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GEM TN-93-452 

GEM Collaboration Council Meeting 
SSCL 

August 5, 1993 

Abstract: 

Agenda, attendees, and presentations of the GEM Collaboration 
Council Meeting held at the SSC Laboratory on August 5, 1993. 
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GEM COLLABORATION COUNCIL MEETING 

REVISED AGENDA 

August 5, 1993 

Greetings, Announcements Yost 

Status of the collaboration Barish 

Project Manager's Report Sanders 

Break 

Calorimetry Willis 

Muon System Taylor 

Tracker System BaltayfThornas 

Lunch 

B Physics with GEM Yamamoto 

Pattern Recognition in GEM Muon System Dingus 

Simulation results since TDR Womersley 

FCAL test results from BNL Rutherfoord 

Computing Report Word 

Status of the Laboratory Schwitters 

Adjourn 
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GEM TEST BEAM CRYOSTAT 
MODULE ARRANGEMENT 

......... , .. 

SECTION A-A (BARREL) 
ROTATED90° 

SECTION C-C (ENDCAP) 
ROTATED90° 

Rev: 6111193 

17 

COMPOSITE VIEW 
ROTATED90° 

EU 

SECTION B-8 (ENDCAP) 
ROTATED SO° 

SECTION 0-0 (ENDCAP) 
ROTATED 90° 
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A-A 
ho 7.0 m -------------~ 

Fill/Vent/ general access port 

--------- 6.S m -----------1-t.i 
2.17 m 0.0. X .5" wall 

(12.7 mm) 

1.9 m 1.0. X .75" waU 
(l9 mm) 

Vacuum insulation space 
Cooling manifold 

Bathbox 

rA 
Module holder 

) ) 

-35.12cm 

RZ.65 m 
- Rl.71 m 

- RZ.19 m 

1.3 m 

j!. r\\\S~M<ss:\•t~SSSSSS~S~· ,,,~,~~!ITyp. rib 

36.0' 
21'.o· 

4A 
Bolted ASME 

.8m...... 2.9m ~1• 1.7m ~ 
F & 0, torispherical 
shaped pressure heads. 

Formed ASME, 
torispherical shaped 
pressure heads. 

-A suggested rib spacing
(114" max. spacing 
allowed between ribs) 

Figure 1 

C~rriagll/ rotator 

r-2.oml 
GEM Calorimeter 

Test Dewar 
2/J/93 
DAF/UW 
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F.E.Taylor August 5, 1993 · 

STATUS of GEM MUON 
SYSTEM 

Recent Activities: 

(1) Perform the most essential R&D 

• engineering plans for production CSC 
- chamber workshop at SSCL 

• construction of full-scale CSC 
- parts being sent to Dubna 

• fabricate electronics needed for CSC prototype 
- BNL (cathode) BU (anode) 

• alignment R&D 
- video-bar code, stretched wire, plans for ATS 

• simulation of detector performance 
- hit-level MC, coverage/new geometries, 

calorimeter thickness, ~µ correction 

(2) Optimization of muon system - cost and performance 

(3) Formulate plans for FNAL test beam 

- definition of goals 
- equipment needed 
- integration with calorimeter and CT 
- schedule and costs 

(4) Answer PAC questions 

,, I., 
;:::_ { 
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Chamber Engineering 

(1) fabrication of cathode panels 

-flat to+ 100µm over area 1.2 x 3.5 m2 
- cathode precision +intra-layer alignment+ SOµm 
- low mass and cheap 

(2) fabrication of chamber frames 

-improve the baseline G-10 design with lower p 

(3) integration with system 

- where to attach to support structure 
- placement of electronics, cooling, cabling 

(4) construction of full-scale prototype at Dubna 

- test electrical characteristics 
- mechanical properties (sag, weight) 

(5) fabrication of small-scale prototypes 

- strip width studies 
- endcap geometry 
- Lorentz angle 
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Optimization of Muon 
System 

(1) axial-projective alignment scheme 

... can reduce the e gaps in barrel 
[present barrel loss ~11=0.17] 
[goal: at least 1 SL coverage everywhere.] 

- tests with wire readout promising 
[Andrei Korytov et al.] 

- computations of sagitta error within baseline 
[Yuri Gerstein et al.] 

(2) segmentation in cj> ["why 48/TDR ?"Igor Golutvin] 

•consider SL1:SU:SL3 = 32:32:48 
- smaller number of chambers I uniform size 
- reduces XO in middle SL Oess frames) 

but: 
- how to align ? 
- how to support ? 

(3) longer lever arm 

• but smaller calorimeter => larger punch-through 

(4) higher B-field 

• massive re-engineering needed ? 

" 0 L 
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Alignment System R&ll-Program rj} 

Alignment Test Standt(ATS) Objectives 
.. 

• Provide a ''Test Bed" for proposed · · 
projective alignment hardware. 

• Provide variable temperature cond· 
it ions as would be seen' in GEM. 

• Measure the effects of air distur· 
bances on the actual structure. 

• Test actual hardware ·designslfor ' 
chamber/structure· interface. · 

i'. \I 

r-----IM IUI' 

_,... 
112 ,., 

~7~~~7~~~~~~~~-,~~-,~~~-,-,, 

'• ,. , . '. \ ,,, . \.'.' "\. \.'.' "' ·'.' "'.' .... '.'.' /'".',' .... 
-*"'PooVI hl/lWhg 

• pevelop ali~~me~t procedures, test-
ing and certtftcatton. · · , .. . . . . 

• Demonstrate the physical constraints -"' ....-11111 !!!!l~;;;;;;;;~a--t 
of the various alignment schemes. 

• ·rest positioning ~ctuators and kin
ematic mounting schemes. · . 

• ·rest bed for using X ray11 fqr global 
alignment. 

'' \ \ \ \ \ \ \ \ \ \ \ \''' '''' '~' '' '' .• ' \ ....... ' \ ' \ ... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .. 
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Table l. 

- method proj. mouitO?S non·projec- proj.mon + axial mon. All 
:resolution tivity non-project. :resolution 

p'4re. ~ 

tower 1 2.2 13.l 18.6 21.6 23.3 

: ·• j .. tower 2 2.S 12.S 18.6 19.4 22.4 

- p"t'O~-
tower 3 3.0 13.l 20.2 22..8 22.8 

tower4 3.2 12.4 19.1 2%.T I I 2u 

o~~ 1ower 12 4.1 10.6 15.9 19.3 5.i I 22.s I 
Gllll.•CM tower 34 3.S I ll.1 11.1 19.0 4.8 21.5 

,,... 

{ towa 1234 -5.8 ll.7 14.0 18.l 13.2 22.2 i • 
. W•"C. tower 123 6.0 12.0 13.4 I 17.6 12. «22.l ' 

.. .. 
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Test Beam Plans 

Phase I: 

(1) tests of 40x40 cm2 6-layer chamber 

- in B-field: 
• µ radiation I high energy beam 
• Lorentz-angle studies 
• resolution vs angle and position 
• electronics evaluation 
• punch.:.through studies 

(2) test of full-scale chamber 1.2 x 3.5 m2 

• spatial ;resolution 
• time resolution 
• intra:...layer alignment 
• electronics studies 

Phase II: 

(1) integrated tests of chambers, support, alignment 

• false sagitta 
• time resolution 
•trigger studies 
• system resol'n vs position/ chamber boundaries 

(2) integrated tests of muon system with CT, calorimeter 
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GEM TN-93-??? 

Measurement of GP-violation 

using Bg -+ J /'I! + K2 decay mode 

with GEM Detector 

Hiro Yamamoto 

Lauritsen Laboratory 

California Institute of Technology 

Pasadena, CA 91125 

July 19, 1993 

Abstract 

The feasibility to measure CP-violation in B-meson system with the GEM de
tector at SSC has been studied. In this report, B~-+ J/il+~-+ µ+µ-r+r- decay 
mode was studied using high P• muons for the B-tagging. 
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2 Signature of B~ ~ J/1J! + K~ ~ µ+µ-7r+7r-

The CP violation is measured by the difference of the branching ratios of Bd and Bd 1 

decaying into the same CP eigenstate Jfifl K 0 in the production of b-bpair production 

in proton-proton collision. The identity of the B-meson, either Bd or B4, is identified 

by the leptons decaying from the other B hadron. 

The significance of the measurement of the angle fJ is affected by various factors: 

1. The b - 1i pair production cross section 

Q ~ 2. The flavor identification of Bd meson 

")(. d!r' 3. The detector acceptance 

A ~ 4. The background 

2.1 Error of sin2,B 

The error of the measured fJ is expressed as follows. 

where 

6(sin2{J):::: D' x x/(l +lx2) x@' 

~m 
x = r = os1 ±0.11, 

sin2{J << 1, 

D' -
N(corTedtag)- N(wrongtag) 
N(COM'edtag) + N(wrongtag) 

- 1- 2 x W', 

W' - t+xw 

(1) 

(2) 

(3) 

+ !° x (P(B, - B") x W + P(B" - B") x (I - W)) (4) 

+ f"x0.5, 

and 

N,.. = N,.,,(J/'if!K.t+) + N,..(J/'iflK.r-) 

= N9 .,.(bb) x Br(b-+ F) x Br(Bd--+ J/iflK - µ+µ-1r+1r-) x t•JJ· (5) 

1 In this note, "B" is used to mer to bottomed hadrons, and "b" is used to mer to bottom quark, 
if not otherwise specified. 

8 '/ 
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PYTHIA 5.6 
• LUDECY modified to include polarizarions 

in B decays 

GEMF AST I GEM GEN 

• Signle particle generator in 11 < 2.5 
• Assume sec vertex finding 100 % 
if 2 tracks are reconstracted by CT 

•No loss due to track overlapping 

JI~->µµ 
µ 

• Energy loss in .CA 
. 

Use av~rage energy Ibss l:f · 
AR(µµ)f 0.15, .. 
otherwise use L3 method CA 

Mass constraint fit for Ks and JJ'I' 
MO = M(pl,p2) 

2 free parameters, Ip I.I and lp21 
x2 = (~p l/ul )**2 + (~p2/u2)**2 

80 
' • "' • f(.r1c 

µ 
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by factor of 4-5 decay vertex finding 
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low pt acceptance 
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lolT Bl 
MT B2 
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FIG. 8. The calcula&ed cross section O'(l'J' - 6U) at or
der a! in QCD is shown as a. function of ..fi for 100 < ~ < 
2000 Ge V. The solid line is obwned from the par ion demi
tia of the MT .. t Bl ("nonsingula<'" gluon), ""d the dashed 
curve from the MT set B2 ("singular" gluon). 

.,/S = 630 GeV and .,/S = 1.8 TeV. Shown also are daLa 
of the UAl [13) and Collider Detector at FermiJab (CDF) 
[14} collaborations. The selections on rapidity, fyf < 1.5 
at .,/S = 630 GeV and IYI < l at ,/8 = l.8 TeV, are the 
same as those made in the analyses of the data. The solid 
curves in Figs. 6 and 1 are obtained from the MT sel Bl 
with a "nonsingular'" gluon density, M• = 4.7S GeV, and 
,., = Mf + (pljl'")2. The band delimited by the doUed 
lines shows the range or theoretical predictions we ob
tained by adding in quadrature the differences obtained 
from the central solid curve when we varied separately 
the bottom-quark mass, 4.5 < M, < 5.0 GeV; the renor
malization scale, HM:+{pljl'")2) < µ 2 < 4[M;+{pljl'"J2]; 
and the gluon density, substituting MT sets Sand B2 for 
set Bl. The range of values of Pr and y explored at the 
CERN and Fermilab colliders (" > 0.0 I) do not offer an 
opportunity Lo discriminate between the very small z be
haviors of :i:G(z,µ) incorporated in MT sets S, BI, and 
B2. 

Comparisons of the theoretical curves in Figs. 6 and 7 
with daLa show good agreement at .,/S = 630 GeV but 
perhaps as much as a factor of 2 to 3 disagreement al 
,/i = 1.8 TeV. The ealculalions of Collins and Ellis indi
cate that resummation effects are negligible al .,/S = 630 
GeV but may enhance the theoretical cross sections at 
,/$ = 1.8 TeV by factors of I .2 to I .5 depending on the 
choice of the gluon densities. Taken at face value, the dis
crepancy at ,/S = 1.8 TeV suggests that a substantially 
different form for the gluon density may be appropriate 
for " < 0.03. 

In Figs. 8 and 9, we provide calculations of the in
tegrated inclusive cross section o-(pp - bbX) obtained 
by integrating the inclusive yield over .all rapidity and 
transverse momentum. In these computations we use 
µ 2 = M~ + p}. For the energy range JOO GeV < ,/8 < 

- ••.w;;;. -·'-"".J.,. 

'.;;' 
..:!: .. 

1a3 

I 
I 

io2 I 

0 

pp. O(a5 ') QCD 
m.=4.75 GeV 

, , , , 

10 

; 
; 

--- llT Bl 

llT B2 

20 

.fS (TeVJ 
30 

FIG. 9. As in Fig. 8 but for .,fi ~ 2 TeV. 

XJ 

t.<s 

2 Te V shown in Fig. 8, the singular and nonsingular 
parametrizations of the gluon density yield similar re
sults. The differences become increasingly significant as 
,/$increases above ,/i = 2 TeV, as shown in Fig. 9 . 

A 20 TeV proton beam inciaent on a fixed proton tar
get provides a center-of-mass energy ,/$ = 200 Ge V. 
For this SSC fixed-wget option, we calculate o-( bbX) = 
1.25 µb for the singular MT set B2 and 1.65 µb for the 
nonsingular MT set Bl. Including uncertainties associ
ated with variati~ns ofµ and M., we estimate 

<T(bbX,.,;; = 200 GeV) = 1.0 to 2.0 µb. (12) 

At,/$= 40 TeV, the calculations yield a: bbX 

m for set nc u mg estimates of other 
uncertainties, we quote 

u(bbX, ,/$ = 40 TeV) = l to 3 mb. (13) 

Similar reasoning leads lo an estimate appropriate at the 
LHC energy ,/$ = 15.4 TeV: 

u(bhX, ,/$ = 15.4 TeV) = 0.5 to 0.9 mb. (14) 

Jn Figs. 10 and II we present calculations of the in
tegral transverse momentum spectrum u(PT ;::_ pljl'") at 
../i = 40 TeV. Jn Fig. 10 the cross section is integrated 
over all rapidity, whereas. in Fig. 11 the selection IYI < 1 
is imposed. These figures demonstrate that the influence 
of the more singular gluon density is felt most strongly 
at small Pr (Pr< 25 GeV) at,/$= 40 TeV. Because en· 
hancements associated. with resummation were discussed 

w, _;::; 
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Table 1: b - b production cross sections 

b-b g-g g-q Total b-b g-g g-q Total 5+5+5 5+5+13 

PDF P,(b, b) 2: 10 GeV P, of µ 's in 1771 s; 2.5 

~mb) ~ .,JU) -... 
CTEQlL 0.46 0.43 0.28 1.2 

' 

0.033 0.050 0.044 0.131 "/ 7.7 3.7 

MTB2 1.2 0.64 0.51 2.3 ' 0.049 0.064 0.057 0.17\ 8.1 4.2 
-...._,/ '· 

Table 2: Efficiency 

Contribution Acceptance Factor Comment 

b -+ µ for flavor tagging 0.23 

77(tag µ) 5 2..5 0.50 

b-+ Bd 0.4 

B~-+ J/\ft + K~-+ µ+µ-1r+1r- 1.7 x10-5 

3µ's in Tf s; 2.5 0.66 

Trigger p. (µ) 2: 8 Ge V 0.12 13GeV, xl/4(all), xl/2(5GeV min) · 

3µ's with p. ?! 5 GeV 0.056 4GeV, xl.7 

77( 1r±) < 2.5 0.96 

Pt (1r±) 2:'.: 0.5 GeV 0.76 

z(J(~decay) S 70 cm 0.72 100 cm, xl.07 

p(K2decay) 2: l cm 0.98 

· p(K2decay) s; 15 cm 0.35 30 cm, xl.S 

p. (I<?) 2: l GeV 1.0 

Pt ( J /\ft) ?! 10 GeV l.O 

8(pj-, p K:) < 45• 0.99 

Sub total 1.:r x ru-10 

µ acceptance (0.8)3 

tr acceptance (0.95)2 

x2 cuts a.nd other expences ('<J 0.8 

Grand total 2.7 x 10-10 6500 evts / la33 

j_(){J 
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Conclusion 

1. Momentum resolt1tion is not problem 

2. May take 2 - 3 times longer due ·to 

· •·Smaller CT · · ·. 
• Large energy· loss in the calorimeter 

- . f-rCf'}: > rt;~ 

-
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Pattern Recognition Issues 

The fundemental problems in pattern recognition are dependent 

on the types and density of the backgrounds associated with the 

signal. These in turn depend upon: 

A) Materials comprising the muon chambers. 

B) The momentum magnitude of the muon • 

C) The physical layout of the experiment. 

Only correlated background will be considered in detail. 

Then a couple of track reconstruction senarios 

will be considered in the presence of these backgrounds. 

We will consider three files of 3500 isolated muons of momentums; 

1TeV,500 GeV, and 100 GeV Pt which were uniformly distributed 

throughout the GEM detector. The Sigem simulation Vl.3 (Y .Fisyak 

, GEM TN-162) was used with lOKeV cuts. 

10', 
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The Background 

The background consist of EM debris produced by muons both 

at the top of the calorimeter and in the material of the Muon System. 

The types of background that can produce hits in the CSC chambers 

are: 

A) Electrons/Positrons or hadrons from the calorimeter. 

B) Delta rays and Gamma conversions from the muon. 

For 100 lVleV gamma's produced by muon showering in copper 

only about 40% produced at a depth of 3.5cm escape the calorimeter. 

Thus only the last few em's at the top of calorimeter are important in 

generating EM debris that escapes the calorimeter. 

Of cource this becomes more important as the energy of the muon is 

is increased. At E(muon) = 700 Ge V ionization loss = loss by 

bremsstrahlung. 

A) In the barrel muon system ( eta between 0.1 and 1.4) only about 

10% of the background on the first superlayer originated from the 

calorimeter, while 50% of the background hits on the first 

superlayer of the endcap originated in the calorimeter. 
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I,~ ate~) . . 
B) For gamma ~onvers1ons, the gamma direction tends to be close 

to the muon: 411i.,. I~., i { I )•I 
, ' ~Q•·4· 

~~~----~~~.......+~~-) ~ 

Taking this into consideration and photon attenuation length in 

0.5XO ofGlO, we expect about 70% of the 10 MeV photons 

available for conversion on SL2 to be available on SL3. 

We find 60%+/-20% for the 1 TeV sample at theta=60. 

A large amount of the charged background close to the muon is 

soft and produced in the gas of the CSC chambers. 

A 500 KeV cut on background associated with the lTeV sample 

shows a 66% reduction in the population of background within 

0.5 cm of the muon while for the region between 0-5 and 1.0cm 

it was 10%. For a lMeV cut it was 75% and 20%. -

-
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Table 1, Compromised Plane Distributions 

Detector I Ba~el I End cap 
Superlayer I 1 2 I 3 I 1 2 I 3 
Plane J Compromised Plane Probability, 100 GeV. 
0 I o.689 o.654 J o.606 I o.597 o -o' I o -~-• I ~ • I.) I 

1 I o.930 I o.909 I o.sso I o.s19 o.899 I o.91 
2 I o.988 I o.981 I o.992 I o.912 I o.961 ! o.966 
3 I o.998 o.997 I o.998 I o.948 I o.979 J o.982 
4 I o.998 o.999 I o.999 I o.964 o.989 I o.988 
.j I 1.0 o.999 I i.o I o.977 o.994 I o.994 
6 I 1.0 I 1.0 I 1.0 I o.984 I 1.0 I 1.0 
7 I - I - I - I o.989 - I -
8 I - - I - I 1.0 - I -

Detector Barrel I End cap 
Superlayer 1 2 I 3 I 1 2 I 3 
Plane Compromised Plane Probability, 500 GeV. 
0 I 0.642 I 0.565 I o.q,40 I o.528 I 0.670 I 0.70 
1 0.917 o.919 I o.882 J o.749 I o.893 I o.91 
2 I o.968 o.984 I o.97 4 I o.832 I 0.948 I o.955 
3 0.986 o.994 I o.993 I o.874 o.973 I o.974 
4 J o.992 J o.996 I o.996 I o.906 o.984 J o.978 
5 0.995 o.999 I o.996 I o.932 I o.991 I o.989 
6 1.0 i.o I 1.0 I o.949 1.0 I 1.0 
7 - - I - I o.963 I - I -
8 I - - I - I 1.0 I - I -

Detector I Barrel I End cap 
Superlaye:- I 1 I 2 I 3 I 1 I 2 I 3 
Plane 
0 
1 
2 
3 
4 
5 
6 
7 
8 

I Compromised Plane Probability, 1000 GeV. 
J o.624 I o.564 I o.542 I o.521 I o.657 1 o.693 
I o.sn o.866 I o.859 I o.705 o.867 I o.883 
J o.953 o.963 I o.960 I o.781 I o.939 I o.939 

0.976 0.989 o.986 I 0.821 o.965 I o.964 
0.986 0.994 o.994 J o.858 o.97 4 J o.980 

I o.993 I o.997 I 1.0 I o.886 I o.987 J o.987 
1.0 I 

I -
- I 

1.0 
-
-

.1..,, '" I ·J 
,::;. I 

I 1.0 

I -
I -

I o.910 1.0 I 1.0 
I o.928 - I -
I 1.0 I - I -
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We will define a "standard interval" which will define our ability 

to reconstuct tracks in the presence of charged background. 

SI => 0.02cm < ~ < 2 Strip-widths, this definition is consistent 

with the measured resolution of a charged track in the CSC 

chambers in the presence of another charged particle. 

We will consider two senarios: 

A) At least 3 "good hits" per superlayers constitutes a track 

segment.. We require 3 "good segments" per track to 

to count as a reconstructed track. 

B) We use a track "cluster-merge" reconsturction program 

(JCW, GEM TN-93-416) to find tracks, with the criterion 

that there be; 

1) At least 3 good hits per superlayer 

2) At least 4 good hits on SL3 and at least 2 good hits on 

SLl and SL2. 

i2:i 
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Figure 19) Chamber resolution of a. charged hit in the presence of another charged hit 
as a. function of the distance between the two hits, defined as the "Two Track Resolution" 
in the text. 



Muon track searching and fitting. 
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Muon track searching and fitting. 
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T Track finding 
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Figure 10) Comparison of the track finding efficiency using the "three good hits" niethod 
and the cluster search-merge algorithm discribed in the text. The comparison ill made 
by using a preselected data set where three "good" hits had already been found, thus 
showing -the_ lliefliciency of the clus~r-algorith= The· cluster algorithm is shown to be 
very efficient . 
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Track Reconstruction Efficiency 

100 G~ V P, Isolated muons. 

T/ I :3 good T.F. (senario 1) I T.F. (senario l-i-2) I 
0.08-0.j I o.9836 I o.9779 I 0.9866 
0.5-0.92 I 0.978 o o~ J. I ·•I - 0.9846 
o.92-LJ.; I 0.965 o.959 I 0.9714 
1.38-1.86 I o.952 I o.925 I 0.9598 
1 "6-? .J.6 I .... ~·. 0.9412 o.915 I 0.9594 

500 GeV P, Isolated muons. I I_ 
'I 

'ry -o-J 1 "'F (·enario 1) 1 . .,..F '-·nario' ·~·I I ·J ~ uu. I .1. • 
, I .t.. • \ >C: - !.1.:..1 

0.08-0.5 I o.9757 I o.971 I o.9807 I 
0.5-0.92 I 0.966 o.9598 I 0.9683 
o.92-1.34 I 0.9488 o.941 I 0.9.347 
1.38-1.86 ! 0.9148 o.898 I 0.9415 
1.86-2.46 I 0.89 0.874 I 0.9215 

1000 GeV P, Isolated muollS. 

T/ I 3 good T.F. (senario 1) I T.F. (senario l-i-2) 
0.08-0.5 I 0.9581 
0.5-0.92 I o.9643 
o.92-1.34 I o.9212 
1.38-1.86 I o.8764 
1.86-2.46 I o.8367 

SENA.€10 i -

S E/\JA'le.10 J... -

0.948 0.9714 
o.956 I 0.9648 
0.909 0.9488 
0.845 0.8935 

0.81 I 0.8475 

(?2 ) > 1) ~ 1) 
~L1 St.2 SL.3 

04~vrc~ce of fAkc 
IC &&'-' Ito A 0 ll 

F o ~ C l, 3, 3 ) A s 
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MUONS IN b JETS 

- -tk __ _,, " t. + x 

L 
-

Where the mass of the top was set to 250 Ge V • Since the muon is 

is typically close to the jet axis for b jets, this is a good enviroment 

to look at noisy, relatively low energy, muons. A cone in eta and 

phi is made around the muon and all generated particles in that 

cone with Pt> 3 Ge V are passed to the simulation with very low 

cuts (10 KeV). 

-

-
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Kalman ~·11ter 

this implimentation we have taken the tracking vector to include; ( l, vi, wl, v, w). These 
five pa.ramete.'"S uniquely define a track, they a.re defined as follows: ? 

• } is the curvature of the track. 

• vi is the slope of the track in a plane containing the unit vector in the measurement 
plane, v, and the unit vector normal to the measurement plane, u, where ( u, v, w) 
form an orthonormal local coordinate system for the c=ent measurement plane. 

• wl is the same as vi but in the ( u, w) plane. 

• v is the v compone!lt of the hit on the local measurement plane, this direction is 
taken as the CSC strip direction of the CSC chamber. 

• w is the w compone!lt of the hit on the local measurement plane and is taken as the 
wire direction of the CSC chamber. 

The Ka.Iman filter minimizes the following x.2 : 

p/4:143 

x2 - :E (x,-8fV;-1(x;-8)+(P,-8fW;-1(P;-8) 
i 

where: 

• x = vector of measured track para.meters. 

• 8 = fitted vector of track para.meters. 

• P = predicted vector of track para.meters. 

• V = measurement covariance matrix. 

• W = Tracking covariance matrix. 

• rr = rr2, this definition is ma.de so as not to overly burden the notation. 

• i = measurement plane index. 
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Geane provides the following facilities; 

P, - F;,•-1 o,_1 
<rp; - T{ us;_, T; + W; 

(6) 
(7) 

These two equations represent first the perdiction of the track parameters on plane i 
given their values on plane i-1, and second the tracking covariance matrix of the predicted 
values on plane i. In the above formula F;,;-1 swims the track parameters between planes 
i and i-1 and T; = TI,;-1 is the transport matrix between planes i and i-1 defined as; 

8P; 
T; = ao,_1 (8) 

The Ka.lma.n filter proceeds in two steps, first it loops over all the hit planes in a track 
candidate. This is the filter step where it makes a first estimate of the fitted track vector, 
ii; and the associated covariance matrix: 

o, - ul;(u;,;1 P; + v;-1:z:;) (9) 

(u"f.;11'; + v-l:z:;) 
(10) - -1 u,, 

-1 -1 + v;-1 (11) u.,i - <7p; i 

Notice that the initial estimate of track parameters is just the weighted mean of the 
predicted and measured track parameters. Once the filtering is done we loop through all 
the planes a second time in the reverse order to that of the filtering so as to use information 
about the fitted and perdicted track vectors on the next plane, i+ 1, to corrected the fitted 
value on plane i. This is called smoothing, and is done in the follow iterative way; 

O; - O; + A;( O;+i - P;+i) 

<rs, - u9, + A;( <rs;+1 - <rp;+1 )A; 

where: 

10 

(12) 

(13) 

(14) 
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Pattern Recognition Issues 

The fundemental problems in pattern recognition are dependent 

on the types and density of the backgrounds associated with the 

signal. These in tum depend upon: 

A) Materials comprising the muon chambers. 

B) The momentum magnitude of the muon . 

C) The physical layout of the experiment. 

Only correlated background will be considered in detail. 

Then a couple of track reconstruction senarios 

will be considered in the presence of these backgrounds. 

We will consider three files of 3500 isolated muons of momentums; 

1TeV,500 GeV, and 100 GeV Pt which were uniformly distributed 

throughout the GEM detector. The Sigem simulation Vl.3 (Y.Fisyak 

, GEM TN-162) was used with lOKeV cuts. 
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P~YSlCS SIMULATIONS UPDATE 

John Womefsley S/ 4- / 9~ 

MUC~ ~ORW:: CONTI..SUES TO SE DONE 
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GEM Level 2. 
* Processor farm with 100 to 1000 500 SSCUP processors, 
processors are used for L2 and L3. algorithms. 

* 10 to 100 kHz Level 1 trigger rate.. 

·:::-·'· · .. ,.,, .... •':tL··to-·.10 ms .. available.for the.U .. triggeralgorithms ..... · ··.·•. 

.·.·- •. ;;_ . 

-

. .. · · · · Algorlth111s. · 
~3hyers: 

1) Use data of a single- comp<meflt to- extract triggeF primitives: 
e/y, jet, Et. tracks,. muon. 

2) Combine data from 2 or 3 components: CT-track + e/y
candidate. 

· .. 3) Extract global physics quantities:. Invariant mass of Z 
. objects. 

·. * Studies in progress are: 

.,, .............. -. ··············· ···•· l}e/y finding;'otrigger for H0--7-Y'f (and a few other processes}~ 

-

--

Relatively simple algorithm but a ·lot of daLa ro ~ · 
(Every cell in theB'!-CAf.). 

7) Jet-finding. More complex algorttlmr but Iess data to process 
(sums of EM- and HAC-CAL cells). Will be presentedm a ne..'tt 
talk. 

Henk Uijterwaal 
GEM/SSCL 

~enx@pdsr.ssc.gov 
~·21~708-019:2 

.~ugust 3. 1993 
Paire 2 
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Conclusions. 

1. This can be used as a trigger for HO-+'Y'f. 

" .·, ., . '· ,.2. 'fhe algorithm can be executed in.the.time.available.for.a,U . ·.·.· .. · ·.·.· .... -. 
algorithm. 

-.·_ .·-._ - -_ 

1. Do the: same: for a jet trigger aigorftf 1111 

2. Test the performance of a "realistic setup": e/y and/or jet
finding depending on the Ll trigger bits. 

3. Use CT and Muon data. 

Henk Uijtenvaal 
GEM/SS CL 

henk@pdsf,ssc.gov 
!-214-708-6192 

August 3. 19931 
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Figure 2: GEM's 5<r discovery contour curves for 30 (solid) and 100 (dash) fb- 1 in the 
(mA, tan,8) plane, obtained by using 77 and t+L-l+l- decay channels. Also shown is a 
discovery contour obtainable at LEPII with an integrated luminosity of 500 pb-1 and 
at a center of mass energy of 190 GeV. 
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Virtues 

First Beam Test of LAr 
Tube Electrode Structure 

Clean electrical geometry - fast, simple readout 

Easy to maintain small gap 

Straightforward segmentation 

BNL/AGS B2 Test Beam July '93 

8, 6, 4, & 2 GeV/c e- µ- 7t-
' ' 

0.4, 1.4, & 3.4 degrees 

Material fu front 

· Cerenkovs, GEM Tracker, SDC Tracker, 
PHENIX Tracker 

-: .... , ' } 

.i { I 



,... 

-

-

-

- 178 



f-, 
~ l 

) ) , ) 

GEM FCal EM SECTION 

Brass Tube 
5.0 min ID 

Brass, quartz, argon: Only inaterials 
in very high radiation field 

Quartz Fiber 
• 

0.1 - 0.2 111111 OD 

Brass Rod 
4.8 - 4.6 111111 OD 

Length 40 cm 
Gap 100 200 µm 

Impedance 2 4 n 
Capacitance 800 400 pF 

Sampling fraction 0.6 1.2 o/o 
Electronics Noise 1.6 0.4 GeVin2R1v1 

) ) 
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Collected Charge , 
from Ionization Sampling Calorimeter 

(unity gain) 

· W = 25.1 eV/e- at 10 kV/cm 

Induced charge in read-out is half produced charge · 

'. fs dE/dx weighted sampling fraction . 0.0154 

e/mip "transition effect" Ar/Brass 0.90. 

B Ballistic deficit (drift time 50 ns, 
shaping time 50 ns) 0.055 

A Attachment due to impurities 0.034 

Q Collected Charge 

Q. = fs (e/mip) (I.,.B) (1-A) / 2W = 252,000 e-/GeV · 

At 8 Ge V, Q = 2,020,000 e-
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GEM Collaboration Council Meeting 
Computing Report 

GaryB. Word 

Superconducting Super Collider Laboratory 

August 5, 1993 
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Recent progress of computing projects: 

Focus: GEM Test Beam (TB) at FNAL 

Goal: Provide complete support for TB, from 
DAQ to Analysis, consistent with long term GEM 
design 

General Coordinators: 

· • G. Word (SSCL) 

• J. Dunlea (U. of Roch., lives@ FNAL) 

Project areas: 

• Project Management (very brief) 

• TB Global Control System 

• TB Data Acquisition System 

• TB Data Storage 

• Data Analysis (skip) 

• List of Computing Projects (brief) 

• Simulation and Reconstruction (brief, 
Geometry Builder as example) 

GEM Computing Ropon. August 5. 1993 Gary B. Word 
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TB Global Control System 

• Leader: Tom Kozlowski 

• Project Members: 

-Tracker: ?. (Been busy@ BNL) 
- Muon: V. Glebov 
-Calorimeter TB: W. Wisniewski 

- Cal. Cryogenics: J. Voyles 
-Cal. TB Transporter: C. Timmer 
- Cal. Monitoring: 

-DAQ: 
J. Rutherfoord? · f11d:~{ 

H. Uijterwaal 
-EPICS: B. Dalesio, Y-Z Zhou 
- Calibration, threshold: L. Parlier 
-GUI: T. Kozlowski, G. Word 
-nonGEM parts (EPICURE, Cherenkov, Syn-

crotron, Misc. Scintillators):A. Morelos 

• Recent Activities & Documents: 

- 93/7 /6 Workshop at SSCL 

- Agenda: Article 36 of ssc.gem.comp 
- Transparencies: GEM TN-93-434 
- Summaries: GEM TN-93-434 
- Synopsis: 

- Interface Coordinators determined; some in-

GEM Computing Report. August 5. 1993 Gary B. Word 
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terface questions addressed. 
- Several Cal. and Muon requirements stated. 
- EPICS use in TTR discussed as possibility. 
- Several EPICS questions to be addressed. 
-EPICS test-stand promised "soon." 
- Lots of "action items." 

- 93/7 /28 Initial rough draft by Kozlowski of a GCS 
System Requirements Specifications and of a 
System Project Management Plan (limited cir
culation) 

- 93/8/3 Long awaited EPICS test-stand finally 
shipped to SSCL; should arrive "any day now." 

• Next general meeting: end of August? 

GEM Computing Report. August 5. 1993 
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Test Beam Data Acquisition System 

• Leaders: J. Dunlea, G. Word 

• Project Members: 

- H. Uijterwaal, M. Botlo, M. Jagielski, A. Romero, 
M. Bowden, V. Kappor, Carrel, S. McCorkle, 
H. Takai 

• Recent Activities & Documents: 

- 93/6/16-17 Test Beam Workshop at FNAL 

-Agenda: GEM TN-93-418 

-Transparencies: GEM TN-93-418 

- Summaries: ? 
- Synopsis: (DAQ was small part of meeting.) 

Some possible DAQ tools were discussed. Deci
sion was made to query the subsystems for their 
DAQ requirements by July 1 and to DECIDE on 
the basic DAQ model on July 8-9. 

- 93/7 /1 DAQ Requirements Workshop 

- Agenda: Article 3 in ssc.gem.testbeam 
- Transparencies: ? 
- Summary: Article 4 in ssc.gem.testbeam 

- Subsystems Survey Summary: Articles 10 and 13 

- Synopsis: Data rates are expected to be on the or-
der of 10 KB/s, probably at a rate of 100 Hz. 

GEM Computing Report. August S. 1993 Gary B. Word 



-

-

-

-

More significantly, D. Marlow proposed that the 
Test Beam DAQ be modelled after the proposed 
production DAQ system. 

- 93/7 /8-9 DAQ Design Workshop at FNAL & 
SSCL 

-Agenda: Article 5 in ssc.gem.testbeam 
-Transparencies: ? 

- Summaries: Article 8 
- Synopsis: GEM Test Beam at FNAL DAQ will 

employ a two-level architecture, both VME 
based, one for subsystem-level crates, the other, a 
master crate for data collection, event building 
and data distribution. The baseline option for the 
master crate will employ a hardware switch, 
similar conceptually to the GEM production 
DAQ. 

- Sean McCorkle will lead the subsystem-level 
crate projects. 

- Michi Botlo will lead the master crate projects. 
- DAQ & Computing Chapters of RDT coordi-

nated by G. Word 

- 93/7 /12 Proposal for a switch based event-builder 
(M. Botlo, M Bowden, H. Uijterwaal) 

- Proposal: Article 9 in ssc.gem.testbeam. 
- 93/8/2 Draft MOU between GEM Elec./DAQ 

Subsystem and PRD Elec. Dept. (coord. by D. 
Trainer) 

GEM Computing Repon. August 5. 1993 h Gary B. Word 
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Test Beam Data Storage 

• Leader: G. Word (acting) 

• Project Members: J. Hilgart, L. Cormell 

• Recent Activities & Documents: 

- 93/6/2 Memo from L. Cormell requesting specific 
cpu and data storage requirements (p. 117 in 
GEM TN-93-418) 

- 93/6/16-17 In transparencies for GEM Test Beam 
Meeting at FNAL (GEM TN-93-418), state
ments of requirements for data acces and data 
storage system design goals/directions can be 
found. (pp. 111, 115-116) 

- Synopsis: The proposed Test Beam System De
sign introduces a File Builder which collects 
events and creates data "files" in the data storage 
system in "final form". Design goals include: 

- central data repository, probably at SSCL 

- common access to data for all post-File Build-
er processes 

- transparent access to data; data migration to/ 
from tape by storage system 

- 93/7 /?Expression of interest in collaborating with 
PASS was extended by J. Hilgart, which ap
peared to be warmly, but cautiously received. 

GEM Computing Repon. August 5. 199 3 7 Gary B. Word 
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• Request to subsystems: 

In order to properly respond to Cormell's request, 
more information is needed from the detector 
subsystem groups. Specifically, we need 
subsystem documents which address the following: 

1. Event size (available from DAQ survey). 

2. Total number of events that will be taken each year. 

3. Descriptions of the analysis processes which include: 

- number of people analyzing the data 

- descriptions of expected analysis activities 

- tolerable times for servicing various analysis re-
quests 

GEM Computing Report. August 5. 1993 8 Gary B. Word 
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List of Computing Projects (Draft) 

1. Framework Projects (coordinated by I. Sheer and G. 
Word) 

- Job Control Parameters 

- Software Technology Choices 

- Data Modelling and Module Definition 

- Data Analysis Toolkit and Environment 

2. Detailed GEM Detector Simulation and Reconstruction 
projects (coordinated by J. Womersley) 

- Geometry Builder 

- Describe GEM using the Geometry Builder 

- Describe 1995 Test Beam setup using the Geome-
try Builder 

- Monte Carlo Generators and interfaces, including 
simulation of 

- Particle Transporter through the GEM detector 

- Digitization 

- 3D Event Display 

- Full GEM Reconstruction 

GEM Computing Report. August 5. 1993 Gary B. Word 

2UL 



-

.... 

-

3. Test Beam (TB) specific projects (coordinated by G. Word): 

- TB Global Control System 

- TB Data Acquisition /TB Online 

- TB Reconstruction 

- TB Data Analysis 

- TB Database(s) 

- Calibration Studies 

- Data Storage 

For details," see Article 61 in ssc.gem.comp. 

Request to add projects to the list should be made 
to K. Mcfarlane. 

ALL GEM computing efforts should be 
represented . 

GEM Computing Report. August 5. 1993 10 
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Simulation and Reconstruction (briefly) 

• Leader: J. Womersley 

One recent activity of this project has been 
focussing on a "Geometry Builder." The next four 
slides are John's summary of a Working Meeting 
which occurred here two days ago. 

GEM Computing Repon. August 5. 1993 11 Gary B. Word 
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GEOME.TRY BUILDER WORKING MEETING 

(8/3/93) 

1G o.H·endee~ incluch""'9 3 trom accel er~(-or 

Jo~n Wo Mersle'f 

IH.Woc:lvck"o"', Overview, p,.,·ori h"es. Risks 

.· Title. co\"\st-o.m-s used ~ SlGBA. {ZebrQ. TZ) 

OG.l.e Cr th. 

Mod.el'""9 or Acce.lef'al'cr<" ( tw\echa.ruw • Ski'etdin9 ) + video 

Toby Burnett 

GISMO objects lftUiiums. vowmes, gfQf>h\c:.s 

Lo..urie Wo.J:CY5 

SABRINA 9'°'4>~C:.o.l illU'e.t"°-.c.e. ~ MCIVP (L.A.H.E.T 

So.&JI 'fcussef 
R.ewi:e111.1 ot 9~~ f)<MT ~ 5i:-,,1.61i·Ol'\; S'fstem ~ 

primin\/es 11sea. iM G\Je.ri~ poct=ac.;e. 
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Geometry Builder 1~1um!ir@gY\r~rne11ts 
Later developments 

w ,;, ""'"' '''" ffrjt~ra()liyt=ig~qitjetr&cf~$li6rt6nJh~s¢te~rj With a GUi a11d 1nouse 
~ ModlflcaHoh ahdposltlhrillig bfVblllrtles lnferactively on the screen with GUI 

-~-~tr~1~;'~'~,, 
•Merge geometries from various sources (e.g. to add a CAD model of a suppor 1 

EDIT 

£imnn~1ilrlililWil~1Ilai~lltili\1i1l1i1i~;~i~~~11~. ~;;;.:.;.% ~ili~~~ ....• :.'.1.~·d(), 1 

• Display In 30, rotatable, hidden line removal 

FILTERS 

• GEANT. edmef In a.GSAVG Ft:Z .file •· . ·• and/or 

~~~,~~1~b~111~111ji~i1iililitlir~lli~l6~1~~~~~1~ri~e~61lu~.~a~:1ri~ ~~111~'.'t.:ii 
- with optimization of GEANT geometry tree 
- handling of magnetic fields in tracking media 

• GISMO 
•CAD modeler (IGES file -compatible with AutoCAD, Intergraph & Pro-Engineer) 
• CALOR89 
• MCNP _ 
• Event display, reconstruction, . . . ~ 

J. Womersley SSCL 
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USEFUL OISC::USSIONS 

- Do we. need 1-o deh:~e an. ASCU geomeny {o.n.9ua.ge? 

ca.n o. !More. ~uic. sysf"em (ADAMO, Cheeto;,) b~ u~ed ? 

Oo we wa..if- f'o d12~e our- own "1.,,terna.l rep.-esenta.hoYi" 

( ouy 01AJn solUi wicd.el ) + l=it.t:ers to o\-he.,.. represe.41\.t-o.'-·iCM.s 

or 

Choose o~e eiCsh"n9 rep<esenta.non ( GlSMO '? SABRINA? ) 

a. c;. our in. \=uno.1 

- Need f-o ~ wiore about l'le.edS o~ c(t'eKts oloker ~ 

p0<h'c.le h-011.sport - wew dA:$pl01f) ~shvcho.-&, eh"-. 

20!1 



-

-

-

NEXT MEETING: AUGUSf 2.5-ZE., i=ERMILAB 

• (.)J'ldersta.nd mor-e about GISMO (All ) 

~ Atwoods tele.vislo\'\ sl-tow lfle'l(t week. 

• vvt.deosto.nd ~re about SASRl\\JA. ( J.W, B.M..) 

• sekeme fOY ASCII h'le b6Sed O\'\ Cke.eto.l-i ( G.W.) 

• po\ I vse\'s - t\.e.eds , d,egi<es 

20b 
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Call for Participation 

• Development of computing system is 
ongoing. 

• News of computing projects can be found 
in the ssc.gem.comp and ssc.gem.testbeam 
newsgroups. 

• The Computing Subsystem is holding 
meetings around the time of Council 
meetings. Each detector subsystem should 
plan to send a representative to these 
meetings. 

• Needs participation from collaboration at 
large. 

• Further information can be obtained from: 

- K. McFarlane 

- G. Word 

- I. Sheer 

- J. Womersley 

GEM Computing Repon. August 5. 1993 12 Gary B. Word 


