
GEM TN-92-58 

GEM Muon Group Meeting 
SSCL 

January 22, 1992 

Abstract: 

Transparencies and agenda of the GEM Muon Subgroup Meeting held at the 
ssa.. on January 22, 1992. 
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Sketch of a Resistive Plate Chamber 

Resistive electrode plates Pick-up strips 
11 

= 10 nxcm 

PVC spacers Graphite painted electrodes Insulating fllm 

P= 1001cn1 D 

Muon barrel RPC functions: 

1. Beam crossing tag 3. Z coordinate of muon 
2. Muon trigger 4. Pattern recognition road 

Among the R&D goals are studies of: 

1. Rise time jitter 5. Maximum counting rate 
2. Efficiency 
3. Gas (non-flammable) 

6. Materials 
7. Manufacturing techniques 

4. Noise and aging 
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1. Measure the properties of 1 m x 2 m Italian RPC. 
2. Develop new materials and construction techniques. 
3. Build a 1 m x 2 m RPC with new materials. · 
4. Measure the properties of the new RPC. 

Brown, Indiana, MIT, and Tennessee will construct a muon telescope 
using drift chambers and scintillator hodoscopes, which will be used 
to measure the properties of the various RPCs. · 

LLNL will develop new materials and construction techniques. Using 
the new materials, LLNL will construct a 1 m x 2 m RPC. 

R&D Work to Date: 

1. Two glass RPCs (36 cm x 137 cm) have been constructed at MIT. 
Rise time < 5 ns; Width < 50 ns; Height - 600 mV into 50 ohms. 

2. 30 cm x 30 cm RPC Test Stand constructed at LLNL. Chrome and 
Cermet electrodes deposited on resistive glass. 

Global RPC Properties: 

Each muon sector will have three RPC layers. One layer will be 
attached to each of the three muon tracking super-modules. 

For each sector, the RPC strip count is: 

Non-bend plane: 1, 127 
Bend plane: 552 
TOTAL: 1,679 

Total channel count for GEM RPC subsystem is: 

32 x 1,679 = 53, 728 



?O:GEM Muon Group 
FROM: Steve Ahlen and Frank Taylor 
SUBJECT: Muon Group News/Meetings 

~ews Items: 

1/16/92 

(1) The PAC has approved our LoI and recommends that the GEM Collaboration 
oe supported to work on the development of a Technical Design Report. 
II review of the progress towards that goal will be in July, 1992. 

12) The Texa• Commission funding did not qo through. As a conaequence our 
R•D budget will be about 70\ to 75\ of the requested FY'92 funds. There 
~ill be a discuosion of this matter at the GEM Executive meeting Wednesday, 
Jan. 22, 1992, and will be an item of diocuaoion at our Friday meeting. 

131 There vill be a General Review of the Muon system on Feb. 5, 1992 to be 
held in Beaton. Everyone is urged to attend. Please notify Steve or Frank 
if that date is not possible for you. Gary Sanders is calling the meeting 
•• the start of a series of reviews of the major systems of GEM. (See 
llttachmentl 

(4) An effort is underway to update the baseline specifications of the 
~EM detector by the time of the Tuscon Meeting March ll, 1992. Thia vill 
involve understanding of B-f ield shaping, hadronic punchthrough, chamber 
:onfigurations, etc. Marx/Sanders/Harris are coordinating this. 

~eetings: 

Ill Triqgering/Simulationa: Wednesday, Jan. 22, 1992 9:00 AM-12:00 Noon 
(from Maged Atiya) 

( 11 Summary ot Previous meetings Atiya 15 min 
Plan for more work 

121 RPC R•D at LLNL Wuest 20 min 
(3) Update on Signal and 

back9round event 9eneration Chialci Y. 20 min 
(41 Update on PCHTHR code R. McNeil 20 min 
I SI llpzlatc Oil l&Ubii S!!AHI modal PH' A VT i!I t i:z 

"' Associative Memory Trigger Polychronakos 20 min 
(7) Further thoughts on muon Pleas 30 iain 

triggers 

PS: A BU person will talk about Pad chambers (probably Scotti on 1/24 

"'f" 

121 Muon Steering Committee: Thursday, Jan. 23, 1992 after Council Meeting 
Approx. 4:00 PM-6:00 PM 

131 Hardware Meeting: Friday, Jan. 24, 1992 9~00 AM-3:00 PM 

Ill General remarks/R•D budget plan 

(21 Engineering/Integration and Coot 
Review 

(3) Statuo of magnet/flux ohaping 

(4) TTR 

(51 PDT R•D 

(6) LSDT UD 

171 RPC R•D 

(8) CSC UD 

Ahlen/Taylor 40 min 

Nimblett 40 min 

Taylor(for JDSI 30 min 

Mitaelmakber 30 min 

Ahlen 30 min 

Osborne 30 min 

Wueat/Pless 30 min 

Polycbronokaa/ 30 min 

MM 
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I. INTRODUCTION 

THIS PRESENTATION IS DESIGNED TO DISCUSS 
ONLY THE TOPIC OF THE BARREL RPC TRIGGER. 
SOME ASPECTS OF THE TOPIC CONSIDERED MIGHT 
HAVE RELEVANCE TO THE FORWARD DIRECTION. 

WE HAVE AS OUR STARTING DATA THE CURVES 
CALCULATED BY B. ZHOU AND R. McNEIL. THESE . 
SEEM TO BE IN AGREEMENT WITH THE TABLE 
CALCULATED BYD. GREEN AND D. HEDIN. 

WE WILL SHOW THAT TAKING ADVANTAGE OF 
THE ISOCHRONISITY OF THE BARREL GEOMETRY, OUR 
TRIGGER WIDTH NEED ONLY BE NINE NANO-SECONDS 
WIDE, PLUS THE RISE TIME JITTER OF THE RPC. WE 
SHOW THAT AT THE LEVEL 2 TRIGGER, THE BEAM 
CROSSING TIME IS KNOWN TO THE RISE TIME JITTER 
OF THE RPC. THE BEAM CROSSING TIME AT THE 
LEVEL 1 TRIGGER SHOULD BE KNOWN TO BETTER 
THAN 12 NANO-SECONDS. THIS MEANS THAT AT 
THE LEVEL 1 TRIGGER THE BEAM CROSSING IS 
UNAMBIGUOUSLY KNOWN. THE TRUTH OF THIS 
STATEMENT DEPENDS ON THE RPC RISE TIME JITTER 
BEING LESS THAN 4 NANO-SECONDS. THIS IS ONE 
OF MANY RPC PROPERTIES THAT WILL BE 
MEASURED BY THE RPC RAND D PROGRAM. 

WE WILL PROPOSE A FOUR LEVEL TRIGGER. WE 
WILL ALSO DEMONSTRATE THAT THIS TRIGGER CAN 
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BE IMPLEMENTED IN A HARD WIRE FORM AND 
PROBABLY BE IMPLEMENTED USING ASSOCIATIVE 
MEMORIES. 

IN OUR SUMMARY WE COLLECT ALL THE 
FEATURES OF THE TRIGGER SCHEME. 
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Table 2: Muon Rates versus Absorber Thid:ne9.ll 

0 < 1.,.,1 < 3 0 < ,.,.,, < l ··l < ,.,.,, < 2 2 < ,.,.,, < 3 

All 28,000 400 4100 23,000 
punch 4,900 iO 420 4,400 <t).. 
prompt 400 16 130 250 
All 18,000 250 2700 15,000 - -punch 430 5 JO 400 ,, A. -prompt 400 16 130 250 
All 11,000 !JO 1500 9600 -punch 40 0.-l 3 40 IS 1' 
prompt 380 13 120 250 
All 6800 80 700 6000 (" punch 5 0.4 5 ll'A 
prompt. 270 13 iO 190 
All 4400 50 480 3900 
punch 0.1 0.1 
prompt 270 10 70 190 
All 2700 30 270 2400 
punch 
prompt 270 10 70 190 
All 900 12 70 800 
punch 
prompt 150 7 10 135 
• .\JI 400 2 24 340 
pan ch 
prompt 140 0.6 j 130 

,b summed over ?t ftcrfG ( P.H~) 

'( I 

--- ----·----- --------------- ----
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II. RATES 

THE CALCULATIONS I HAVE JUST SHOWN 
ASSUMES A LUMINOSITY OF 1033. FOR THIS SAME 
LUMINOSITY, I INTERPELLATE AND EXTRAPOLATE 
THE DATA FOR THE BARREL, AND ARRIVE AT THE 
FOLLOWING RATES FOR THE BARREL. W~~ERE THE 
DATA DID NOT AGREE, I ASSUMED THE HIGHER 
NUMBERS. 

TOTAL RATE, NO Pt CUT 

Pt> 10 GeV/c 

Pt> 20 GeV/c 

. Pt> 30 GeV/c 

1.3 X 106 HERTZ 

2,000 HERTZ 

200 HERTZ 

75 HERTZ 

THE TRIGGER LOI OVERVIEW CALCULATED THE 
FOLLOWING RATES: 

Pt> 10 GeV/c 

Pt> 20 GeV/c 

Pt> 30 GeV/c 

1300 HERTZ 

390 HERTZ 

70 HERTZ 

I CONSIDER THIS SURPRISING AGREEMENT. 

THEREFORE WE WILL TAKE AS THE RATES THE 
HIGHER NUMBERS: 

{ 



Pt> 0 

pt> 10 

pt> 20 

pt> 30 

5 

1.3 x 106 HERTZ 

2,000 HERTZ 

400 HERTZ 

75 HERTZ 

t: 
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Ill. TIMING AND TRIGGER WIDTHS 

... 

' .. ~ 

~ 

IF WE COLLECT ALL SIGNALS FROM THE STRIPS 
IN ONE CORNER AND MATCH CABLE SPEEDS TO 
STRIP SPEEDS WE ARE MATCHED IN TIME ATTHE 
CORNER. AT THE LEVEL 1 TRIGGER WE KNOW THE 
BEAM CROSSING TO BETIER THAN 12 
NANO-SECONDS, 8 NANO-SECONDS DUE TO THE 
1.59 M LENGTH OF THE STRIP AND 4 
NANO-SECONDS DUE TO THE RISE TIME JITIER OF 
THE RPC PULSE. THIS LATTER NUMBER HAS TO BE 
VERIFIED BY THE RPC RAND D. 

HOWEVER, AT THE TIME OF THE FIRST LEVEL 
TRIGGER, THE IDENTITY OF THE X AND Y STRIPS 
ARE KNOWN. AT THIS POINT, ONE CAN CALCULATE 
THE BEAM CROSSING TIME TO AN ACCURACY OF THE 
RISE TIME JITTER OF THE RPC. 
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FOR TRACK 1, THE SIGNAL FROM THE OUTER 
LA YER ARRIVES 9 NANO-SECONDS AFTER THE 
SIGNAL FROM THE INNER LA YER AND 4.5 
NANO-SECONDS AFTER THE SIGNAL FROM THE 
CENTER LA YER. 

FOR TRACK 2, THE SIGNAL FROM THE OUTER 
LA YER ARRIVES 13 NANO-SECONDS BEFORE THE 
SIGNAL FROM THE INNER LA YER AND 6.5 
NANO-SECONDS BEFORE THE SIGNAL FROM THE 
CENTER LA YER. 

HENCE THE TRIGGER WIDTHS ON THE OUTER 
LAYER MUST BE 13 NANO-SECONDS LONG, WHILE 
THE TRIGGER WIDTHS ON THE INNER LA YER MUST BE 
9 NANO-SECONDS LONG AND THE TRIGGER WIDTHS 
OF THE CENTER LA YER MUST BE 6.5 NANO-SECONDS 
LONG. 
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IV. TRIGGER STRATEGY 

IN THE LOI OVERVIEW, THE GOAL OF THE 
OUTPUT RATE OF THE LEVEL ONE TRIGGER WAS 
10,000 HERTZ AT L= 1033. A Pt CUT AT 10. 

GeV/c YIELDS A RATE OF 2,000 HERTZ. THIS IS 
ONLY 20°/o OF THE TOT AL TRIGGER RATE. 

HOWEVERAT L=1034 A10GeV/cCUTYIELD 
A RATE OF 20,000 HERTZ, WHICH IS TOO HIGH. 

A Pt CUT AT 20 GeV/c YIELDS A RATE OF 400 

HERTZ AT 1033 AND A RATE OF 4,000 HERTZ AT A 
RATE OF 1034, WHICH MAY NOT BE ACCEPTABLE. 

HENCE A TRIGGER WITH Pt CUTS AT 10, 20, 30 

AND 50 GeV/c SHOULD BE THE DESIRED GOAL. 

THERE IS THE QUESTION OF PATTERN 
RECOGNITION IN THE PRESENCE OF ISOLA TED SINGLE 
HITS AND TWO TRACKS IN THE SAME ACTIVE TIME. 

IF WE ASSUME THE VALUE OF 1.3 X 106 HERTZ 
RATE WITH NO Pt CUT, WE FIND THE RATE PER 

SECTOR TO BE 40,600 HERTZ. IF WE ASSUME A 
LIVE TIME OF 200 NANO-SECONDS WE FIND THE 
PROBABILITY OF GETTING TWO TRACKS IN THE 
SAME LIVE TIME TO BE ABOUT 8 X 1 o-3. THIS 
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WOULD IMPLY ABOUT 1 o/o OF THE EVENTS WOULD 
NEED SOME SPECIAL PAlTERN RECOGNITION 
ANALYSIS. HENCE IT IS DESIRABLE TO KEEP THE 
LIVE TIME BELOW 200 NANO-SECONDS. 

AS WE WILL SHOW, THIS IS EASILY DONE USING 
THE HARD WIRE APPROACH, AND PROBABLY CAN BE 
DONE USING THE ASSOCIATIVE MEMORY. 



PRESENTATION TO THE GEM MUOIJ TRIGGER SUBGROUP 
MEETING OF 6 JANUARY 1992 AT BNL 

IRWIN A. PLESS 

BASE LINE GEOlvlEl RY 

CCNrER. 

INN£1\ 

.. I NT E(lA CTID/11 

pc1t1T 

Outer plane 
Center plane 
Inner plane 

CALORIMETER 

Inner radius 
Outer radius 
Interaction thickness 
Total number of radiation lengths 

e. = 21/E ..Jxtxo = 21/E -./396 

a RMS -11>/2 e. 

plane 

ORMS = 1/../3 L uRMS 

plane plane 

RADIUS 

830 
600 
370 

1450 
1048 
664 

= 75 
= 370 
= 12;.. 

WIDTH 

330.2 
239.7 
147.2 

= 12/.56 x 18.5 .. 396 



Outside plane 
Center plane 
Inner plane 

Total number strips 

BEND PLANE CALCULATIONS 

All strip widtl1s = 1.3 cm 

- . - . . 
• • 

c 
• 

= 254 strips 
= 185 strips 
= 113 strips 

= 552 (= number of discriminators) 

2 

I ' 
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'37o 

A 20 GeV/c track has a sigma of 2 strips around the ideal 
intersection point at R = 370 due to multiple scauering. In order to have a 
95% acceptance we have to be able to handle ± 4 slrips around tile ideal (no 
multiple scattering) intersection point. 

' "0 
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To handle the multiple scattering problem we must have many 
circuits. 

1 O GeV positive charge. For example: 

8 x 254 .. 2032 

10 GeV 
20GeV 
(30 + 40) GeV 
50GeV 

.. 2032 
= 2032 
= 2032 
= 1524 

Total number of circuits for positive charge 

For both charges = 2 x 7620 

The logic gives four momentum trigger ranges. 

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

=7620 

= 15,240 

5 

Ir/ 



Circuit "Design" using signetics 100 K series ECL chip 100101. This 
is a 5 input and/or chip. 

Need a fast infinite fan in circuit (infinity = 2032) 

DI s' J'--l::il"f 
IOJl-

0 
0 
I ovr 

ltl.JL 

1..>1sc. 

0 

I 
OR 

1 O GeV Circuit= 8 x 2 x 254 = 4,064 circuits (2,032 positive; 2,032 
negative). 

lovrtR I 
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0 0 
jcc.vre11. I 
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20 GeV circuit - need 4,064 circuits. 

jovTEfl.. { -; 
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/ceµT£11. I I 0 
0 I .. 
I CJ /Cc.VT(f( : 
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/ c t:,v ri:fl 1 

I /\fl D 
I f1/VNcR 1 

(30-40) GeV circuit - need 4,064 circuits 

I 
fovTc~ 1 

I 
I ~ le c/.I reR r I 0 
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a b 
I 0 

• 0 I 
o vT 

I 0 \ c. f'N Tt' Rj OR ~ I 
AtJ I) 

11£ 

50 Ge Vic circuit- need 6 x 2 x 254 = 3,048 circuits (1524 positive; 
1524 negative) 
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Trigger > 1 O GeV 

I PISC I 

I 

I ID 6-tFV I 
I 2 

{) 
I 

'?I ' 
' 2.. 
I 

r10 r;.cV Of. 

j 'Zo c.ev 
1 '2 

' 
0 

' "?! 
• z. I '2.o c.£" : OR 

3oe-~" { -z 
0 

' 3 I z.. • ' 
3~ 6-ct/ o~ 

( fD Gt:=v' I 
• > 
' l.. 

/ G"D C.cv / 
'I 

Of. 

POSITIVE MUON 

._ 

\...-- I 
0 
0 
I 
a 

r I 

OP. r 

I 

....._ I 
·o 

0 
I 
() 

I 

/\N IJ 

~ 

8 

11'' G G-E 
Qll t" 



NON BEND TRIGGEH 

9. a 
\ 

(,, () 0 

370 

For each outer strip there are three, tllree fold coincidence circuits. 
Any triple coincidence generates a non-bend trigger. 



NON BEND TRIGGER 

Tower geometry. 

Each plane is divided into 161 strips. 

Outer 
Center 
Inner 

= 9.0 cm 
= "6.5" cm 
= 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 F.. 
. 

l 

I 
0 
0 /./()fl/ B 
I 

,. . () -
CeNfE f{ L 

,, 
I G/(rlilA 

AND 
• 

/IJN!iR, 1 

• • 
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NON BEND CIRCUIT 

fl of'/ f3f,VI). SIG/VAL i-

' 
I 

I 

( Y-
i 

1 ~ 

( 
o~ 

I 

I I 
' 

1----' '"'o"' f3cJVo s1&-N'1L / ,. 

This has 100°/o acceptance for Pt> 30 GeV/c. 

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

Acceptance falls rapidly for Pt< 10 GeV/c 

We have 161 strips 
161 strips 
805 strips 

-

1 1 

Non bend trigger 

4.1 cm (inner) 
9.0 cm (outer) 
1.2 cm (center) 

Hence a total of 1127 strips => 1127 discriminators per sector. Trigger 
box must accommodate 1127 connectors or about 2254 cm linear length. 



SUMMARY 

Strip count 

Non Bend 1, 127 
Bend 552 

Circuits 

Non Bend 483 
Bend 15,240 

Chips 

Non Bend 644 
Bend 45,720 

Each discriminator must connect to a maximum of 70 circuits. This 
puts either a constraint on the output impedance of the discriminator or a 
series input resistor to the 100101 ECL chip. As an alternative, to save 
power and money, all this can be redone in C-MOS with large scale 
integration techniques. 

Question: 

How do we write the simulation program? 

12 
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V. HARDWARE IMPLEMENTATION 

THE FIRST QUESTION WITH RESPECT TO 
HARDWARE, IS HOW DO YOU GET THE SIGNALS OUT 
TO THE COMMON ELECTRONICS POINT. IN OUR CASE 
WE PROPOSE TO BRING THE SIGNALS OUT ALONG 
THEEDGEOFTHE RPC LAYERSATTHELAYER 
LEVEL AND ALONG THE 60° LINE TO THE OUTER 
LA YER FOR THE INTER LA YER CONNECTIONS. 

FOR EACH LAYER WE HAVE 161 CABLES 
RUNNING ALONG THE EDGE OF THE LA YER, USING 
RG 58 CABLE. THIS IS A CABLE BUNDLE 5.8 
INCHES ON A SIDE. 

, FOR THE RUN FROM THE INNER LAYER TO THE 
CENTRAL LAYER WE USE 274 CABLES. THIS IS A 
CABLE BUNDLE OF 7.5 INCHES ON A SIDE. 

FOR THE RUN FROM THE CENTER LA YER TO THE 
OUTER LAYER WE HAVE 1,264 CABLES. THIS IS A 
CABLE BUNDLE OF 16 INCHES ON A SIDE. 

ALTERNATELY, WE CAN RUN ALL CABLES IN A 
FLAT PACKAGE TWO INCHES WIDE. THAT WOULD 
GIVE WIDTHS OF 17, 28.2, 128 INCHES WIDE, FOR 
ALONG THE LA YER, FROM THE INNER LAYER TO THE 
CENTER LA YER AND FROM THE CENTER LA YER TO 
THE OUTER LA YER RESPECTIVELY. 
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VI. ASSOCIATIVE MEMORY IMPLEMENTATION 

AN ASSOCIATIVE MEMORY OPERATES BY 
HAVING STORED HIT PATTERNS AND THEN FOR 
EACH INPUT PATTERN, COMPARING EACH OF THE 
STORED PATTERNS WITH THE HIT PATTERN 

THE NUMBER OF PATTERNS WE HAVE IS: 

10 GeV 12,880 
20 GeV 10,304 
30 GeV 7,728 
50geV 3.864 

TOTAL 34,776 

SINCE EACH ASSOCIATIVE MEMORY CAN 
HANDLE 128 PATTERNS, WE NEED ONLY 272 SUCH 
MEMORIES. HOWEVER EACH MEMORY CONTAINS 
OVER 120,000 CIRCUITS. HENCE WE ARE TALKING 
ABOUT 9 X 106 CIRCUITS PER SECTOR. 

HOWEVER, THESE SEEMS TO BE A FAIR AMOUNT 
OF EXTERNAL LOGIC THAT REQUIRES ADDITIONAL 
CIRCUITS, AND TIME, IN ORDER TO UTILIZE THIS 
APPROACH. IN PRINCIPLE, HOWEVER, IT SEEMS 
THAT ONE CAN USE THE ASSOCIATIVE MEMORY 
SCHEME FOR THE RPC TRIGGER. 
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MORE WORK MUST GO INTO THE ASSOCIATIVE 
MEMORY SCHEME TO SEE IF IT CAN BE MADE TO 
WORK. 
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VII. SUMMARY 

WE FIND THE FOLLOWING TRIGGER RATES FOR 
THE BARREL: 

Pt> 0 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 IN 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 AT THE FIRST LEVEL 
TRIGGER OF CALCULATING THE EVENT TIME TO THE 
LEVEL OF THE RISE TIME JITTER OF THE RPC. IF THE 
RPC RISE TIME JITTER IS LESS THAN 4 
NANO-SECONDS, THEN THE BEAM CROSSING IS 
UNIQUELY IDENTIFIED AT THE FIRST LEVEL TRIGGER. 
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WE FIND WE CAN DO COINCIDENCES OF THE · 
VARIOUS STRIPS WITH GATE WIDTHS OF 13, 9, AND 
6.5 NANO-SECONDS. THIS WILL REDUCE SINGLE 
RANDOM NOISE HITS BY A FACTOR 7. 

WE HA VE SHOWN A TRIGGER STRATEGY THAT 
CAN BE IMPLEMENTED IN FIXED HARDWARE OR BY 
USING ASSOCIATIVE MEMORIES. ITWILL TAKE 
MORE STUDY TO DETERMINE WHICH IS THE OPTIMAL 
WAY TO GO FOR THE GEM DETECTOR. 


