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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 - Smin 

List of CSC objectives - Gena Mitselroakher - Smin 
List of RDT objectives - Frank Taylor -Smin 
List of RPC objectives - Craig WUest - Smin 

Status Reports of Tests and Plans to Meet Objectives: 

CSCs: 
Brookhaven CSCs - Aleksey Vorobyov - 15min 

Valery Chernyatin - 15min 
Dubna CSC - Yuri Kiryushin -lSmin 
Houston CSC - Kwong Lau- 15min 
RDS tests -Smin 

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

Frank Taylor - lSmin 

RPCs: 
Noise Tests at TTR - Irwin Pless - 15min 
LLNL chamber - Craig WUest - lSmin 

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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Session Name: sscvxl 1 Page ~ 

TO: Muon Group 
FROM: Mike Marx and Frank Taylor 
SUBJECT: R&D for Technology Choice and TDR Efforts - Short Tenn Program 
DATE: 11/13/92 

(I) Introduction: 

Now tbat we have a more focused program following the BNL meeting decisions, 
we ltulSt concentrate our R&D and Engineering efforts for the next round of the 
tecbnology 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 FY93 R&D program, we have 
been asked to make no ccmrnitments in either personnel or funding for any 
item. beyond the TDR which would close any option (new personnel) for a later 
phase. 

we suggest that the R&D effort from now until March 1993 be organized along 
tbe following lirt:es .· 

* Chamber R&D: 

This effort will focus on those items crucial to evaluate the tecimology 
choices. There are 5 subtasks in this high priority category involving the 
TTR measurements, and R&D on CSC, RDI', 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 t'eChn.ologies, and includes the completion of the design of the 
chamber support structure, design of the alignment system, layout of chambers, 
resolutions, hadron punch-through and neutron rates, trigger concept and 
s:inulation, and hit-ievel Monte Carlo s:inuiation . .,,-· .-. •.. . 
The TDR writing assignments and rough outline (rrore required) have been given 
in our 11/11/92 ~ and will not be repeated here. 

~ ... ,.~ .. 
* Essential Long',:l'erin R&D: 

One ess.ential ~.term project is to develop plans for a prototype sector to 
be furnisbed witl'i'·cliambers, 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: 

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

Task 1.1: TTR Measurements 

Task Coordinators: Andrei Golutvin and Andrei Ko:cytov 

12 
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.. 

Contributors:. to be COI!Pleted 

Deliverables: (il Operate the TTR to determine the single layer resolutions 
of the CSC and RDT prototypes . .. ·; 

''(ii) Investigate the simultaneous 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 muon 
system. 

The intent of having a comnon analysis group for all technology options 
is that cross com:iarisions can be made and a uniform set of standards 
.applied to all the technology options. 

Task 1.2: csc R&D 

Task Coordinator: Gena Mitselmakher 

Contributors: TBC 

Deliverables: (i) Measurement of the single layer resolution of 

Page 2 

.,... the CSC chambers in the TTR and RDS rests. To meet the 

r !>. s-,. ~ i{)~~~~l7l.r~~}~ f#~~~ ~":.is-;), tt()Sfl:h Ba(t,,1.? J('?} 
(ii) Inves1tgag[' the ~~~e des1~'£or the EC c:hamDer L- ---...;....-

~ *angle con;>ensation. Work out detail::. of the design in p,v.~6#2_ 
~ tezms of what are the optimal 21.ngl"'s as a function of c= ~ 7 
~~t.!:i' ·<·.

1

.-·

1

·

1

·) position, mechanical tolerances, mass production, etc. • 

i.· 

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

Work out optimal configuration of chambers in the ba=el 
and endcaps. Is there a way to reduce the channel count 
while maintaining perfo:z:mance? 

(/I( WPI,, (v> 
/ 

Provide experimental evidence that the beam crossing can 
be tagged with high efficiency. 

? (vi) Investigate noise susceptabiliey at the TTR. How does the 
single layer resolution depend on the noise pedestal. 

Task Coordinator: Frank Taylor 
. . 

Contributors: TBC 
---..:-.~-- . 
Deliverables: {i) Find a nonflamnable gas with which the baseline 

resolution (<100 um single layer) and timing are 
achieved . 

i 

. -· . 
(ii) Provide a crediable design :for c:hambexs in the endcaps 

in terms of momentum resolution, (triggering), and 
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; operation in the charge particle and neutron backgrounds. 

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

(iv) Make a determination that the stand-alone trigger concept 
is viable (costs, c~leXity, perfonnance) in both the 
barrel and endcaps. 

(v} 

(vi) 

Task 1.4: RPC R&D: 

Perform a system optimization, deciding tube diamete/s, 
number of chambers and alignment paths, etc. 

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

Task Coordinator: Craig Wuest 

Contributors: TBC 

Deliverables: (i) Determine a nonflairlllable gas mixture. 
1.a,.,.. C·"i 

(ii) Construct a lm 11 lm chamber with low resistivity plastic 
and show that the noise/area is under control. • 

( ) ~c..u .. ..-. -.. ~•C.tc.. ... ...., 40-r A."P~ plac+,~ 
(iii) Show that the RPC can be operated at high rates while 

!!JV.intaining the time resolution. 

,.. 

c. , F ... tsc...._;, ..... -\-.l...,...."' .A, .. " ~a.:.,.t.· 
(iv) Contribute.to ~e ::~ability tests with the RDT,-...J..CSC~ 
Cv) R.l"C:.. ~s'~" "' ~c.-.p-~<t.O~"f 

Task 1.5: Electronics Design 1in collaboration wi?h GEM Electronics Group} 

Task Coordinators: Dan Marlow and Mike Shaevitz 

Contributors: TBC 

Deliverables: (i} Conceptual design of CSC readout and trigger electronics 
designs. 

(ii} Conceptual design of the RDT readout electronics 

(iii} Conception design of the RDT stand-alone trigger. 

(iv} Conceptual design of the RPC readout and trigger. 

(v} 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 wri-ting. These tasks 
are outlined in the FY93 R&D Plan, rough draft distribut::ed 10/16/92. 

14 
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DUBNA CSC PROTOTYPE 

Nonsegment electrodes Gas volumes Mylar foil 

1490 

1330 

Anode wires 0=30 
Wire spacing =2.5mm 

Strips 

11)1 !f .I 

I 

Nonsegment electrodes Mylar foil 

Cross-section of MWPC perpendicular to the wires 
(All dimensions in mm) 

cil ' 
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co 
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STRIP CATHODE 

0.062" 

0.2" 

45" 

' 

I . '-
i '7 ,-' 
I-' ....., 
I : I 
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. . . . . . . 

- 0.1'' 

............ 
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STRIP READOUT ELECTRONICS 

Le Croy 
· HYbrid 820-M 

--1....._... 
Input 

Hold MUX 

'~ 
0 

Amp.2 

G=l I o --
0 

--

~ to ADC 
> I O 0-----0 

. Amp.3 

G=3 

Noise - ENC 2500+ 500 r.m.s. electrons for 100 pF 

Peaking time - 2 µ s 

Readout time "' 1.5 µs/channel 
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DUBNA CSC Pedestols in RUN 0066 11-10-92 
II) , .. ,02 8000 IG i4f6'4 
~ 13$79 .,,..... 135.7~ 

000 - ....,,., - -7.284 .... t.481 7000 .... 1.47'Z 

• 57.14 ...,_ 711L "-- ..... 
1000 .... ....... 6000 - ~ 

_,..,,. 
....... a.72•3 - 0.73 .. 

5000 

~00 
4000 

3000 
too 

2000 ; 

• loo 1000 • 
' I I •• I I I I ' ' ' t ' 0 , I ' ' ' I ' t I I I , I ' I 

-40 -20 0 20 40 -40 -20 0 20 40 

DUBNA CSC ADC Channel 2 DUBNA CSC AOC Chonner 64 

700 1•1K ..... ... ,. 13579 
-7.t30 6000 -7.llll 

1.4$3 1.218 
600 - 30.12 ..... 

5000 
... .. 

-7.132 -·--500 0.741) Q.7 .. 7t 

400 
4000 

300 3000 

200 2000 

100 1000 

I , I , , 
0 ' . I 

-40 -20 0 20 40 -40 -20 0 20 40 

DUSNA CSC ADC Channel 96 DUBNA CSC AOC Chonne! 128 

• 

33 

---"-------------------



s-. ~ 3 /.Iv bri els 1-1(> V S20-llt 
orritleo/.... a 3 olovs 090 

6. Fottnel iho1 some #tpv 
art> VE>rv st1ns1t1ve 

~- Pu -I -ihe 9 oo d grouno't'n 
"" ll,e c~omtf f?r. '-

Plans: 
1. ~inislt i11s(at'eott·tln of P.Q1 

1. Co f,·Jro tion of eoc~ 
~ /.r / p reoel o 11-I c!Jtrh'1# ~ 

..J. f+.A ov ~ ih~ chat7'14e,-.. 
/:.o rrt<.. ( n~/. ~E'f'i 

-£-o mttke ,,,easume~I 
o+ spoce reso~t/~on 

34 



Ovr .s ect:?nc! ac-l:i v· ii ':J is 
-!o cl e s 1g n o -f V t!e- sc~ee 

c s c pro to ~ Y PE for t!orre~. 
c. s c pro-to i;ype for EC 

i. J) 1 m en t, on s. . - 3. t/ x o. 9 6 M " 

i. Nvmt!er ~-f gop.s - 'I 
·3 . ~," ~ .s-1--r ipr4>f>'()v/ - 'Ip et?.~es 
'I . Ca r.s e .s./: rip . - Y p 11:,/.le .s 
s. ~!;re. .spo.c,ing - r..s· r·1 ~.,, 

Gqp - ! 
Can ,,,,e inc.r.ese i.J,e go_p -lo S Mflf.l 

ltE p Q~ ~ (J SCO\.)(/ ha.s q 

ri,nnt.·1119 V. Tchern1ot1 ,,_ 
programm rOf- C.SC-s,·mv
eer+.-t.0 n 

• • 

T/!e co eev &it·ons s.holJI/· "'1111-
far·: jOfJ - s· mm 

s4:rip r~J()ul pi-lc1' - e mm 

s i:r i.p .x,iel-th - ~ 6 mm 

mPg,,et..,,·~ .f«#IV 8fz.J :: a 8 re 
\Xltr~ s poelng - '9~~,.1 

3!1 



LA 
Ga.~ 
fj f?tl' s ~ 

Gos 10111 

~~·. 

"' o w ll!'I. e 
per-1,,rm 

more 

-80 
- so ~~ ca 1 -"· . 5'n ~~. c.~" 
- ?.ooo e 
- s·. 10 " 

:: 66 M~M. 

ar·P 901ng ~·o 
co eel' et'!!- ,,·o.n -~ 

ocurai €y. 

· R ~T - peoro Type rJf/il:h t4e 
-bet Se~ pf .£ ~ fvf ~I'. C: n (J('t'1m e ~I?. 

36 



Kwong Lau 

csc 

37 



u ~I )SCL l Duh\'\~ 
kvo~~ 

.Gt~ f ~1 

\\r 1> V \a, ) 1 q t( L (SS c L) 
3!1 



,. 

I I 

r 

i I 

. i I' 
1 • 

ii I 11 
I I I 
! I I 

:'.-"~i>';' 

:-.,;,,-;.... 

I 

:-r:-----
1 
I 



UH CSC Prototype 

• 3 layers of 1.0 m (long) x 0.5 m precision strips (pitch = 5.0 mm = 4 

mm Cu + 1 mm gap) 

• 3 layers ( 12 chambers per layer) of 66-cm Iarocci-type carbon-coated 

(4 kO per square) profiles with 45 µm gold-plated tungsten wires 

• standard ( 75/25 Isobutane-argon ) gas mixture at 3.1 kV ( propor

tional mode ) 

• 10 (top), 9 (middle), and 8 (bottom) strips at center from the three 

layers were connected to Dubna design low-noise preamps (gain ~ 1000) 

• preamp outputs are routed via 53-m RG 17 4 coaxial cables to Lecroy 

2249W ADCs with an integration time of 500 ns 

• trigger on 2 top scintillators and all bottom scintillators 

Key Milestones 

• 9/15 Prototype delivered to SSCL 

• 10/15 Prototype installed in TTR 

• 10/23 First data run (30,000 triggers) 

• 11/19 Preliminary results 
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Analysis Technique 

• select events with at least 1 strip with > 100 ADC counts and < 1980 

ADC counts 

• apply gain(± 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.o.g. (zc.o.g.) of the hit for each layer by using 3 strips (z(3)) 

and 4 strips (z(4)) 

z(3) 
z - ~-...,~~~~~ 

c.o.g. - 1 + ~ (z(3) - z(4)) 

• apply systematic correction 

. (w;.'.- z)1r 
D.z = 80µm x sin( :Z ) 

W/2.., 

• fit corrected points to a straight line 

• determine resolution per plane from residuals 
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Run#: 666 Events on File: 45442 groups on file: 2 
Event#: 4200 Fri, Oct 23, 1992 17:45 

----~ [:=::J __ _ 
42 35 47 41 114 42 208 60 51 33 541 543 

_____ c:::::J c::::J __ 

33 43 26 42 135 77 144 30 36 530 544 543 

--- c:=i c:=:::J---
14 17 26 3 159 339 111 47 31 25 544 543 

-0.01 0.02 -0.01 
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Run#: 666 Events on File: 49127 groups on file: 2 
Event#: 6311 Fri, Oct 23, 1992 17:47 

=== c=::=:1===:::1c::::=:::=C=::J 
56 58 57 66 147 

___ [:=J 
3 23 21 34 199 

c=i 
19 22 24 2 209 

-0.474 0.948 -0.474 

32.308 28.552 27.640 

D Dc=J= 
773 62 662 141 73 18 2000 

' =-
85 534 80 27 0 15 2000 

D ---52 237 50 25 27 0 2000 
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Reults ( perliminary ) 

• single plane resolution 96.3 µm 

• relative systematic strip misalignment < 17 µm 
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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 ) 

50 



Near-term Program ( by March 15, 93 ) 

• study dependence on resistivity of carbon coating ( 0.4 to 4.0 kO per 

square) 

• study timing of wire signals ( install a fourth layer of chambers ) 

• resolution in streamer mode 

51 



Irwin Pless 

RPC - ROT Tests 
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200 
Run 388, 11 /6/92 
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Deployment of RDTs 

in Endcaps 
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