both the
barrel and endcaps.

Perform a system optimization, deciding tube diameters,
number of chambers and alignment paths, etc.

Show by measurements that the RDT can be operated
similtaneously with the RPCs.

Task 1.4: RPC R&D:

Task Coordinator:
Contributors: TBC
Deliverables: (i)

(ii)

¢ )
{(iii)
¢
(iv})

Cv)

g S M-———‘F m—————

Craig Wuest

Determine a nonflammable gas mixture.
LRI R

Construct a Jm=M-asm chamber with low resistivity plastic
and show that the noise/area is under control.

Megsure = .reeec.ce,h.uy for RPC p C:‘ht-

Show that the RPC can be operated at high rates while
?mcaz.m.ng the time resolution.

a3 Arg gsevr salenlodion Ror n “‘5&
Centribute”to the compgtability tests with the ROT q-w\ csc 3
REC. Dasign, cap~seo

Task 1.5: Electronics Design (in collaboration with GEM Electronics Group)

Task Coordinators:

Contributors: TBC

Deliverables: (i)

(ii)
{iii)
(iv)

(v)

Dan Marlow and Mike Shaevitz

Conceptual design of CSC readout and trigger electromnics
designs.

Conceptual design of the RDT readout electronics
Conception design of the RDT stand-alone trigger.
Conceptual design of the RPC readout and trigger.

Uniform costing of all technology options.

(2) Essential Mechanical Engineering:

These tasks are to provide engineering support for the chamber designs,
deployment of chambers in the support structure, the design of the support
structure, design and deployment of the alignment system, etc. This work should
be coordinated with the essential chamber R&D and the TDR writing. These tasks
are cutlined in the FY93 R&D Plan, rough draft distribured 10/16/92.

14
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Alexei Vorobyov

PNPI - CSC
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Yu. Kiryushin

Dubna - BNL
CSC
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DUBNA CSC-test
Status

Yo, Kirvushi~v
dubra - BA¢
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DUBNA CSC PROTOTYPE

Nonsegment electrodes Gas volumes Mylar foil Anode wires 9=30
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STRIP READOUT ELECTRONICS

LeCroy —
“Hvbrid 820-M 1 Hold

lnET*Fg_'Pg_:JKTTTK

— - ;Llﬁgfrz

- G=10

Noise — ENC 23500+ 500 r.m.s. electrons for 100 pF
Peaking time - 2 us
Readout time ~ 1.5 us/channel
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Kwong Lau

CSC
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UH CSC Prototype

e 3 layers of 1.0 m (long) x 0.5 m precision strips (pitch = 5.0 mm = 4
mm Cu + 1 mm gap)

e 3 layers { 12 chambers per layer ) of 66-cm larocci-type carbon-coated
(4 kQ per square) profiles with 45 um gold-plated tungsten wires

e standard ( 75/25 Isobutane-argon ) gas mixture at 3.1 kV ( propor-
tional mode )

e 10 (top), 9 (middle), and 8 (bottom) strips at center from the three
layers were connected to Dubna design low-noise preamps (gain ~ 1000)

e preamp outputs are routed via 53-m RG174 coaxial cables to Lecroy
2249W ADCs with an integration time of 500 ns

. trigger on 2 top scintillators and all bottom scintillators

Key Milestones
e 9/15 Prototype delivered to SSCL
e 10/15 Prototype installed in TTR
e 10/23 First data run (30,000 triggers)

e 11/19 Preliminary results

41



Analysis Technique
select events with at least 1 strip with > 100 ADC counts and < 1980
ADC counts
apply gain (4 20 % ) and pedestal (20-30 ADC counts) corrections
locate peak channel in each layer and require peak to be at least 1 or
2 channels from edge of instrumented strips
determine c.0.g. (zc.o.g.) of the hit for each layer by using 3 strips (z(%)

and 4 strips (z(¥) -

o(3)

Zc.0.9. = 1+ %(z(s) _ 2(4))

apply systematic correction

((wz"' z)m

Az = ) 3
z = 80um X sin w/a )

fit corrected points to a straight line

determine resolution per plane from residuals

42



Run#: 666 Events on File: 45442 groups on file: 2
Event#: 4200 Fri, Oct 23, 1992 17:45

—— [
42 35 47 41 114 425 208 60 51 33 541 543

33 43 26 42 135 377 144 30 36 530 544 543

—  e—

4 17 26 3 159339 111 47 31 25 544 543
-0.01 0.02 -0.01

R

X Ry= Ry =~

Ry

9 :J-ZEI
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Run#: 666 Events on File: 49127 groups on file: 2
Event#: 6311 Fri, Oct 23, 1882 17:47

I =

S6 58 57 66 147 773 JA62 662 141 73 18 2000

C | . F—
3 23 21 34 199 8 534 80 27 ¢ 15 2000

™

i
i}

9 22 24 2 209 FS:? 237 50 25 27 0 2000
-0.474 0.948 -0.474
32.308 2B.552 27.640
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200

-200

-400

-600

Z(cog) = Z(real) (micron) as a function of no of strips
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-20

-40

-60

-100

Z(cog) — Z{real) Betore Correction {wire disp = 0.5 mm)

-'-
i s

S, R
' - v’
.....
-----------

NS IR SN RS T T N NN TN W W N NN U NN TN R TN S N N I

0.04 0.08 0.12 0.16 0.2

zreol (in units of o )
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Reults ( perliminary )
e single plane resolution 96.3 um

e relative systematic strip misalignment < 17 ym

47




Hun 414, Kwongs method
no systematic correction
sigma = 53.1 {130.0) pm
40 —
30
20
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414, Kwongs method
um sin-comrection
0.25

L L 11

ma = 39.3 (96.3) um

Run
80

-0.50

20 -
10 -

40

0.4 —
0.2 -
o

(i) enpise:

X [mm]
49
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Short-term Program ( by Jan 15, 93 )
study angle dependence of resolution
study HV dependence of resolution
study gas dependence ( fast vs standard )
remove low momentum muons (software/hardware)

increase acceptance { additional 16 preamp channels )



Near-term Program ( by March 15, 93 )
study dependence on resistivity of carbon coating ( 0.4 to 4.0 k(2 per
square )
study timing of wire signals ( install a fourth layer of chambers )

resolution in streamer mode

ol
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RDT - Wire Sag
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ORrRGANI 2ATION oF ANALVYQ S of
TTR Tests

(Ondreva Goeutv:m/ Qndrm& l(or-a{Ov)

TAcKS :

(1) Opeeate tHe TTR 70 IETERMINE THE
| SINGLE LAYER RESOLUTION of THE

CSC AvND RDT PROTOTIPES

Cit) INVESTIGATE THE SIMULTAWEOUS OPERATION

of THe RPC WITH THE OTHER TwoO TECHNOLOG]EQ
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THE RPC rFor A TRICCER., OF IvTEREST

1% TUE WNoISE SENSITIVITY oF T CSC
To THE RPC NOISE — A RELEVANT
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MuUoN GSYSTEM

The intent of having a common analysis
-3roup for all 'EcclmoaL optiong is th

crosg comparisoms can made and a uniform

set of s%andards app&d t‘o all the
'l:eclmoeoﬂ optiong 39
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