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GEM TN-92-216 

Collaboration Council Meeting -
SSCL 

October 8, 1992 

Abstract: 

Agenda, attendees, and presentations of the GEM Collaboration 
Council Meeting held at the SSC Laboratory on October 8, 1992. Agenda 
items are: GEM News; Statement by Incoming Council Chair; Project 
Manager's Report; Calorimetry Decisions and Plans; Muon Decisions; and 
Tracker Status and Progress Toward TDR. 



Council Meeting 
October B, 1992 

Ruditorium 

9: 0 0 

9:30 

9:45 

l 0: 15 

l 0: 30 

11:45 

12:00 

1:00 

2:45 

GEM News (Barish) 

Statement by Incoming Council Chair 
(Yost) 

Project Manager's Report 
(Sanders) 

BREAK 

Calorimetry Decisions and Plans 
(Barish/Kamyshkov) 

Discussion 

Lunch 

Muon Decisions 
(Taylor/Sawicki/Whitaker/Wuest/Osborne/ 
Bromberg) 

Tracker Status and Progress Toward TDR 
(Baltay/Morgan) 

EHecutiue Committee Meeting 

Directorate #2 

3:00 Executive Committee Meeting 
(continues Friday) 
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GEM Collaboration Meeti11g 

at BNL Nov. 4-6, 1992 

All meals will be incl tided in the fee to 
encourage FULL participation. 

Housing Requests ai1d Fees nlust be se11t to 
Doris Rueger 

Physics Dept. 510 A 
Brookhaven National Laboratory 

Upton, NY 11973 
rueger@bnlcl 1 

$125 (if received* before Oct. 15, 1992) 
$175 (after Oct. 15 ! ) 

*Postmark date or E1nail date of request 

14 

-
.. 

-

... 

-
• 

• 

• 

-
• 



CO VA! c It-

WC II~ C /II-SS" r h? rttl('o o c;-1-1 /fl c 

/11 AJolt £J rc-1s 1 o If .J' fl1111s r. 

NcctJ ro ~cf 1/1/C J1tr ~o.lf'/Jf ~r ,,,_ 
t-1 111.. r t At 11 rs /Jo IY s c '7t> c f/l}h c..1 .1t ~ 

CQ l'.r () 1/10 lfl.S . 

If WO JU5 T C<l {t(teo Uvlf 7' 

S U CC ts 5 1 () l'I (J ~ 6' - f.J/ CG""ld V / .,,O A 1-ze-S 

WP- IJ/lt.[,, JSo~f' OU/'?Sctf/cJ /d T'6J1,;l(J. 

f!eo/I~ Seti HC'W J=ulf Pl/f.r 

-- f) A' 1 !' f SJ'lf ru 5 If r"" ~/f T:5 

-- ( v/f II prTJ. y Ho I ro/11 c > 
__ ft!"50WC/./ ;r tl'OIC.Jj /!JY'd,,,, Cf1tV'//.So~,IJJ'I oh'~ 

1s-20 ~llY J=Ol('1,IJI ('tYl"JC,#fL) 

- k-«11 crJt-J.~dolf 11r10N 1N/Co>f111 OJ 
- ere; P CE J1~'1Ck 
- IN VOJ..//e to rs or- /'co.-"~0 /tf1r: t. vLJlh"cr 

..._ lJIY!/l'e'PS IJ-'/ I"~~~ 
_ you.+- c.. /ro/"1-r 

L-o Ok /IV(;.. AJ~ S 0 V-t; CS /'t OWS / J/Ot f/ll'~fi"r J 

fol( tJ ~c cl!A.J! E'/f' 

r~ 
0/( 

Ssc y XI:.: Yt>.J' 7-

Yo rr@-SSc VA' I 
15 



Presentation by: 

. Gary Sanders 

1'7 



) 

I-". "°· .... 

) ) ) 

• 
• 

) ) ) ) ) 



• 

N 
0. 

--~'.( .,. 

5) Puts progress r~port:~itt~~q direc~ly ~J.1.~~~~ystem. leaders. Keep 
current brief,progre,ss reports in place.·. '· ·· · · · · · 

I -,-·' .·-·-' , • , • , -··.·-'·-'·',, •' ,', , - , '; ·: 

• ' ··<f ···.·4 c c ' 



) 

~ 
I-

) ) ) 

-~ 

) ) ) ) ) 



-Proposed TDR Organization and Dates 
Vol Contents Pages Lead Authors 

1 Executive Summary 25 Barish, Willis -
2 MagnetTDR 100 Stroynowski 

· Due complete Nov. 20 

100 Taylor, l\'Iarx 3 Muon 
· Drafts. due Nov. 6, Dec 4, Jan. 4 -

4 CalOrimeters 100 Kamyshkov 
Drafts due Nov. 6, Dec 4, Jan. 4 

irickei.' ' <' ' · · . ;.,o: •- ··_··• •• • " • // • · ·· · , .. JOO· ·Baltay· ' .·.·· .. 

• .Drafts due Nov.6,Dec 4,Jan. 4 .. 
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ALL PAGE Nm-llJERS INCLUDE FIGURES AND TABLES . -
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Hybrid Option (Liquid EM + Scintillator HC) 

Was considered by GEM Exec. Committee in May and 
was recommended for engineering and MC studies. 
MC and engineering studies were performed during 
June-July 

.. o Was presented to PAC . in July 

o After the e-m decision Hybrid Calorimeter Task Force 
Group has been formed to study agressively the issues 
related to hybrid option 

Members of the Group: 

Cliff Eberle, Howard Gordon, Mike Harris, Yuri Ka.myshkov, 
Lyle Mason, Mark Rennich, Gary Sanders, Larry Sulak, 
Bill Wisniewski (chairman) 

Direction of, the Group: 

Eval.uate the potential of. a hybrid calorimeter with. 
liquid Iu:ypLan electromagnetic and scintilla.ting fiber 
hadronic sections. Identify.show-stoppers. If there 
are no shew stoppers, 'identify attractive features of 
the hybrid calorimeter, list areas which,need more 
work, and evaluate major risks. 

·, Meetings and . proceedings · : 

Three very effective meeting of Task Force in September. 
Official report is being presently prepared and will 
be ready within · few days (Bill Wisniewski) 

I will present my personal.perceptions and conclusions 
which I believe closely and correctly reflect the 
oppinion of the majority of the Group 
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TASK FORCE 01~( A HYBRID. CALORIMETER 

llliwLbJ 
J. Womersley 

SinlularioAI f1Dfo""4d by 
Yu. Efremenko, A. Savin, and IC. ShlllPov 

• admtinnaITaskForce~.' · .. -
H. Ma, P. Mockett, X. Shi, I Stumer, B. Worstell 

AIM OF THE TASK FORCE 

The task fon:e was comened 10 address die option of b•r1cting the GEM baml c:alorimeterwith a 
lhrcc layer structure, as below: 

•Liquid K!ypton EM SCdion · 
•Liquid ATP hacbon.ic section, lhickness •a rew· abscrplion Jenps <- assumed~).) 
• SPACAL JaidlonJc sec tkla 

.·-··· 

··. All as a fma:tion of vaiyinc die chictnc:as of die liquid lflOll badlonic layet from moao 31.. The 
conirol for~ PUJ'POS= was lhe bucline I, all-liquid-argon oplion. · . . . 

INDIVIDUAL REPORTS 

ZDd S€i c:EHnS.d 



SUMMARY 

I.EM energy leakage 

Savin has studied high energy EM shower leakage for 1 TeV electrons and photons. He has 
~-ompared his rcsulls with those of Z.CUs and also of X. Shi for BaF2. If no correction is made for 
leakage, then at these energies it will strongly damage the spectrum of energy response and reduce the 
number of cvcms in tbe peak. However, a had:ronic. calorimeter with a relatively poor EM resolution (of 
even 40-~ is adcquarc to com:ct for Cl1er&Y lost amirestc= a Gaussian lincshape. This will. work 
even wi1h a JClativdy thick (2.8 Xo> cryostat wall behind the EM sccti.oo, Altc:rnalivel.y, sq;mcnring the. 
last lXo of the EM sccdon 5Cpl1lllCly c:ac be used 1D Wtttct f'or 1cabge. The prop •ad &T-17 Xo ftom­
back segmentation will not de> the job of leakage cotreaions. 

-·-· ~ - . . . . 

2. Electron·Pion discrimination 

Yu. Efremenko has simularc:d ekctron-pion discrimination in Baseline I and hybrid geometries. 

-

-
.. 

·. --··.··.-·-· ... .. 
The pion rcjc!;tion is bctlcr in the I.Kr+ SP ACAL geomczry by a factor of up to 2 (for 95" declroll 
efficiency). For die 3 l.LAr hybrid die per:b11•ncc is sjmilw ro that of the baefine Then:asoo fortllis 
improved rcjccdoo is dw lhc C1)'0St&l wall bctwccn the I.Kr section aad the SPACAL absorbs the tails of 
EM showers, makin1 dlCln look mm: diffciem from hadrcmit: showers. So the e:ma. disciminarjn11 would • 
come at the expense of worsened resolution, and u probably uot im!f a good to- iP tfDs: raute. 

3. Missing ET 

IC. ShmakoY has :sllldicd missin1 Er cffec:a of enerJY Joss fluctualiom in ciyostat walls. Evcntt 
ware gencrra~ it ill PYTHIA; GEANT wa llSed IO pmnie and panmelrizo ilidividuaJ shower eneigy loss 
disuibutioq,s aad dic& fhc. ~dialrillucion w~ ~to obU If) ET ripre&&l!I n~i&CIU!ll· 
event: ~wa~witA-"iMdur::ible-"miai&ITdlle»~ ~~i~w-
~best~fOIIowc¢~ 111ieli;)'bri&fwilli:tA.U.X:-s=ian·,fo11i>wedby~+-SlliACAL;;buc:in· 
all cases du::missiiqrJ!r antrd by tlie:c:zywwalls is: not sia.nilfcantcomp11 e f widi:~il:m:!Ucililc Er-
iom "C:i' I •ciee. . . . 

. : . ' 

.-.... 

4.. Badronic rl9Glation 

.· · Efremenko has fouiid thit a Siudy of how to ~&ht tbe various layers in the calorimeter to achieve 
the best hadronic i:esolucion yields very aimilar Cmal resolutions for Baseline I, LKr+SPACAL and hybrid 
(wilh 3 1 LAr section). Since some wcightin& is unavoidable anyway (die varioua layen will unhOidal>Jy . 
have different sampling fraci!on:s) !his givca no n:ason ro choose one &cometry over anotller. · · · · 

CONCLUSIONS 

On •p&,• pea:fi:amaiice grounds studied, these simulations gi-wno panicular r:ason to prefer 
any one of tbefOllowmf designs over-another:· · 

Baseline:? (l:.Ar) _ _ . . _ . 
Hybrid ~+I.Ar+ SPACAL) 
LKr+SPACAL 

Any ottW=~•r&bdablO-co pelf.i:m:adeqUau:1y; the cxtn cfyostlif wanS h&Ve'no 
rer:ible eff~ ft is · thai tk choice be lllO on sroums of cost, complexity orinhen:zit 
petfci!ll+IM:C (lloisc, Q ijS(Ht lei'JD in raGJutiOO, cah1mwlbility) o( die Various r=Jmoiogies. which have 
not been 1on1crd It hae. . 
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- 2.8 XO dead material between E-M and Hodronic section 
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24.5 XO E-M calorimeter 
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2.8 XO dead material between E-M and Hadronic section 
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24.5 XO E-M calorimeter 
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GEANT j, 1 5 simulation 
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Hybrid option Jet resolution 
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I 1,'t "•:.. 

-:.. ....... ... .. · ··~·· .... 
·~ ·:-:~ .. ... --·--.. ::--~~ 

:-., ... ~. 
. :'-;.:.:·:·~~~--

·Higgs m«iss : .···. ·. · · • . ·. 

. BO GeV· --
. 120 GeV ·-----
1 60 GeV : '::~::-::···_, 

11 :!:0.1 :!:0.2 :!:0 . .3 ±0.4 

-- · 

0.8 

0.6 

0:.4 

.. ·. 0.2 . 

With Baseline C 
tracker construction 

PYTHIA5.6 

7J < 3. 
Higgs mass: 

80 GeV --

120 GeV -----
.-:. 160 GeV ., .......... . 
··~~:~\";.. -..... -~ .. 

" :·:~:~~>·· .. . '· 

.,_,,:::~::o::.:,~:Z::z. 

---:-:_·.· 

11 ±0. J ±0.2 :!:0.3 :!:0.4 

0 0.2 0.4-
0 

0.6 0.B 0 O.Z 0.4 0.6' 0.8 

. .. :-.· 

92/10/05 12.51 Hole size at 77= 1 .48 
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Preliminary Conclusion of the Working Group: 

We ident.ified no show-stoppers in the proposed hybrid design. 
'l'he majority of the 'working group is convinced that the design 
has many attractive features which make it the viable alternative 
to the integrated cryogenic calorimeter design. Much progress 
h,1r~ J,.,,,~n made in a very short time, however, the design is 
still in an developmental stage. The robustness of the concept 
will, the majority believe, allow optimization of the design if 
this opt.ion is selected. 

'· 

) 
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. l\.ttractive features of the hybrid option 

maximum absorbtion length within given radial calorimeter 
extention which enforce the robustness of muon system; 

.. 

.. 

.. 
o fast response (less pileup) and low noise in HC leading to 

independent isolation criteria made with Hadron Calorimeter onlv 
Corresponding isolation cut complements robust measurement of ~ 
photons and leptons; 

o fast rise and fall time, assuring reliable beam crossing assignm· 
and minimizing pile up contribution to missing Et measurement; 

0 e/h close to 1 - approx. compensated performance; .. 
o hermetic registration of jets and missing Et; 

0 better seal of muon system in 
against neutron leaks; 

the endcap and forward directions 

o generally lower neutron fluxes due to presence of hydrogefi1oUs 
ili&terial in the hadronic section; 

o simple low risk design, construction and operation; 

o better E-M calorimeter because E-M group effort is better 
focused and concentrated; 

o flexible production and installation schedule; 

o low cost;. 

o possibility to reduce the cost of the calorimeter system via 
international collaborations; 

... 

o broader international and US participation in GEM calorimetry; ... 

.. 

82 
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Non-Attractive Features: 

o More material due to tracker support and additional layer of cab: 
in front of LKr E-M two-cups design (0.17 Xo) 

o No longitudinal segmentation in the sci. hadronic section 
(except for the last 2-3 lambda section with separate readout) 

o Smaller surface area to accomodate large amount of feedthroughs 
(if that will be required by preradiator design with large 
number of readout channels - 50% more is still OK) 

o In two cup design option split of E-M at eta=O degrades the 
E-M resolution at the place where the tracker works the best 



• 

Risks: 

1. Krypton loss. In the very improbable event of loss of a substanl~ial 
volume of Krypton, replacement will take at least months, as well as being 
expensive. 

2. Beam availability - Many HCal modules must be beam 1-,?sted before 
test beams become available at .SSCL. Test beam availability elsewhere is 
presently uncertain. 

3. Reliability of estimates that the electronics can be adequately 
cooled in all noble liquid options. 

°' 4. Ability to purify the krypton. 
~ 

5. Fiber radiation damage. 

6. Perceived weaknesses in the current calorimeter groups' efforts. 

' • 4 • • • • • t • 



Presentation by: 

D. Lissauer 

85 



R~ I.Je.G ,..,,J· d /\lo b ~ 

i,· f tAAwj C lel' 
t··· ·.>.>-···· ·"· .......... ,, ··.·""'·"·.· ...... , .. R···· ·.· .··. . . 

!. \>h\ sh~ . e& .. · 
·· . .: -•-.•· _-.· ·;- - . ··:··-···· 

. .. . ". . . OJ~~\/···\~·· e. ~. ' . . ... 
-. . " " """ 

-- . - . . .·.·: .. _-;::.::--·. 

87 



-
· Pkljs,,,, Obie±"'=' 

\ l.J -
Rolo,,v,t Jk.+~4-o"' : '(1 e1 ,M CG E~) 

+~~I fr· -
I . -

I ":,..e ~ . e~~- ~;L~+~,. ----•- ·- .. -- -
. . . ._ . 

· °Seh I ~.,.• . J:,,f~,,.eJd . /!erfa' . .. 
e l»f +- /.J.1'k1 . 

-

-

.. JPdr·3'.:i/ ... Js'~ ; .. h•·"''"; .• L1101·-'r11u.c···r·J..;:1;~ 

\~l L N/Ld.A?. 

-Se.+ '('e so l.u..+, M. 

Ir :z. l&o &v. 

-
-

--!> ~ t: 
i;_p ~ei ~ e.t 

6wi.J_ s.J.41-r ... ,111..-e. ' 

I S"fey "1,~1 as ' -



-

I. Physics Requirements: 

EM calorimeter Specifications 

•Energy-Resolution: 6E/E =6.03/./E E9 0.43. 

• -y/Jet separation, 1/rr0 separation. (:r:solCL.lfcM ~· 
. . ·:· .. · ·-- · ······ • P~inting! Mass resolution at high luminosity . 

• :Position resolution 5mm/ VE 
.··.·• • Tra~s}retse gt.atl.u!a.tity A77 x ~<P ~~lea! o.c:i2J<: o.on 

-. - · ... 

• 1] covetage up to 3 . 

. · .. 
._ ... 

"':: 
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-H adronic calorimeter specifications 

• 
JI. • Energy resolution 60 3/ vfE EB 23 

·-- -
• e/7r between 0.9 to 1.3 

•Total active depth of 9-10 A for Jet 
. . . . . -· 

.. ~._:-:::.:: ... '. . _'. - ·._-. ··.-·-.. ·: ·:-·:·::.-:: - ' .: __ . ·-·:· ·- ·.·--· 

and missni.g energy measurment.s. -
• Total. active depth for·µ rrieaslirements. 

. _. - . . . . . - -_. . . ·. 

·. 11.X at ·71 . 0 and14 at;,,· .. ·. 3. -•Transverse granularity: t:..rr x !:..¢ =0 .. 08 x 0.08 

• Longitudinal seg].Ilentation : 

A1 __::_· 2'1}.=3·, Az ..:.:.. 2,5~;3. ... 
Aa = 2..0~2.s· A4 =· 1.5-2.5 

. . 

·Forward Calorim~te1' -
• TT cov~tage up to 5.5 • 

.. ,.,,,,,:_,,' •:: .. ••,,c.,\::. ,:.!,·J;;~~~~~l~tl~h ~£b~i~:~t:'tb.~ri'J6%:· ' • .. ·. .·. ;._;:.: -: . .·: -.. : . ·. __ ._ .· 

-
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Calorimeter Trigger Information 

The calorimeter system has to provide a major part of the 
information that is needed by the trigger system. This im­
poses a number of constrains on the design . 

T:lie information we need: 

· • isolated em shower : PT>· 15 Gev / c. 1,2 or 3 candidates. 
. . --· 

. •• iSolated. em ~hower : ·_ PT> 35. Gev / c .. 1 or :Z candidates._ 

• Jet : PT > 100 t 200 t 500 t lOOOGev / c 4 Levels for 
Jtlt·. ti:igger~ 

ff. E!p:tal : Er> ZOO, 5·00 , 1000 Gev /c­
ET trigger 

-__ ~ET:~> 35 Gev/c.: 

e :rv.Iissing E,: Epi611 > 100 GeV. 
~ . 

4 

3 Levels for the 
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D. Makowiecki3 , A. Maslennikov4 , S. McCorkle3 , 
D. Onoprienko6 , A. Onuchin4 , Y. Oren9 , 

V. Panin4 , J. Parsons5 , V. Radeka3 , L. Rogers3 , 
D. Rahm3 , S. Rescia3 , J. Rutherfoord2 

M. Seman5 , M. Sm.ith3 , J. Sondericker 1113 , 
R. Steiner1 , D. Stephani3 , E. Stern 7 , I. Stumer3 , 

H. Takai3 , H. Then1ann8 , Y. Tikhonov4 

1 Adelphi University, Garden City, NY 
2 University of Arizona, Tucson, AZ 

3 Brookhaven National Laboratory, Upton, NY 11973 
4 Budker Institute for Nuclear Physics, Novosibirsk, Russia 

5 Columbia University, New York, NY 
6 Oak Ridge National Laboratory, Oak Ridge, TN 

7 University of Pittsburgh, Pittsburgh, PA 
8 SUNY at Stony Brook, Stony Brook, NY 

9 Tel-Aviv University, T':'l-Aviv, Israel 
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F.E. Taylor 10/8/92 

Progress Towards The Muon 
Technology Decision 

• Process Frank Taylor 

•PDT Carl Bromberg 

• LSDT Louis Osborne 

• csc Scott Whitaker 

• RPC Craig Wuest 

•Mechanical Engineering Assessment Rick Sawicki 

• Muon Steering Committee Consensus Mike :tvlarx 

• General Discussion 
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F.E.Taylor 

GEM Muon System Technology 
Review 10/6/92 

Panel of Experts 
Jim Branson, Chris Fabjan, Ken Foley, Dave Nygren 

Definitions: 
Proponent Reports are expected to include discussion of the merits 
of the particular technology, R&D results, how the technology would 
function in the GEM Muon system, costs, feasibility, and strength of 
supporting group. 

Discussions associated with Proponent Reports are expected to be 
confined to the relative merits and demerits of particular 
technology. 

The Engineering Assessment will be a standardized comparison of 
mechanical aspects of each technology with a focus on alignment 
scheme, robustness, fabrication techniques. 
R. Sawicki - Chairperson, M. Gamble, R. Humphreys, C. Johnson, F. 
Nimblett. 

The Electronics Cost Comparison will be a comparison of the relative 
costs of drift technology with analog technology. 

External Comments will allow those outside (or not directly 
involved) in the other proposals to raise strengths and weaknesses 
of all proposals. The request to speak can be made on 10/6/92 (in 
our usual free-style manner), although priority will be given to 
those who ask prior to the meeting. Written reports would be 
appreciated because of their greater impact. 
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October 6, 1992 AGENDA 

(1) General Remarks - ground rules 

(2) PDT presentation (Bromberg) 

PDT discussion 

(3) PDT-JINR (I. Golutvin) 

(4) LSDT presentation (Osborne) 

LSDT discussion 

(5) CSC presentation (Whitaker) 

CSC discussion 

LUNCH 

(6) RPC presentation (Wuest) 

RPC discussion 

(7) Engineering Assessment Report (Sawicki) 

8:00 - 8:30 

8:30 - 9:15 

9:15 - 9:45 

9:45 - 10:00 

10:00 - 10:45 

10:45 - 11:15 

11:15 - 12:00 

12:00 - 12:30 

12:30 - 13:00 

13:00 - 13:45 

13:45 - 14:15 

14:15 - 15:15 

(8) Electronics Cost Comparison Report ((Marlow)) 15:15 - 16:00 

(9) External Comments and discussion (Group) 16:00 - 17:00 
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Calendar of Muon Chamber 
Technology Decision Process 

Inputs: 

Proponent Reports 
Panel of Experts 
Engineering Assessments 
Electronics Cost Assessments (not received 1012192) 
Discussion at 10/6/92 Meeting 

Calendar of Events: 

9128192 

8:00 AM 10/6/92 

5:00 PM 10/6/92 

8:00 AM 10/7 /92 

9:00 AM 10/7 /92 

11:00AM1017192 

1:00 PM 1017192 

10/8/92 12:45 PM 

4:00 PM 1018192 

Reports are due (delivered to Expert Panel, 
Muon Steering Committee Members, and GEM 
Spokesmen). 

Presentations of Technology Proponents, 
Engineering, and Electronics Cost Reports. 

Expert Panel meets with Muon Steering 
Committee, and GEM Spokesmen. 

Expert Panel Executive Meeting 

Muon Steering Committee meets with Expert 
Panel and GEM Spokesmen. 

Muon Steering Committee Executive Session. 
Expert Panel is available for consultation. 

' 
Recommendation presented to Muon Group 
for discussion. 

Recommendation presented to GEM 
Collaboration Council. 

Recommendation presented to GEM Executive 
Committee. 
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Expectation of this Meeting 

• Challenge to Technology Proponents: 

1. Show construction details of chambers (engineering drawings). 

2. Describe how chambers are to be employed in muon system - their 
sizes, and numbers, and how they will be aligned. 

3. Describe what chambers have been constructed and tested. 

4. What spatial resolutions from cosmics and/or test beam data have 
been measured ? Discuss how corrections (geometric, L-angle) are to 
be made. 

5. What are the rate limitations, sensitivity to backgrounds, pattern 
recognition capabilities of your technology ? 

6. Describe trigger scheme for yourtechnology. 

7. Outline costs of complete system - including electronics. 
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Issues for this Meeting 

• Barrel Issues: 

1. Which is the more attractive drift technology - PDT or LSDT ? 

2. Will the RPCs perform in terms of jitter, background sensitivity, and 
longevity? 

3. In case RPCs are not accepted, is there an alternative trigger for the 
drift option ? 

-

-
-

.. 

4. Will the CSCs perform in barrel in terms of resolution, alignment, .. 
and costs? 

• Endcap Issues: 

1. Will the CSCs perform in terms of resolutions, background, and 
costs? 

2. Are there any alternatives to the CSCs in the Endcaps ? 

120 
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Suggested Rules of Game 

• Rating of technologies made on 10/6/92 
defines Baseline 2. Thereafter engineering 
effort focused by leading technology( s). 

• All technologies are carried until TTR tests 
(as defined by R&D FY92 Program) are 
completed. 

• Final decision of Technology for TDR follows 
the TTR tests and completion of FY92 R&D 
program. 

• No new Chamber R&D funds until above are 
finished. 
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Muon Chambers at the TTR -
Technology Chamber size TTR delivery date 
--------------------------------------------

PDT-JINR 1 m x 4 m x 8 layers 7 /28/92 (delivered) 

PDT-MSU 1.3 m x 3.8 m x 4 layers 9/29/92 (delivered) 
• 

LSDT 1 m x 4 m x 4 layers 9/22/92 (delivered) 

LSDT 1 m x 4 m x 4 layers (under construction) 

RPC 1 m x 2 m x 2 layers 9/29/92 (delivered) 

CSC-BU 0.5 m x 0.6 m x 3 x 2 layers RDS-CERN (delivered) 

CSC-BU 0.5 m x 0.6 m x 3 x 2 layers .. 
CSC-BNL 0.6 m x 0.6 m x 2x4 layers 

CSC-BNL 1 m x 1.8 m x 4 layers 

CSC-UH 0.5 m x 1 m x 3 layers 9/92 (delivered) 

CSC-JINR 1.1 m x 1.5 m x 2 layers (under construction) 

---------------------------------- -
... 

-
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c. '5trJ"" ~t'~ 

PDT Characteristics -f"' O 
?J)-;-~ 

• Proven high precision technology /d/e/yz,, 
• The wire tension is stable I / 

OR _ • rNon-flammable drift gas and 
FtflMMA 5£..t:. ~ <100µ resolution 

• 

Less susceptible to neutron 
induced backgrounds • High c R 
rate capability, low gas gain ~ ~eA~S:R 
Reliable gas tight seals, secondary "MOQ. e 

..__ __ gas barrier without need to 

• 

• 

• 

• 

• 

compensate for atmospheric 
pressure changes. 
Wires are physically and 
electronically isolated 
Symmetry of the round tubes for 
ExB effects 
Laminated tube structure, very 
strong, very light, supported only 
at the ends. ""f lo .S,..., ./.;;,.j 
Alignment of the chamber wires fis 
completely determined from the 
ends. Sides of a PDT chamber to 
be free from any interference , pt,;4 k, 
Assembly procedure requiring a 
minimum of technical skill, 
without jigs, that will be fast. 
Very compact end treatment wit 
a minimum of dead space 
Precision manifold plates of any 
size (or shape) can be fabricated 
by splicing smaller plates together 
on a dedicated jig. 



Alignment Holes 
Line of sight through ~1-------51 3/8------
each corner to far end -= _ 

8 Chamber .........:=::......i.-===-'---==--'--===-' 
(2x) __..~ _ ___,._ --~ 

gas in/out Isolation 

• • 

11
./:· 

so auon gas m 

1$11/4 
I 

Extremes 

/ 
HY Connector 

(8x) 16 Chnl Amplifier Cards 
I 

• 

(2x) Chamber gas in/out 

GEM PDT Prototype Assembly 
HEPOI-022-281-D R. Miller 5-14-92 
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Solder 

Readout 
Board 

Epoxy 
Wire 
Bond 
and Gas 
Seal Jewel wire 

~"------. 
guide Wire 

Capture 
Tube ____ _.,._ ~77] Ball contact 

surface 

Precision 
Manifold 
Plate 

Delrio Plug 

Gas Channel 

/ 

...-- Contact 
Spring 

~ 
Magnetic 
Crimp 

1-<-~~38mm~~--1 

Alum. Tub.or----i 
PDT 



Wire Positioning Accuracy 

Both 20µ systematic and 20µ random errors 
on the wire locations have been achieved in a 
large· PDT prototype, and are sufficient to 
meet or better all specifications for GEM 
muon detectors. 

There are no other contributions to the systematic 
error in the wire placement. 

The existing plates of the MSU prototype are 
already within the GEM systematic error limits and 
they can be made better, cheaper, and larger. 

No internal alignment procedures are necessary 
during or after assembly to achieve the stated 
resolutions. 

3 · 128 

... 

... 

.. 

.. 

-

-

-

-



Jewel Hole Center 

SOT wrt M.P. Hole Center 
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Aug. 4, 92 -
Hole Spacings, PDT Manifold plate #1 -

1.2 
., . 

1.2 ;,: 
.~. ,, •• ,... , . .. 

':i. 
1.0 ,. t: • 1.0 

~ ·> 
::$ .. ';.: 

0.8 
.. 0.8 ... . ...... ,1 ... . .. 

X (m) 
_ .... 

X (m) 
:t .... ~ • • • 

~ .. ., 
~: 0.4 - : .. • 0.4 , 

·~. .... . 
• • • .-,. 

0.2 :.. 0.2 .. · of. . ,. . . -\•.: . t.-
o. o. . 

-100. 0. 100. -100. 0. 100. 
x residual (µm) y residual (µm) 

Mean: -.02 Mean: -0.10 ... 
RMS: 19.9 RMS: 8.9 

14 x scale: 1.00012 24 y scale: .99987 

12 20 
Events Events 
per 5 µm per 5 µm -8 12 

6 

4 8 

2 4 ... 
' I ' ' I ' I ' ' ' 
-100. o. 100. -100. o. 100. 

x residual (µm) y residual (µm) 

-
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Chamber Structure is Very Strong 

PDT system is half the mass of any other technology 
Tubes laminated together with epoxy. 
Secondary Gas Barrier and Tube Protection via 1/4" 
Hexcell cover. 

Superlayer Configuration 

16 or 32 sectors are fine 

8-8-4 in superlayer stacks 

3-3-3 z segmentation (other arrangements possible) 

Alignment 

Wire tensions can be accurately (1 %) set with Tungsten. 

Textron, high-strength, low density fibers (wires). 
2km of wire with <20% of the density 

Sides of the chamber are completely free of alignment 
fixtures which will allow overlap of the chambers in phi 
without difficulty. 

" 131 
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Z-Coordinate Measurement with 
Stereo PDT 

Small Stereo Angle : 10 mrad -~---' 
Z- Resolution: 1 cm 

X-U-U' Stereo 

z 

J 
1. Add 2 planes of Stereo to superlayer-1 

. Convert 2 planes of superlayer-11 to Stereo 

. Add 2 planes of Stereo to superlayer-111. 
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LIMITED STREAMER DRIFT TUBES FOR THE 

GEM MUON SYSTEM 

LSDT R & D Group 

R. Sumner 

LeCroy Corp., Chestnut Ridge, NY 

R. McNeil, W. Metcalf 

Louisiana. State Univ., Ba.ton Rouge, LA 

W. Busza, H. W. Kendall, A. Korytov, J. Kelsey, L. S. Osborne, 

L. Rosenson, F. E. Taylor, R. Verdier, B. Wadsworth 

M a.ssa.chusetts Institute of Technology 

Cambridge, MA 

We expect that whatever technologies are chosen most of the present GEM muon group 

v.ill coalesce around the chosen one(s). Many groups here who have expressed a definite 

interest in pursuing LSDT's were they selected. Among them: 

Joint Institute for Nuclear Research, Dubna, Russia 

Institute of High Energy Physics, Beijing, P. R. China 

Superconducting Super Collider Lab, Dallas, Texas 

University of Houston, Houston, Texas 

1 
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Serendipity 
For LSDT 

Streamer Mode 
J, 

Measuring accuracy; 50 to 100 µm 

+ 
Modern Machine Tools 

Typical accuracies; 2/10,000" == 5 µm 
4, 

Accurate Wire Placement 

136 1 
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Streamer Pulse 

Fast: 10 nsec rise time 

Large: rv 100 lllV 

137 
I -



-

-
.. 

Merits of Streamer-Drift System 

• 

1. P~es~rvat.Lort&i m ~ast ti-se t~i~f?.ulSe trans-
IIllSSIOn. 

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

3. Precision wire positioning. -
4. Minimum scattering material. 

.., 5 . No restriction on chamber length. ... 
~a: cow 6. Parts and assembly amenable to mass produc- .. 
*'C. we. 

~~ ti on. 
Q 

7. Stiffness in the final chamber to minimize sup-
port points. -

8. Single wire resolution of ""'lOOµm. 
9. Qne tube per one wire minimizes efficiency loss 

in wire breakage. " -

·l 
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Gases Considered 

Argon( A), Isobutane(IB) Sa ;t-&y ! I 
A(few 3),IB(lO 3), C02 
A(few 3),IB(103},C02,CF4 

IB( <103)-non-flammable 
C02-ohmic,slow ,cool 
CF 4-:8.at,fast 

i 
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Fermilab Muon Telescope 
.. 
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Table X.l: Resolution" and Tma.x for Drift Readout in 2.5 cm. cells 

Ga.s-
A-IB A-IB-C0 2 C02 - CF< - IB C02 - er. - rn 

25- 75 2.5-9.5-88 20 - 69 - 11 40 - 50 - 10 ... 
. . 
. · 

Tmu Tm= T mu Tmu 
Ioiiiz. Source 1 u u u u 

(µm) ( n sec) (µm) (n sec) (µm) (n sec) (µm) (nsec) 
·• .. 

Laser.no mag. field .. 35 260 55 830 70 280 70 460 

. Laser- mag. field(0.8 T) . 45 278 60 835 75 295 

0.5 TeV Muons 55'. 95 ····- . 75" . 

·-

• Averaged over all drift times • 
' '. . .-

... 

... 
.. 

Table .X.2: Resolution" for Pick-up Strip Readout ( LO cm. strip.s) 

GasAmpl.Mode - Proportional Limited SLreamer 
I loniz.Source l • 

L2.Ser I 45 µm 100 µm 

, 0 5 TeV Muons 85 µm I 
- Averaged over all ionization positions -

... 

... 
. · 
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Worries Over Cathode Strips 

. 1.) Measuring to J-00 µm Virith 1 crn strip requires 
a 13 ineasurernent. :. . 
a.) Superb arnplifiers though mass produced.· 

·b.) Very accuratly made strips.·. 
·· 2.) Thermal noise requires long ("" 1 µsec integrat­

ing times. 
3.) Thermal noise places upper limits on the size of 

·the strips and·, therefore the chambers. 
a.) Needs many small chambers.· 
b.) Large number of electronics channels. 

4.) Man made noise will be present to some extent; 
this will not be known quantitatively until turn 
on day. 

143 1 
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NEEDED 
... 

1.) A box, with precision milling -
but only at bridge support points.: 

2.) Bridges: with precision grooves. ... 

3.) U-shaped cathode planes. 

-
4.) Z-strip planes. 

-
-

-
144 1 -



•. 

\ .I" ..... 

f , • ..!.t: 

G? \ I 

l ' 
\ 0 

. :· 

.... .r 
""\ ~·~F 

0 \ l ' ' 
\ 0 

\ 
' 

-

145 



·--~ 

\ 

146 

• -·..:.: 

-

-

,. 
---~-

.: 

.. -
.., 

-



-
I • . ~. / 

g ·r ,..~ \ > •• • .... _ ... ~ ps 
' -

' 

/~ 
/I; 

/~/ 
.... 

I "' v 

I 

- i 
! 

147 



. . 
' 
-. .... . 

-~ 
-: .•. 
~· -

. 
' . 
'-

~ . . 
-.. --

~ -

-' 
-' w 
u 

~ 

" ~ -
. r ..... 
. ... 
.... 
. -
- -
. -.... .... 
- .... 

- -!!Ill ... m--, - - ... 
- ... - - -

-
~ "'" 

... I- j 
.. 

-
~ I-

-
' ' ~ --

--
-~-··-- s. 

148 

-
-

-
-

-
... 

I 
I 
I 

1 I I 
!f I • 

l 1 • ,. I 
• 

,.; ..... 
... 

... 



-

-

149 



!J 
.. · c 
-~ 

ti ._ 
0 ... 
~ 
.c 
e 
:i 

10 I 
I 
I 

8, i 
i 

. ' l 
; 

! 
i 

' { 
I 

• I 
I 
I 

0 ' 

Bridge Groove Deviation (microns) 
Draper_ 

-1- I · - -t - ···- - i --

,II, 
-25 -20 -15 -10 -5 0 5 10 1 s 20 

Deviation (µm) 

150 

-
-

• 

.. 

-

I 
1 
I 

! 

i 

l 
25 -

.. 

-
-



-

-

I I 
L---------------------1-------~, 

I I 

... /'- 4--4---+-N - t1---+~lr-t----l _-_·:=t;::rlr-.. +--i-~~t--r1r- j 
'--'-"'_i_ '-_,___ _ _,__ l 1 I I I · I I I I I t 

I- - -. 

"\: :J l--.l--.+--+-.-4---1--1--4--+--l-1-+·-·+-.-+--+--+-+--l--l-l--+---1 I 

~/-+r-._-4--1----1,_I-~11 r -+-~ 11 r--+~ 11r--1~11 r--1~11 , -+~,I ~f--,. 11, -+~11 r--1~ ! .,.-j~l1 r -I ; · 1 

, \..D 
+--l-d~+-,Jr--+-'-,/,-+--,.i,-,~l;--+---lr-+-,l~+-,lr-+-•l,--+--L,.--1 1 

.·/~ I I I I I t' .. ( I I I I 
'--'\..~U-l--1---4-i l---l---l--+--1--1-~-l-~-1--+--+--4---+--~-l-~--4-I--~ 

I -I , ,rr--, I ;• I 
\{·- I--\! 

I I I I I I ' ' I I I I I ' -+---r-~-. ' 1 ' ' ' ' ' I ! \..I,/ l--~--: 1 1 

_____ ii__,!~==============================================-' 
~-------------------------------------------------------------------~ 

l
3 

+<l4 -12.63) FDR 3 LAYERS, 3 BRIDGES 

254.619 
254.629 
254.619 
254.627 
254.64 7 
254.607 
254.631 
254.621 
254 .625 
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APPENDIX-NEUTRON BACKGROUND PROBLEMS 

Given the neutron efficiency of our chamber and Laurie Waters' calculation of neutron 

fluxes then is the background rate disturbing? 

Waters tells me by letter that the flux of neutrons after the calorimeter and 10 cm of 

borated polyethylene is 1.15x103 per cm2 per second. 

With our "efficiency" of 4x10-3 and typical single tube area of 2.5 cm x 1000 cm we 

get 11.5 kHz/ wi;;. at the first layer. 

Wire aging: Taking - 50 picoCoulombs/pulse I get 5.75x10-3 Coul./cm of wire/year. 

It would take 174 years to get to the danger point, 1 Coul./cm. or 17.4 years at 1034 · 

luminosity. 

What is the chance rate to get a vector from 3 out of 4 layers :firing within the drift 

time? I take the worst drift time , 0.5 µsec, i.e. using a C02 gas. I get 2.6 Hz. This does 

not make a level 1 trigger rate; one would require 2 such vectors in adjoining 4 layered 

chambers of a superlayer not to mention requiring near collinearity in the 3 superlayers. 

CAVEATS: 

1.) The neutron flux calculation includes only the neutrons exitting from the nearby parts 

of the calorimeter. Refiedions of the higher .£uxes at smaller angles back into the 

barrel region are not yet calculated- the magnet acting as a bottle. 

2.) There will be capture gammas associated with the neutrons, also not calculated. How­

ever these should be of the same number as the neutrons. 

3.) The total amount of B-poly moderator is not decided. 

4.) Can one add Boron to the copper of the calorimeter. It makes a better compensated 

calorimeter and captures more neutrons, although the bad and more numerous neu­

trons are the "high" energy ones i.e. > 5 kev. 
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The GEM Muon System Based on 
Cathode Strip Chambers 

Beijing Institute for High Energy Physics 
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Brookhaven National Laboratory 
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Hofei University 

Institute for Theoretical and Experimental Physics, Moscow 
Joint Institute of Nuclear Research/Dubna 

Minsk Institute of Nuclear Problems 
Oak Ridge National Laboratory 
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September 28, 1992 

Abstract: 

This document proposes to show that the Cathode Strip Chambers (CSC) 
Technology re?resencs the best choice for the GE:V1 muon system. 
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Beneficial Features of CSC's 

Unified Technologv -- One detector provides full functionality: 

From the cathode strips --
• Precision measurement in the bend coordinate for momentum 

determination 
• Fast hodoscopic measurement of bend coordinate for triggering 

From the orthogonal readout (anode wires or orthogonal cathode strips) --
• Measurement of the non-bend coordinate and determination of 0 
• Fast timing and bunch crossing tagging 

"Simple" Technology 
• A single precision element -- the strip cathode 

Manufactured by industrial vendors, QNQC 
Industrializable design 
Alignment is integrated into the chamber 

Common Technology with the Endca,p --

CSC's selected for the Endcaps -- only technology well suited to that geometry 

Advantages of choosing CSC's a,lso for the barrel: 

• Focuses effort and resources 
Common electronics, DAQ 
Many common engineering issues 

• Reduces system complexity -- mechanics, utilities, DAQ, ... 
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CSC Electronics Developments 

Lots of work in progress at various institutions in U.S. and abroad: 

Preamplifier 

Designed in MOS, ENC - 1000 electrons for shaping time 300 -- 1000 ns 
(3000 electrons for 30 ns shaping) 

Sha.per 

Designed in CMOS, in fabrication. Variable peaking time (x2) - lOOOns 

Readout 

Track&Hold -- preamp, fast shaper, slow shaper, dual track&hold 
simulated... · 

Switched Capacitor Array 
examples in the marketplace 

Timing 

4-fold OR gated by 3/4 -> bunch crossing tag 

Trigger 

COST 

Combinational logic 
Content-addressable memories 

Bottom-up cost analysis in progress --> D. Marlow 
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Prototype Cathode Strip Chambers 

BNUBU/ -- 1mx2m-- in construction; completion in November 
ORNUSB 

BU -- .4m x .4m 4 gaps, running in RDS test beam at CERN 

UH -- .Sm x 1 m -- delivered to TTR 

Dubna -- 1 m x 1.Sm -- under construction 

BNL -- 14"x18"-- operating -- results from x-rays, calibration 

PNPI: Gas measurements: drift velocity, Lorentz angle tor different gas 
mixtures 
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• 

• Resistive Plate Chambers (RPCs) have been in operation in experiments 
. throughout the world since 1981. 

• The current standard (Italian) design is two meters long by one meter wide 
with a sensitive gas gap of 2 millimeters . 

• There are no wires or conductors anywhere in the sensitive region. 

• The walls of the chamber - in contact with the gas of the sensitive volume -
consists of a semi-conductor (Bakelite, for example) with a bulk resistance 
of about 10**1 l ohm-centimeters. 

• An ionizing particle passing through the sensitive volume (2 m x 1 m x 2 mm) 
breaks down the gap and creates an electrical discharge. 

• This discharge is very fast (a few nanoseconds). 

• The discharge is capacitively coupled to pick-up strips which are located outside 
the semiconductor walls of the gas cell . 

• • 4 ... :.J ·-··· .. . . . . • .. • • • • 
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• 1-Iundreds of these chambers have been produced and are operating in 
experiments all over the world. 

• A set of these chambers have operated at Frascati for 7 years . 

• Such chatnbers are currently being used in E-771 at Fermilab. 

• Recently L3 at CERN has ordered 400 of these chatnbers from 
General Technica, Colli, Italy, a company that is a com1nercial 
supplier of RPCs. 

• Not a new technology, but rather a mature technology which is well 
understood and for which the manufacturing technology has already 
been tr an sf erred to industry. 
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1 Bakelite plate 
2gas 
3 graphite coating 
4 Insulating foil 
5 aluminum strips 
6 line termination 
7 discriminator 
Sfoam 
9 aluminum ground plane 

Figure 1 

190 

7 

-
-

-

... 

-
-

-

-

.. 

.. 



-

-

-

-

-

-

-

1. 0.010" aluminum 
2.4 mm foam 
3. 0.005" al. mylar 
4. 0.015" Bakelite(aquadag coating) 
5. 2 mm gas gap 

scale - 10:1 

Figure 2 
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De opctaled gaseous deteciors of ionizing parlides 
sueh as wire or drift chambcn and streamer tubes haw: 
successfully replaced. in lhe coune of lhe last 15 years 
or so, the older technique of lhe scinlillallon counter 
coupled IO photomultipliers in upeiin1ents requiring a 
high spatial usolution. Convenely the scintillalOr is still 
the most commonly utilized technique to obtain high 
time resolution in current apparatus for subnuclear 
rescan:b. 

The above mentioned detectors are indeed not com· 
petitive with the scintillator IS far IS time resolution is 
concerned. 1bis is due IO the fluctuations of the time 
needed by the electrons liberaled in the gas by an 
ionizing particle, IO drift up lo the multiplication region, 
very close IO the wire, where avalanches and eventually 
streamers are produced. A higher time resolution is 
clearly achievable ii a uniform and intense electric field 
is used instead or that produced by a ch0rsed wire. In 
this case indeed th~ xqucnoe of transitions: 

free dectron - avalanche - streamer 

can occur in a very short time and with minimal 
nuctuations. This possibility was first studied by Keufell , 
(II and others (2). More -~y it has been shown that 
substantial advantages can be obtained if high resistiv· 
ity electrode plates are used to create the field and that 
time resolutions better than 0.1 ns arc achievable in 
small counters working with high pressure gas (3). 

The resistive plate counters (RPCJ (4) described in 
this paper are de operated particle detectors whose 
sensitive clement is a 2 mm thick gas layer of argon. 
butane and Freon at normal pressure. under a Uniform 
steady electric field of 4-4.S kV /mm generated by two 
parallel electrode plates of phenolic polymers with a 
volume resistivity of 1011 ::1: 1 O cm. 

When the gas layer is crossed by an ionizing particle 
an electric discharge is suddenly initiated by the 

0168-9002/88/$03.SO 0 Elsevier Science Publishers B.V. 
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liberated electrons. This disc1targe is quenched by ~ 
following mechanisms: 
1) prompt switching ·off ·of the field around the Clis· 

cbarge point, due to the large electrode resistivity; 
2) UV photon absorption by the butane preventing 

secondary discharges from gas photoionization; 
3) capture of outer electrons of the discltarge due to th~ 

Freon electron affinity, which reduces the size of the 
discharge and possibly its transversal dimensions. 
The duration of the disebarge is typically - 10 ns. 

The relaxation time of the resistive electrode plates is of 
the order of pc-.,. -10-2 S. The large difference be­
tween these two cltaracteristic times insuies that during 
the discharge lhe electrode plates behave like insulators. 
so that only a limiled area of - 0.1 cm2 around the 
discharge point remains inactive for a dead time of the 

order of "· 
Fig. 1 shows the sketch of a "double layer" RPC 

consisting of .WO independent counters superimposed 
on each other in the same mechanical structure. In each 
counter the 2 mm gap between two resistive plates or 
phenolic polymers is rdlcd with • gas mixture or argon 

• (2/3 in volume), butane (1/3) and a small amount of 
Freon al atmospheric pressure. Graphite painted high· 
voltage dectrodes of surface resistivity 200-300 l<D/[J. 
transparent lo the elcciric pulses Originated in the gas. 
allow a capacitive readout through external pickup elec:­
trodcs. These arc aluminum strips 3 cm wide. facing the 
grounded copper electrode also shown in fig. 1. These 
behave as transmission lines of - SO D characteristic 
impedance. Standard double layer RPC moduli have 
been made with a useful area of 1.92 x 0.48 rri1. Several 
moduli can be assembled in a supennodulus as sketched 
in fig. 2. where a detector of S.8 X 0.48 m1 sensitive area 
made or three moduli is represented. The gas flows 
serially from one modulus to the next, and a set of 16 
pickup strips on each of the sensitive planes constitut-
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1bc performance or a spark counter bued on plasticized PVC is described. The rdc\·&nl fealures of this detector match the 
requirements oC surface and underground cosmic ray experiments. Its technological charaacristic:s allow large area dct.cc:tor 
c:onsuu«i<>n. 

I. Introduction 

In the framework of the study or new apparatus for 
extensive air showers of cosmic rays, we have consid· 
cred the application of spark counters. For this purpose 
a time accuracy of the order of only a few nanoseconds 
is required 11 ]. Low cost., reliability and easy monitoring 
are of relevant imponance. 

So r.r the dcvclopmenl of plate spark counters (2) 
with resistive electrodes has shown the possibility of 
reaching high time accuracies and good space resolution 
at the s,,mc time. but their use has been limited by the 
strict technological requirements due to the high gas 
pressure and to the degree of mechanical tolerances 
needed for gaps of 0.1-0.2 mm. They require electrode 
materials with volume resistivity in the range 109-JOu 
n cm, with a sufficient degree of homogeneity: (or this 
purpose some l'C.qstive glasses have been successfully 
proposed, hut they arc rather expensive and not easily 
available. In practice all these limitations become pro­
hibitive for large area counters. 

In order to reduce the technological difficulties a 
new tyre of rc$i"1ivc plate counter (RPC) (3) has been 
d.evclope4. to be employed whenever a time resolution 
of the order of hundreds of picoseconds is sufficient. In 
this dcacctor the resistive electrodes arc made out of a 
phenolic thermosetting resin denominated Bakelite. The 
counter ~ap is of the order of 1.5-2 mm. and the gas 
circulation is at atmospheric pressure. Anyway. the 
RPCs, :as the other spark counlers, exhibit· a noisy 
opcratiun. i.e. the production or spurious sparks, and 
the use uf thcnnosctting materials is restrictive as far as 
the construction technology is concerned. 

We describe here a new plastic spark counter based 
on plasti<.·i7.cd PVC. While rigid (unplasticizcd) PVC has 
a volurnl' resistivity of the order of J01s !l cm. the 
addition ,,r plastici7.crs to obtain the standard commer­
cial soft PVC, hn~,ocrs rcsisthity do\lnl to 1011-1012 U 

Ol68-9lXtl/l't2l:/SOJ.50 O Elsc~icr Science Puhli!i;hcrs B.V. 
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cm (4]: by doping .\\·ith ionic compounds. a volume 
resistivity around 10 8 cm can be easily achieved (SJ. We 
show that the use of commercial pla-.ticized PVC allows 
the co71struction of $park counters \vith noiscles."> oper­
ation and time resolution or the order of 1 ns. Further­
more the use of a material such as PVC makes it 
pos.">iblc to exploit the thermoplastic material technol­
ogy which allows easy construction procedures for Jargc 
area counters. 

2. Prototype description 

Fig. 1 shows the cross section of one prototype. The 
active volume containing the gas mixture is delimited by 
two parallel plate electrodes made of pl .. 1icized PVC. 1 
mm thick. The volume resistivity is - 1011 fl cm. High 
voltage is supplied to the PVC electrodes by means or a 
graphite coating on the surface not in conlact with the 
gas. The '-amish is a commercial solution oC graphite in 
mcthyl-isobutyl-kctone. and the $urracc res.istivity is 
- 10 kU/O. A copper strip provides the electrical con­
tact \\ilh the high \"Oltagc. The graphite-coaled surface 

PICK· LP ELECTRODE 

Fig. 1. c.-rnss ~•ion or a ~r;irk C.."OUntcr fUOIOl)T)C. 
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Study of high energy muon tracking and measurements of punch through probability 

for showers of charged hadrons with momenta 40, 70, 80 and 150 GeV/c have been 

performed at the CERN SPS test-beams using resistive electrode plate chambers. The 

results are compared with Montecarlo predictions and with measurements from other 

cxpcrimenis. 

1. Introduction 

Resistive Plate Chambers (RPCs) are gaseous detectors that combine good space 

resolution with a time respqnse of a nsec[l]. They arc easy to build, stable and reliable 

over long periods of operation and therefore well suited for detectors with large area 

coverage in regions of limited access. These characteristics make the RPCs a good 

candidate for a fast muon tracking Digger at the future hadron colliders (LHC, SSC){2]. 

The main limitation comes from the efficiency reduction of these detectors under high 

particle fluxes[3]. Charged particle punchthrough measurements as a function of the 

absorber thickness arc crucial to evaluate the expected background rates and therefore the 

p'ossibility of operating RPCs for muon detection under the high particle fluxes expected 

from pp interactions at 16-40TcV centre of mass encrgy[4]. 
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• In November 1991, the RPC Collaboration sub1nitted its R&D prograin for 

the GEM Muon Beam Tagging Trigger and Z-coordinate Measuring System 
using Resistive Plate Counters. 

• Properties of RPCs that have been measured include: 

r\:l • Pulse rise-time jitter 
~ • Maximum counting rate 

• Efficiency 
• Lifetime 
• Noise 
• Response to neutrons and gammas 

• A number of RPC prototypes have been fabricated using new materials: 

• Glasses 
• Cermets 
• Plastics 
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• Results from the RPC R&D program: 

f 

• Pulse rise-time jitter measured on 1 m x 2 m Italian RPC - 1.4 ns 
• Pulse rise-time -2.5 ns 
• Pulse width - 50 ns 
• Pulse height - 200-500 m V into 50 ohms without amplification. 
• Saturated counting rate -

• Glasses - 50-75 Hz/cm"2 
• Bakelite - 560 Hz/cm"2 
• Static-dispersive plastics - 15 KHz/cm"2 

• Efficiency - 95% using cosmic ray scintillator telescope. 
• Lifetime - 1 % decrease in efficiency measured for 8.2 SSC years exposure. 
• Noise - 10 x cosmic rays. 
• Neutron sensitivity (1-10 MeV)-4.8 x 10"-3, same as other technologies. 
• Photon sensitivity (1-10 MeV)- 6.6 x 10"-3. 

• Conclusions: 

• The R&D program has successfully addressed the major concerns of RPC 
counting rate, aging/lifetime, neutron sensitivity, and noise. · 

f • f • f • f f f 
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• Two RPC prototypes have been constructed at LLNL: 

• 30 cm x 30 cm RPC test stand to study cermet thin films. 
• 30 cm x 50 cm test stand to study bakellte RPCs. 

• Cr/SiO cermet thin 1ilm RPCs may suffer from damage due to spark interaction. 
Also, bulk resistivity is measured to be too small for proper operation. 

• However, boron thin films may be more robust. Boron films are being deposited 
now. Bulk resistivity can be controlled by film thickness - e.g. 1 o µm boron film 
= 1MQ-cm. 

• New materials are being tested: 9 10 
• static dispersive polymers - bulk resistivity - 10 -10 Q-cm!; 10 
• Westinghouse low resistivity phenolic - bulk resistivity -10 - 10 n-cm. 

• SPICE modeling of RPCs provides insight into rate capability. 

• Measurements being made of cross talk on adjacent strips in small test stand 
with 750 µm glass plates ( 1010 Q-cni). 

• One FTE effort till end of fiscal year to design full-scale gas system for GEM 
RPC system. 
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SPICE calculation of different RPC recovery times based on bulk resistivity 
of materials: bakelite for Italian RPC, glasses for LLNL and MIT RPCs 
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• Three Cost Reviews have been completed for RPCs: 
• Complete cost with material and assembly labor - $5.7M 
• "the RPC system is clearly the lowest cost technology ... " 

• Engineering Review of RPC Technology has been completed: 
• "The RPC engineering design is the simplest and most risk free of any 

of the technologies." 
• "Assembly tolerances are large in comparison with the other 

technologies .... production processes can be quite simple and rapid." 
• "only the RPC technology presented a design for a gas system." 
• "RPC internal alignment requirements are quite modest in comparison 

to the other technologies. 
• "Each of the proposed designs, except for the RPCs require high struct­

ural stability in order to meet the precision alignment tolerances. 

• Concerns included: 
• Gas choice and effects of contamination. 
• Details of the assembly - non-standard sized chambers. 
• Details of the alignment - local and global, strip dimensional tolerances 

. ----·-··-·--·-·-·---------~--· 
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• Two RPC designs have been costed: 

• Two layer Bakelite RPC - ltallan design using existing technology. 
• Two layer Cermet RPC • still In R&O. Promise of reduced mass and cost. 

• Materials costs have been estimated In the following manner: 

• direct estimate from vendor - written al'ld oral for quantities needed, e.g. Hexcel 
• LLNL Stores catalogs - quantity discounts not taken Into account, e.g. tnylar sheet 

• Design assumptions based on Baseline I document as much as possible. 

• Design of structure based on estimates for other muon technologies. 

• LLNL has one designer/draftsman and Is hiring one engineer for structure work . 

• Design Is still evolvlng as R&D progresses, e.g. RPC readout schemes, ett. 

• • 4 • 4 • c • ' ' 
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Standard Bakeljte RPC drsjgp 

___ I11ts;iem11L.._--~-------'C""'os,.....t_,.f$"'/ ... m2l Total Cost f$Kl 

1. 
2. 
3. 
4. 
5. 
7. 

Aluminum U-channel 4.3 11.8 
Bakelite sheet or Cermet coated plastic film 27.0 74.1 
Foam (e.g. polyurethane sheet) 1.2 3.2 
Aquadag 16.9 46.4 
Aluminized Mylar sheet 15.4 42.2 
Spacers , glue ,.0 .... 3_..6 ___ _.1....,.0.___ 

Total Materials 

Total Materials (x.25 for mach'g 
and waste): 

65.16 178.7 

Cost ($/roll Tuta! Cast f$1Q 

81.45 223.4 

___ 1 .. tem ...... ____________ __,c..,ost ........ <S ... im,..21 Total Cast fSIQ 

8. Fabrication cost estimate: $60/hr@ lm2/hr 60.0 164.6 
9. Gas fittings edge x 2 for gas manifold) 4.6 12.6 
10. Steel tubing (1/4" diameter, 10.4km long) 11.52 31.6 
11. RG-174 coaxial cabling (67.5 km) 5.18 142 
12. LEMO connectors (2 x 33,184 channels) 80.0 219.4 
13. Gas (Recirculator ) 91.14 250.0 
Total Miscellaneous 252.4 692.4 

Subtotal: 

Materials, Fab., Gas system, 
Elect. system: 

RPC Materials, Fab., Gas system 
Structural supports and integration with drift tubes 
Materials contingency ( 5%) 
Labor contingency (100%) 

TOTAL 
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Cost ($/rn2) Total Cost f$1Q 

333.9 915.8 

Cast C$fm2l Total Cost ($Kl 

333.9 
300.0 
15.85 
60.00 

915.8 
823 
43.5 
164.4 

Cnst <$/m2) Total Cost CSK) 

709.8 1,947 



Mechanical Engineering Evaluation 
of the Muon Chamber Technology Options 

R. Sawicki, chairperson 
M. Gamble . 

R. Humphreys 
C. Johnson 
F. Nimblett 

October 1, 1992 
Abstract: 

This report summarizes an engineering evaluation ol lhe technologies that are being proposed 
for the rruon subsystem ol the GEM detector. A summary of the status of each option is 
presented along with a comparison of the relative strengths and weaknesses ol each design. 
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Table I. GEM RPC Specifications 

Coverage: 100% - Z. 95% Phi 
Area!Mass: projected thickness= 0.7% Xdlayer 

Material Thickness Ra4. Length % Ra4. Length 

Al 0.005" 8.9 0.14 
Foam 4mm 424 0.09 
Mylar 0.005" 28.7 0.04 
Bakelite 0.015" 34.4 0.11 
Gas 2mm Large 0 
Bakelite 0.015" 34.4 0.11 
Mylar 0;005" 28.7 0.04 
Foam 4mm 424 0.09 
Al 0.005" - 8.9 0.14 
Foam 4mm 424 0.09 
Mylar 0.005" 28.7 0.04 
Bakelite 0.015" 34.4 0.11 
Gas 2mm Lmge 0 
Bakelite 0.015" 34.4 0.11 
Mylar 0.005" 28.7 0.04 - Foam 4mm 424 0.09 -
Al o.oos· 8.9 0.14 

Total: 1.38 

Nominal Radius <Ml; 4.0 6.0 8.0 -
#of chambers 64 96 128 
Width(cm) 148.5 239.0 329.6 
Length (cm) 330.0 360.0 380.0 
Total Length 631.9 1042.l 1475.0 - # Bend-plane strips: 114 183 253 
#Non-bend-plane strips: 166 166 166 
Width of bend-plane strips (cm): 1.3 1.3 1.3 
Width of non-bend-plane strips (cm): 3.9 6.5 8.9 

- Weights (lbs): 
Bakelite: 1877 4943 9593 
Aluminmn perimeter frame: 1049 1472 2304 
Cable: 385 641 963 
Connectors, bracketS: 1160 2855 5795 
TOT AL/Super-layer 4471 9911 18655 

TOT AL WEIGHT (TONS) 16.5 TONS 

3 
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• There are no sense wires in this technology. 

• The pick-up strips are formed on an aluminized mylar substrate. 

• The simplest method utilizes a shadow mask as the mylar is aluminized. 
N 

~ • In addition, etching, grinding, and sand-blasting are all viable techniques 

f 

for creating the strips. 

• The required precision for the strips is + 500 microns. 

• Once the mylar is glued into the RPC stack, the strip positions need to be 
known with respect to an.outside fiducial with a precision of+ 2 mm. 

• • • ····-... -·--· ...... --,--- • • • • 
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• There are no precision requirements necessary for the RPC assembly. 

• Standard toler ances on thicknesses of Bakelite and other commercially 
available laminate materials are sufficient for the proper operation of the RPCs. 

• The PVC disk spacers can be turned out using computerized machining with the 
necessary height tolerance of+ 100 microns ( + 4 mils) without difficulty. 

) 

• Pick up strips can be laid out by masking aluminized mylar sheet or by machining 
with fine cutting tools. Either method is capable of providing the necessary 
dimensional tolerance of± 0.5 mm. 

' . 
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• The chamber will be made up of various layers glued together to form a single 

self-supportittg laminated plate. 

• Spacers are used, consisting of 2 mm thick, 10 mm diameter PVC disks 

• Spacers mechanically separate the two Bakelite plates and keep the plates 
flat with respect to one another by being placed on a 10 cm square grid. 

• They insulate the resistive plates from each other. 
• They trans1nit the .mechanical stresses fro1n one side of the plate to the other. 

• The edges of the RPCs will be sealed by gluing 1 cm wide, 2 mm thick PVC 
strips between the Bakelite plates. This stiffens the edges mechanically so that 

. the plate is self-supporting. 

• Alu1ninum U-channel frame will encompass the chamber on all four sides. 

f 

~ Protect the edges of the RPC dur ing shipping, handling and installation 
• Stiffen the edges so that the RPC can be mounted by four corners (if necessary) 
• Furnish the base to mount the high voltage connectors, the gas connectors 

and the LE~O signal connectors. 

• • • f f f f f f 
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gas in 

329.6c 
253 stri 
1.3cm 

• 

....._ .. 
m 
ps 
wide 

RG-174/U coax 
Outer APC layer 

•• 

""""'- lteadout 
R G-174/U coax 

Strips °"" 
l ....._ -

380 cm, 42 strip$ 8.9 cm wide, 
gas out 

. 
l 
• 
i • 

! • : 

Cable length and weight (RG·174/U): 

(168 x 1 o cm) + 6 x (253 x 17 cm) + (253 x 1 O cm) • layer Interconnects . 

+ (380/2 cm) x 42 
+ (350/2 cm) x 40 ·• 
+ (38012 cm) x 42 · 
+ (365/2 cm) x 41 

+ (329.6/2 cm) x 253 

• non-bend plane strips 

• bend plane strips 

= 1.02 x 10~·5 cm x 2.95 x 10**·4 lb/cm= 30,1 lb 

• • • 4 • • 

4 overlayed RPC layers 
3 strips overlap, don't 
use first and last strips 
on upper RPC s. Longi· 
tudlnal strips are or'd 
together . 

• • • 
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Outer RPG box layout - 4 chambers overlap per sector 
x 16 sectors x 2 halves = 128 chambers 

- 15.0 cm overlap 

15.0 cm_.I 1--
typ. r--

: I l T • • • • • • • • • • • • • • • • • • . . . . . . 
l ! : 329.6 cm : : : J_ . . . • • • • • • • • • • • • • • • . . . . . . . . . • • . . . 

~ 380cm ..,I ~ 380cm ~J_ 

• 380cm 4 ~ 380cm ..,.I .T 
5cm 
typ. 
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THIN MYLAR INSULATING LAYER 
2MM TRANSMISSION LINE (fOAM \./ITH PICKUP STRIPS) 
ELECTRODE 
2MM BAKELITE 
2MM GAS GAP 
2MM BAKELITE 
ELECTRODE 
2MM TRANSMISSION LINE (fOAM \./ITH PICKUP STRIPS) 
THIN MYLAR INSULATING LAYER 
THIN GRDUNDPLATE 
THIN MYLAR INSULATING LAYER 
2MM TRANSMISSION LINE (fOAM \./ITH PICKUP STRIPS) 
ELECTRODE 
2MM BAKELITE 
2MM GAS GAP 
2MM BAKELITE 
ELECTRODE 
~!'!~. t~~N~~I~.i_!~~. ~!~~ ~~~,~~ V{ITH PICK~P STRIPj) 
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STIFFENERS--... 
TOP AND BOTTOM 

A 

··~---·--· - ---~~·- ~-----·-----·--·-·· 

SPACEFRAME TUBE 

/CARBON COMPOSITE FRAME 
......._ 

RPC 

CARBON COMPOSITE FRAME 

c 

2.50 x .38 ANGLE 

~ •CARBON COMPOSITE TUBING 
.38 SQUARE x .OB WALL 
TOP AND BOTTOM 

DRIFT TUBE ASSEMBLY 

RPC ASSEMBLY 

SECTION A-A 

I I • • • • • • I 
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RPC ASSEMBLY 
( 8 SHOWN ) 
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MUON SEGMENT 
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• RPCs, as a Level 1 trigger, do not reqoire precision alignment. 

• The RPCs can be mounted either separately from the precision drift tube 
technology, or co-located with the drift tubes. 

• Sufficient care in fabrication will allow strips to be located with an accuracy 
~ of about + 1 mm with respect to a fiducial placed on the edge of the RPC. 
co 

4 

• Sag in the RPC will be within the limits imposed for proper muon timing and 
momentum detennination so that monitoring of the sag will not be necessary. 

• In-situ RPC alignment can be performed using cosmic rays or physics events .. 

• In addition, if the RPC system is incorporated into the drift tube structure, 
alignment will be coupled to the drift tube alignment system without added cost. 
This is because the RPC strip readout is referenced to a fiducial that can be 
referenced to the drift tube align tnent system. 

• In any event, RPC location to -2 mm in Zand <I> is sufficient and to -tern in R 
to insure proper operation for Level 1 triggering. 

-~-----

• • • • • • • • • 
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• The RPC is a very rugged reliable device without sense wires 
or regions of high fields. 

• In case of a failure one half of the double RPC would fail. 

• Each RPC gap as a separate chamber. The loss of one RPC gap 
1neans a decrease of efficiency of 1 %. 

• The RPC syste1n is, for practical purposes, 100% redundant. 

• Any single failure has a negligible effect on the practical efficiency of the syste1n. 

• If one gap fails per year (two orders of magnitude higher failure rate than 
is indicated by our current experience), then the probability of two gaps 
failing in the same RPC chamber in ten years of operation is less than 10%. 

) 
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• 

• All material and components are off-the-shelf stock items. 

• Once the ite1ns have been identified, all items and materials can be at the 
RPC Factory within 120 days of receipt of purchase orders. ·. 

• We estimate that construction can proceed at a rate of about 160 square 
1neters per week: Our average chamber has an area of 10 square 1ne ters. 

• Hence, we can estimate that this assembly team can assemble about 
16 chambers per week or about three chamber per day. 

• The total of 288 chambers will therefore take, under this assu1nption, 
18 weeks. A factor of two contihgen.cy gh"es a 36 week estimate for 
fabrication time. 

• ' 4 4 • • 4 • • 
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• RPCs have been manufactured in large quantities by Italian University groups 
for many years - R&D on an Italian RPC with dimensions 1mx2 tn at MIT. 

• A factory lo build these RPCs is already in place and is capable of building 
RPCs to our specifications with minor modifications to their manufacturing 
process lo take into account our new materials. 

• If the need arises the manufacturing of RPCs could be carried out in the US at 
LLNL or MIT or also in China. · · 
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• One year final R&D effort to construct the largest prototype RPC chamber. 

• This chamber would be constructed by the members of the RPC Collaboration. 

• Second R&D year to set up a proper factory including special jigs and 
handing tools, and to work out the assembly line bugs. 

• Given the appropriate R&D funding for those two years, the first production 
RPC chamber would appear in Janua:ry, 1996 . 

( ( ( ~ ( • ( ( ( 
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• LLNL is designing the RPC gas system. 

• The envisioned system is a low-flow, simple state-of-the-art recirculating 
system using standard technology 

• All components are standard, off-the-shelf items. 

• 2743 square meters of surface area in the three muon super-layers contain 
0.4 cm total thickness of gas layers - total gas volume of 10.9 cubic meters. 

• Typical RPCs operate with a gas flow rate of about 10% of their volume per 
hour or about Ll cubic meters per hour (18.3 liters per minute). 

~ . 

• The RPC gas system is designed to provide this flow rate for an accurately 
mixed combination of gases. 

• Previous RPC systems have run successfully using a gas mixture consisting of 
66% Argon, 32% isobutane and 2% freon. It is unlikely that this tnixture of 
gases will be allowed at the SSC because of its flammable nature. 

• Alternative gas mixtures are being explored in R&D. One candidate gas is a non­
flammable mixture of 49% C02, 49% CF4, and 2o/o freon. 
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PRESENTATION TO THE MUON TRIGGER 
MEETING AT THE SSC LABORATORY 

22 JANUARY 1992 

IRWIN A. PLESS 

BARREL RPG TRIGGER 

I. INTRODUCTION 

II. RATES 

Ill. TIMING AND TRIGGER WIDTHS 

~ " 
l IV. TRIGGER STRATEGY 

V. HARDWIRE IMPLEMENTATION 

VI. ASSOCIATIVE MEMORY IMPLEMENTATION 

VIL SUMMARY 
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Muon track (x,y) 

\ 

\ 

Middle 

Inner 

60 degrees 

(a) 

(b) 

Figure 11 
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NON BEND TRIGGEH 

-

9.0 

t 
i 

... 

370 .. 

7{ -

-
For each outer strip there are three, three fold coincidence circuits. 

Any triple coincidence generates a non-bend trigger. 

-
-

-
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NON BEND TRIGGER 

Tower geometry. 

Each plane is divided into 161 strips. 

Outer = 9.0 cm 
Center = "6.5" cm 
Inner = 4.1 cm 

Center is really 5 strips OR'd together, each strip is 1.3 cm· wide to 
furnish the z coordinate of the track. 

For each outer strip there are three coincidence circuits to account 
for multiple scattering. 

This implies there are 3 x 161 = 483 circuits per sector. Each circuit · 
is as follows: 

. 
Ou TE R (_ 

I 
Q. 

0 /ION' 
I 

B f, I 
,. . 0 -
CeNrER L '• .. 

I 5/(r/11/i 

AND 
. 
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l - I 
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NON BEND CIRCUIT 
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This has 100°/o acceptance !or Pt> 30 GeV/c. 

This has about 70o/o acceptance for Pl= 10 GeV/c 

Acceptance falls rapidly for P1<10 GeV/c 

We have 161 strips 
161 strips 
805 strips 

~ 

1 1 

-
-
-

-Non bend trig 

-

-
-
... 

4.1 cm (inne 
9.0 cm (oum 
1.2 cm (cen1 

Hence a total of 1127 strips => 1127 discriminators per sector. Trigger 
box must accommodate 1127 connectors or about 2254 cm linear length. -
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A 20 GeV/c track has a sigma of 2 strips around the ideal 
intersection point al R E 370 due to multiple scattering. In order to have a 
95% acceptance we have to be able to handle± 4 strips around the ideal (no 
multiple scattering) intersection point. 
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VII. SUMMARY 

WE FIND THE FOLLOWING TRIGGER RATES FOR 
THE BARREL: 

Pt> O GeV/c 

Pt> 10 GeV/c 

Pt> 20 GeV/c · ·· .. ··· 

Pt> 30 GeV/c 

1 .3 x 106 HERTZ 

2,000 HERTZ 

400 HERTZ 

75 HERTZ 

WE CONCLUDE THAT JN ORDER TO OPERATE AT 
A LUMINOSITY OF 1034 WE SHOULD HAVE FOUR 
TRIGGER LEVELS: 

Pt> 10 GeV/c 

Pt> 20 GeV/c 

Pt> 30 GeV/c 

Pt> 50 GeV/c 

-- ·: .· . - -·- --· - . :. . ·-:-· .· ·- -:·. :· . . 

USING OUR PROPOSED WIRING GEOMETRY, WE 
HAVE THE POSSIBILITY ATTHE FIRST LEVEL 
TRIGGER OF CALCULATING THE EVENT TIME TO THE 
LEVEL OF THE RISE TIME JITTER OF THE RPG. IF TH 
RPG RISE TIME JITTER IS LESS THAN 4 
NANO-SECONDS, THEN THE BEAM CROSSING IS 
UNIQUELY IDENTIFIED AT THE FIRST LEVEL TRIGGEF 
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WE FIND WE CAN DO COINCIDENCES OF THE 

VARIOUS STRIPS WITH GATE WIDTHS OF 13, 9, AN 
6.5 NANO-SECON.DS. THIS WILL REDUCE SINGLE .. 
RANDOM NOIS·E HITS ·BY A ·FACTOR 7. 

WE HAVE S·HOWN A TRIGGER STRATEGY THA 1:. 
CAN BE IMPLEMENTED JN FIXED HARDWARE OR BY 
USJNG ASSOCIATIVE MEMORIES. IT WILL TAKE 
. MOF{E STUDY TO DETERMfNE WHiCH IS THE OPTIMft.! 
WAY TO GO FOR THE GEM DETECTOR. 
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'P_e.ajel Marlow 
3t1:1e ii, 1002 

A Slmple Circuit for Tlme~Dukewlq ln the GEM B.PC•a 

. . 
.P~11 ·.tm.~t .m.qb\fmw.md -... :to .am-tm. pnib1mn 'woula he to tt_gn•ent 

eaC}i •UiJ>m~moleugtlm ~:enough to ftduee the time~. to i.. t1Jaa 16 m.. 
. :Iupradii:e w.~ ~ • 11Deatioc u. i~ itiii> 4Cnnl iato mar.Jii-. · · · 

. ··. ·. UnfortuaateiJ, \bil liuzple eXpedieM .Rilel the cb•0 Ml Count &1ld the utmdam electrOidca 
. . C011k "7 ii. cornepoacliag faf:tor. Other "'bemee, where the .r ltripl lire und to clpamicallr 

generate. mne. correeU0111, he.Ye allo been .propoaed, but theae are complex and lnvol~ 280 . 

· ... ''·· ....... <··:···· •:; :~}~p~,.. ..... :•·.-:· ... ,.;;; ... <·:···············:······.\····:;•:••":'i'''''···~···''''''·········:·.-:: .... ,.:•>····:··:·~·:: . ., ;:'":"•"''•'"··.: ...•...... , .. -c,:, .• :.:~; • ., ........... ;.;.,:) ··:•·.,: ..... ,.>····'· ; .............. . ' 
····~ . -· 

Muntlmem lar Lng SclaWiahra 
A :aimilsr-pniblmi mila in the :readout of big tdntilleton, where tnmit time var1 .. 

tiona;prciauce·a!gni!i'Cl.td timing jitter 31-mil)' 'Olle PMT 1t used. Bowett11~ \he l.ftrllP time 
of arrival of ·plilaea •from a pair ot ,Phototuuea vrangea "IQ ... to Yiew adi. ad of 111. laag 
acint!llator (see tOp. p&ri of ftgure-2) .is mdePendmt of ·t'he panic1e1

1 'hzipad poaition. 1n 
practlee, tbe'&Wiiile am~ tlme a&n oe'smmte:d in reai ili!ie .uiiiis either •akii or dlg­
liai-CiiOuita, ~called "iillialitlmm" Oz- "cliiOnQt'iOiia". A clamc digital ·approach emplo;lng 
tappectdeli.y. llriu ht -~hewn in the lower-pOrtlon ·orfigure:2. ::if the tolal leigth ot aoh clete, 
line ia choien to be the 'lie.Die ·aa tho ·ttm-e Ye·qw:ed !cir licht to~ the length ci£ the 
counter (a'T), the ~t 'lm.l'bd "MT" ,nu!= Jlfta-. ~ delay time M. lnclepacleo.\ 
of the pus1mm mim:iclence Tbe •pacing 'betwwww \ape n com\NI\ uul the llUIDber of tape 
{md i= 1IUIDher of AND CU-) eaa be adjl&Red to gift the deelred ntlOlutlml. A tap 
apacing of 6t llmiu '1ie lingle-m.euurcme:ut enor to ±it/2. . 
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Materials Test Detector LI 

Mitech-411 
plastic 

0.90 mm 

Output 

t 4% Freon 1381 
38%. lsobutane 
Balance: Argon 

Gas Box 

1 micron gold coating 
6x6cm 

:r: HV 

2 mm quartz 
spacer 
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RPC Candidate Material Ill 

Material Thickt1ess Bulk Arc 
(cm} Resistivity (.Qcm} Resistivity (.Qcm2} 

MIT mirror .300 5.0 x1012 1.5x10·12 

750 micron mirror .066 4.9 x1o12 3.23x1011 

Kodak projector glass .123 6.42x1011 7.89 x1010 

Italian RPC .200 1.0x1011 2x 1010 

Bakellte .161 4.5x109 7.24x108 

ABSTAT-M310 .072 5.78x109 4.16x108 

ABSTAT-M310 . .060 5.78x109 3.47x108 

Mitech-410 .090 2.03x109 1.83x108 

Mitech-410 .030 2.03x109 6.19x107 

Corning 0211 glass .056 6.7x107 3.75x106 

Boron .0001 1x106 1x102 
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Spice Calculations of .Recharge LI 

1.0 
' ~ 

I ,I 
1" Q) I' I\ o.8 --- J 1 \ 

°" "C ' ' \ 

Q ::I 
,, I , 
:1 i ... 11 'I ' ·-- /1 \ 

c. 
E 0.6 1: 

<t 
j1 

"C '1 I\ 
Cl) 0.4 

:1 '. / 

N i;)i' ·--C'IS 1: 

E I 
;1 ... 

0.2 /1 0 z :1 

1: 
~-----..... ~. 

\ 
Mitech ABS 

/ 

\)<;;< / Glass 1 u Thick 

"'-... . ,,_ 

'I ') •... , ·'! 

' .,, ·-... 

0.0 LJ 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Time In Seconds 

• ' • • • • • • • • • 



.. 
"' 0 ~ 

0 < ,... 
::! 0 < 

0 "' 

• 'I"'" • 
• • 
• G> • 0 o· . . ... 0 

::I 0 • 0 • a> 

"' tn 
C1) 0 • - • z C> 

\· c ·- • en 
a.. .G) 
0 • • 0 1'> 
~ 0 CG 
0 0 ·--C1) co 0 • • > ~ 
C1) 

/ c • • "' "' <U c •• - 0 
CJ 0 Cl) 0 0 0 - a.. ... 

""" 0 ::I 
0 a.. en a.. ·-

== c • 0 
a.. 

0 0 -+ 0 ·- 0 

== 0 0 0 0 0 U> 
0 U) 0 U) 

0 N 'I"'" 'I"'" 

U') (';w:>~/:>as1siuno:> 

" 261 



0 
0 
0 
0 -T"" 

0 

• o .. 
LI) 
en -
0 

• 0 
0 en .. 
0 

::s • 0 
in ca• 00 CD 

Cl) :O> 
ftl ....... -ca 0 -0 > - • 0 

c.. 0 
00 

en 
en 
ca 0 .. 

• 0 - LI) 

CJ ,... . 

-0 0 - 0 ... - 0 ·- ,... 
:5. 
c 0 

0 
0 LI) -- q 00 co -=I' N 0 co 
(.) • c:i • c:i c:i T"" 0 0 ·-:5 .{:>ua1:>!Jl3 

0 -in ...... 
262 -



) ) ) ) ) 

Bakel'ite/lihseed Oil Detecto·r Singles LI 

• 

BAK.KA-OM\MB 



-



) ) ) ) ) ) ) ) 

ABSTAT-M310 Lucite Fra~e Second Build Plateau ~ 
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Con·clusions ,[I 

• SPIC.E mndel can be used to predi~t rate handling capability of 
ca'r'1did~te RPC materials ··· 

• RPC performance depends mainly on bulk resistivity 

• RPC's built of ABSTAT M310 will be an excellent choice for GEM 
offering an order of magnitude improvement in rate.~andllhg 
capability and el:)se of fabrication } 

~ ~ 

• Large multi-channel M31 O RPC to be built in FY93' .. 

• Precision measurements of efficiency vs. rate will require test beam 
time w 
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Scope 

• From a mechanical engineering perspective, review all four barrel muon 
technology options 

- cathode strip chambers 
- limited streamer drift tubes 
- pressurized drift tubes 
- resistive plate chambers 

~ • Compile as detailed information as is available on all aspects of the design 
.i::. 

• Compare relative strengths of each design 

• Identify issues and concerns 

• • I • • • • • • • • 
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Review process 

• Charter established on Sept 1, 1992 
• M. Gamble 
• R. Humphreys 
• C. Johnson 
• F. Nimblett 
• R. Sawicki, chairperson 

• Convened four oral reviews with Technology leaders 
• CSC • V. Polychronakis 
• LSDT • L. Osborne 

N • PDT • Carl Bromberg 
~ • RPC • C. Wuest 

• Each technology leader submitted a written summary which is contained in 
appendix of report 

• CSC report received too late for review and comment 
•• CSC vugraphs included in appendix 

• Evaluation of each technology written by a single panel member but 
reviewed and approved by the panel as a whole 

) 



• 

l\:) 
'1 
~ 

Review topics 

• Design 
general design concept 
weight 
wire or strip support 
gas systems 
chamber structure 
impact on truss structure design 
superlayer configuration 
electronic packaging requirements 
size limitations 
utility routing 
failure tolerance 

• Manufacture/assembly 
approach/philosophy 
component fabrication 
precision requirements 
development requirements 
vendor availability 
assembly procedures 
fixturing requirements 

• Alignment 

• 

internal • wire/wire,plane/plane 
external • superlayer/superlayer 
fiducialization 

• I • • 

• Structural 
stiffness requirements 
dimensional stability 

•Coverage 
acceptance • phi and theta 
phi overlap potential 

•Cost 
assumptions 
equipment, material and labor 
cost uncertainties 

•Schedule 

• 

long lead components 
component fabrication time 
assembly time 
installation time 
first availability 

• • • • 
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CSC (assumed 6 projective alignment paths per tower) 

CF==::::::;F=== r===~,.::===7 #chambers= 32 
#towers= 8 
#tower alignment paths = 48 • 
wire plane configuration= 81414 

• addHlonal alignment paths may be 
necessary to monitor chamber straightness. 

# chambers = 18 
#towers= 2 
#tower alignment paths = 6 
# axial alignment paths =a• 
wire plane configuration = 8/814 

• addHlonal alignment paths may be 
necessary to monitor chamber straightness. 
Axial monttors require multipoint sensing. 

t=====-,===== r=====7 #chambers= 9 
#towers :3 
# tower alignment paths = 18 
wlra plane configuration = 8/814 

=:chamber 

• or I = alignment path 

Figure 7.2.1-1. Sector configuration comparison 

277 



7.0 Engineering comparison 

From a mechanical engineering perspective each of the muon chamber technologies otter very 
different approaches. Precision wire or strip support mechanisms, alignment strategies. structural 
characteristics of the chamber assembly, assembly sequence. cost and other characteristics are 
quite different for each option even though the basic precision measurement requirements are 
similar. The details of these designs were presented in the previous sections. In this section a 
comparison of the engineering concepts are summarized to provide visibiltty into the relative 
strengths and weaknesses of each design. First a numerical table is presented to quantitatively 
compare the options in several different key categories. The following sections describe in a 
more qualttative manner how the designs differ relative to one another and which design have 
noteworthy strengths or weaknesses in each of the main topics of review. 

7.1 Table summary 

csc LSDT PDT RPC 
Max. chamber weiaht - ka 100 250 470 92 
Total chamber weiaht - ka 117.000 126.400 55.000 20,560 
Maximum chamber width - m 1.32 1.2 3.46 3.3 
Maximum chamber lenoth m 3.506 7.65 5.0 3.8 
Maximum chamber thickness - .124 .22 .40 .03 
m 
#chambers/sector (1/161 32 18 9 9 
Total# chamber 1024 576 288 288 
Inactive chamber edge zone - nat defined .065 .04 
m 
Phi overlao caoable Yes Yes Yes Yes 
Inactive chamber end zone 0.01 0.015 .04 
Incl includina alii::mment)- m 
Projected wire-to-wire (strip-to- 50 20 20 1000 
strip) placement accuracy 
(random) - microns 
Total power 100,000 10,000 30,000 NA 
dissipation(intemal to 
maonel)-W 
Proven performance wtth non- yes yes (9.5% yes no 
flammable aas isobutanel 
Operating gas pressure - 0.1 0.1 30 - 60 (psig) .25 
inches of water 
Total aas volume - m"3 60 456 576 10.9 
Tata!# electronic channels 1,000,000 110,000 114,000 33,000 

(with 
multiolexina 

Total material cost - K$ 8597 11341 6533 1521 
Total labor cost - K$ 9520 7949 9322 3417 
Total cost - K$ 17847 19290 15855 4938 

Table 7.1-1. Engineering parameter table 

7.2 Design, manufacture and assembly 
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Tra.c·ker Status 
and 

Progress Towards TOR 

•Taiwan Report 

•integration ls·sue·s 
Support Membrane 
Material in Additional Cables 

•Progress on. Material in Tracker 
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Taiwan 

•August visit 
3 representatives from ITRI 
(Industrial Technology Research 
Institute)ss<:»d £mffolfee.s . 

3DD H/f 'l;nnt.IA.Q ~f 
If lafu or :z.n;f.;1t..h::s 

David Hsing, Director of ERSO 
(Electronics Research+ Service 
Organization) 

Jong Liu, Manager of Material Science ~sea...-eh 
Laboratory ( M RL) 

Larry Tang, Manager of Precision 
Machining Facility l MI RL) 

•Currently a delegation of 9 
physicists and engineers in 
Taiwan for detailed discussions 
with their homologues to 
evaluate capability to 
undertake the construction of 
the tracker in Taiwan. 
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U.S./Taiwan Project Oriented 
Collaborative Teams 

Project U.S. 

!PC Frontend Paul O'Connor 
Electronics Brookhaven 
Preamp- Shaper 

!PC Analog Buffer Chuck Britton 
Switched Capacitor Oak Ridge 
Array 

!PC Analog to Gunther Haller 
Digital Pipeline SlAC 

-

Silicon Front End S. Hahn 
Eectronics Los Alamos 
Preamp, Shaper 

Silicon Digital Brad Cooke 
Pipeline Los Alamos 

Silicon Microstrip Jim Brau & U. of 
Detector Wafers Oregon Engineer 

!PC Chamber Will Emmet 
Composite Boards Yale University 

Support Structures R. Barber, T. 
Carbon, Metal Matrix Thomson 
Composite Los Alamos 

Tooling for Composite Barber, Emmet 
Lay-ups 
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Engineer 1 
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-Engineer 2 
ERSO 

Engineer 3 -ERSO 

Engineer 4 
ERSO 

Engineer 5 
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Engineer6 
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Engineer 7 
MRL .. 
Engineer 8 
MRL 
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Engineer 9 
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U.S./Taiwan Project Oriented 
Collaborative Teams 

Step 1: September - October 1992 

U.S. team members visit Taiwan to meet ITRI counterparts 

Discuss aims and scope of problem 

Step 2: October 1992 - October 1993 

Longer visits back and forth at team members' convenience 

Develop conceptual designs 

Implement detailed design for fabrication in Taiwan 

Step 3: October 1993 - October 1994 

Build first prototypes in Taiwan or elsewhere as necessary 

Test prototypes in Taiwan and U.S. 

Step 4: ... 
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se!llC~ 

Power/Signal Cabling 
Cross Section 

R W G 

' ' \.\. • 
HV I o+ 

G =Ground 
A0·A9 =Address/Data Bus 

·E =Enable 
R,W =Read, Write Enable 

s+ 
\\ 

• I 
t s-

Gp = Ground Plane· 
HV = High Voltage 
O+ = Digital Voltage 

e+,e· = Analog Supply 
V th = Analog Threshold 

Figure 8. Cabling harness cross section 

Cable Assembly 

Type A . ~,,,,, 
.J. ~--'! ;.... 
~~~~\ 
!~ 

·~ 0 " "' I • 
TypeB \ L -
r~ 

a 

T ' yr~ -.-

vth 

Figure 9. Barrel cable harness assembly 
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RL, extra cables 

I I Totals I !Totals 
!thickness, cm fraction of RL Conductor + !cable with 
I Insulator I I suooort cylinder 

insulator I 0.24 0.00836237 
I I I 

conner I 0.185 0.12937063 13.77%11 17.32% 

I I 
aluminum I 0.303 0.03091837 3.93%1 I 7.48% 

I 11 
suooort cvl. 12 skins=0.635 0.0254 11 

lribs=7.5% aaoi 3.365) 0.0100951 I 
I total 0.035495 
I . 

I 
I 
I 
i Radiation lenath 11 

mvlar I 28.7 I 
coooer I 1.43 I 
aluminum I 9.8 I 
araohite I 25 I 

-

-
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TOR 

Draft exists • since February 

Decisions on final Si details next 
week. 

Simulations group in high gear to 
produce results with most recent 
configuration. 

Most difficulty will be the result 
of trying to cut the current 200 
pages ·by half. 
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