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Sunday, May 9 
Informal meetings 

GEM COLLABORATION MEETING 
University of California, San Diego 

May 9 through 12, 1993 
Unless otherwise noted, all meetings are at 

Radisson Hotel in La Jolla 

4-6 Registration, get-together with refreshments by the pool 

Monday May 1 o • Plenary Session 

Morning session 
8:30 Welcome -
8:45 Report of the Council Chair -
9:00 The State of GEM -

Chair: Hans Kobrak 
Roger Cashen 
Yost 

9:45 Report Ori the TOR -
10:30Break 
10:45Calorimetry: Present Status, Evolutionary Path

Overview of Uquid calorimeter -
Parameters, Design Status, Expected Performance -
Overview of Scintillating Calorimeter -
Parameters, Design Status, Expected Performance -
Calorimetry Physics Performance Overview -
Overview of the Forward Calorimetry -
Muons in the Calorimeter -

12:00Lunch 

Barish 
Newman 

Lissauer (20) 

Kamyshkov (10) 
Womersley (15) 
Rutherfoord (20) 
Etremenko (1 O) 

Afternoon session Chair: Jenny Thomas 
1 :00 Muons: Present status, 

Evolutionary Path -
Overview of System and Design Choices -
Chamber and Alignment Details -
Layout of Chambers and Support Structure -

2:00 Tracker: Present Status, Evolutionary path -

3:00 GEM Cost/Schedule Baseline and SSC Stretchout Schedule -
3:30 Configuration Management -
3:50 GEM Activation Uaing CINDER -
4:00 Adjourn Plenary Session 
4:15 Executive Committee, other meetings 

Taylor (20) 
Mitselmakher (20) 
Nimblett (20) 

Baltay 
·Lee
Musser 
Sanders 
Gober 
Waters 
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Tuesday May 11 - Parallel Sessions 

Preparations for the PAC review May 24-28 

Morning sessions 
8-12 Magnet, muons, calorimetry, central tracker, and electronics groups prepare for the PAC 

presentations. 

Conveners: subsystems leaders. 

Afternoon sessions 
1-2 Continuation of morning sessions; followed by sessions on integration and assembly schedule, 

detector optimization, cost/schedule, and management/resources 
2-5:30 The conveners of these sessions will be named later. 

6:30 Banquet 6:30 PM 

Wednesday May 12 • Plenary Session 

Morning session 
8:30 Electronics, DAO 
9:00 Computing 

Introduction -
Future Directions in GEM Computing -
GEM Detector Simulations -
Common GEM/SOC Computing Issues -

10:00Break 

10:15Physics with GEM report -
Physics at the SSC -
GEMFAST-
Higgs Physics -
Top, H"+ Physics -
Jet Physics, e/h -
Physics at 10"34 -
Mlssing E T, SUSY 
uetector Optimization"! -

12:201uncn 

Chair: Xiaorong Shi 
Marlow(30) 

Sheer(5) 
Word (25) 
Womersley (20) 
Hilgart (10) 

Lane (5) 
Skwamicki (15) 
Zhu (25) 
Yanagisawa (15) 
Womersley (15) 
Lane (15) 
Vanyashin (15) 
Zhou .(20) 

Afternoon session Chair: George Yost 
1 :30 The Incompleteness of the Higgs Sector and the Supercollider - J. Kuti 
2:30 Summaries of Working Groups' Results Calorimetry - Willis 

Muons - Ta11or 
Tracker - Brau 

4:00 break 
4:20 N and Gamma Leakage in the Forward Calorimeter Region -
4:40 GEMGEN -
5:00 Summary of the meeting -
5:30 Adjourn San Diego meeting 

Moore 
Sheer 
Barish 
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Presentation by: 

G. Yost 

-
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GEM TDR 

Paga F1gU:fU Tablff IAir.d Aiitbon 
Coll•boration Li.t • BU19h, Yost 
Pre&ee • L ... 

1 Overview 17 10 7 Barl1h 
2 Phymle1 Performance •• .. 17 Lurie, Paige 

Maga et " .. • Stroynow•ld 
Muon Spectrometer , .. .. " T91'1or, Man: 

• Calorimeten •• '1 1S Gordon, Wllll1 

• Tracker .. .. 21 Baltay, Morgan 
Electronlca, Trigger, DAQ .. .. , . Marlow, ShaevUs 

• Computing, Control1, Networking .. • • Mel'l.rl-e 
t Fadlitlet, APemblJ and S1 18 Hem 

Installation 
10 Aeee11, Maintenance and 17 • ' Hanl1 

OpenUon1 
11 Detedor/Beamline lnter(aee • • 2 Morgan, Chapman 
12 R..diation Environment and .. 17 • Diwan, Walen, 

Shielding Pi1yt1k 
1# Beam Te1ting .rid Calibration 10 T 1 Yost 

I" " 
" 

GEM Organlr.dion Plan • Baltay 
Envirom:nenl, SaCety, and Health " Woolley 
Colt/Schedule Ba1eline Summary • I 1 Sanden 

TOTALS .,. ... ... 

Figures Received LUI 
• > 895 Figures received for processing + - 50 iges 

files 
· > Rgures were provided in lhe following formats 

" AutoCod, Canvas, Claris CAD, Dellragraph, dgn, dxf, eps, 
Framemaker,lges, Intergraph Microstation, Kaleidagraph, 
MacDraw II, MacDmw pro, MacProject, MacSchedule, 
Microsoft Excel, Microsoft Word, pict, printed copies, ps, rtf 

• To simplify originators work, all these formats were 
converted. 
,,.~\l'fe>,rk required the use of 26 separate programs. 

,. 

GEM TDR SCHEDULE: 

APRIL 30. 

DONE! 

MILESTONE DUE DATES 
Intermediate Drafts 12/18, 1/20, 2/17 
GEM Internal Board Reviews Completed 1/8, 2/3, 3/1 
Final Draft for Review 3/15 
Final GEM Internal Review Completed 3/26 
Finished Chapters: All Text and Figures 4/9 
Document Complete; Submitted To SSCL 4/30 

GEM TDRTEAM 

• PRODUCTION GROUP: 

SSC (GEM): H. Durden, C. Thomas, L. Fowler, D. Compton; 
SSC (TIP): A. Alcorn, E. Baozoo, T. Coyne, E. Engebretzen, 

K. Barker, S. Lee, M. McCormick 
Caltech/SSC: R. Harder 

• EDITORIAL BOARD: 

N. Baggett, 0. Fackler, K. Morgan, H. Newman, 
F. Paige, J, Reidy, J. Womersley, G. Yost 

• FIGURE CZARS: 
0. Fackler, J. Reidy 

• REVIEW /EDITORIAL BOARD: 

B. Barish, J. Brau, G. Deis, M. Diwan, Y. Fisyak, 
K. Freeman, V. Gavrilov, V. Glebov, H. Gordon, Y. N. Guo, 
M. Harris, D. Marlow, M. Marx, K. McFarlane, C. Milner, 
M. Mitselmakher, R. Mount, R. Panvini, R. Shypit, F. Plasil, 
R. Sbang, M. Sbaevitz, P. Slattery, R. Stroynowski, F. Taylor, 
J. Thomas, H. Uijterwaal, A. Vanyashin, W. Willis, C. Wuest 
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PREFACE 

'lbolbeoraicaldi!mmtloflbesu.ndlrdSf/(ll &SU(2)$ U(l)JUIS" model of-a llldlllemowai: 
~have beca in pieee fDl"morc du 20 yars. J.J Ill .ii lllil wnc, lb< lll-..d llllDdd bu wilhslood 
utn:mely millJ•lll npcnmonul 1U1$. J Down I0 11 loul i0-11 cm.lhcbuic:~oflllllta"""'lf'llli 
ql>llb - leplolls. Theso ilanct "11 lbe adillip af lpiD-one lllll'I bosons: tho maslaa 11uouofQCD 
....i 1bo lllWlcA plloltm ....i .... ,vi: W1 llld 'J!l bmans al c1ccw-i.:. iwnctimis. Thin: ue wt Ila-. 
Cldl <JI lfNllb ....i leptons-tdcnlical m:epi fgr mas. clllqe and color--j10llpOll ialO dlree se-iiaas. 
All Ille femr,i,.. 111.., been toad <:1cep1 for Ibo iop ~ llld Ille uu llCVll'ilio.u If tbe munber of 
quar!i:-lepcotl.......,.,,.,"equal10thc,..mbcrN,.oflia:h111C111nnOS.lbonlhon: ... ..,..,...11umlbacdno. 
'Jkcvidalccfarllli1.-... ,_,.pRICSSIOO .,.........,_ of..,.1flmLEP, ..,..ichpvcN., s2.M:l:0.64ifl 
.... ..--.1.l 

'Tlio1m-lllllftofib<QCDpu1e~llldiapamdswemlkclqullbandcl-salnGI 
~ u 1....U cii<1m:a. wtiilc ii coatiaes 11ie<11 at laqe dillWKlell """C<11ar..,;.,gh:1 llldroDs. Ewen 
~ P'F - DOOClllrily bop - -.. ~ ean mike !Mm '->i'· 1lus is Miii 
bappcm 10 Ibo wt and z!l bosoas· c~ pitge ry.....-, is ....--ly brabrL, a~ 
-ullle"'Hitp~w.6Fma1Jy.r....,; .... ;,,11oo.-..imodclabo...,.....,.,..mus1ess.To 
--. ~ _ 1ep1oa, ,.....; ... , - """"'be)'md Ille sum e SU<2) e IJ(l) ~ iMcnclioum 
Nqllind. Thuc odditiou.I ~· nplicitly boak lbe ,.........,,. na~or aymmerry ud ~ 

.............. .,,........,. tnalWq: 10 --

Despill! Ibis pl! body a( lmowled&e ..... illtaxlioas andl:rtyinz ·~ -' o.- .,,_, 
lnlkdowm mn11r1 unlaiowo. 1'1o! """' impar11111 clcmml still mi..U.S fn>m !his deseripQm of porlicle 
~isdl:reo:llyearmoc:lod111~r,noneuybrukia1. n.n ... ,11o • ..,..-~ 
"Hiw -~, .... ...i _., booom; • ..,,Jialion ol .U .... blown ponjc:lcs.; ... infiflib! - .,, -
-; Ot ~I aill llRimlfioed. It is lllo UQbovm wbelher tM KW imcncUont llllqllired far 
flaVO< .,...._,.,. tRo.l:ing .....:! oddillonal - pmtida for d>eir .....,1emen1111c,.,, U111il die now d,......,. 
""' bowD. it .....,.. impouiblo 10 mall flmller ~ ia ul>dcmancb~I clanenimy ponide pllyAc$ 

Oneweryimpon•uupeeiofcl..,...._•)'llllllm)'brakingi•kmwn: •1Jclwaaai$Uc•""'IJKll• 
of 1 ll!V. 'Ib&$ ICale is ocl by the dOQy oonscn of the tine Goldnone bcisons lnnlfunaed vi& Ille Hius 
.....a.mism 1111<> lilc loagiNdul&I oamponenu, Wf llld ~.of !he -a 1a11gc bosons 

F. • 2-tGj • 246 O.V 

Nrw ,,n,.ic• ......rocao• ...,.,dW ..i•rr1 •ail•. New plllicles pradllC&d in panon IC&llering proc:esset .. thl1 
-.,. OllY appoAt U fuly diRUICI .............. DI - p1110 boooa Oii" fcnaicm-anlif- fiflll Jllla, « 
""'1 as ftllli""IY r-ie.. ....._,,_.of Wt and~ bolon prodllecion nrof lllissi"ll enerp. wm
fomi !hoy *· it is Ille """'IY IClll• of l ToV and tho am of typical QCD Ind elcclro*ak cross lfl':llOl!s 
•dlilelll!fl)',O°"lnb-Jfb.llw-......,lbealefl)lllldllamiftoaty~ofthoSSC'/ja'!l 
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GEM'S STRENGTHS: 
PHYSICS CAPABILITY 

• NEW PHYSICS: Clean, High Resolution 
Lepton and Photon Measurements 

• Higgs Detection Over The Full Range: 
Low Mass: H0 -+ 11,l.11; t+t-1.+1-i 
High Mass: H' ~ f+t-t+t-; t+t-jj,t+t-vv 

• Quick Discovery of Top; 
Charged Higgs in t--+ H+b; H+ - T+v 

• Squarks, Gluinos Up To the TeV Range: Jets, Jr; 
Isolated Lepton Veto for tf; Like-Sign Dileptons 

•Quark Substructure To A= 25 TeV: Jets, Er 

• Z' to 8 TeV: Z'-+ e+e- Width; 
Z' ~ µ+µ- F-B Asymmetry At C = 10" 

•Quark-Lepton Compositeness to A= 30-35 TeV: 
qi)~µ+µ- F-B Asymmetry At C = 1034 
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GEM TDR 

• A MAJOR STEP TOWARDS 
GEM APPROVAL 

• AN INFORMATION RESOURCE 

- For Existing GEM Groups: Greater 
Interaction 

- Education of New and Prospective 
Collaborators, Vendors and Industry 

- Figures and Tables for Presentation 

• A LEARNING EXPERIENCE: 

- GEM's Strengths 
- Areas for Improvement 
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GEM's Sensitivity to SM Higgs 1000 -
MH .r £dt .,., .,.,, Ult llli U11v Combined 800 

ea Gev 30 fb 1 3.9a 4.50' 6.3u 
90 Gev 30 fb-1 4.9u 4.9u 7.2<1 
100 Gev 10 fb-1 4.60" 2.9u 5.Bc 

s 600 
0 

120 Gev 10 fb-1 7.8a 2.70' 8.50' 
140 Gev 10 fb-1 9.0c 2.3u 11• 15• 

~ 

~ -" 400 

150 GeV 10 fb-1 7.30' 13• 15• 
160 GeV 10 fb-1 3.2u 8.la 8.90' 
170 GeV 10 fb-1 5.711 5.70' 

• c • > 200 '" 
iao Gev 10 fb-1 10• lOc 
200 Gev 10 fb-l 38• 3Bc 0 

400 Gev 10 fb-l 28• 2Bc 
600 Gev 10 fb-l 9.1u 9.70' -aoo Gev 10 fb-l 4.70'* 5,4,,.• 110'* ?? 
aoo Gev 10 fb-1 417** 2u** 70'*** .... Myy (GeV) . Stat1st1cal only. 

•• Including systematic uncertainty. 

••• Systematics included, assuming !Et under control. 

10 fb-
1 

will cover 100 GeV < MH < 800 GeV. 
.. 

30 fb-
1 is needed to cover BO Gev < MH < 100 GeV. 
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FIG. 2-45. Th<! M ••• - di.stnbutioo for & 4TeV mus Z' of Model 2 a.s described in tht 
tex;, Recon5tl'Uded (solid) and geneno.ted (dashed) di•tnbutions a.re shown. 
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FIG. 2-56. Event number• with ir > 250GeV and the sphericity and lepton nto cut1 
described in the ~xt vt. the minimum numb<:r N;.1 of jets with PT > 75 GeV. Open circles: 
Case l signal. Solid circles: Case ti signal. Histogram: QCD background. Cue II has 
more events with low jd multiplicity ~causo 911. ..... X'/t dominates. 
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FIG. 2-58 l'T di•tribution• for the highest-Pl" i•olated lepton in di lepton events containing 
two isolated like-•ign l<'pton•- Open circle,- Signal event! generated with Case Ill MSSM 
p&rameter! Histogram: tf background from mi1me1L<uud ~lectrons in the GEM centr.o.l 
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FIG. 2-42. Inclusive jet Er spedrum for •ubstrudure at the scale A "'25TeV (dashed} 
and for QCD (solid). 
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GEM's PHYSICS GOALS 
HAVE GUIDED THE DESIGN PRINCIPLES AND MAJOR 

TECHNICAL CHOICES FROM THE OUTSET 

• EM RESOLUTION REQUIREMENTS 
Stochastic (6 - 8%//E) AND Systematic ($ 0.43) 

Terms Set By the Discovery Potential For 
H 0 ....... 11, H 0 -zz•_,e+e-e+e-, Z'-e+e-

• PHOTON POINTING and ANGULAR RESOLUTION 
r!f = (40- 50)/../E + 0.5 mrad: 

For Clean ID and Measurement of H0 __, ;1, Z' __,. e+e-; 
Event Vertex Determination at £ = 1014 

• CALORIMETER SEGMENTATION 
Precision Measurement of EM Processes; 
Rejection of Hadronic Backgrounds; 
Clean Isolation ore,µ,-, (With Tracker) 

• HIGH MUON MOMENTUM RESOLUTION 
For All 1'11< 2.5 
Detect Z'--+ µ+ µ-, H0 --+ µ+µ- µ+µ- With High Efficiency 

• FORWARD CALORIMETER COVERAGE 
To I '11"= 5: f,r Signatures for H 0 --+ t+t-1111 and SUSY 

• COMPACT CENTRAL TRACKER RESOLUTION 
For Complementary SUSY Search: gg __, t±~ + X 

•ADEQUATE SHIELDING: LOW n,,.. FLUX 
Low Muon Chambex Occupancies To C = 10" 

" -P---

l =-•. 
. ., .. _____ __, 

-
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GEM: PRECISE, ROBUST 
DETECTOR DESIGN 

MUON SPECTROMETER 

• QUIET ENVIRONMENT 

- 11 - 16+ ,\ Calorimeter: Punch Through 
Well Below Real Muon Rate (11",K,c,b) 

- Compact Close-In FCAL + Shield: 
Low n,1 Flux 

- Air Gaps for Associated EM Showers: High 
Efficiency for Multi-TeV Muon Reconstruction 

• HIGH RESOLUTION 

- ~PT/PT~ 5% (13%) (Baseline) 
At T/ = O (2.5), for PT= 0.5 TeV 

- Charge Determination: To 6-15 TeV (Baseline); 
To 13-22 TeV With 200 µm Vertex 

- CSCs: - nsAG ::; 54 µm; 

* Intrinsic and Alignment Precision 
* 48-In-¢: Lorentz Angle Compensation 

•HIGH PATTERN RECOGNITION and 
RECONSTRUCTION EFFICIENCY 

- CSCs => Granularity, Near-Space Points; 
Two-Track Separation (Charge Profile): 
n,7 Occupancy 0.3 - 1.1% at L = ia3' 

- 500 µm Vertex: Muon Reconstruction 
In 2 SL With Good Resolution 

!ii; 
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a) all three superl:y:n 

Rapjdiry Ranse 

·········6. 

16 

0.01-0.50 0.50-0.92 0.92·1.34 1.38·1.86 1.86-2.46 

0.99 099 0.96 09'1 0.98 

0.99 .... 0.96 a.95 .... 
097 0.98 0.94 0.89 0.89 

0.95 0.93 0.90 0.84 0.82 

b) middle and outer sup:rlayers only 

Rapidi1y Rang.: 

0.0J-0.50 O..S0-0.92 0.92-1.34 J.J8.J.86 1.86-2.46 

0."1 0.99 0.96 0.98 0.99 

099 0.99 0.96 0.97 0.98 

0.99 0.99 0.96 0.95 0.97 

0.97 0.95 0.93 0.94 0.96 
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GEM CALORIMETERS 

• STABLE, ROBUST OPERATION 

- LKr/LAr EM Accordion: 

* Intrinsically Stable => Small Systematics 
* Fast Signals => Low Noise; 

Clean Lepton and Photon Isolation 
- Longitudinal and Fine Transverse 

EM, HCAL Segmentation: 
* Photon Pointing With q-Strips: 

H 0 Vertex At C = 10:54 

*Clean 1/Jet Separation, 
With Strips, Tracker: I - 4 x 10-4 ; 

* e/Jet Separation"' 10-5 

* "'f/e Separation With Tracker: 
R(-y/e) =0.53 for Mu~ Mz 

• HIGH EM RESOLUTION 

- q./E = 63/v'E@0.43 (Barrel); 

- o-,JE = 83/v'Em 0.43 (Endcap); 
- Sufficient for Higgs Discovery: 

* 10 lb- 1 Will Cover Mu;?: 100 GeV 
* 30 lb- 1 Will Cover 80 <Mu< 100 GeV 

• GOOD JET RESOLUTION 
AND COVERAGE (I "I< 5) 

- u1./E = 603/v.IE EB43 (Weighting); 
Lightly Instrumented Scintillating Barrel 

- Sufficient Er Resolution for H 0 --+ t+ t-jj; 
Discovery of Quark Substructure 

- Sufficient ~ Resolution for H 0 -+ t+l-vfi; 
Supersymmetry Signatures 
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TIP ..... B"i 

4cellSl'tower 
#towers= 22 

n~.fl.)J9-y 

~ 

' 
4 censttower 
#towers=22 

GEM CENTRAL TRACKER 

•COMPACT, PRECISE; 
DUAL TECHNOLOGIES 

- Si Detector: 50 µm (Standard) Pitchj 
10 µm Resolution, 10 µm Alignment. 

*Rm.in= IO cm: Dose< 5 Mrad/10 Years 
* R...u = 22 cm: Cost (2M/m2) 

* 18 cm Strips: Channel Count, Structure, 
Signal/Noise; Occupancy 0.1 % (Typical) 

- IPC Detector: 50 µm Resolution, 
25 µm Alignment. 
* Pad Sizes: Occupancy (0.5% Typical) 

Vs. Channel Count 
* R..,..,: Momentum Resol'n Vs. Cost; 

Matched to ECAL Tower Size 
- NLAYERS :::::: 14: Pattern Recognition, 

Resolution; e/"f Separation Vs. Space, Cost 
- Stereo Angles: z-Resol'n Vs. Track Ambiguity 

• RESOLUTIONS 

- High p: apT/Pi:::::: 0.13 (High Momentum) 
- Low p: apr/PT::::: 3.5% (103 Xo Typical) 
- Improvement of Muon ResoPns: (p < 30 GeV) 

and (p"' 1 TeV or More) 
- Charge Determination: PT ::5 600 GeV (953 CL) 
- ah:::::: 25 µm Above 10 GeV 
-az:::::l mm 

B~t 

20 

15 

10 

0 
25 

30 

.. 
c 

l • '!i 
"ll • " • ~ 
d. 
.5 

re.=_) 1 o Scint. layers 

6. 3 Scint. layers 

D Non~instrumented 

0.1 0.2 

11v'E' (Gev-112) 

81, 

70 

60 
Rad. Dose 

50 

40 

30 

20 

10 

0 
0 5 10 15 

SI. Inner radius (cm) 

70 

woo 
2 Resolution 

~so 
6 40 s 
~ 30 

i!. 20 Si.Area .. 
.5 10 

0 
15 20 25 

Si. outer radius (cm) 

.. 

.. 

.. 

0.3 .. 
TIP-()3837 

20 

18 .. 
16 

14 
.,,. 
ll. 

12 • • 0 

10 
.., 
-ti 

8 • !i. .. 
6 ~ 

4 

2 

0 
20 

TIP..,.., 
20 .. 
18 

16 

14 

12f 
E 

10-; 

8 • • 
• iii 

.. 
4 

2 

0 

TIP-03849 .. 

.. 



~ 
lo-" 

, 

Nuil'iler of del9dol" layers hll 

0 111 0 '" 
01 I I I I I I I I [ I Rilli i' I lj 

~ 

:!· ... ... o•· mi .... 
lllD•• 
• l:'lflll" 
' Iii II • • ... ....... 

II II.• • 
••• 111111 • 

!.:l ~ II • II o • • 

• • m • • • 

: ~ • • 

"' 

• D II a • 
.... &II 

1111 • •• 
· 11!1•. ..... .... 

• 1181•. 

GEM CENTRAL TRACKER 
PHYSICS PERFORMANCE 

•Electron ID: e/7r0 = 0.1%; e/7r- = 0.08%; 
e/Jet = 0.02%; e/Jet (Isolated)= 0.001% 

• ., "" 97%; '• "" 97% in H' __, e+ e-t+ e-
• Correct Higgs Vtx (llz < 5 mm): 

< = 95% (L = 1033); < = 75 - 80% (L = 10") 

• b-Tagging: Efficiency = 30 % + (Preliminary) 

• T--> 3 Prong Tagging: Efficiency = 75 (33)% 
At PT= 50(150) GeV 

• Momentum Resolution Sufficient For Like-Sign 
Dilepton Studies: gg; WW-Scattering. 

• To Be Studied: CP Violation In 
B --+ J /11! K: --+ µ+ µ- 11"+1r-

Number of radiation lengths 
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GEM DESIGN 
OPTIMIZATION STUDIES 

FOLLOWING THE FIRST ROUND OF SIMULATIONS 

•MUON SYSTEM ACCEPTANCE 

- Important For Z' - µ+ µ-, and H 0 - µ+ µ-µ+ µ-

• REDUCE MATERIAL IN MIDDLE 
MUON SUPERLAYER 

- Improve Resolution For H° - µ+µ-µ+µ

•DETAILED ALIGNMENT PROCEDURE 

- Determine Muon System xy·Position 
Relative To Beam To 200µm 

o DETAILED CALIBRATION STRATEGY 
FOR EM CALORIMETER, USING z0 - e+e-

- Important For H 0 - //, Z' - e+e-

• HADRON CALORIMETER CALIBRATION 
PROGRAM: DETERMINE JET ENERGY SCALE 

- For Heavy Flavor Physics, H° - f+f-jj, 
and Multi-TeV Jet Studies. 

• SMALLER BEAM PIPE AT FCAL POSITION 

- For Extended Tl Coverage; 
Improved fu Resolution 
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GEM TDR DOCUMENT 

• FIRST EDITION READY APRIL 30; 
SUBMITTED APRIL 30 

- TIP's First Experience With Complete 
Electronic Handling of Figures (R&-D) 

- Color Cove.rs: non-DOE Funds 

• SECOND PRINTING, 250 
•THIRD PRINTING: 1500 (Early June) 

One Copy to Each Collaborator; 
Extra Copies On Request 

- Corrections (Text, Figures) Due May 20 

- Figure and Table List (Short Captions) 

- Enlargement of Important Figures 

- Updated Covers: Decide This Week 

- "Perfect" Binding 

- Printing 2-3 Weeks 

• LIBRARIES: Full-Page Tables and Figures 

- Tables in WORD 

- Figures in Adobe Illustrator 
or Postscript 

- Accessible by Network 

•SECOND EDITION (FINAL) 

- Update Physics and Subsystem 
Studies; Design Work 

- Includes Response to the PAC 

- 2000+ Copies 

- Scheduled for September 
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Feedthrough 
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Endcap Calorimeter: 
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Overview 
·of Scintillating Barrel 

Calorimeter (SBC) 

Yu. Kamyshkov I ORNL 
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Physics Performance of the Calorimeter 

Expected calorimeter performance based on detailed GEANT simulations: 

• EM in complete detail with full accordion structure; 
similar simulation reproduces RD3 results 

• Hadronic with GEANT + GHEISHA including all dead material and supports; 
also at mixture level in GEANT and in CALOR89. 

The work of many people is summarized here: 
Ma, Seman, lettchouk, Shupe, Shmakov, Efremenko, Moore and others. 

Thanks to everyone who has contributed so much time and ellort. 
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Functionality 

The user should be able to select, either at compile-time or at run-lime if suitably 
Compiled, options such as 

Overall arctitecture (testbeam or TOR design or some new base~ne or ... ) 
Tracker 

skip entirely - gemlast-type parametrization - full hit-level simulation 
Galonmeter 

skip entirely - gemfast-type parametrization -
mixture level GEANT simulation (a la UAZMIX) -
full GEANT simulation 

standard cutoffs - low cutoffs - or Wilh GFLASH showers 
Muons 

skip entirely -
gemfast-type parametrization -
full hit-level simulation 

The common data structures should allow a single piece of reconstruction code 
to read in any set of events generated by the package and, either reconstruct it 
or tell you it is inappropriate (a track finder won't work on smeared 4-vectors, for 
example). · 

·-= ci' 

Some ground rules 

The physics simulation code must handle EM and hadronic showers and 
must be debugged and "trusled". This means we have no altemalive bu! to 
use GEANT (which now interfaces to FLUKA and CALOA89). 

Thus we should use Fortran 77 (could use C in parts). 

And we will link with ZEBRA, (whether we use it ourselves or not) 

(aH of these choices are pragmatic ones based on the need to 
have code working soon. Development of more adventurous solutions 
to simulation, using C++ for example, should continue in paraHet). 

We shol.Ad use as much as POSSlble from the exisling ~ackages geagen, 
sigem, gemfaet, UAZMIX and the various detaite<t GEANT simulations. 
We don't have enough spare manpower to throw code away. 

Code should be supported on the standard 5 GEM unlx platforms. 

If possible, the code should also run on VMS, though it may need to be 
kluged and hacked somewhat and won't be futly supported. 
This is not an absolule requirement but (I think) still a desirable feature. 
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Organizational issues 

The effort should be coordinated from the SSCL but must involve people 
from university groups and subdetector simulation experts from tracker, muon 
and calorimeter. Each subdetector group should assign -1 FTE and sufficient 
suppor1 to this project. 

There should probably be one "librarian" or "integrator" who will read codes 
delivered and make sure they interface correctly (the role played by T omasz 
for gemfast) 

JWomo,...,ssc, ~ 

Global simulations for GEM 
It is (I hope) generally agreed that GEM simulation should evolve toward a 

more coherent, unified, and global simulation package. 

The goal should be to have a program or suite of programs which use 
common data structures but allow selection of various levels of detail. The 
simulation is needed to study issues beyond the scope of gemtast·lype 
simulations. 

A few examples: 

• Evolution of detector design 
•Jet resolution, especially in barrel-EC, EC-FC regions. 
• Forward Jet tagging 
• Jet rejection 
• Missing Er resolution 
• Combined detector reconstruction algorithms, eg electron and muon 

using tracker+ calorimeter+ muon system (a muon study is already 
underway) 

• Trigger studies 

All these issues must be addressed in detail over the next couple of years. 

~.~ ... ~~""·~ .... ~~~~~~~~~~~~~~~~~~~~~~~ ci? 
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Work to be done immediately 

• Geometry input and definition package 

A front-end which will handle the parameters needed for the creation, 
positioning and rotation of the GEANT volumes. This should be easily edited and 
should support future input lrom CAO systems (e.g. Martin-Marietta's models) 
and future output to GISMO (!or EGS simulations). We should have an 
automated system to assign material and medium numbers, rotation matrices, 
etc . 

• Data structures 

We will need the GEM "framework gro1.41" to provide a working solution for 
data structures and handling 1/0 which is callable from F77 and available on 
all 5 GEM unix platforms (plus VMS if possible) by 9193. II this is not 
available we will use ZEBRA as a fall-back solution. 

J_.,$SCL ~ 

Milestones 

I assume that the simulation and reconstruction issues listed earlier should be 
addressed as soon as possible, and using code that has a long life-expectancy 
rather than by kluging the present setup. 

An additional constraint is set by the Fermilab test beam run. From DO 
experience it would be extremely advanta~eous to have a detailed Monte Carlo 
simulation of the test beam in existence with events generated before the data 
taking begins. 

I have assumed 6 months to code and debug the 9eometry for both lhe full GEM 
'; and testbeam setups and 3 months spent generating data. This leads to the 
c-- following timescale: 

6193: 
9/93: 
3194: 
9194: 
1/95: 

evaluate geometry builder and data structures solulion$ 
coding and debugging full GEM geomelfY 
coding and debugging lest beam geometry based on lull detector 
begin generating data 
testbeam data taking slarts 

(This is very similar to the schedule for SDCSIM). 

·-= ci? 
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Forward Calorimetry 

John Rutherfoord 
-

University of Arizona 
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GEM Forward Calorimetry 

GOALS 

1) Hermetic coverage 

Measure missing ET of event 

2) Detect and measure kinematics of .kts 

Not e's or isloated ts 

3) Mitigate the Neutron Problem in muon system 

-6 -4 

GEM Coverage 

Inner Tracking 

Muons 

Precision e's and y's 

Hadronic Energy 

-2 0 

T] 

2 4 6 

.... 
•i 

' l ' ' ' ~ ' -• i 
l ' t .. 

• 
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f 
~ 

t\ I I>( 

i 1 0 

~~ i l ! 
I ~ 
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ET Resolution 

Sources 

1) Hadronic Energy Resolution 
(e/h + ......... ) 

2) Angle resolution 

3) Dead material (EM/had separate manifestations) 

4) Lack of coverage (beam hole, n .., 1.1 cc/ ec 
transition, ... ) 

5) Shower leakage out the back 

6) PT cross-over 

7) Dead cells/hot cells 

8) Weighting schemes 

9) Extra min-bias events on top of trigger event 

:c!Oli 
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GEM Baseline II. (UAZMIX) - Pions 
0.6 

~ 

0.. 0.4 :::::: 
~ 

0.. 

"" 
0.2 

10 GeV 

50 GeV 

200 GeV 

2.5 

?. llJ 

5.0 

Eta 

GEM Forward Calorimetry 

CHALLENGES 

1) Survive high dose rates 

1 GRad/SSCyr@ io34 cm-2 sec-1 and n=S 

Worse at larger n 

2) Protect the muon system from 

Hadronic spray 

Neutrons 

3) Energy resolution for kts c.E/E < 7% 

4) Angle resolution for le.ts 6010 < 7% 

5) Limit transverse spreading of showers 

6) Accommodate wildly changing conditions 

with uniform calorimetry 

-

-
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TEKTRONIX TEKTRONIX- TEKTRONIX TEKTRONIX 

Ra4iolion dtne in For111anl Ca/oriJftder 
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GEM Forward Calorimetry 

GEOMETRY 

1) Unique location 

Integrated with end-cap 

Close to IP 

2) Manifestly Hermetic 

Reduces cross-over problem 

Optimal protection of muon chambers 

3) Creates challenges 

High rate I rad damage 

Transverse shower size relatively large 

Proximity to beam pipe 
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GEM Forward Calorimetry 

LONGITUDINAL SEGMENTATION 

1) Separate E~1 and Hadronic sections 

2) Allows separate optimization for separate 
problems 

Problems in E!'-.1 section 

High rad damage 

Fine grained transverse segmentation for 

Narrow E!'-.1 showers 

Precise angle determination of 
hadronic sho\vers 

Problems in Hadronic section 

~lust limit transverse spreading 

3) Allows software weighting schemes for 
improved resolution 

4) Allows cheaper/easier pseudo-projectivity 

.. 
--~ -----,1,- __ _ 

--------•---- .. 

.. 

.. 

210 

.. 

.. 

.. 

2:!11 .. 
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GEM Forward Calorimetry 

EM ABSORBER MATERIAL 

Choose Copper or Brass because .... 

1) Less Rad damage due to longer radiation length 

2) Less positive ion build-up problem 

3) Larger Moliere radius for more uniform 
sampling 

4) Easier removal of heat -100 watts at 1034 

22J 22'.~ 

22.\ 

75 



76 

I :(, U1 FC al Tec.hndo3y [hc1c e 

~ ()riS 

,_ T"" Ori• o+• oi~ 

~t:f :.~ l~~~. ~A; i: ~ 
'BNL_~Gf:RN 

, ·_-13NL. 

-
.. 

-

-

.. 

.. 

-
-
.. 

-



-

-

-

-

Muons in the calorimeter. 

1. Muon Pt. 

Y.Efremenko 
ITEP/ORNL 

2. Muon energy loss correction in calorimeter 

3. Noise in calorimeter. 

4. Instrumentation of SBC 

S. Endcap region. 

6. Conclusion 

M was shown before (GEM-TN-269, 349) 

for mnon with Pt bigber,tben 100 GeV the 

calorimeter influence on the muon resolution 
is negHgible. 

At the same time, m11ons with 

the low Pl (10-40 GeV) are very important 

for the His&• detection. 

11 U I !! I 

¥'' --C1•lr' a•or• 11>0•"' •·--· 

The more difficult for detection Ht11• in 4P. 

ts the Hi111 with the mus 140 • 185 GeV 
where the ZO mus constrain doesn't work. 

• 

150 GeV Higgs in 4muon dlannet 

Muon rapidity 

1 !50 GeV Higgs in 4 muon c:Nnnel 

32.73' 
11.93 

MuonP\,O.V 



Geant simulation. 

Muons Pt 10, 20, 50, 100, 500 GeV 

Rapidity region near 0.0 and 0.9 

One point for endcap Pt 20 GeV 712.0 

Contribution from calorimeter only if 3P11 1P,.s0 

•• 
i --

Pt 20 GeV. Muons near 11ta o. 
T ! ' 
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aP./f. .. ,~. 

c..~~~·u.~~-! ,-,....~~~ .... ~~~ ·. ,._,. Pt • .206• V ·--

EM MCtiOn 

BO 

Muon enersy loss correction in calorimeler. 

1. U1ia1 e11lorimeter iaformatioa '-..... 

Combination. 
1. l11la1 tbe 1110.t probable nilae ~ 

• • 
i .. 

Pt20 GeV, Muons nearetaO. 

Muon energy loss in LH cal, GeV 

23·1 

Pt 20 GeV. Muons l'lllar eta O. 
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Pt 20 GeV, .._,at 2. 

--- - ------j 

EinP..-. .... ,GeV 

CONCLUSION 

1. Barrel calorimeter I• atronaly affect on tbe 

resolution of muons witb Pt lea tban 30 GeV. 

2. Influence of tbe Endcap calorimeter on 
tbe muon is low. 

3. Increasing of tbe pileup noile at tbe 
biab luminosity will strongly affect on the 

efficiency or resolution of the law Pt muons. 

4. For tbe low momenta muon then is almost 
no difference bow many sensitive layers 
(from mro to ten) are in SBC. 

The real improvement will appear if SBC 
would bave more tban 25 sensitive layers. 

J~·--~.~--
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conK1ion In Calorirn9twr. PIGeV 
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GEM Muon System 

• 
I 

• General Features ' ; 

• Design Goals 

~ • 
• Chamber Technology 

• Drivers of the Design 
~ 

• System Performance 

• 
251 

• Physics Objectives - Muon System 

HO-> p+ p· p+ p· 

130 <NII"< 800 O.Vk2 

z· -n:hel. Z"->p+p-

MZ' < raw Tt.Yk2 w- W'->jilV • 
Heavy ftavor -rclies ti->pvbX 

The uneJ<P8Cted 

Note: EM calorimt1ter objectives complementary to MllO!I S,..tem -

~· 
t 

-
fl7 

Speakers for GEM Muon System 
San Diego 

•Overview 

Taylor 

• Review of Chambers and Alignment 

Mitselmakher 

• Layout of Chambers and Support Structure 

Nimblett 

Features of Muon System 
Design: 

• Large Superconducting magnet 

81'/o reaol11tion figlll"ll of merit 

-rwlius --- 6eld vallle 
- &.'4 9haper 

9m 
30m 
0.8 T at iotenteetion ptint 
radial field coa:tpomnt at larp "11 

• One Technology {trigger and tracking] 

- Cathode Strip Chambers barrel and •mt<:..p11 

Goals: 
• Good resolution: standalone (no CT) 

- three-point sqitta JDethod 

•f'otPts25GeV/c 
6Pt/Pt.•3'1o atlT1I •O (Q.9()0) 

3Pt/Pt• l.6'1oat IT1I •2.5 (9·9.50) 
•£or Pt• 500 GeV/c 

6Pt/Pt•6'!11 atlfll •O (9 .. 9()0) 

3Pt/Pt • 12 'lo at 1111 - 2.s ce- e.Sol 

• Pi trigger and beam cross tag 

- cu 11elec:t up to Pt> SO GeV/c 

•Operational atL • 103' cm-2 s-1 
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Pt from Sagitta Measurement 

•At l111 =0(900)forµ± 

s .. +0.3BL2 
- BPt 

• $ = 1.1 mm for Pt= 500 GeV/c 

•Total error "budget" at 500 GeV/c &5"' 50 J1Dl 

2fi(, 

-.. ~ 

5 = L!..±.l.l • J l 

' 

Chamber Technology 

• Baseline for TDR: 

Trigger and Tracking FWlctions: banel and endcaps 

CSC"' Cathode Strip Chambers 

• Considered: 

Tracking Function: 

LSDT = Limit.ed Streamer Drill Tubes 

RDT =Round Drift Tubes (pressuriud) 

Triggering Function: 

RPC =Resistive Plate Countera 

• Chamber Testing Program: 

'ITR = TeXBS Test Rig (C.....Uc ,..,. ,....on labontory •~SSCLl 

-
... 

... 

-
.. 

.. 

-

.. 



• Properties of Cathode Strip Chambers • 
Property Value 

• Single layer resolution oS75µni 

• Orthogonal coordinate anode wires o s 5 cmN12 

• 'I'wo track resolution ~rated for .U 0!:2 lltrip11 
[ e.i . .U ~ 10 mm in SLll 

•Timing o S 8 ns<beam tagt<!:99'l(.) 
h-drift < 30 ns] 

• • Rate capability 'I-integration. 300 na 
{4 .. trip ocaip. s l'lt at IOUJ • f'IG......__....,,._csc_~_ 

• Neutron and rsensitivities OK for L • 1034 cm-2a-1 

• Integrated function triggering-tracking-timing 

• Parameter$ validated R&Dprogram -
--- -

• • -
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Drivers of GEM Muon System 

•Alignment 

Prcljective p•th• 
- llix per chem.her tower (5 in endcep) 
- gap in middle 1111per lllyer olburel 

• Support structure 

Noct.. of structure 
- congruent with comen1 otchamber 
- chamber towers individuelly .supported 

• Properties of Cathode Strip Chambers: 

Anode wire stability 
• width of chem her (anode~ $pans 1.2 m] 

Siu or precl•lon cathode p•nell 
·maximum length .. 3.5 m 

[eoun:e c.apacit..nce and industry limit] 
• meximum width • 1.2 m 

[ind Witry limitconliat.ent with wire atebilit.y] 

Lorentz enrle nWlinr 
·barrel chambers rotated byf;G to So 

(allows chambers to be overlapped in• be.ml) 
• endcap wires uymmetric to redial ellia 

Radi•l .trips in ende11pt1 
- trapezoidal chambera 
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Chamber Support Structure 

• Engineering Group: 

Draper Lab. ·Cambridge, MA 
UJ..IL- Uwnnott,CA 
SGH - Arlington, MA 

SSCt /EFD- Oallu, TX 

• Stable platform for chambers 

Error budget: 

a s 25 µm inter - superlayer alignment 
" s 50 ~intra - super layer alignment· l"lndom 
o S 75 11m sin~ layer nsolution - tu\dom 

• Considered: 

Perl"otmance (stability to vibrt.tions) 

""" Fabrication arid installation ~uiremente 
Schedule imP11ct on G~ construction ....... 

• Propose to build: 

~l: aectono lV12J tied &optber ua moM1ith 
gOQd vibration c:ha~ristics 
- of COll!JtnKtion in miall parts 
prototype tmtiq PQaib}e 

Enhp: super-~la(o~) 
reclucm i11tr-a-lllyer irtructu...i elements 
monolith hu good att;bifity performance 

• 

• 

'• ' 
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Chamber Configuration 

Considerations: 

• inner layer 
• high rate ==> fine .gmentation ~ .t I "· 
·number ollayen for local trar:k 

. • separated from calorimeter 

• middle layer 
• good Hgitta resolution 

1rnallXO 
large m11nber o£ layers oNN 

• employed in trigpr 

• outer superlayer 
- more coarM aegme:ntatioo to m--i 
• enol.1,t. layel"ll to finikical tnck 
- employed in tril!PI" 

... 
__ ....... .._ ___ ..... ...... ................ ...., --··-_ ........... ---··---

.. ··' ---::,----=.---.....----=::: _.,_..,... 

Configuration: barrel 6-6-6 
endcap 8-6-6 
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Parameters of the GEM Muon System 

M&j\dki;eid a1 the IP t~· 
Barrel region: (29.6"< e <.JM") 
Eo.bp ~gion: (9.75°<:6< 27"} 
N\llQ)er of sectors in ~ 
&.rel lever arm 
&ltbp lewr ann 
Chamber Parameters: 

Spiitial resolutions: 
Chumer single-layer nsolution 
Nonbend plane resolution 

Beam Cros5ing Tag Efficiency 
(6 lal"!'r.) 

O.BT0•1 
"'8'A< llJl<l.33 
J.'3< lql<.Z.46 

" > 4.lm 
>8.6m 

75µm(RM5) 
<5/.Jlzcm 

lnlem.al chambe,r alignment 50 pm 
Suprrlayer-to-supe.rlay.er alignment 25 pm 
Radiation length/chamber layer 1.0 "° 
No. of chamber layers per SL 6:6:6 butt! 
(SLl:SU:SL3l 8:6:6 ~11tc.p 

No. ol chamben in u.rreJ ~ } 1 '! ~ 0 
No. ot d\1111\ben ill end.caps ..,... 
No. of bend plane channels· band 6'5,120} 0 .,t -..... 
No. of bend plane channels - endcap$ 276,480 
No.<Jfnon-beOOplanecMnneis-bu?e.I 221,IS.} 0.11 ....., 
No. ofnon.-bend plane- endcaps 92,160 

••• Performance of System 

• Solid angle coverage 

• Triggering and tagging 

• Momentum reconstruction 

• • • Rate capability 

I• • 
I._ lL ----

-:..:;,f-------------------------,,F. -~ 
.. -. 
"'" 271, 

,. 

The Muon System is Not Alone ! 

Calorimetry: 

• Goody and e± resolution 

TedmolGCY 

EM~nergy resolution 

EM-pointing ...Uution 

• Good Hadronic Calorimetry 

- Barn! Pb-Liq. Kr 
- Ende.p Pb-Liq. Ar 

-Barrel ~490.4 .. 
- Endmp WVEe0.4 w. 

-e..nl 40mrNEED0.5mr 
- Endcap 60 mrNE 610.li m.r 

Technology - &m!l Liq. Kr +Pb + Se 
- Etidelop Liq. Ar+ Cu. 

Energy reaolution 60'JW.JE • 0.4'11 

• Benefit to Muon System: 

Muon Filter 
... 

-Abeotber: 11J.m16A 

- X.Olat.ed muons 

.,, --- _, - ·-¥.- llf' l=1e> - s u... .. , • .1,_,.,;;c,c- O«!tAp~ 

~ o.qq '- ;.., i.,.,.,.,., .1 f l.o !:, i" 4111.t~,,,,. f.r 

l( 1tJj,,.,c..J 'St"rl~;·, 

I • Central Tracker: 

• Parameters: 

- Inner Si-M'ici:ostrips 
- Outer Interpolatiq Pad Ch. 

~utionll - low p d(Jl'P., 3.S WI 
-highp D.JJ/P2•(1.2) xlo-3(0.V/e)-1 

• • • Benefit to Muon System: 

- Primary V9l'teJl eoaatrai.nt 

• laolation eubl or muon track in ealoriJDetef 

- Muoo baekcniund rejection by tnck mat.china; 

- Covenae o(muon PIW fbeing"evaluatedJ 

I • 
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• Muon System: 

t'- •:--
•o o.s 

• Central Tracker: 

Coverage 

j\:f: 
;~~~=·· 

.. ....Zt' 
.. 

f.11" = 13 •;. 

tvr%.,,'Y.. 

£,!z ''"· 

T,..;,,e.r Ptr.J.--•cc. 

• 

~ 
S..rr~I 

•' 
,.. ...... ·n.,.., ... ,,. I ,, v··· 1.. ,,-- I 

. ·- ·-• .. 
C:twlu.~ 

•' f 

' ,._ 
I 

~ / ,•- I•' ,,-- • 1. 

. . . ,_ ---

• Triggering -
• Sagitta and 64' 

... 

• -
' 
i 

1· 

... 

-Momentum Reconstruction-1 

• • Muon 1yatem stand-alone: 

.. ... 
-

• 

... 

• 
l 
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Momentum Reconstruction-2 

• Muon system with vertex: 

,,, 
'·" 
0.05 '• 10G<IV 

0.0( -25G•V 

~ 0.03 

--50G•V 
---100GeV 

'·" 
0.01 

'" 0.25 - ,, 
'~ --1ooa.v 

-2500.v 

( 0.15 
-sooG1Y 
--1soG1V 
--10000.v 

' O.IG 

Momentum Reconstruction-4 

• Muon system with CT: 

0.06 ' ' 
,~ 

,, . 
-10GeV J 

i "'provU. "' c T -2sGeV -
0.05 

0.04 -soGeV 
-100GeV . 

_....... 
~ 

' c 
0.01 

' ' ' 
'o 2.0 2.5 

95 

Momentum Reconstruction-3 

• Muon system with vertex with SL2 and SL3: 
li"""1tccl. l.'1 it..S'. ;., c._.JoriMctcl"" 

,., 
I "'I" 

" -- IOGoV ""' -- HGIV 
- soGov 
-- 1000.v 
- ZSOG•V 
-- SOOO•V 

• ~~~·~~~'~"~!'!!!l!!lit!!!i~~~ 1- -- 1000GooV 

~ '·" ~ 

"' 

'200)"• '°'l&T"tC.Jt 

o.otl.c~• ·L. ·~·L. ·~.u~~..w~u.J 

.. ,, ' --1oa.v 
--- 25GeV 
::::::~~ ... 
---2900.V 
--500GoV 
--7$CIGIY 

i 0.10~!~~;;"~!!!!~ 

••••!,~~,e.,...,~~ •. ~,~....,.~ .... '-'.~.,....~ ... -
201 

Rate Capability 

• Charged particles 

I 
I 

ljf+t;p OC&ap.d IO)~ 
o.q"~ i..,,.,. .. , 

o a.a u o.75 1.a 1.2!i u 1.11 l.O U!5 u 
.....1 .. 1 

I. 0 ?. Ut.lC.J' 

• Neutral particles (n and y) 

.. 
~ 
~ " ....,~~ ffll .. 

1 • ll.ltl\ICl.Jf 

.! 1: '·"'""1.rr 
e • .. ....J. .. t 
l. " i .. 

• ,, ,, 
_..,..... __ ,I -201. 



Improvements 

•Coverage: 

Use CT [and Cal] at lower luminosity 
chambers 11 = 0 and 1.3 
optimize alignment paths 

• Resolution: 

•Access: 

reduce material in SL2 
reconstruct energy loss in Cal 
use CT for isolation muon 
vertex constraint (-= 200 µm) 

optimization of chamber attachments 
system engineering 

-

-

-

-
-

-
... 

-
... 
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Anode wire 

2fi t 

-

-
99 

TTR test of CSC 

-2-5 -2 -1.5 -1 -0.S O 0.5 

0.7 

0.6 

~ 
~ 0.5 
u 

§ 0.4 

0.3 

0.2 

0.1 

'~--

GAlW»ff~U-~ 

ti.X (cm) 

!i.X!Wstrip 
1.5 2 2.5 

1.2 

l. li5!£¥ir-~"!i: :=.!..,tohn:~.!: :;: y;;;;,7 
2· = ::r,;; eY\y"Dft:";:c.::·z; f?t&9F.:".~:11>9. 

- tber•JF. no loau jp M'S'll?P sue rn urup:n Z'Fk tteQ'$•r. 

s. ~.!:.'lllf'~E!2ft!'?W!Hr?.; !~;!·!..:;0~~!': .. ~~ 
-n traclttl are '"""ra10d by et leHI:. 7.~ ... , for •-ller ee~ation 
~ ...,901Utiott deVrade• but el-Y• r-11>! b.l- &SO •i=on•. 

ti. =.:~~ ;~~\oo .. :·~ :::1.p !? .. 2i9 jdai&\W~':t.1:!"~. 
-r• thall r«l\lired for GDl condition• . 

7, Since the C:SC operete• at tMi , .. gain of Sxl0""4, t)We <h"awinq a 
-u .,....S. cur...,nt, the effects of th- c"'¢'r &ping "5! rell. 

•· ~sS\us-nts tom::•• ''UPS fpd d'' j'ZG '" au net 
t , .;:cau .. EAi Jl>Or l'&t• IHUUre.,.nt jg,. POt j d 
c c~&lly on the 9•• •~xture. 
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STATE-OF·THE..SIUCON TFIACKER SYSTEM 

UPDATE· IMPROVEMENTS •nd MODIFICATIONS 

MECHANICAL OVERVIEW •nd PROGRESS 

ELECTRONIC OVERVIEW •nd PROGRESS 

GEM 
SIUcon Tnicker PalWMtere 

Siiicon ArM I m2 

Etectronlc ChllnMll 2.5 x 106 

•une::h Cl'Ollllng 18 ftl 

Dall Tl'lftlmlalon RI... 80 Mbllltl 

Radlltlon Levell .4 MNdl 9SCY 0 10 cm, Chmrgld 

1 t1w x 10 ,z., cma.sscv. MUtran - , ........ 
c5 kW.U. 

.... lhln10% 

5. 10 y.r 

IMPROVEMENTS •nd MODfFICA TIONS 

SILICON TRACKER 

1. 18 cm L.add9r Ungth 

2. 00 Slllcon LMldW Tiit Angl1 

3. Rmdi.tlon !Angth Rlductlon 

4. AldUOld ,........,., ol Cooling Rings 

•. llodlfls<I Cooelng Rtng 

•. Modlfllcl Udder Support 

7. t5mrHIMSleNO 

421 
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-ELECTRONICS 

Blpol•r Ampllflerllh•perldltcrlmlnator 

Design Complete 

S.mlCu•tom ASIC F•brlcated Ind Tinted -Dlgltld Reldout 

Design Compl.te 

VHDL Hllrd-re Dffcrlptlon Unguq. In Ptogl'M• 

Multlchlp Modui. (MCM) 

Prototype DMlgn Complet1 -DMlgn Uyout Coml*t• 
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1. Col~• with Klpnls of SDC on Coat Sh•rlng with 
WMtlnghOUN Foundry for Full CUatom Blpoler Febrle11t1on 
• Aug1.19t 

2. Collebor91• with Grlllo of SOC °"Cost Sharing with H•ITI• 
Filundry lor Prototype CMOS Dlglt•I Circuit - July 

3. Prototype Multlchlp Module (MCM) (lnlenuil LANL Fundl • 
CRADA) • Sept 

4. Collabof.te with Nlck9NOn of SDC on Flt.r Optic RNdout 

5. Reftne Power CatJMos 
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IPC Prototype Muon Test Stand Results 

Position Residuals vs Angle 
Angle defined as the angle between the particle trajectory and 
the normal, projected onto the precision measurement direction. 

• 

• 
• . . ~ 

., .~ .. ~- ~1- •• 
• • • 

• -1 

• 
-5 0 5 10 

angle (deg.) 

IPC Prototype Muon Test Stand Results 

Dala Cuts: 

Minimal data cuts employed - no cut on 'fiducial region' 

Three 'good' pad measurements are required for each of the 
three chambers. Good is defined a.s a non-saturated ADC value, 
not consistent with pedestal. 

IPC Prototype Muon Test Stand Results 

IPC Prototype Muon Test Stand Results 

Expected vs Measured Position in Chamber PJ 

10 

8 

4 

2 
2 4 6 8 10 

expected position (mm) 

itrin 

IPC Prototype Muon Test Stand Results 

Angular Distribution of Accepted Events 
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4 

3 
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0 
0 

angle (deg) 
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IPC Prototype Muon Test Stand Results 

Angular Acceptance /Distribution 

Angular acceptance oftclescopc s +i- I 2 degrees. 

However, some channels dead ( bad plated through holes ) 
Due to smaJJ channel count, this effect leads to large angular 
dependent losses. 

~ ~ ---------...2...--___ . ______ .Ji!.,. ___ _ 

·-~ 

To pass data cuts, require 3 'good' measurements on each 
plane - results in effective angular acceptance of ..(;to 12 
degrees 

IPC Prototype Muon Test Stand Results 

--
.... _ ----

--

--

15::: 

IPC Prototype Muon Test Stand Results 

Multiple Coulomb Scattering 

Only material between first and second chamber relevant 
2x0.5 mm GlO boards+ 2x0.25 Oz Cu = 6.5x10·3 X0 

Contribution from Multiple Scattering= 25 microns. 
(not sub!racted out of result presented here) 

Relationship between observed position residuals and single 
chamber measurement e"or. 

··-"-J--i<I···· . . 
"-'--~-

hoold/1.U 
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IPC Prototype 
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IPC Prototype Muon Test Stand Results 

• 3 chambers with pad readout + I chamber with readout in 
orthogonal direction to correct for misalignment. 

• Dctcnnine position resolution by extrapolating track 
detennincd in bottom two pad chambers to top chamber, and 
comparing with position measured in top chamber. 

• Misalignment in precision tracking direction corrected by 
using global fit to pad data (minimizing position residuals) 
Misalignment in orthogonal direction corrected using data 
from wire readout chamber. (shonagc of electronics 
precluded wire readout on more that one chamber) 

• Tests conducted with fast front end electronics ( 25ns 
peaking time). and CO/CF4 gas mixture. 
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-:1-· ·• 
,·1·'1!: 
"' ,,, 
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IPC Electronics Status 

Radiation Lengt/J of Low Voltage Cabling 

Cross Sectional Area of Aluminum needed per 
chamber= 14 mm'. (4xl0 gauge+ 2x18 gauge) 
(20 chambers per layer) 

Aluminum: 
Radiation length • uniform spreading over 2it 

0.6xl0-3 X. /layer 

Radiation length - local 
0.02 :x,llayer 

Be: 
Radiation length - uniform spreading over 2it 

0.2xl0_, X. /layer 

Radiation length - local 
7xto·' x,Jlayer 

IPC Electronics Status Report 

Basic Approach 
Power supply bank mounted on gangway 

provides +SV, +-2.SV through 40m runs to 
patch box . Smaller gauge wire used for run 
from this point to electronics. 

Inner Cabling 
Conductor Figure of merit - XJp 

Cu 8.5 
Al LO 
Be 0.3 

Copper is out - Aluminum most practical 
solution, but Be remains possibililty. 

Design based on 0.2V maximum voltage drop in 
4 m cable. (remainder of cable to supplies @ 
40m assumed o have negligable drop.) 



IPC Electronics Status Report 

Low Voltage Cabling 

Power Budget Estimate (per chamber) 

Preamp/Shaner/SCA - +/- 2.5 V & analog gnd 
+2.SV - 7.7 A 
-2.SV- 7.7A 

F ADC - +SV & dig gnd., 2V reference 
+SV -6.4 A 

Readout Controller - +SV & dig gnd 
+SV -2 A 

FO Transmitter - +SV & dig gnd 
+5V2A 

Total per chamber pair ------
+SV 10.4 A 
+2.SV 7.7 A 
-2.SV 7.7 A 

41! 

IPC Readout Prototype 
Calibration System 
CaJibration Sequence conrollcd by on-board microcontroller. 
Controller injects known charge onto a ca1ibration cap. located 
on input of each pre-amp. 

"" L...;-:---

Full Calibration sequence consists of the generation of a set of 
pulse heights for each SCA cell. (i.e. pulse is moved through 
SCA by setting relative time between pulse and read address 
=ct) 

·-· 
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IPC Electronics Status Report 

• Rad-Hard Pre-amp/shaper and Analog 
memory no\v in fab. 

Delivery date - Ju'te 18. 
Preparations are being made for device 

tes•'.1g after delivery. (Will use facilities at 
SSCL for SCA tests) 

• Readout Controller FPGA prototype now 
'complete'. Write address generation tested 
to 60 Mhz. 

• Design/Layout of full !PC readout front end 
prototype now underway, using rad-hard 
custom !Cs, and FPGA Controller. 

• Design of power distribution/ cabling well 
WKlerway. Options under consideration 
mclude Aluminum and Be -based 
on-chamber power distribution. 

4T: 

IPC Readout Prototype 

• 32 Channels per board 
• Readout via FERA bus to dual port memory - later FO link 
• Rad Hard parts used for front end AmplSCA/FADC 
• Controller imp\imented on FPGA chipsct (done) 
• Slow Control -

Set Threshold for Zero Suppression 
System Reset 
Set Trigger Latency 
Control Calibration 

.. 

.. 

-

.. 
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.. 
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IPC Readout Architecture 

" Utlal ..... .,, 
!iMptr 

8 channel prca1np/shaper 

16 channel x 150 eel I switched cap. array 
16-1 analog multiplexer 

15 Mhz 8-10 bit FADC (one/16 channels) 

Readout Supervisor- (one per 128 cham1els) 
Address generator + Readout Controller+ 
Zero Suppression + Fiber Link 

IPC Prototype Muon Test Stand Results 

Position Resolution 

Single chamber resolution (after making 
'statistics' correction)= 60 microns, averaged 
over -6 to + 12 degree acceptance. 
25 

20 

15 

10 

5 

0 

resolution • 60 microns 

position (mm) 
47·, . 
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IPC Electronics Status Report 

• Rad-Hard Pre-amp/shaper and Analog 
memory now in fab. 

Delivery date - June 18. 
Preparations are being made for device 

testing after delivery. (Will use facilities at 
SSCL for SCA tests) 

• Readout Controller FPGA prototype now 
'complete'. Write address generation tested 
to 60 Mhz. 

• Design/Layout of full !PC readout front end 
prototype now underway, using rad-hard 
custom !Cs, and FPGA Controller. 

• Design of power distribution/ cabling well 
underway. Options under consideration 
include Aluminum and Be -based 
on-chamber power distribution. 
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DRAFT PLANNING ASSUMPTIONS 

EXTERNAL MJU'STONl!S AND ASSUMYMONS: 

I. ColUder romrnlss!onlng April 1, 2002 
2. SAB, NAB, Underground Hall, Utility Building dates do not change. 
3. Test Beams at SSCL delayed 2 years. 
4. Ftnnllab fixed target schedule slips to Sprlng, 1995. 

DRAFI' PIANNING ASSUMPTIONS 

G!M ASSUMPTIONS: 

I. Add time In schedule so an R&D can be Incorporated ln10 production technique. 
2. Set all lnslalladon and assembly to nonpnmlium shlfl lab:>r as feasible. 
3. Make our fuU·Kale pro1otyplng activity encompass a full 596 solid angle wedge of the detector. 
4. Award maa;net prime coo tract bul fund only the design completion and cold man ll&D In the 
near years. force funding profile down to permit all other sulnyslems to proceed withhl the level 
fundiq a.ssumpdoo In FY94-FY95. Replan magnel for a roughly 2 year delay In completlon. 
S. Complete Central Detector Support and Sclnllllatlnr: Barnl calorimeter for first lmtallalion ln 
Underground Hall. Make this actlvl.ty Into a self-<:ORtalned project. 
6. Hold very high priority of FNAL test beam in Spring, 1995. Complete liquid calorlmeter module 
with hlahnt priority. Make dtiS actlvlly lnro a self contained project leadlnt to the full 5'16 wedge 
ol the GEM deiector. 
7. Plan for the FNAl iest beam and SSCL test beam actlv!.lies to be ln sequence as much as 
possible, rather lhan building IWO paralll!I overlapping activities as driven by lbe original 
compressed scbedull!. 
8. Maintain the basic assembly and lnllilllatlon sequence of the 1999 ba!l!llne plan. 
9. Cootlnue ~and design C'Olllplelion actlvJUes on the subdelt."Clors. but take advantage of the 
s~bout to elimlnate parallel and overlapping efforrs. Thus, plan each program s1age to benefit 
from the prtvlous nage. Run a very lean program to stay within profile. 
10. Take mulmum advantage of technoln&Y development and prke/perlonnaoce lmprovemerus 
by postpOnln& lldettlon, proditetlon and purchase of final elecU'Olllcs and on·llne compudng and 
netWOrkln1 hardware as much as possible. 

b . , 

~ 
~ 
~ 

SSCL Stretchout Exercise 

1. 1999 completion Is still the ofJlclal baseline for all parts of SSC ~t. lncludlng both dett.'Ctors. 

2. Within this baseline, the GEM surface assembly bulkllng dares have slipped a few months 
principally due to the failure of PB/MK to maintain the design schedule. The underground hall 
schedule bu sUpped 6 monlbs to save coosuucdon dollan on both halls. GEM has provided 
oftklal nodce to the Laboratory that tr lhll 6 inonlh sUp Is adopted (It wlll be) GEM will require 
about $10 million mon! from the labora.tory to pay for premium shlfl work to iry to maintain the 
IMtalladon scMdW.e. 

l. However, a multlyear slttlchout will almosl certa..lnly take place, bul the derails must follow 
Conp'esslonal action . 

4. SSCLls canyln1 out a sttawman replanning following Informal DOE guidance. Assumpllons are a 
l year delay to 2002. nearly level Project funding for the next 3-4 years. The latter Is a 5l'Vere 
consttaint. SSCL has chosen to fast-track the convenllonal cunstruction (but not the Campus), the 
low rare production of superconducdng magners, and consttuctlon activities outside the US. Warm 
machlnes and test beams will be delayed from &-36 months. 

5. SSCl requested that GEM and SOC provide replans on April 1, 15, and 30. The April I requen 
focused on lhe extent IO which GEM costs would 1row In this stretchout. 

6. Barish, Willis, Sanders and Harris consulted and developed a response . 

INITIAL REPL\N RESPONSE 

1. It was fell thal the Collaboration and Executive Committee had lo discuss, review and 
participate Jn setdng lhe guidance for the replan Insofar as deciding the order of construcllon, 
Items to be SlrelCbed DUI, etc. SSCL has been Informed that no delailed replan will be submitted 
untU lhls has laken place. 

2. However, It was felt that submitting a figure for oosr growth could not be posrponed as SSCL 
was plannlDI lhe lolll cost lfOWlh fOI" the Projecl. A simple exercise was carried out IO es1lmare 
the &rowth due 10 "marchlnl army" costs and to necessary additional R&D which allowed us to use 
!he e:dl"ll time to reduce GEM profect rtsks. No allempt was made to mlnlmlie the fl11:ure given ro 
SSC. 1be Jl"owth was estimated al Sl20 million over 1he SSS2 milllon FY93. 

3. GEM JOIDaletnent has drawn up a Hu of suggesled planning assumptions for further discussion 
In lhe COiiaboration and Executive Commlllee. 
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OTHER INFORMATION ITEMS 

I. SSCL hlrln1 freeze and direction or anrlllon lnlo 1echnlcal hires of hl1h priorlry. 

2. Space at SSCL 

3. lleductlon of FY93 budlet111 S34 miUion -> S2S milllon! 

4. Reduction ol FY94 funding? 

S. SS mllllon +GEM university funding completed for FY93 (TNRLC provided about 65'16). This has 
some Items added from orilinal plan fIDR preparallon, FNAL test beam preparallon, ... ). 
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DISCUSSION ••. 

Discussion In 1eneral lenns at this meellng, during the session and off· line wilh GEM 
Management. 

2. Discussion at the GEM Executive Comminee. 

3. Following lhese, we will cany ou1 a replan aerclse: 

a. Comple1e detail of 1999 baseline. Om! day workshops called as needed. 
b. Top-level replan exercise by June. This will be circulated for discussion In June. 
c. Consideration by Collaboration Council and Executive Committee at meeting late 

June. 

4. No delalled replan will be provided to SSCL until; 

a. A fonnal wrtuen requesl from the SSC Laboratory Is received by GEM Management 
for a specific rebaseline wilh deflnile 1uldance. No response will be made to poorly defined 
requests or to oral or "last mlnute" requesls. 

b. The GEM Collabora11on Council and Exe<:u!lve Commlnee has reviewed the replan. 

Any new GEM baseline should address !he cost growth and funding shortfall in the GEM pro]ecl. 
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Fm.•.L AGENDA FOR PHYSICS !{Er.'""J'Il\IGS AT UCSD, TUESDAY, l'~?;Y 11, 1993 

TUesday AM Session -- 8:001'-~ - 12:00PM 

The main purpose of the morning session is to prepare our physics case to 
the PAC and to be sure nothing ill'lportant has been left out. 

NOTE: THE ALLOTTED TIMES 1'..RE 1'.PPROXIM.?;TE 1'.ND SOME MAY BE SUBTR.?;CTED FROM 
THE TUESDAY MORNING SESSIONS TO GIVE ENOUGH TO THE AFTERNOON SESSIONS. 

A. Higgs Physics (2 hours) 

1. H -> gamra gamna, without and with associated lepton. 
(R. Zhu) 

2. H -> l+ 1- l+ 1- for M_H = 100 - 800 GeV at L = 10A33 and 10A34; 
•ww• scattering. 

( S. 1-U:enna) 

3. H -> l+ 1- nu nu. 
(X. Shi) 

4. Statistics and systematics; H -> lljj; SUSY Higgs; CP Nonconsevation. 
(H. Ya."T\all\OtO) 

B. Ultrahigh Luminosity Physics (30 minutes) 

1. Z' -> e+e
rs. HcKee) 

C. Global simulation package for GEM (30 mi.~utes) 
(J. Womersley) 

D. Plan.~ing for PAC Presentations -- B. Earish, et al. (1 hour) 

Tuesday PM Session -- l:OOPM - 5:30?M 

The purpose of the afternoon session is to discuss issues of •detector 
optimization• . 

A. Trigger, Muon Reconstruction, Jet Resolution and all that (2 hours) 

1. Optimizing trigger thresholds 
(H. Uijterwaal -- 15 min.) 

2 . Muon trigger model 

1G5 
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(V. Balagura -- 15 min.) 

3. Update on results from muon reconstruction: resolution, efficiency, 
coverage, physics performance; H->4mu, Z' 
(T. Wenaus -- 30 min.) 

4. Pattern recognition 
(P. Dingus -- 20 min. l 

5. Jet resolution 
(M. Shupe -- 20 min.) 

6. Forward calorimeter design parameters 
(K. Shmakov -- 20 min.) 

B. Using the CT and CJ<.L to optimize MU acceptance and measure.~ent (2.5 hours) 

Two questions will be addressed: 
By using calorimeter and central tracker 

1) How to inprove the muon acceptance? 
2 l How to inprove the muon mome.-itu.~ measurement? 

These questions should be addressed for L = 10~34 as well as 10~33 wherever 
appropriate. 

(Note: Times below are approximate. Extensive discussion is ex-pected.) 

(1) General discussion of coverage of muon system and how the CT and 
calorimeter might help. 

(F. Taylor (or volunteer) -- 10 min.) 

(i) How to identify muor.s (MIPs) in the calorimetry? How often would 
hadronic background would be identified as a MIP? 

(H. Ma, M. Shupe -- 15 min.) 

(ii) How well can we match the HCJ<.L HIP with the CT track? 
How clean will the muon track be found in the CT? 

(S. McKee -- 10 min. ) 

(iii) If only two SLs find muon track, what will be the m.lon mome.-itum 
resolution? Can we use the event vertex to inprove the resolution? 

(T. Wenaus, s. Mckee -- 15 min.) 

(2) Discussions on :iJrprovement of the muon momentum measure.-ne.."lt: 

(i) How best to use the calorimeter info:cmation to reconstruct the 
energy lost in the calorimeter. 

(V. Gavrilov -- 15 min.; Y. Efremenko -- 15 min.) 

(ii) How to use the CT to fix the vertex of the muon track and to 
inprove the momentum resolution of the muons ? 
~t are the limitations? 

(M. :Brooks 10 min.) 
167 
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H - ZZ/ZZ" - We Searches 
140GeV < MH < 800 GeV 

The H ...... ZZ .... UU decay provides the cleanest Higgs 
signal at the SSC. 

With four isolated leptons in the final state, most 
of the QCD background can be rejected by an 
isolation cut. 

• For MH > 2Mz, both U pairs have an invariant 
mass of Mz, so the Z mass constraint can also 
be used to reject background. If MH < 2Mz, only 
one such constraint applies. 

High resolution of the EM catorimeter and the muon 

system is important for rejecting backgrounds and pre

cise reconstruction of the Higgs mass peak. 

For Ms< 2Mz, the following cuts were applied: 

• l'l'I < 2.5 and P4" > 10 GeV. For electrons. the 

region 1.01 < 171'1 < 1.16 was excluded. 

• Lepton isolation with R = 0.35 and Efut = 5 GeV 

• Lepton identification and track matching. 

10 GeV $ Ml~) $ 100 GeV and 70 GeV $ M}ih) $ 
100 GeV to suppress the continuum background, 
where .ri.1}

1
1> and .\rfthl are the low and high invariant 

masses o two U pairs. 

4r;:, 

The background processes considered are: 

• ZZ/ZZ" - llll. 

QQZ .... UU + X, where Q = b or t. 

• ([ - \i'+bnr-t;, in which the two tt-'-bosons de
cay semileptonically and the b-jets fake an isolated 
lepton. 

The ZZ/zz• --+ Utt background is irreducible. Since 

the cross section of gg - zz• is not yet available in 

either PYTHIA or ISAJET, its contribution was ac

counted for by multiplying the contribution of qij--+ zz• 

by 1.65. 

L 

171 

Results for 10 fb-1 

Signal = .95 xa-wt(fb) x 10 fb- 1 

Background = 4 L::..Muu(GeV) x Rbod:(fb Gev-1 ) x 
10 fb- 1 

• The resolution is ciuite good in the four-electron 
channel, but one needs muons to increase the sig
nificance. 

• The most difficult mass is 170 GeV, where the 
signal is S.7a-

• In the four-muon channel, resolution is degraded 
by multiple scattering of the relatively low-energy 
muons in the second superlayer. 

For Mn= 140 GeV, theµ.µ.µ.µ. energy resolution is: 

• l.59 GeV 

• 1.39 GeV from the muon system alone. 

4flh 



Signal and Background for H - ZZ* - µµµµ 

and H - zz· - ££££ 

! 140 I 150 I 160 I 170 I 180 I 
H -eu~ 

J:::..Mn (GeV) 1.05 1.06 l.13 1.23 1.33 

oaccep 1.2 1.7 .66 .62 1.6 
Background (fb/GeV) .025 .025 .025 .025 .040 

H ..... µµµµ 

Cl.Mn (GeN) 1.59 1.62 1.73 1.84 2.22 

"'accep (fb) ·" u .56 .36 .92 
Back51round (fb/GeV) .016 .016 .016 .016 .026 

C.MH 1.36 1.46 1.56 1.71 1.77 

oaccep (fb) 1.89 2.60 1.38 .89 2.43 

Background {fb/GeV) .038 .038 .038 .038 .062 

n-uu 
Significance i1 I 13 e.1 s.r I 10.s I 

For a heavy Higgs decaying into UU, the following cuts 
were applied: 

• IT/11 < 2.5 and p~ > 10 GeV. 

• Lepton isolation with R = 0.3 and Efut = 5 GeV. 

• Lepton identification and track matching. 

•At least one Z with PT> lJMi2-4Mi. 

• IMu - Afzl < 10 GeV for both lepton pairs. 

·I fl~ r 
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Significance if 4-muon acceptance increases 
by 40% 

r1~M-H~(G_•_V_J--;-l-,-,o--,1-,-,-0'l-,-6-0'l-,-,-O'l~,,-0~1 

H - Ult 

I Significance I 11.s I 14.5 I 8.7 I 6.1 I 11.2 [ 

Significance if 4-muon mass resolution also 
decreases by 29% 

I MH (GeV) I 140 I 150 I 160 I 110 I 180 I 
H - llll 

I Significance I 12.3 I 1s.4 I 9.4 6.7 I 12.0 I 

H - Z Z - llll Searches 
2Mz < MH < 800 GeV 

Mn (GeV) 200 I 400 600 

Signal (fb) 

•H 85 56 ,6 

Mass Bin (GeV) ±4.7 35C>-450 500-800 

,,.acceo " '4 •.3 

Background (fb) 

zz 3.o I 2.3 I 1.0 

Signitlcance 

Significance 38 26 97 

5011 
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I 
MINl)ll )( Fit to Plot 

fije: 9310.hsto 
P1o1 Ateo Totol/t.t 
Fune .V.o Toh:il/F'it 
V'=: 10. 1 for 
frrors 

110.00 I 110.00 
162.17/ 162.17 

16- 6 d.o.f., 
Pcirobolic 

Function 1: E•ponential 
NORM 14 70.6 ± 2592. 
SLOf'E 1.00000£-02 ±5.6221E-06 
orrS£T 54.339 ± 176.3 
~lion 2: c;~~" Dist~a16~~1'1al 
W[AN 693.29 -± l4.24 
SIGMA 131.48 .±27.00 

f'"lt Status 2 
[.0.M. 1.236[-05 

C.L= 43.1% 
Minos 

- 0.0000[+00 + 0.0000[+00 
- 0.0000£+00 + 0.0000[+00 
- 0.0000£+00 +0.0000£+00 

-0.0000£:.0tOO +0.0000[+00 
-0.0000E+OO +0.0000E+OO 
-0.0000£+00 +0.0000[+00 

so~~~~~~~~~~~~~~~~~ 

50 
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List of Topics 
- not so beautiful, experimentally or theoretically -

1. 800 GeV Higgs search by ll jet jet mode 
on behalf of S. Shevchenko I CIT@ CERN 

- Not lbe disl:overy c:lwmel. but DOI a junk. 

2. Parton Disbibution Function 
- Wdcome bkk. EHLQ. 

3. Significance - game of statistics and systematics 
- "Not again!!!" 
• "Pleue, boneslly this is the last." 

4. Minimal Supersymmetric Standard Model 
·I bow some pe.ople don't like i1. I bale it, too c:omplicated. 

S. Study under way 
- Never ending Hory. 

I mn billed, I ... ant IO sell OEM, I Wlllt IO aell t l I w + H mode, I Wint to be 
optiminically raliaie. All !be qliniom ue my own, not GEM'a. 

Even1615 Ge\1110 !ti 

" 

f . -
-~ 

~oc...~~...c.~~~c....~~...L~u 

Events/50 GeV110 tb 
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800 GeV Higgs search by U jet jet mode 

l. Selection 

e/µ 
elµ 

by S. Shevchenko I Caltech 

jet-jet mass 
all cells in dR < 0.9 
as massless particles 
Mz±15GeV 

Lepton pair 
Pt>70GcV 
k Et in dR=0.3 cone< S GeV 
Mtt=Mz± IOGeV 
Pc(fl)>230GeV 

Cross sections which pass these cuts (fb) 

Higgs It z +jets zw rz:z 
ti 0.3 42 0.8 

2. Significance of the signal 

a) Significance estimation without direct MC input 

Use MC to understand the background 
qualitatively, but not quantita1ively. 

Reasonable background I eYent selec1ion do not make fake 
suuc1uru. or thmgs are smooih. 

Use the event sample itself to estimate the 
background. Less sensitive to the understanding 
of the various efficiencies I effec1s. 
Use Minuit to fit the distribution with reasonable 
signal and background shape to get 1he 
significance. 

b) Fit the jet· jet mass by smoo1h background and gaussian 
gives 2.3 sigma indication of existence of Z 

c) fl jj mass study· use sideband for 1he BG estimation 

I. dN/dM(Mjj::l00.120, BG) -
dN/dM(Mjj=&0.100, BG) 

2. Signal is BW 
3. dN/dM(Mjj=80·100,observed) is fit by 

al •background+ a2 • signal BW(width fixed) 
3 backgrounds 

case-I dN/dM(Mjj=l00·120) 
case·2 dN/dM(l00.120)+dN/dM(60·80) 
case·3 dN/dM(60-80) 

3 signal wid1h 
140, 160and 180GeV 

5. Significance is insensitive to the signal width in 
this range 

6. Worst significance • 2.3 
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3. Forward Jet tagging 

... 

q Fo::JCI 
q wrz Higgs pr: 

wrz 
Forward 1et q q 

a) Simulation done in the particle level, not GEMFAST 
b) Forward calorimeter 

i) q:3-5 
ii) segmentation in q , + : 0.2 or 0.3 (no dift) 
iii} energy resolution : 100% t .J E $ S % 

c) forward jet tagging 
i) rapidity region of forward jet : 2.S-4.S 
ii) jet energy> 2000 GeV 
iii) Pt of forwlU'd jcl > SO Ge V 
iv) jcl oone size : 0.6 

4) Ewa:s af1er cw: 
i) S;gnal 
9) bactcgrouoxl 
iii) significanoe 

··· ....... . 

\ 

24 
32 
4.2 

cff::: 2.1% 
ctr= l.3E-4 

3.6 if IO% unocnainty 

-555 
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..... ! 10 

Structure Functions 

l. EHLQ 
(H/K)MRS 
CTEQ 

2. New vs Old 

• SignaJ 

M HL 
CTEQ/EHLQ 

• yy background 

- good old boy@ 1984 
- European favorite@ 1988 - 1992 
- New American hero@ 1992 -

+ tt W+H+ 
0.85 0.90 

I ±0.1 I.I 

dcr I dm(yy) = A(pb) x cxp(-B m) 

3. Significance Uncertainty ( S t .J B ) for Higgs process 
- I0-15 % 

4. We decicbl to stick 10 good old friend EHQL, with 
mcertaincy of 20 %. 

J'i4 

H+X 

b 10 
--._ 

(a) D/Wfl. + H + X ... '&•• 

I 
556 ,,. __ . 
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Siriliunu .,r Wu• Sigaal 

We••< 11gu1fic&U« «> '""""""' louw -u LI"' Hogg• .,gn>l con be '"'""';r,..i •Uh Lad 
g•o~nd ptt•e"' A«u<dong LO lhc Gau .. oan ltahoh<>, • prnbabololy ol l.J~ • io·>" lh•PP•"J 

wJ.,-,and2.85 • lO ' .. mappcd1ob0",d< 

In caoe of tu•h b'sk1r2un4 OL•l•«1<>, Lhc oogoir.san«: (SI of• Hiu• ,... • ._, c.an Le''" 
mated by dovodu,g the ""mb<• of "l"&I '""""mooted "' a .., ... , ••tcr.al of Mu !. Ul.,1,. 
bJ •k 1<1•••• ...,.,, of 11.< oonc<pondi•g baclgro~•d '"'"""· .. ~ ... 11.,.. "11~- •-•IN<tnl 

H.,ggo "'"" .....,!ut><>n \lo t~ul ha.., 

S _ _!!t_ _ JUI .4 5 095!.o,; 

-,/Tl;- ../!C."--4·46. ... 11..· "' 
..-ioc1c As and A• ar< l~< &ecepl&ll« of tbc oigHI ••d tile ba<ilg,..,..nd ,.,,., .. ,-.1_, .. aod 
S. i> IM background ralc at lbc H1ggo maH. It i1 clcu f1om Eq""""" J !hal a Oe!W 
1.a .. ....,i"""" or a ~, .. ec~plOO« ;, .,_u1nlrnt <o a oloott« d"'"""'')' ti-. r>iol<. 
lion o.go1ficu<• " "'" ... .,,,,..to th• choico ol m .. 1 ioto,.&I, in whk• th< 1ot"I'""'• " 
i-lormed. Tho 11gn•fi<H<< obta>nod b7 •umm•DI lh< .,gnal wit••• t21l."• " "''J do0< lo 
1omm1ng only :tii.,. •• 11 tli< "'"" io Gau .. iu di<lribu1...i. 

bi~~0:T..::~?.:!;~~~::';;.1~:; :h~:":;::":,':;~':'u'~; ;;•;>~~"::·r!:::.t~,:~:.:~:: 
P.(l) "' •·:.-•, 111< p<0babo~<J 1bat lhe oip&I l11<<aa<n ~-n <o non..,,., io •ol -L 
giblo for • •rno.ll ~- Taking 1010 accoHt &.o:tuat<ooo of bol.b Ugaal .,.d bockg<oa•d, tlo< 
probability of miHing 11goal or »&nal cnoed by bt.<kg,...od b«i&&IK>o on be ddilled b)' 
a COfl•olouon ol '"'" Poiuoo diouibui.001 [21]. AIOom.iog ox~ oigaal &nd backgroond 
<""•" ••• Ns .od l\s. thi• probabilily (P) i> g1v<:a by 

'" 
The fir>l '-"<min f.quatio• 4 io •he••• ...,,ona1;aec1 pnloabilit7 ofobonY<lll n ovonu wh•n 

the ""J>0Cled numbor i1 N,+N., ud tho KCDDd \nm io the prot..bilily lht the bt.ckground, 
with tbt Cl<p«t<d Hmber of N,. fl-HICI to t•o ..we.-.i Hmbef .. d a.bo•<. For •h< 
loigli otau,.ic1 uoo, "do1110n1trated •• .......,..,. 121], <bio p.-i.ilit7" mathemalicall) 
,_..,rted <o th< probability oprnoed by tbe 0<gaifi~1ltt CIDllftf'Oadi-.; •o f.qua1;.,n 3 for• 
G .. ooi .. chotribut"'n 

Tbif4efiaiti.o•, t.o-... r,U. _..,.......u:.., lo be •.ed lo..--, ... oic..;'u•«, oinco 
S.- io -i•ired lo•U.bliU • .. ..i b•I "°' ,i.. - ..WJ ..,P. io ~ "'awoid aun1•1 

, ... oig.oal I~ lkio oectio<o, &in•"'• 5 i1 ~oed <oeotiR1;0«•igaifie&11ce for low 1\atiohcO (< 
2' -•), whidi ft~ ... t• p<0bob»l;17 (P) <lo< oligaal ;, a.ooed bJ bultg•ou•d to.cuwi
"' fi•...i N, o...! N, 

'" 
~-- S, bowe .. r,..t- - loui..U. •°" i•aqer rt,+N•- W- •oli•g tk11 '"'!&&Ii.on ca.re 

•N.W ...... kt! <o mo.Ice a ti_, i•terpOl .. tiH of •- p,.bo.biliti• ........ ...., 1'1 ••""m>n1 
tloe ""'- .. n.. olart;.i,; bum 1- iotqcn d .... 1 II> N,+N1. r..oat.., 4 Meo aDt ba.., 
d.U. ,,.W.111. TM a- i...-dil"e ..... 1 ddliilio• at.;p;ac-;, .-.n, - i• <lie 
{olk>wi"I ouaple. Aa•111iq N, s Sud Jr!,= I, Eqntioo 3 &i- • oicllilicaaoe of M. 
while Eqntiotr t .. d S&itt 1.k .. J 3.2' ... P«\i...ir. -

- -~~r:: 
H,4 H-n!!wslmftcP9rt ( •< wpey 

1000 .. ,. '" .., -··•nl•" 
,.~ di•.M en ~ 1.r 1-.. 

""' "' 2112 ..... 1000 - 4.797 ,.. ..., O.M11 

too 

0 0 8 to 

'°""' z2 )090• z2+0.5 zwidU. 1;..., rdbl bc:k 

.>00 "' '"' Ultries '""' 
''" - .tW. 

RMS 0.7578 ... 
0 

0 • to 

800<' z7.5+0.5 zwidtl'I liud zdbl belt. 
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Educated guess of Significance ·Not so scientific number· 

80aev IDR 
Hiro 

yy 
3.9 
3.5 

yyl 
4.5 

3.S• 

Combined 
6.3 
5.3 

=> Different statistics (single vs double Poisso) 
Include possible belt fluctuation masking 

•) Can be worse if some new back.grounds join the game. 
We cannot make the cut tighter. Saga of low statistics 
(e.g., mass. c.cmsttaints cannot improve significance by 
reducing Z+y background). 

lilt 
8000.V S /"iB 4.7 

lljj 
5.4 
I 
2 

ttvv Combined 
II 

TDR 4.2 4.2 
Hiro 4 7' 9 

=> Different system.tics ( universal 0.25B vs process by 
process study ) 

•) Can be worse if missing Et is out of control. 

56-J.-

Minimal Supersymmetric Standard Model 

Ref. Z. Kunszt & F. Zwimer '90 

Deuiled calculation needs analytic form of BR(H-rt) 

PYTHIA(pp-+hO, HO, AO) docs not simulate bbH ??? 

Limited case study from the figures in Ref 
(Mt= 150 GeV, Msq =I TeV, Mh,H,A = 80·160GeV) 

ho : small tanp, negligible 

large tanj3 , 88 GeV. Mz, 100 fh - 2Q 

lfO 13 3M 0 70GV200i00fh 2'iCJ : tan > A < e > 
tanB 3 IO 30 30 
MHOGeV 100 93 91.35 91.5 
a(nrntt) fb 230 210 300 180 
O'obs' fb 56 36 52 32 
Sign if 4.5 3.1 4.2 2.5 

A 0 : small tanP , hopeless, large tanP , strong signal 

tanP"' 30 

MAO 80 90 100 120 140 ll•I 
0(..........-t) fb 230 1300 2600 1800 HOO 75-0 
O"(obsl fb 52 230 640 460 280 200 
Signif 3 18 51 48 39 34 

;.1~ . 

l .. J 

Higgs Signal 

H~ 
·~·, 
g -1 

w • 

' 
Background 

·=<:~ g ' 
w 

' ' 

~ '<.'.~~ 
q /"""i.""fg. \.!/ 

q~T 
- w w •• ' 

q~H_./!!kJ 
- w ' q 

,9 

':Jf',~ . ' • 
" 

' 

Study under way 

I.Higgs polarization using 4 lepton decay mode 

2. CP violation 
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Results for 10 fb-1 

All MH < 800 GeV are straightforward to dis

cover. 

For 800 GeV Higgs boson, one would seek 

confirmation in other channels. 

However, one can should study the signifi

cance of a 800 GeV Higgs faced with the un

certainty in the ZZ background normalization. 

Significance Study for MH = 800 GeV 

Scaling Significance Slope Uncertainty 

lx 4.8 4.6 

l.Sx 4.2 4.1 ,, 3.8 3.7 

With 10 fb-1 , the situation is under control. 

,:.-. ,, . 
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Estimation of Systematic Uncertainty 

• Scale background shape x 1, x 1.5, x 2. 

• Fit ill£ spectrum from 240-600 GeV 

• Use fit to estimate background from 600-

1200 GeV 

• Reevaluate significance and determine de

pendence on slope. 

w+w+ Scattering with GEM 

• We do not know the physics of Symmetry Breaking 
(SB). 

• WL, the manifestation of SB, should couple strongly 
to any new physics. 

• Something must happen to unitarize M(WLWL __, 
WLWL)· 

• For Ew > Mw.M(WLWL __, WLWL) __, M(ww __, 
ww), where w is the would-be Goldstone boson. 

The simplification is calculationa1 AND conceptual. 



For }\.fw = J.tz, the symmetry group of the w self
interactions is SU(2)L x SU(2)R - SU(2)v. 

• If w::::: :ir, then Mis unitarized by a Spin-1, Isospin-
1 resonance - like the techni-rho. 

• If w behaves like a linear L model, unitarization 
occurs through a Spin-0, Jsospin-0 field - like the 
Higgs. 

• Spectator Quarks always associated with signal 

E(jet)..., l TeV, Pt(jet) .... Mw/2 

Tagging spectator Quark suppresses some back
grounds. 

• P1 spectrum of initial w is sharper for signal. 

WLWL...., _!_. 
r. 

WrWr-_!_· 
Pt 

There are two conseauences of this. 

Spectator Quark from signal has small P1 , large 
y. Veto central jets. 

Final WL"-'L system has limited net P1, and 
Wi - t+v produces a harder£+ spectrum than 
tt'r - t+v. Demand back-to-back leptons. 

204 

• Signal is pp - n·L H 'iX 

• Main Background is pp- H'rlt'rX and pp- Hlrlt<'iX. 

Insensitive to new physics and can be calculated in the 
SM with .\!H = 100 GeV. 

Heavy auark backgrounds tt, tH\-~ ttz. 

• a2a; background qi'j - qi'jWW 

Focus on tv+tt'+ - e+vc+v signal. 

• Distinctive final state (not studied in TOR). 

• Absence of 0:2 continuum background. 

• Branching ratio is 4.7 %. 

":73 

Longitudinoi W 

60 IO 100 120 1~0 160 

Pt of Leptor. (GeV) 
"" ""' 

... 

.. 

-

... 

.. 

.. 

.. 

.. 

... 

... 
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Bagger, Barger, Cheung, Gunion, Han, Ladinsky, 

Rosenfeld, Yuan 

Parton Level Cuts 

LeDton1c Cuts Central Jet Veto Cuts 

ly(l)I < 2.0 P1(3tt) > 60 GeV 

Pt( l) > 100 Gev 11,1(1•1)1 < 3.0 

.o.i31{l) > _200 Gev 

C0$¢'U < -.8 

M(U) > 250 GeV 

Parton Level Results (fb) 

Vs= 40 TeV and mi = 140 GeV 

"'+w+ Leptonic Cuts Veto Cuts 

EW(MH - 1 TeV) 2.• 0.98 

EW(MH = .1 TeV) ... 0.29 

QCO 0.24 0.01 

ttw 0.75 0.05 

* Signolj10 

* * 8oek9round 

• tt,t\Z,bDZ 

• 22 

• * * * * * 
* * 

• * * • • • • • Sig - 5.70 6. 12 6.tO 5.91 5.50 

' '·" "' OU ,, '" , .. 11.s2 

• 
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Work in Progress 

Study must be performed at a GEMFAST level. 
This means hadron level. 

J.Thomas and E.Wang showed that the electron 
channel is difficult for GEM because of increased 
backgrounds from charge mis-measurement. We 
must emphasize the high energy muon capabilities 
of GEM. 

• Parton level study assumes tt +jets backgrounds 
can all be eliminated by an isolation cut. 

• Parton level study only implemented jet veto, not 
tagging. If isolation does not work, this might 
improve the situation. 

* * Signol/10 

* Sockc;iround 

• 11,llZ.DDZ 

• • 22 

c 

Sig- 5.-45 5.61 6.12 5.6:3 -4.60 

* 
• * * i 

* • • • * * • • * • . 

' " " " " " P,(GcV} 



-

-
2: [ .. i: l~. : i:. J 

40 " '~ ··- "' ·- ,., 
""' '"' ' ,, .. 
~- •• -. - '~ 140 160 180 30 

., " 
Meeee (GeV) -0 

" > • 
~ 

20 

• oil 

10 -
0 

132 136 140 148 

-
5[,!• 531 

r" -~·-· 

" ·-·- m 

' - •.0.2 

~ ·~ 

,_ 
"7.e 40 ' 

,,,,. L 

.1. 
40 a -~ ·~·· 0 .. 60 ·- ,., li 0 

'~' 

~ " 20 • 20 § < 
0 • oil "'~ 

40 o1ao 200 220 400 600 

-10 m "e 10 ~ 0 8 
20 

~ 7.5 • !!I t!) 

i' 0 5 4 \! § 
~ 2.5 2 0 

0 w "~ 
132 136 146 0 -400 800 

........ ~ (GoVl 

Milli (GeV) 

:.R 3 
. ~-:. 

20& -



-

'7e 

8 
> • " 0 

~ 
~ 
w 

. f 
• c 

' ' c 
2 ~ 
l ~-

000 

40 

30 

20 

10 

0 
400 BOO 

'I' 

•oo 

40 

1 30 

20 
°"! 

10 

Ml/I/ (GeV) 

.'if'; 

Signal Only 

Ci 
'!· 

•oo woo 

I 

I!, m 

BOO 

"00 

.. 1000 1100 

ID ~~I 

00 -
Entnu " M .. n 366.2 
R~lS 139.7 

" 6781 

" 237ih12 

" 4~2 '° = 
-I 
-1 

m 
< • 
~ 
~ 

'" - I 
I 

' ' 0 

" • 
~ 

c I 

'" " \:I [ -
~-

0 

"' 
\,I 

1200 

M12 (0.VJ 

::[r~r~i~I 
O 4 B 10 

S·~ """O 0. celtc i; 

"00 

I 
I 

"00 
Mzz(OeV) 

Sill ••• 1 .0, Oel\O ~ 

207 



-
• 

.. 

58h 

• 

.. 

.. 

-

208 -



-

-

-

-

Repor":t .t;.te d/.s W.~16'r4 ~ 

• ddi.(,"tcr ~i;i.,,,,~ · 

• SubJ~ <9p':fA.,..,~ s"!("r;,:...' 
l-1 """- cM.Mh..,. 

• 

• 

T 'tJ.,.. dE.-1"
C~imef:? 

~ TM..d::.<.r 

Inti~ 'P+MIU!.U.. 

U..Si~ CT Mi. W.f-'- ,,,,,__.,fAI__. 
e/Je.t ~·e.ctr.,,_ ar ro'~ ( w. + cT J 
" oR." -· t:r<ne.r 'ffi ,,;:.,,1 

Toe! - G/.,,haJ. 5, .... .i..:t,;.., pa.ok4;J• 

'4 ~ ~~ .R 
!:!~ j. . f'><Uf(-~., 
;j; :!·. P,e.otp[-2"a·'J" .. ~·') 

Theta gt 1 . 15, Pt = 20 GeV 

200 

8 

211 

Signal and Background for H - ZZR - µµµµ 

and H - zz· - £111 

.\!H (GeV) ! 140 ! 150 ! 160 I 170 I 180 I 

.O..\IH (GeV) 1.05 I 1.0611.13 ! l.23 

uaccep I 1-2 11.7 .86 I 62 

Backgrouna (fb/GeV) ' 025 , .025 .025 .025 

H - µµµµ 

"·"n (G.V) . '" I '" 1 l.73 
l.84 

' . 
uaccep (fb) ! .81 1.1 [ .56 36 

Background (fb/GeV) ' .016 .016 ! .016 016 

H - Hµµ 

Cl..\JH 1.36 1.46 1.56 1.71 

ua<::c:ep (fb) 1.89 2.60 1.38 .89 

Background (fb/Gev) .038 .038 .038 .038 

H- Ult 

1.33 

" .040 

2.22 

.92 

026 

1.77 

2.43 

.062 

Significance I 11 I 13 8.1 s.1 I 10.s I 

Pt= 20 GeV, th>1.2 ~rtLH 

~soi:o-~o'r;.,--,;;;.;,~"~''~"~'""""'"°~,~.s!'il 
~ 19.96 
z .3872 

100 

50 

I 13 
114.6 
20.01 
.2990 

21 22 
Pt (GeV) 



'" 

Barrel Middle SL 
o1 
x 

0.8 

0.6 

0.4 

0.2 

4 

~>Ql .... 15 ............................... ,.,," .. ._ • ..,._,,,•lhl>O"''"""~) ... ~ 

I 
I 

v 
12 

phi (deg} 

" 

,..l~' j ... ~ ~~ 
.. ~ -·-

' 

" 

1.J~i .. ~ .. 7'1 1 
i f 1 
.. ,,r -·- -I 

f ' ' ' ' l ' ., " .. ., 
.,....-.1~~1 

"'Cl ... ,._,_. ..................... ,., ..... ... 

.... l ... """"''""~1-·-

' 

212 

t 
£ 

! • • 

MASS RESOLUTION FOR130 GeV 1-UGGS •> zz· -> µ• µ" ,,. ,, 

BASELINE SYSTEM VARiOus CALORIMETER ALGORITHMS --·· 
-e-1s ... 15q.,(doJ 

u ---. .... ,s•"ld•l' _ _,_, 

" "~--·~·~"~"~"~"~"~· ~~ 

,.. 

u 

' ' 
0.01 '·' ndl•Uon lenglhsll111er 

\f Acur,t.. =•·1' 
1-1,, '':t'~V ,,. ""' , .. ..., 
(rM" /,J4qv,; 1-tJr:Kli 1.s, 

.'1,r J. If l. 1.</-1. +.' 
13" 

/, '" 4. '11 /, ,, 
~~·1:e .. <L .., H~lilr ~'1 , 

5,7 - '·7 

Endcap 2 
30 

20 

~ ~ 10 

0 

0 20 

Sogitto vs l!i.rp,, 
40 

.. 

-

.. 

-
.. 

-

.. 



-

J 

L 

-

20 

10 

0 

- 1 ~2~0~~~-'---~o~'---'-----'---2~0~'---'----'--'40 

50 

--~ 
..n· 30 
• 
"' --.. ~ 20 
~ 

UJ 

10 

Sagitta vs ti<p,, 

F'lle: U10.hsto 

59J~g lllf5'<"t ~ff~ 
41.SIO 0 I '1305Dll/200l 
M1ti5 t&l -I 930509/2o+I 
91765 1112 -I '9l0~/20oM 

N~ 
201.0 
131.0 
5235. 
5161. 

Mean 
5~-· 
410.1 

~~ 

Pf > 11.r &Al/ 
11.. > •'IS c..JJ 
• f.' S' -.c. < ...... 
S T -> 

R.M.S. 
1115.6 
160.t 
122..l "M 

1500 

213 

!>f .c;...:t.s <;. Sjn•-f«"<'<~ 

-··'~!=:fr·.,.,.. c.c.VY 

··:;-;:._ 
.11.'.l Nz,j..t Nzz l'>ls;~ 

~!). JiJ .. ......-+IJ2z. 

J~S 7/J qo 6' 6.1 

~ 7'1- .53 .S'f- 7.2 

~~s 6, 21 J/.O e.3 
7So 63 'r 3/ q_, 

., 1.s SS I 3 ~'+ 9.0 

3•• '18 fl •1 q_. 

.,.n+i. c-.:t ~ ....... G..v' lJk r. "'t.a. 
17; 63 1q Bl 8-1 

1°7. 43 ,,.. b"- 7-'f 

.... 7. 6S 73 33 ,.3 

5•7. " •><+ 116 S.2. 

-ir7. ,3 ,.,,, 3'1 4'-1 
t•• 7. "12 ~~· 31 "''f 

; ·. 
~~>-'· 



... 

'-~-

~!i~~ .::Mr 
,-:_~j~ 

of ~ q. Sjn:-f'<"-"<"-. , . ~~·-
~:·~ e-e.vv ... 

<;. __ .,,g; ·.• Pl !Ir 

(©.it- JJ.~ Nz+d.e..t Nzz. "'$·~ 
-~CJ!iul) JIJ~t--r ... IJzz. 

.ic>r..s 78 qo 6' 6.2 

~-· ?lf S3 .S'f 7.Z 
;t~~s 6~ 2~ Ji,O 9.3 
2.50 6.3 't 3/ t/. / 

:;. 7.s .s.r 13 ~'f 9.0 
300 lf8 /{ 17 9.o 

w•#i c.;I :=. ..l..ro G..V UL % "'t.a. 
.. 

17, 63 ,q Bl 8.~ 

I 0 7. •3 /fO 3"- 7·'f 

;i.S-7o .s: 73 33 6-3 

5•7. " ·~ 36 S.2.. 

·u·7, 'a /~/ 31 'f.t 
1• 0 7 .. 12 ~~s ·~ 4-<f 

... 

... 
• 

-

• -
... 

• -GG7 

.. 
214 



-

- • 

• ~ ~ " ~ ~ , 
~ " ; ~ z • Q 

r.Ct'l ':riOt 

-

-
215 



-

_D,~ -~~-...£t... e I 3 . .• f 
ll-----_,,~.,.,_.,_.10J______JLu_ 0 • , c H "- "" 11 c "' .s ; It ( r. "r 
11"-----~'"_,,,_~D e.,..4.j)____MA~ru,c•'4'A'-''-''--•'-''"'-'1~--"'C:c1 er r."'""',~ 

r:..1.Jcr oE "'{ s.y'l·t1 Fdn4 C+te;rr· 

[He Cot" re 1"' T« .D 
Eoff IsoL,,..Tco 

Co1C 11'eL1cff,·1' 
foe 1 f.a.ur?Let 
TtfrN Fn• Mc/oe.t.:' 

.-...11Ten~L..s - I. '1 C:M IJ• .. C.J. 

-csc 
G10 

-o.~- 1 0.1 1 1.oe .. c..r
1

co.i. (Sl1,t.,J) 

o.o.rc....i 6 10 

o.0~11e ... c..., 

MBCH: Nomex for CSl 

MBCH: Norn ex for C 

MBCW: CFz4 COz2'j!_ .. ~.~ ... 

219 

.. 
TtleN G•"C A ·Mo•e T.-eH"'''i"'C 

Rrrousr ... ~ r •• e1 f Ef1c , .. .,C" 

'"''
1 

'.:1'VC Tl{~ e,. 
0• 1 gl11T.-011'0F TH"<; /..,,,,. kr 

Fa"· o '" ry._ THr s r fit:es,,,,,.. oJr 

C:.o",fl"'''O•' "'' rH ·o rucr » •• .,,rs 

.- .. _' ~ 

... 
e ... 
~ ... 8. ., ... ,,., 

... 



~ 8 A' /.c" t"au 11 b 

----- ---r: H'" 19 ... Ir ' ... Q (!., !'> C.A .... & . .J .. L.l....u.......a....E~-
t •· 0C"·81r1(" f' re Duer ll i!I)' "f~S 

l ~~~·~:·_~.··~ .. I 25

~oLr o~""'s"'s.JoL..""'s~60"°-~-"'5!!'.!5:-::o,.,,.~7~00::--""'7:;,:50 z " 
\IERTIC£S OF ORG Sll 

100 r . ., M 
is-o-u~-75i~·~08R~D-r~do-o'"'-'_._,1~-isu~......,1~~~ou""""uz •• 

VERTICES OF ORG Sl3 

~ ~ SL 1 

40 r !:f"c 
~ .... -C•'";i 

) r 
i 

' '; '":..-..," .. 

360 400 440 480 520 '" 
VERTICES OF DAG SL 1 

0 500 640 6so nu 1i>o 
VERTICES OF ORC Sl2 

4:f a~ A,"!\ I 
720 760 800 840 B"S"O 9"2"0 '" 

''°" 

""'' 

'"'" 

""' 
<OOO 

220 

VERTIC£S OF ORC S~ 

.1 Tc.., 1'r 111 THc-

15.-rrc.L 

t; i ~· 

I" (ntriff ... , 
RMS 

' 278J7 
1015. 
2006. 

... 

-

-
... 

'\ -

-

-



-

240 I-

200 

"' 

'" 

" 

' b_ 

"' 

"' 
'" 

"' 

- " 

" -

-

-

...... n::o 
r 

I 
" Entries 
M•on 

'"' 

,. 
Entritia 
Mean 

'"' 

30000 40000 !IOOOO 60000 

ENG E-/CALO 

' . 

- ,-
201B 
6453 

.1344£+05 

. • t. 

' 2273 

""· 8876. 

• 

• 
I 

.. 

.. 
JS 

30 

" 
2D 

" 
" 
' 

221 

TH e 

- - :-;>. 
···-...:.. 

,,,r~·~·c·•1-Lr~u~,.__~c::..+~1~"'--••~·~·:..,,~·~~ 

' • 

" ' Entrin ""' M•on !19.92 

"" ·""' 

t r • ., 1 G • • "o• 
[JTILA t• lee'!! 011 .SL .t C:e.,l'A••O 
To $L3 IJ•IL T.,. hot w1or11J 



-----f--~f~·~·--I~H~·~~rL'~•-~wu•~-.U~-..Be ~ •u.r c 
D F rue S'HA!!:f AAJ~ .. 1.,, DJ<Tlf1'3vLJp1! 

---~--~•u·~·~•u•u&.~•~Tu•~·~""--.&4~ - 1.f% 0' FfcvrLJ<:.C 
BeLo1r,r p r 0 .. vcr"r•o".! OJI <:L+, S'? 

~·e f•Mo fo& F-er "- lO ,..,._v TU.+ T 
Tu,, 1s f,,,, Ffl• [/tr 1 Tel! fT 
(' .... ,, .. 
f,1Tue E.,t.,,~v !?+"'" ALHo•r f1111ee 
THr 01r .. ts10r of C1c•'Y"r.f1<ie.IS DA} 

"+· .,.1 <11 ru.,., r1 z 

, .. , F-·.,r> ., Ce·•!!•ULt,,;1&.1J Ea . Tffr 
l T,v S•1:\.' H L SL 3' 

8 + • •t L ?of; q 2 '% • i' 
E uoe '! S:3 z j 1 ~ 

' 18' < 

~ - .. ,\ 

. , ... •• 
10

3 t· ,. 
• • -· I • .. " 

16~ .. • =' • • ' 
... 

• • 
I 

"' "' 
,,. •OO '" '" "'' "' 

.,, 
El-I VS VE~TICES OF" ORG SU 

• - ~,. iOJ •I• ' !.1 . , •• 
-· " t••kll 

I• .. 10' ':I • v .. 
~· '" '" '" '" 

,,, 
EH vs VEilf!CES or ORG Sl2 

' ' • • • • • I 
• 100.tell 

'" ~· 
,.._ 

• 
'" '" "' "' '" '" 

EH VS VEi<TICES OF ORG SU 

l r .... G & • c.o• 

' i 
it r,21. 

-

-
20 

t . 1. ti l.~ ~ ' I 0 ' 390 400 410 
'IERTICES OF ORG Sl.1 

2: t 
' . ~. l !l. l ~ ' 

390 400 410 
VEftnCES OF OAG SL1 

J II !!11 ~I ,/, jijl l· II 
-

I ' BO l". 390 400 410 
VERTIC£S OF' OAG SL 1 .. 

0.005 • 0.004 • • • •' • • • -O.OOJ • • •• - • I -0.002 •• ••• '· 'l: • •• 0.001 • • • • 
OJ94 "' "'' "" "' ""' "' 

EH VS VERTICES OF ORC SL 1 

0.005 ... 
0.004 • 
0.003 -• • 0.002 • -0.001 • 

'" 
EH VS V(RJICES or ORG Sl2 

0.005 • • • 0.004 • • • • 
0.003 • , • • • • 0.002 • 0.001 • • -

'" "' • 
EH VS VERTICES Of" ORG SL.J 

1 r •• G e~c.o• 

• 
lit•~· .. 

r.2·, 

-222 



-

-

-

-

3000~ 

2000 -

1 000 ,.:.::.: .. , 
: 
~.o.:.:.:. '·i '--'"···-"·•-----

0 o 1 2 

-- "' - - - ~' J. . - . ".I., 

3 4 
OSTMIN SL1 

200 -
150 r. .... 

100 

50 -

5 00 

I r ... , 5CXJKft' cut 

--- '" - '" . " ..•..... 
-----r· ; .. . 

2 3 4 
OSTMIHSL.1 

600 ""= 
160 ~------------~ 

400" 

-- "' - - - Jj,' 
• • • ,, 3 200 

DSTUINSl.1 

I 
' ' ~ 

, .... " 

l 

120 

80 

40 

600 

400 

,__ 

·-
200 >-

00 

400 = 

300 

200 -
100 

00 

.. _. -'"'''~ 

223 

!--·-···· 

-=i 

--"' ----J,1 
• • • • 6.1.3 

2 3 4 ........ , 

500 a.v 8omll lie __ ,., 
- - - .. ,.1. . ,,1.. 

2 3 4 5 •• 
OSTMINSU 

~ (;fN 8arnl 50!(.V cut 

_,., 
--- .. u 
• • •SU. 

. 
2 3 4 5 ·~ ......... 



600 

400 

200 

£ndc:ap 100C.V 

il 
\ ...... . . - -·---}····~·" 

2 3 4 5 
OSTMIN SL1 

1600 "----
1200 f-0=; -'"""" 
800" 

400" 

00~~~~-2 ..... ~~3~~4....._....-!5 

160 

120 

40 

0 O.Q1 

''" 

- lli 
--· IL1.:. 
• • • .SL J 

0.02 0.03 0.04 0.05 
ENG 9G SL 1(00.) 

100 I Entries 555 
Mean .3021E-02 

o_004 0-008 0.012 O.Q16 0.02 •• , 
ENGSGSL1(0EL) 

I 
Entries 571 
Mean .1770E·02 100 

~- . . 
0 0.004 0.008 0.012 0.016 0.02 "" ENG ec SL.2(DEL) 

I Entries 620 
100 Mean .1938E-02 

"-
0 0.004 0.008 0.012 0.016 0.02 G.cv 

""' "" "-'(On) 

' ' 

~h+s:.·"! tf!'!"'!6f"" <Ja aumn.1 a a a CJJ CJ CJ J ,J J ;JJ (j J(jj,, I 
I ,..-.... 
! V£,...I I 

• 
LVs w 1 LL NP•,' De f1ur S"o!fr 

ST+••D•A:J!.0 irJT .. .-v+l 1i11fH w•tf1cll1t1c 

t1' II i1rr r 0 D• F'"C ouQ 

To Re C•*' 'i t••tr T A r .... ,, I( • 

••ttfr .. , /1 e. n,.r+e1' c • 41 THc O '91C: 7ie6• 
of' TH• 1u1,0c ;,.,.rttc ·f.c·-OQlC oF 

,7 
iii I 

Cr .1I11• D o F JS 0 ru '°+.eTic Les 

•H I He e, c•ru<t" of AfJeTU,.t: T .. +ck 

_ _· + _.A..r r. n. T!tr:. ·1t1r .. rv•' .,,u.,, r gi•11rt.J 
--1 ~ ..... "} 

2~4 

-
.. 

-

-
.... 

.. 

.. 

-
-

-

-



-

L 

0.8 0 

O&t/n.•• SLL • ... 7. S"'"• , ....... SL:I- ... ,,,. 9/e 
0.6 s1.1- .... s:r-,. 

0 2 4 6 
St.I COMPROMISED P~ES 

I T.VEndcop I • •• c. . .. ~····· r1a•&s 

0.8 

0.6 
·" 

0 2 4 6 8 
SL1 cou:>ROu1SEO Pl.NO 

" 
1'(1, '11 31/lotK& -(o. 'r•) •'7 •o. •3 

11/"I ·~la,»f._~ .<,o.u•)." ... ,s 
;a:;10• .. 1 .... · 

' ! 

c 111f.!!11041 

a "' ~- · R' ·~no a 11 "f /J1 rs 0" 

QI! ( I 1 S TH.; ~ fa u•0 
•It"'' j'"C "'S A s,rua H•tJqrc 

Alfr Fgu-.JO THttT,/8clo·'j; Te A I) 

T• "c I< J '3 , ,, e "'., , 'l fr ,,. 1 , .. , r 
To TH e Ji. c I( f• c g" y Ir !IC 7' q 11 

225 

200 

•OO 

-•OO 

-200 

OOGeV Barrel 

0.8 • 

0.6 

0.8 

0.6 

0 2 4 
SL 1 COMPROMISED PLANES 

1ooc.lli' 7 ,-~-..... ..f·-··-'---·--~~-----·-: 

0 

r~··~~-- ! 

2 4 6 

Muon tro~k seorehin9 ond littin9 

i 
! 
j 

6 

8 

, 



-

-
3CC 

900 

800 
200 

'00 -
ooc • -
500 

-
JOO 

-JOO -200 -100 0 HlC 200 JOO 

-
··,· 

-
-•00 -
-200 

• 
0.9 

-JOO -
-400 0.8 

• --aoo -700 -600 -soo 

• 
-~·· 

fi.i .. 

-226 



r-1 '"" '° '° I Entries 1193 ...,, 
99.26 

I '"" 
l 
! "" 

""' Jl.64 .. l(/ndl 8J.86 I " Constant 513.4 .... 97.94 
Sinmo 17.22 .. 

0.9 300 ~ 
• : 17.)-, 

• IOOO«Pl 

• -GoYA 

0.8 • 1000Glllfl: 200 " 

•oo .. 
0.7 0 2 

0 ..._ ..... .. . ~ . . 

- -JOO 200 100 0 100 200 300 400 500 600 

i 
l 

Distribution otT-...a1 Momtntg of Muons 

• I 

'20 

'° '° '° '° "' """" "' """" 12JJ 1017. .... 491.8 

~ • 174.0 

''" 115.2 .. 
"·' 7. 

62.H I .. ; .. UJ.6 I .. < ) 36.52 

""""'"' 110.2 1002. -· .... , "' ·- 75.63 
161.4 

'"' 

'"" . -. rs.) '• .. 
" 

'° 
20 

0 
800 900 1000 

~ Distribo<tion of Tronsvenal Womenta ot Yuon1 
Distribution of Tronsvenol Momento of Muons 

- la .. G·17 

-
227 



•r.~---~·•••••••••••••••••••••.,.,_R• ! j· 

i 
I {!) 

L 
) 4 l ~ ,/ 

' I a u j~ -t 

I:::; ' ~ w- ::;<:Z> 

<!. o Hr 41puiJO HpTfcs r .JI 

G 

j' 
160 Entries 2675 

~: Mean 41.20 
120 

80 Barrel 

40 

100 200 300 400 ........ 
Enlries 1862 

200 Mean 31.57 
150 Endcap 
100 

50 

100 200 300 400 

'"""'"' 
.•' 

I 
t l; .,. 

rr" L- ~~ -

228 

600 

400 

200 

0 -4 

:L __ 

~· 
l 
l -

". .. ~ ). 

r -~ .. 

120 
Barrel 

80 

40 

00 

160 

120 Endcap 

so 
40 

Entries 

-2 0 "--

Entries 
Mean 

200 

2 

4136 
.2249E-01 

4 

300 

2675 
50.58 

400 
WON(B/19iR} ENERGY 

Entries 
Mean 

800 

1862 
161.9 

1200 1600 200 

... 

-

... 

... 

-
... 

... 

-
-

... 



-

12000 

8000 

4000 

0 

8000 

6000 

4000 

2000 

' 0 

-

I Entries 171180 
Mean 45.15 

Barrel 

200 400 600 800 1000 
l'AATICIL ENERGIES 

[ Entries 108090 
Mean 138.2 

Endcap 

. 
1000 2000 3000 4000 5000 

""""" """""' 
Eu.•:i•c.' _of fA•T .. :.Lc.c •aJ 

A c..,..c. A•o.,..,o ""f, ~" .. , 

SotJ '°'"" ""f ..,,,;; ~.., 
f"OO r..c" 'II ,.., 7>1c =•"'
#Or• .... o "1 

ID 2 
Entries 4136 
Mean 64.03 

200 RMS 32.41 

100 

50 100 150 200 250 
NUMBER OF l'NtrS '4 C0N£ 

······ 

I 
I 

229 



' 

i 
I . 
I 

• 

0.9 • 100GeVPt 

.................... 

0.8 

BARREL 

80 -~··· 

C &::--c 6 A·-"·~·~:-~ 
~ •1L·-···~o~--=---~-~-11t:::~::::::;;; .E 11t 
~ 

c: 
~40 
" 0 
~ 

" "' 

0 -4 -2 0 
Phi{degr) 

• inMr supertayer" 
0 Middle 1upertayer 
/l. outer IUperklyer 

2 

~: 

4 

~·~~JJJl•#•••·······~·~·······1· 
. (!) 

• 

80 

60 

40 • 

20 

23(). 

1 nAA•1 f,1 Trr Tn•rk F1T 

Su•c1e'•)'c~- S•·ocrtA:ycr 

!?r r ,, Cl no•• .. , 

t> •re r r. ••' 

ENOCAP Theta•1 degr 

e.:-6--o-ie.-""6~-o--6 

G..~ .e··o 
··G-·e--a~.a.--e-· 

• Inner superlaye1' 

o ....... ..,._..y 
tl. Outer -.,pert0)'9r 

0 4 8 

Phi{d~gr) .. 

A-~-- L64..pS. -- - .. , - - - . -

-

-

-

-
.. 

... 

-
-
... 

-



.. 

j 

-

-

~ 

c 
0 

80 

60 

h 40 .E 
~ 

c 
.2 

:2 20 0 ., 
~ 
a: 

' ' 
ENDCAP Theto•22 degr 

a·-e:.·-~~·--0-6-0-6.-"6 

G.."0·-C··G··G--.e>·-O-·G--0 

e Inner super1oyer 

0 li(tddle superloye 

.0 Outer supertayer 

0 - -· - . 
-8 -4 0 4 8 .. 

Phi{degr) 

2000 

1000 

0 -0.04 -0.02 0 ·0.02 0.04 ... 
XSIGV (ltr •F ,,, .. 11, 

1600 

1200 

800 

400 

~20 -10 0 10 20 ... 
XS1GW C Dir o F Wl•C) 

_.,, ... 
l'AO 

l 

200° 2 3 

160 o Efficiency 

E" • Resolution ·' E' 
"" 120 ·' + + c 
0 

~ ., .. a: 

I;' 
c 

+ + + + ·) ~ 

80 = w 

+ ·' • • + 
40 + • • • • v1•21 "L# 2.0 

·1 
0 o.,... .. ~ • ...,,-•• ~1~~-2L..o.-~ .. 3-~-4L..o....J ·• 10 

Track Separalion(mm) 

661 

-.. --
' 

2000 

1000 

0 -0.04 -0.02 0.04 •• 

""" 
2000 

1500 

1000 

500 

0 -8 -4 0 4 
8 -· ""'" 

r.r..1 



• 

I 
i.12 

0.08 

0.04 

00 

r.16 

I 
t.12 

0.08 

0.04 

0 

'----

• k11L..,u.i w 43 
• ll•L,..•AJ ti d3 

• fl•••• (TDA) 

:- £ 
2 

....... VSOl(tCIOfWl't} ... 

• '. ;.ti,;. "" ' J 

• ll"L ,.1111 w ·~ 
e -.11L"'""' " J!l:i 
Ji,. r11•11.., (TD.f) 

l'-olutlcin vs £ta(500 Ori Pt) 

2 ... 

-- --- --- ------

232 

0.16 

0.12 

I kllLAl•UI "'.S:i 
• klllM.AIJ /iJ d.) 

j. P11•,i,.., (TD() 

........_V5Da(1T-Pt) 

-1;:- UG 

I~ 400 
~, ---.w1E.cn 

300 
300" 

200 
200 

100 - 100 -

... 

·--· ~"'"" 
--~ 

o_~2~~0~ . .,.o5...--'--"'2.1 °-'=2~.__,o ... 0~5~~·'='2.1 
..-m/PT MUONDP'l'M 

0.1 <"!<Go~- 0.)-.C'lf< 1.0 

I•• C.•v 'r 

-

-

-

-

-
-

-

-
.. 

.. 

-



-

300 1;:-· ~ 1;- ·--· Rn _., 
•.""1E42 

-~ -·· 80 

200 
60 

40 

100 

20" 

0_2 ' 
0.05 2.1 0_2 0.05 2.1 

MUONEl'r/Pr IMJll IJPT~ 

1•• "•" ,., 

....... GGr • 

0-"'2~.....,,. 
0

0."'0"'5--''""2.1 o _-2_.._.o .... l.Lo-'-5~-'2..J.1 
MUON OPT/PT 

"·' n\< o.r 

1•0C.c.,fy,1 

w1rH 7,.., T••c..lt 

67{., 

120 

80 

40 

0 0 

60 

40 

20 

00 

" 

0_2 

233 

Entries 1no 
Mean .4589 

0.25 0.5 0.75 
a.so PROEl(TOfM.) 

1no 
1.068 

0.5 2 2.5 
OGQ/llOf" 

100 (,.,,. 'r 

0.05 
WONOPf/PT 

j.0,( .... ,( l.f, 

r,r,9 

2.1 °-2 
-· • 11 

0.05 

tc• "•" fy I " 

"''" T- ta••ft 

<071 

. 
2.1 



-
l 

400 If=" 
1.745 

I~ -1ZU 160 •a• 
300 ~ 100G;JPl 

-« ·-« -·· -~ 
120 " 

200 
120 

100 
~ - ../ -- -

0 0 0.25 0.5 0.75 BO 
a41SQ PROB(TOTM..) BO -

BO 

60 40 
40 

40 -
20 

0 ' 
1.5 2 2.5 0_2 0.05 2.1 0_2 0.05 2.1 .....,_ 

MOON DPT/Pr IUON..,-/Pr 
o.j<!:'l\.C o.:.- o.~"'"'"'·o ... 

:r .. 4 • ., f,. ' , 
w• rH rw• T••• I 

.'i 

672 67:) I ------- - I . ~ '.- ' :<Jr .. , 

l ... 

200 ·- I~ ·- If=- ... - ... "" 30 ·.~ 
....... . ....... ..,,.., ....... 

1S8 
.,., ··- 30" 

100 30 - -
50 
75 0 
0 o. 20" 

0. 20 "' 
~8 

40 
10 10 

25 
20 

0_2 
, .I .. . -

' '' 
0_2 0.05 2.~ 0.05 2.1 0_2 0.05 2.1 

MUONoPJ~ .....,;JJOF WCMoPT/Pr 
...,.lll'T/P -111'1'/P 

,_,,,.,,.,, '·"<"'l<.l..S" O./«'tC<O·:.- o.:l'-c'"'< 1.0 

-

L 
r- "'"" 'r I 1 r ... '1-

N1TH T•• T"'•<..li 

Gi·; 67:,j 
.. 

. ......:... -

234 ... 



-

30 
1

1::,_ 
'~ .~ 

60 

20 

40" 

10 
20 

0_2 0.05 
'=-'-'~I JuJLJ,J, 

2.1 °-2 0.05 2.1 
MUON DPT~ 

'·'"" .ot< :t.~-

6711 

1;;-
,,. 

1::-
,,,. 

a• ..... 
100 

.10llE.01 ..-~ 

"a ~m 

40 I-

75 -

50 
20 -

25 

~'- - .I \vii '"' - 0_2 
. ' 

0.05 2.1 0_2 0.05 2.1 
IAIONOPT~ -.JCW CIPT /PT 
f,O<'l\<.l·l''f i.n«"I< :i..s· 

1 r .... ,., 
' .,,nt ..-.. ..,..,_k. 

G7D 
~-- -------

40 1:.:-

30" 

20 I-

10 " 

u:n 
35.10 

·-~ .1131 

40 

20 I-

tr.... f1 , 

1:-

:~:··=:t/:: .• : .. :,:1~~=-iiiiiiiiiiiim-_._,.. __ :~_.:~·$!·~;~·;;;;;;;;;..,_..._,.-;;ij-I-

160 

120 I- 1 f.Vpt 

80 I-

40 

"' - -

0 0 0.25 0.5 0.75 
CNSQ PllOB(TOTAL) 

80 

60 

40 

20 

0 0.5 1.5 2 2.5 

""°'""' 

C7~t 

-- ---



111ll~JJJJJJJJJJJJJJJJJJJJJJJ$J~J 

(J) 

20 

17.5 

" 12.5 

" ,_, 

"" 

" 
" ,. 
20 

" 
" 

F.. 

Ta c,.,,..,,,,.r ... f2crolr17jo" 

.liq 

• 

' L 

=-=· 
' 

• 

Gfi!, 

L-CORD 

µ,,1 r- S(!.1eTT-ev 

' '"'' 

L 

.::.u. , 

p 3 

p 

0 •• ..... ""' - 274.J .... .24111 

• . I !J.#• 

275 275.2 275.4 ~ ... 

., ...... -.... " ""' 372.5 
.2470 

j11.1s J72 J12.2s J72.5 J72..75 J7J J7J.25 J73.5 J7J.75 374 e"' , __ 

.... 

236 

90 

'° " so 

" 
"' JO 

20 

" 

1r ... , ••.ao• 

2000 
372.5 

g,,.t .. ,,,,..,.o!.!,,.. • ., ..... ..,,..,.,...,;..,...,_,,,_,i,,,.,..._,=!<,~_,•,_,.,.,,...,,.,,,.;.,,".,"""~",. ..... ,, •• ~~ , __ 
'° .-~~~~~~~~~~~~-,-~.....,.,,,,-=-~~~,~ooo""' 
70 ..... 199.0 .. 
so 

"' 
"' 
20 

" 

" 
• 
' ~ 
• c 

'" 

'c 

:t Ts• I ... 11• 

199..2 199.4 ,... ,.... 200 200.2 , __ 

60l 

161 1 1 Tu e rlo• 

·~~ .. __ 

--~--...._____ 
~~---

""""' 
1.e1

1 
1 r •• e. ,,. 

""""' 

-

.. 

-

-

... 

.. 

.. 

... 

... 

... 



-

. 
""° "" 1200 1600 t.'f 

. •.,. BOO •ooo '200 '""' 

681 

-

-
237 



-

-

-

-

-

-

-

I :J~ IN ~fYl I 

cu~N-r- c'9Laitt1m.J +oPndN 

m1x-n.J«£ D6SCR1Pn~,.f (uHM1x) 

• St!°6/l'le1\1'7l'tfl r1N 

• N€W RPP/lOBcH 'Tl> ~S 

(llSu«rs Bv - w..-=) 

sso sPon IN .,,..,. ~ir<. 

C ...,sTCJt .,.., ...... 11~v...,.c.c..:) 

P\. '1+dPE 

UN It. OF M.1'66"'/f 

600 

EF3N 

EEMN F1N EF2N 

t'M'( "' l'f4 g 

EC2N 

I~--..-
AN 

EC1N ' 

. . 

/ 

241 

ET Resolution 

Sources 

1) Hadronic Energy Resolution 
(e/h + ......... ) 

2) Angle resolution 

3) Dead material (EM/had separate manifestations) 

4) Lack of coverage (beam hole, 11 = 1.1 cc/ec 
transition, ... ) 

5) Shower leakage out the back 

6) PT cross-over 

7) Dead cells/hot cells 

8) Weighting schemes 

9) Extra min-bias events on top of trigger event 
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GEM Calorimeter Jet Resolution 
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AGENDA FOR lHE CALORIMETER PAC REVIE\ 
May 25 and 26. 

I. Overview Session: May 25 9:00-12:30 

1~a,.t.m. W.Willis Sl:OOa.m 
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-,, ____ v.-
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4} Utfllld NldnMrlc ~ ,,,,......,.,,, 
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SJ ,....,__.,,. .,__:(Slllndlly:~ K.a.rn.tH (20 min) _, 
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lnllWt.alllplld'9_....,.., 
8ml9I h ~mr!C9pl .... ....,... 
&.!Imp .....tilr c:onc.pl .,_._.,,,.,. 

7} Prodfldflll ot ~ (Standlly ,,_,..,OIU) •• .:....:_ 

~ 89rd'lg mac:ii-. AblorW prvduc:lion ---
8i ., 
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..... -
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F.LDllkDlllltZ 3:00p.m 
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-_, 
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'l "-mblr 81: ... MC: _, 
~•111essc ----
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3. Siio.- lhlt • *f'I ilt dsC-. EM da - deleriorl1e 1hc Mdn:lalc 
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Calorimeter Queslions anticipated rrom the PAC 

"" A. "-" 
e J. Flum lhe .._,I CDF raulll on l pholullt (t'R.l. 70. 2233(1993)) is 

GEM c.,phuis on H<J.....,., pl\llkftc? 
2. Doacribe 1he medal of 1e!Uioni111 the 11rap1 in dlC EM bmd. They _..,._? 
3. S11ow 11ow !ho b.:kpt>Uad from ,,{J __..,.,,and Dali•~ decoys i1 
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B. Opcimi-t 
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The GEM Test Beam Program at MWest 

Overview 

Calorimeter Testing and Calibration 

Barrel and End Cap Calorimetry 

End Cap and Forward Calorimetry 

Both LAr and LKr Testing 

Muon Tracker Testing 

Central Tracker Testina: 

DAQ and Trigger Development 

Durillg the initial test beam run the emphasis wUl be 011 
carrying out a 'Oqr4inotq test of the various GEM 
subsystems. Duri11g subseq11ent run11i11g, tl1e goal will be lo 
carry out 011 IJJJaIJIUli test of a sector of the GEM detector. 
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MWest Hall Overview 

• Floor Space: 200 x 63 ft2 

• Crane: 25 tom; 30 ft hook bel&bt 

Beam: 

Momenta :S: Primal'J Protons 

Siplfkant Bendin& (2A mr &: •.s mr) 

Cberenkov Counter 

Cry"llealcs: 

Stoni1e T1111ks: LNz le LAr 

Extensive Cryo-plumblq 

Complete ODH System (incl. runofl' pk) 

Multi-zone Radiation Interlocks 

Larae Aperture Maanet: 

• Field S 1.2 T 

• H:50 in; W=36 In; l.='6 In 

Transverse Rails (400 tons) 1pannln1 J ft deep trench 

• Intemal & External Countiac Arns 

Reu.snble Equipment: 

Traclr.ln1 Chambers (£706; E671; E704) 

PREP Eledronics 

Computers 
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MWest Beam Overview 

• Accumulate Data at a Variety or Momenta: 

Primary Protons: -800 GeV/c 
• Secondacy Beams: ±10, ±25, :±50, ±100, ±200, 

±300, ±400 & ±500 GeV/c 

Precision Mollll!ntum Tag&l111: -0.l 'Iii 

Eledron Enrichment 

• Electron Tagging: 

Cherenkov Counter 

Synchrotron Radiation Detector 

Muon Enrichment (Close Collimaton) 

Primarily Low Intensity Running: -10 Hz-10 kHz 

• lJmited "Pinged" Beam Running: -109 lh for -1 ms 

--
• 

The GEM Calorimeter 

r••SSIWI'-=" 
I -SCll?Uar.--.uo.-Tll 

' 

~--------»•--------~ 

= 
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Data Acquisition Considerations 

From the data acquisition penpective, there is an almost 
total dichotomy between the MWest test beam program 
and GEM itsetr: 

Near term decisions regarding DAQ hardware and 
sofh1·are llllW be made in the case or the test beam 
program, since its success requires an operational 
data acquisition system at all times - including 
(perhaps espedally) during its startup phase. 

Near term decisions regarding DAQ hardware and 
software mJlll...n2l be made in the case or GEM 
itself, since the relevant technology is changing so 
rapidly (and radically) that any decision made 
today will inevitably be a mistake from the 
perspective or the technology or the SSC era. 

Nnertheless, the MWest provam is an ideal test bed for 
trying out and perfecti•I DAQ concepts and 
cemllgurations. Thus, the pro:ram will be used for this 
pi91'POSe, keeping in mind at all times that there must be 
a. tiperational data acquisition system In place throughout 
fh lte or the program. 

Jl-a..lea (University of Rochester) will be responsible for 
·~ting the effort to achieve an appropriate balance 
~ aear term requirements and Ion: term goals. 

Calorimeter Testing and Calibration 

~ 

--

• Perform full~•cale en1lneerlnc studies of all 
calorimeter subsystems: mechanical, electrical and 
cryogtalc 

• Achieve full system integnldOD of the dectromagnedc 
and badronic cryo1enlc calorimetry and or the 
o:ternal sclndllatin1 calorimetry 

Carry out a full system test of the calorimeter readout 
and calibration systems 

Measure the response or the sdndllating calorimeter 
and determine the reproducibilil)' or its performance 
from module to module 

•. Study the calorimeter'• resolution at the hi&helit 
meflies available 

• Investigate the calorimeter's silrcle particle response 
in the vicinity of representative cracks 

• Study the calorimeter's sin&le particle response 
across the barrel to end cap transidoa 

• Investipte the calorimeter's response to hi&h energy 
muons 

• Investigate the calerimeter"s single particle response 
in the forward direction (relative to the GEM axis) 

--
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Resolution of the GEM LKr Calorimeter 
(Full GEANT Monte Carlo Slmul•tion) ... ~--------~-~ 

12 

a.• 

,............, 
~ 

a.a ~-a.~05--a~.,-,--,.~,.~-a~ .. ~~ 

11./E(GeV") 

MWest Momentum Tagging 
.. :tA .... e-4.iona,111,.._ 
....,..., • ..61JOn•,.n-

' , ' , , \.e----5SD'••• ...... 
S)'Slem wfll be provided by the Unlwntry or Pittsburgh 
l"'*P of E. Engels, Jr. & P. ShePllN 11Sfn1 apparatus 
and electronics from E706 plm four mew llUcon waten. 

Calorimeter Test Beam Apparatus 

• Calorimeter Transporter (Rochater) 

• Horizontal Motion on Edstlnc Rall System 

• Vertical Motion on a .. Lowboy'' Carrlap 

Rotational Motion: f90° 

Tiiting Motion: ±4° 

Supports-150 tons 

Test Cryostat (SSCL) 

= 

Double Walled (Flanpd) Aluminum Cylinder 

Intemal Bath Box to Minimize LKr 

Length: -26 ft; Radius: .. 100 In 

Loaded via Rails on an Insertion Brldp 

Weight When Loaded: -100 tons 

Be schedule for producing these devices is Hl'J tight 
FumUab safety commineu should be establisl1ed/or both 
a.ab as soon as possible so that the nquisile dialo1 can 
commence. 

= =-·· 
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Electron Tagging In MWest 

T.o improve the electron-to-hadron signal-to-noise, the 
MWest beam will be provided with: 

Electron Enrichment {R. Tokarek} 

Dectron Tagging 

Cherenkov Counter 
(jlS-75 GeV/c) (ExlsUng) 

S7ncbrotron Radl•tlon Detector 
~75 GeV/c) {H. Fenker) 

8Ul1 

Calorimeter Testing 

= 

Beam on Barrel Calorimeter Center Line 

~--

©-G· ------- -------· ------ ;,;;;,;,m,;--]-
i·o

·~ 

) 

i 
-·-·-·-·-t-·-·-·-·-1 ..... --; 
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~-~@}·--------------~~~-··-···-··-·--·····I __ 
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Calorimeter Testing 
Beam at Barrel Calorimeter Extreme 

®-r············ ---······ ..... ~; .. -·1··--· 
1•'-0JS' 

2l"-O' 

~ 21. lftl 

~~®---------------.. ·----- ............. T __ _ 

Calorimeter Testing 
Beam on EM Center Line 

11MNS1'0R>Clf j: 

llC'"'h(l<,-("ltl!IT! 
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Calorimeter Testing 
Beam at End Cap Calorimeter Extreme 

--~ 

-·-·-·-·-!-·-·---· _..,'1---1 

I 
_ ___ '---' ____________ ._·~- -- -- ----· ...... I .... . @ 

rr·.1 

Calorimeter Testing 
Beam on Inner Hadronic Crack 

llOLL A'~CH 
~2.2~ OCCfftES 
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Calorimeter Testing 
Beam on Outer Hadronlc Crack 

i 
l. ·:::~ [•, 1.)S"•< )7~-

tG'7 

Loading the Test Cryostat 

PLANYIEW 
CRYOSTAT ARRANGEMENT 

__ ,.. __ _ 
-u·-.w 

Sfi!1 
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Loading the Bath Box 
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Calorimeter Testing in MWest 
Open Ouestjons 

• WUl 11 llae tcllffl•le fel' ...... Wi•I calorlmeler readout 
dedn9k1 for die FermilM .._. lelf1? We need 1 111111111· 
,_ ,aa. IUt is ~ wlldl. llM ..a prebable l"ermilab 
..-las Kbedale - Mst ft-' .._ r-. bi ur17 19"5 and a 
r.u. .... na i. '""· 

• Should U1e MWnl lffl cryos .. t H ce1n1t1'11Cled wllb a thin 
window? A rellltlHIJ aarrow window would sumu lo 
sllllldow die •ml nlortatetr7. Tbls option should be costed 
••I belort a Dul cledsi•n Is reached. 
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San Diego Meeting Agenda 

May 12, 1993 

Plenary Session 

Morning Session (Chair: Xiaorong Shi) 
8:30 Electronics,DAQ Marlow (30) 
9:00 Computing 

Introduction Sheer (5) 
Future Directions in GEM Computing Word (25) 
GEM Detector Simulations Womersley (20) 
Common GEM/SDC Computing Issues Hilgart (10) 

10:00 Break 

10:15 Physics with GEM report 
Physics at the SSC Lane (5) 
GEMGEN Sheer (15) 
GEMFAST Skwamicki (15) 
Higgs Physics Zhu (25) 
Top, H+ Physics Yanagisawa (15) 
Jet Physics, e/h Womersley (15) 
Physics at 1034 Lane (15) 
iT,SUSY Vaniachine (15) 
Detector Optimization Zhou (20) 

12:35 Lunch 

Afternoon Session (Chair: George Yost) 
1:45 The incompleteness of the Higgs Sector J. Kuti 

and the Super Collider 
2:45 Summaries of Working Groups' 

Calorimetry TBA 
Muons Taylor 
Tracker Brau 

4:15 Break 

4:30 N and Gamma Leakage in the Forward Moore 
Calorimeter Region 

4:50 Summary of the Meeting Barish 

- 5:30 Adjourn 
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V Batagura 
lTEP/ SStl. 
#a!J 12, 199j 

M l!On trigger 
mod et 

• Description or ihe 
model 

real strips 

viriua/ slrips 

virlua/ duslers 

&c .• 

TIRtestofCSC 

/;.X/W~ 
·2.5 ·2 ·1.5 ·1 -0.5 0 0.5 1 1.5 2 2.5 

0.7 

0.6 

)i 
~ 0.5 

Q 0.4 
0 

0.3 

0.2 

0.1 

liX(cm) 

Distribution Of charge 
induced on sl.rtps 

Q 
(dE/tlx) 

Qi hreslioltf = Q 5' . lhrtsAoltl 

1 re so Ru/ ion onti eHiciency 

curves 

e 'Jog; tta or A 'IJ? 

Trigger based on fhe 

cult; ng or ihe road in 

3 -dimensional space (q~i»~ 

combines a!! ava;!a/J!e 

information ror the i.ngger 

=1> includes na-lvra!ly hoii, 

sa9itta and Ll lfJ methods. 

S8·1 

De;ini-/;on OI the 

tower 
associated 

virfua! 
wiih 

sirip 

Barre! End cop 

+ 
virtual slrip = lower 

w;ih al leas/ 4 s/rips in 
differenf !ayers wiil. 

Q > Q lhi-eslt.oid 
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Number of virtual strips 
600 

400 

300 400 

200 
200 

100 

5 5 10 

600 

400 

200 

5 10 

Endcap 

Sfi, 

--- -

Barret 
R, R.' 
R, R.' 
R1 t/ 

Endcap, 

00.1· 

Derinilion 01 ihe 

virlual c!vsler 

Barret End cap 
---- ---
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Optimising the trigger 
thresholds. 

(Trigger simulations update) 

Henk Uijtenvaal, SSCL, }.lay 11, 1993. 

Contents: 

L Status of the simulations. 

Z. Optimising the thresholds of the existing trigger conditions. 

3. Elecrron/~1uon triggers. 

4. Physics Efficiency and Background Rates for the new set of 
triggers. 

5. Conclusions. 

Details can be found in GE\1TN93-332. 

Henk Ui1torwul 

" 
henk.-.pdsl.u~.a:ov 

.>..i.,.; 
~lal"b. !993 

E:r for minimum bie,s 
interactions. 

" r '<1 " r ,. ' 
"~· , : i:· 1! ~ ' ' : 

' c ' ' ' 
I! 1,, .• , 

"" "" "" .. 
f.,.(GtV) £,.fGtV) 

Left: m1<6.0fmain +forward cal), Right m1<3.0 \main cal onlyl. 

Data points: l • P0.61 interactions/crossing, the model used for 
these studies. 

Yellow Area: Pn 61 lnteractlons/crossing. 

The model used for these studies overestimates .he background 
aetivtty by a facmr of up to 2. 

he111.~p<1.<f.uc.1ov 

·' -1-~0 ' 

Status of the trigger 
simulations. 

•Version v104 (or PAC review versionl of libuf was released on 
pdsf on 514/93. The code v.ill not be changed. except for urgent 
bug-fixes. until 6/1/93. 

"'Modifications w.r.t. vl03: 

• Switch to gemfast vIIi04. Older versions of gemfast are nm 
supported anymore. 

• Routines to print the trigger pnm!tives have been added. 

• Fixes in the analog CA·Ll algorithm to avoid double counting 
of the number of e/y-eandidates. This caused the differences 
in trigger-rates between the two CA·Ll algorithms; the 
rates and efficienc:tes for the twO algorithms are now equal 
within statistical errors. 

• The global L 1 routine uses the optimized thresholds. 

• CA·LZ e/y finder has been tuned for maximal e/ir rejection 
based on single panicles. The effect on physics still has to be 
studied. 

"'The next version of gemgen will have an option to generate 
only PfL.6l minimum bias events per crossing instead of 
1 ... PO. 6 l events per crossing. This will make the background 
rate calculations more realistic. 

The present calculation overestimates detector activtty (£,J and 
thus the rate by a factor of up to 2. Down scaling of the rates by 
a factor 1.6/2.6 is not completely accurate. The new gemgen 
solves this problem. 

Henk l'l11orwaal 

' 
~b.y&.1993 

Optimising the trigger 
thresholds. 

"' The thresholds presented in the TOR were preliminary and 
have 2 known problems: 

1) The minimum bias rate iS too hlgh (24.8 kHz befott down 
scaling, 15.3 kHz after down scaling). The plots presented in 
this talk show the non-down scaled rates. 

21 The trigger efficiencies for low mass H' events is too low. 
(0(80)%). 

.. These problems can be solved by tuning the trigger thresholds. 
Procedure: 

t ) Plot the trigger rates as a function of the thresholds In the 
trigger conditions. 

Zl Raise the thresholds for trigger conditions that contribute 
more than I kHz to the rate. (Reduces background but also 
physics acceptance). 

3) Lower the thresholds for trigger conditions that contribute 
Jess than 1 kHz to the rate. (Increases physics acceptance but 
also background rates.) 

4) Calculate the trigger rates/efficiencies. (The trigger rates for 
the different conditions are correlated, the plots cio not shov•• 
the correlation's). 

Sl Repeat 1-4 until there Is no Improvement In the rates or 
efficiencies. 

" This talk shows the results of a few loops through step l to 4. 

323 

Funher Improvement Is still possible but fine-tuning of the 
thresholcis Is not too interesting at this stage of the experiment. 

~·&.\9931 
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Trigger rates for 
Minimum Bias Events. 

__ 1.-:-· 

!! 

Trigger rates for the 1 Z trigger conditions based on ~ • 10'. 
minimum bias events. 

Honk •Ui,.erwul 
.\!' • 

henk'"'pdsf ... c.gov 
. l+-70 1 ' C': 

~y6. 199~ 

ET missing trigger rate. 

"' -
" -0.2 -

,., 

\ 
\ 
:........... 

'"' 

~ 

" ' 
~ 
J 

"" "" l,,fGcV] i.,.ro.v1 

Left: ET :-.Usslng trigger rate for SUSY Right: minimum bias rates. 

Honk Ui11•r .. ul 

" 

1 jet trigger rate. 

' '~~-.~ - -

"::~ \::]] 
: . : . . 

o~ - -. . " -
. . 

100 200 

J.~IGeVJ 

Left: 1 jet trigger rate for ti - producuon (•)and H - u jt1ftll'1, 
Right; corresponding minimum bias rates. 

Hen~ U!Jte,....·uJ 
~I/ 

henl:~pd<f.ssc.110• 
>1+7 ' 

~tay 6. 1993 

Photon trigger rates. 

' ' ' ' ~ ~ 

' ' ~0.8 ~ ' 
1 '"' "·' l 

! 
~ 

"·' 
o.~ " 

"' 
,., 

£:c:(OfV] 

Left: Trigger rate for H - n'("'..- :80GtVl. 

Right: Corresponding minimum bias trigger rates. 

• : Single e/y-trigger. 

o: Two e/y-trigger 

"' 

+: Single e/y-trigger OR two e/y-trigger at 1/3 of the single e/y 
threshold. 

Henk Uil•erwaal 
E~I 
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New Tri22er Thresholds. 

These plots and simJlar ones for the other 9 trigger conditions 
suggest the following modifications to the thresholds: 

==-~ 
J,,, 

4of J. 

3 E, 

4 M, 

2 of E" 

• 2of M 

7 E., 

8 E,. and E,. 

9 M,, and E,, 

10 -

11 M"and3ofJ~ 

12 £,and3ofJ~ 

'.\!odjfiqtjon5 

Single Jet Trigger Increased from 80. 

Multi Jet event 

High Pr e!y Lowered from 50. 

High Prµ The lowest possible value? 

2 e/y Lowered from 16 . 

2 µ 

Missing Er Increased from 100 

ely and missing Er 

µ and missing Er lowest possible threshold 

Jet and missing Er Removed 

µand 3 jets Lowest possible threshold. 

e and 3 jets Lowest possible threshold. 

Henk.!'!)<1•1.•K.~<"· 
1-'1~-TOM.f:12' qp;, 

Electron/µ triggers. 

.. The trigger for Ho ..... uu or H' ..... µµI'µ looks for a pair of 
leptons. So only 2 of the 4 leptons have to be found at Level 1. 
This allows for some trigger efficiency without affecting the 
physics performance for this process. 

But in case of H -+uµµ lhe trigger cannot recover, if an 
electron or muon is missed by Level 1, the event wtll not be 
accepted by the elecrrOn/muon pair trigger. 

"' This problem can be solved by adding an electron·muon Uigger 
like E,. 111d M,, to the list of triggers: 

*This trigger Is background free and acceptS 35% (out of a 
possible 50%) of the H' ->uµµ events for"'•· =140WV 

Henk Uu1nwa.al 

" 
henk~p<ht •.c.ao•· 

_, ~.7 ~·· 
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Efficiencies/Rates. 

~The new thresholds reduce the background rate from 24.8 k.Hz 
to 15.6 kHz. \9.6 kHz after d°'""n scaling). 

*The H __, rt efficiency at 80 GeV is increased by I 0%. 

*The efficiency for heavy particles (SUSY. 800 GeV H') is still at 
the 99% level. 

This is a clear improvement over the old set of 
thresholds. 

Henl< Ui11er"·aa! 
E~I 

h•nl<"pd•l.i5~.Ko•· 
l-'1~·7 

May&, l99l 

Electron/µ trigger rate.. 

~ ' ' ' , 
,.; 0.8 t 

" -
" 
~ '' 

"' 
Trigger: E,arn!M. 

" " ji.5 .l 
~ ~ 
~ " ' 

" 
•oo 

E,10..V] 

' l 
' . 
l ,, 
" r 
f 

1 

"" E,[CieVI 

Left: Trigger rates for H --+ "11 <m., = 140GfV\ { •) and rf - production 
(o). 

Right; Corresponding minimum bias rates. 



The new set of Tri22ers. 
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12 

13 

~ 

J, 

4of 1. 

£. 

M. 

2 of E., 

Zof M 

£. 

E.andE. 

M .• and E .• 

M and3ofJ~ 

£,.and 3of J,. 

M,, and£. 

Honk Uhterwa•I 

" 

CWnm<m 

Single Jet Trigger 

Multi Jet event 

High Pr e/y 

·High Prµ 

2 e/1. ,, 
Missing Er 

e/y and missing Er 

µ and II11ssing Er 

Obsolete 

µand 3 tets 
e and 3 jets 

e andµ 

llonk·~pdsf.ssc.gcv 
.>.;.:; l' 

Conclusions. 

•The background rate for this set of triggers Is 15.6 kHz before 
down scaling. 9.6 kHz .after down scaling. This rate ctoes not 
include about 2 kHz of false muon triggers. 

'*The physics efficiencies (except for H'-+ rr) are dose to or well 
above the 90% level. The efficiencies for "analysablen events 
are even higher. 

* These numbers are an improvement over the previous results 
and even closer to the design goal for the Level l trigger. 

The next steps are: 

•Better estimate for Ihe minimum bias background using the 
new gemgen. 

* Level 2 trigger simulations. 

*Triggers for L:JO~Cll!-2,- 1 

Henk Ut1t•,...aal 
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Overview of the GEM 
Data Acquisition System 

Preliminary 
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The ~line GEM Dota Acquisi1ion sysic~ is desiJn•d to 111ppm1 • ....,..,... 
of IPl'fOIUIDuely 10 (;By!e$1 .. c (fil""" I)_ Thu ll'l'lplie> I miu1mum nai ._ 9' I 
MB~ &1 lho e:xpeeled Lo-Vil! I rite of 10 KHz (or HlO KByies al Ille ..... ....... 
ltn:l 1~of100 IOU). _UnCl:casuy, !his ban<twidlll can be il>Cl'eAledll)'t .... of. 
f- lhrouJ)I Ille 1implc: 1d.d1uon of oulput cliarmet... 

Fipre I 0...u. Acquisiuon Syswn Clpmltin1 Ran10 

IMay 1993 OEM DAQ O¥aYiew CDraltJ 
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Fia= D OEM D1t1 Acqulsicion System 

1May 1993 

IMPORTANT PARAMETERS 

!-t-.it'an Level-I Rate ' 100 khz 

· !'-.lean Event Size 200 kbytt> 

· Data per EDC 12 EDCs have 383 of data 

I Level-2 Data 9'Jc. of data per step, M;~-'! - 6 

Fiber Link Speeds 100 n1egabyte/s 

Level-2 Rejection 0.23 per step (-l i'Wil\ ') 

Time Step 4 U1iCf0Se<'OUdS 

1 1lean Level-2 Task Time 1 nullise<"ond 

~lean Level-3 Task Tin1e: 0.1 seconds 

-
DAQ Siniulation J.B ... oon 

:S37 

"'' 

zoc 

THE SIMULATION 

• ~12 EDC~ \l111mial Smmlatiou. We assume the EDC' can kttp dMa Bowmg 

at 100 kbyte/s into the output fibn (when uqu .. •ted) ("''"'"~'f ,.,.t) 

• 12S EDD~- \krkrillt' Snnul<itiou: EDDs ha•·e a queue of r~unts from pr<>

cessor. They perform on• task (such as• message to EDCs or processor) ptr 4 

microsecond time int .. rnl. (,..~ .... / "'lilt.~ 

• 2.12 Processoro. \jpdrr<lle SrnmlatiOll: Proc-esson have •n.event queue and 

run tngg~r tasks when data ar~ &111..ilable. L.e\'d-2 tuks run to coinpletion. L.e~l-
3 ta.sks may be •u•peMd. ProceHors •end messages to EDDs (one &c:tion per 4 
micro•econd time nep) 

• Switch. '.\liuimal Simulation: The (bane!) switch hu &12 input fibers and 

128 output fiben. We sinmlate 65536 virtual linb with 1/512 the capacity of 

one fiber (a.bout 200 kbyte/s). \\"e just kttp tr&c:k o( the ba.cltlog in e&c:h of the 

\"irtua.l links. 

• 128 Links from EDD to(~ I Processor~ \linimal Simulation Again we ju•t 

kttp traclt of the backlog on each link. 

• Trigger Supen·1sor '.\ioderate Simulation: E~ry millisecond, the supervisor 

polls th! processors (for queue siie) ud distributn events to those ieut b111y. 

EVENT SIZE 

0.2005E+06 
0.!7-9E+05 

J.s ......... 

&000 eooo 1?~~ 

Eve~t size (bytes) 



"' 

600 

"'" 

"' 

SIZE IN 12 LARGEST EDCS 

9999 
6814 
4907 

(bytes) 

BYTES TRANSFERED PER EDC <I" 

::21, 

~-:·n 

vec· 
'Ir.IS 

lOOC039" 
395.2 
~ '73 

(bytes) 

_, 

"' 

338 

BYTES TRANSFERED PER EDC 

::--.es 
Ve:' 
~ ... ;: 

LATENCY IN EDC 

(oytes) 

Entr•n 431179 
M .. on 09168E-01 
RMS 0.6750(-01 

(seconds) 

-

-
-

... 

.. 

... 

.. 

... 

-

-
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Entries 
Mean 
RMS 

3.5 4 

210281 
0.3604 

0.713BE-01 

4.5 5 

(seconds) 
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LATENCY FOR EVENTS PASSING LEVEL 2 

.. 
Entries 1242 

500 Mean 0.4367 
.RMS 0.1006 

.. 
400 .. 

300 

.. 
200 

.. 
100 

.. 

0 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 s -
(seconds) 

-
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VIRTUAL LINK BUSY FRACTION 

- EN:ries 4JO 
120 

Et1tMI 4lO 

400 
Meon 0.19115 
RMS 0.6909£-07 

Mean 0.1904 
RUS 0 • .56.38£-01 

350 100 
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80 

250 

60 
200 

150 
40 

100 

20 

50 

- 0 
0 0.2 0.4 0.6 0.8 1 0 0 0.2 0.4 0.6 0.8 . 1 

fraction of cdc-cdd link used fraction of cdd-prc link used 

-
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VIRTUAL LINK BUSY FRACTION~ 
90 .. 

E.,triM •30 [fttrf .. •30 ...... 0.7776 .... , 0.76-40 
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140 70 

... 
120 60 

1()0 50 

80 40 .. 
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40 20 
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VIRTUAL LINK BACKLOG TIMES VIRTUAL LINK BACKLOG TIMES1 

... 1- ~-" 

,,. - ··--· ,.. 
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EDC·eDDlirll<-- EOC-EDDlink....,...., EDD-Pniclisdinil-
_ .. 

93;_ 

-
EDC MEMORY USAGE EDC MEMORY USAGE 'f 

I 
E~tr:n 27136 
I.lean O.J8JSE+C7 
RMS 0.4730E+06 

EntrOes 27\36 
I.lean 0.7014E+07 
RMS 0.6206£~06 

,,. 

,,. ·-

-,-
·~ ... ""'· 
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CONCLUSIONS . ~ . 

I ~ -• • \"utua'. kYd-2 " • s . " " " rnude \\"ork" 111 prinripk•. It reduce" ·"witch re-
• c " c " 

"' I ~ 
quire111elll" bY about a fanur of S : using in~· parameters). \\"ith 
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= ~ • algorithm-,. ::> I ' . ~ ~ ~ -• 
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• Introduction I.Sheer 5' 

• Future Directions G.Word 20' 

• Full Simulation J.Womersley 20' 

- • GEM & PRCD J.Hilgart 10' 

-

-

- Irwin Sheer - Superconducting Super CQllider LaboratOI}' 

349 



... 

-

Computing Chapter 
in the TOR 

• concentrates on gross features 
rather than details 

• is aimed at people with computing 
backgrounds as well as physicists 

• suggests possible projects for both 
the collaboration and PRCD/SSCL 

Irwin Sheer - Superconducting Super Collider Laboratory 
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Table 8-6. Tei::hnology aod cost projections. 

Parame1er 1993 1997 1998 1999 2000 2003 

Single CPU power (kSSCUP) (mid1ange) 0.10 0.38 0.54 0.75 1.05 2.89 

:.:• Number of CPUs per box 1 2 2 4 • 8 

" CPU cost per box (kS) • 7 • 11 9 13 

Memory size (GB) 006 0.3 OS 1 ' 3 

Memo!)' Coal (k$1GB) 100 35 "' 21 " 7 

Disk Col1 (kSIGB) 2 ' 0.0 0.6 0.5 0.3 

Man (slow) memory cost (11$1GB) 25 7 5 3.5 2.4 0.9 

Mus storage media coat (MS/PB) 2 0.'41 0.'8 0.34 0.31 0.23 

Mass storage bandwidth eosl (MSIGBfS) 20 10 8 7 • 3 
(inc1Ullng robots) 

Number of bous for 1 MSSCUP 10,000 l,302 930 332 237 43 

CosllMSSCUP (MS) '" 24 19 11 • l.S 

! TrlggerfDAQ ! OnltM ! Offllne ---·-- •Y'llllTI• 

~~ -~ i ,,.,,. \ Ellp«lrN ..... ·' ___ , 
..-; _., PtoOuctk1n \ CllibraliDn 

\ ~ Conliglnlion 

'. / 

-B 
' 

·;~--i{j\~ 
AIS\111" • EV9l'll Event-""""' 
~ . ....,. ,...... 

' --- ----
~-

FIG. 8-1. System model lor GEM cOll"pllling. Rec!anglesnipresent elclemel entities, circles represent processes, 
double bars represent slores, solid arrows represent dala flows, and dashed errows represent commands. The 
primary data flows are indieated by a thick arrow. A label with ao aslerisk (") indicates !hat the entity appears in 
mor& thim Of'll' nt:or,. In"'" A;~,,.mm 

"' "' = 

" " 

> t 

Tabla 8-2. Overall model for expected rates; system capabilities wiU exceed lhese rates. Rates are given lor the 
end ol the operating year, while integraled quantities (inlegralad lumlnoslty, lotal storage) are calctJlaled 
assuming an exponential increase In luminosity each year until a constant value is reached in 2003. For 
explanaliona, '" text. 

Parameter/Vear 1999 2000 2001 2002 2003 

Peak luminosity (cm·2 a·11 "'"' 10" 10" 10" "" Total live time (s) 1o' "' "' "' "' 
lnlegrated h.Jmlnoslly (pb-1) 1 " "' 4,000 10,000 

leYll 1 trigger lewtl 100.ub IOOµb 100pb 100,ub 100,ub 

level 1 trigger rate (maximum) 100"' 1 kH< tOkHz 100kHz 100 kHz 

DAQaveni lliZe 1MB 0.6MB 0.3MB 0.3MB 0.3MB 

Peak ct.ta rate out o1 DAO IOOMB/s 600 MB/s 3GB/s 30 GB/s 30 GB/s 

Event filer {l9V81 213) factor ' 10 '" 500 500 

Level 2 ="'anonal load 
(SSCUP)lli '" 1o' ,,. 

'" 1o' 

Leval 3 computational load (SSCUP) 0 ,,. 3x10' 1.3 x 105 1.3x 105 
AECO n1jl!lctlon factor ' ' 1 2 2 

RECO computallonal load (SSCUP) 2)(10' 2)(105 3)( 10S •)(105 4 )( 10S 

Event rate stored 100Hz '""' 100Hz 100Hz 100Hz 

Table 8-2. Overall model lor flKP&Cled rates: S)'$tem capab1lilies will exceed these rates. Rates are given for the 
end of the operallng year, while integrated quantilies (integrated \ummosily, total storage) are cak:ulated 
assuming an exponential increase in luminosity each year until a constant value 1s reached in 2003. For 
explanations, s" text. (ConL) 

ParameterNear "" 2000 2001 2U02 2003 

EqulO/alenl cross section 100,ub 10,ub 'µb 100 nb 100 nb 

Initial data per event l MB 0.9MB O.SMB 0.6MB 0.6MB 

Raia of inllial data lo storage 100MBls 90MB/s 60 MB/s 60 MB/s 60 MB/s 

'ddlUonal event dala 1.6MB 1.6MB 1.6MB 1.6MB t.6MB 

Peak even! data rate 110 MB/s 150 MB/s 130 MBJs 130 MB/5 130 MB/s 

Annual event storage 0.26 PB lPB 0.9PB 0.9PB 2.2 PB 

Simulatlon computational toad t.5)( 1(15 3 )( 10~ 6 x 105 e )( 10s 6 ~ 10s 
(SSCUP) 

Annual liMUlalloo storage 0.1.4PB 0.25 PB 0.4PB 0.4PB 0.4 PB 

Annual test beam data 0.01 PB 0.01 PB 0.01 PB 0.01 PB 0.01 PB 

Total annual storage O.SPB 1.3PB 1.3PB 1.3PB 2.6 PB 

Peak rale lo storage 125 MB/s 170M8fs 155M8fs 155 MB/s 155 MB/s 
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Table B-7. Eslimatad lines of code in Iha linal GEM 

~ 
g "' • g m system. 

~ Category Lines ol Code ]; 
w 

~ 
0 

"' 
g ~ GCS software ''°' t • 

5 On-Uoe software 50k 1! -G1neralors {GEM-specific code) 20k ~ 
0 • g fii • ~ "' j ~ • 

Simulation (GEM-apecifie: coda) 150k 

Reconatruc:tion 200k • 
i ~ ~ "' • m ~ Phyaicl analysis SOk 

Ewnt clsplay and graphlca .... ~ - 50k i ~ ~ m • • ~ .. 
Frsmework SOk 

J ...... ""' ~ g • M • 0 
M 

Special OS lntetlaces and drivers ~ ~ ... t Evenlfdlars ... - N w ~ • ~ : ~ 

~ 
~ 

.. 
i 

.~ c 

f ! ,!, • • 
" J u " ~ u 

8 ~ w 0 
nr;,; • "' 0 

.. 

.. 

-

-
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• Higgs Se~rches with GEM, 

• GEM 's Strength - H--+//, 

• Uncertainties. 
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H~ 'Y'Y 
Compared to GEM TN-92-126 

• HoC Is included, PDF is under control; 

• Exact calculation of jet-jet background (quark and 
gluon); 

• lcosO"'I cut optimized for sum of all background: 
no further Improvement with additional max(Ej.) > 
40 GeV cut. 

• Improved analysis on vertex determination with 
event topology; 

• Realistic Detector Effect: 

- cracks and segmentation in detector; 

pile-up/thermal noises; 

GEANT based R(,./jet); 

GEANT based R(-y/e). 

• Better uncertainty analysis. 

Lowest Order Higgs Production Cross-Section 
x Decay Branching Ratio (fb) 

Assuming Mt::;;: 140 GeV, EHLQ-1 PDF, and no high 
order corrections. 

MH rH 'H - "tH' tTH14l' vs1u··· "H1lh-v\ 

80 .0030 124 8.4 

90 .0034 144 8.0 

100 .0037 109 7.8 

120 .0049 "' 6.9 

140 . 0097 180 4.2 20 

150 .019 128 2.0 32 

100 .097 52.6 0.87 15 

170 .380 9.2 

180 .620 22 

200 L4 85 

400 30 •• 
000 112 1• 

800 266 5.3 110 32 

10:;;:., 
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0 :;:; _, zz 
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u 
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"' ( ) 

'""' ,,0 
Higgs Moss (GeV) 

l'isue (: m,.. protl••liooa crooa.-ioa (•) &o11t tl119' ~ ptOdlldioa ....., ...... , 
a, VV ...i •f ... t--a.tecl ..-l!Ktia ~: (Z/W)B ... ttB oa4 mg. 
"-1 tn.clliq ratioo lo n, ZZ-/ZZ, WW'/WW, "'•Cl:, r•r-, gud. "/Z {lo) ue 
Jlotled .... f.aclloa or mg. --

7/e/µ ID: Isolation Cut 

• 'Y and electron: 

EB-/' - E.J!e < ET""+ ~t GeV 
•<R 

were E;/e is reconstructed transverse energy of 'Y 
or e by using S x 5 cells in EMC, qNn Is the 
mean energy measured in the isolation cone (R), 
and E.j!'t is the threshold determined bY studying 
the behaviour of the sum of pile-up and thermal 
noise in the isolation cone (W. Cleland and A . 
Vanyashin). 

• Muon: 

L Er - Ll.E < cpe•;.. +· Ef:.t GeV 
•<R 

where C::.E is the measured energy In calorimeter, 
along muon track. 
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Higgs Physics with GEM 

• Intermediate Mass Higgs (BO < Ma< 2Mz): 

- H-n (80 GeV < MH < 160 GeV); 

(tf/W)H-'l1'lX {SO GeV < Ma< 140 GeV); 

H-zz•-t+t-t+t-, (140 GeV <Me< 2Mz). 

Key: Precision EMC with good photon JD and 
precision Muon System. 

• Heavy Higgs (2M~ < MH < 800 GeV): 

H-zz-t+t-t+t-. 

"Gold Plated" . 

• Very Heavy Higgs (M8 =:: 600 GeV): 

H-zz-1+1-1+c. 
H-zz-t+t-vv, and 

tt-zz-t+t-Jj. 
Key: Understand systematic uncertainties. 
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EM Accordion Segmentation 

f'op .. !: Sdoem&lic of U.- loqituliuJ ....,..m.. of lhe EMC ..,d me "rip• i• lite 
lmtoogmc:a.1. 

Significance 

High Statistics: S= Ng/,[Ni (A.Se.I ;. 7J>R. 
where Ns •nd N8 are expected !iignal and background. 

High Statistics Resonance Hunting: 

I £.tlt A5 0.9SS...H JI Lit 
S= • --

...; 1 Crlt As 4.ll.MH Rs Jl.MH 

where As and As are the acceptance for Signal and back· 
ground, "H is Higgs cross-section, .ll.M H Is Higgs mass res
olution, and Rs is the background rate at the Higgs mass. 

Low Statistics: 

~ 

Ph.igh = L A.i(Ns) 

m=N5+NR 

for fixed Ns and Ns. where Pn(l) = An<!-l/n! following 
Poisson statistics with l the expected value. 

Low Statistics with an Possible Fluctuation: 

Piow= f1Pn(Ns+N5)x f Pm(Ns)J 
n=O m=n 

Mathematically, Plow i;an be converted to a Gaussian prob· 

ability defined b)' N1!../NB if Ns is high. 

For Ns=s, N8 =1: Ns/ ,fiii=s. sh-igh=3.2 ans s1.,..,=l.9. 
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GEM'S Sensitivity to 
Standard Model Higgs 

My '""' .,., .,.,, tttt tljj ll1111 Combined 

80 GeV 30 fb-1 3.9a 4.s ... 6.3o 
90 GeV 30 fb-1 4.9Cf .... 7.20' 

100 GeV 10 fb-1 ... 2.90' 5.Bu 

120 GeV 10 fb-l 7.811 2.7(1 8.50' 
140 GeV 10 fb-1 9.0c 2.3,,. llu "" 150 GeV 10 fb-1 7.3a 13u "" 160 GeV lOfb- 1 3.2cr 8.lcr 8.9a 
170 GeV 10 fb-1 5.70' 5.7<r 

180 GeV lOfb-1 lOu 10• 
200 GeV 10 fb-1 '"' "" 400 GeV 10 fb-1 28u 28u 

600 GeV lOfb- 1 9.7<T 9.7 ... 

800 GeV lOfb-1 4.7a* 5.4q* llu* 

too Gev 10 fb-1 .... 2.,. .. 111••• 9u 0 

• Statrstlcal only. 
0 Including systematic uncertainty . 

... Including 5ystematic uncertainty, assuming 't Is under cootrol. 

10 fb-1 will cover 100 GeV < MH < 800 GeV. 

30 fb-l is needed to cover So GeV < MH < 100 GeV. 
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H- 'TY 
Two-Photon Mass Resolution 

where E 1 and E2 are energies of two photons and 9 is 
the opening angle between them. 

.r;:,,.E=(~@ b@ E)% 
E ./£ E 

Improvement: for 1111 > 1.9, 3 x 3 .rather and 20 ns 
shaping, rather than 5 x 5 and 40 ns shaping is used. 

Mn (GeV) 80 100 120 140 160 

a=6/B.5 b=0.4 0.66 0.77 0.84 0.91 1.0 

a=l4/17 b=l.O 1.3 1.5 1.7 1.8 2.0 

a=9/14 b=l.O 1.1 1.3 1.4 1.6 1.7 

This mass resolution does not degrade if Higgs vertex 

6z < 5 mm and the the cog of 1' shower 6x < 2 mm 

(GEM TN-92-126). 
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H-> "l"I 
Higgs Vertex Determination at 1033 

1. Use event topology, e.g. select vertex with the 
highest P?-weighted charge multiplicity: 95% cor
rect (I. Sheer). 

2. Use calorimeter pointing alone: {(d and d+IO)/V'E 
+ 0.5] mrad for barrel and endcaps 

d (mrad) 40 50 60 BO 

a=6/8.5 b=0.4 1.2 1.2 1.3 1.4 

a=14/17 b=l.O 2.0 2.0 2.1 2.2 

a=9/14 b=l.O 1.6 1.6 1.7 1.8 

3. Use pointing and select the closest CT vertex: 
87% correct, Le within 5 mm to the real vertex. 

4. Use pointing and select the highest charge multl
pl\clty in vicinity: 97% correct. 

A conservative assumption of 95% Is used in analysls. 

10:;,, 

H-> "l"I 
Event Selection Cuts 

1. l11"YJ < 2.5 and pj > 20 GeV, 

2. Photon Isolation with R = 0.45, qt = 4 GeV, 

3. Ptloton identification with shower shape to reject 
jet background, 

4. Electron rejection, 

5. I cos8*1 < 0.7, where 8* is the polar angle of photon 
in the center of mass system of two photons, to 
reject direct photon and jet background. 

38G 

H-> "l"I 
All Background 

""n" "n (direct - photon) 

+ <Tee R2(..,/e) (Drell - Yan) 
+ a 7 _;et [R("!/jet) + R(e/jet)R(..,/e)J (..,-jet) 

+ a2jet (R(..,jjet) + R(e/jet)R(..,/e)J 2 (jet -jet) 

where "n is the direct photon background, R(e/jet) 
and R(..,/jet) are the probability of a jet faking an iso
lated electron and photon respectively, and R('Y/e) Is 
the probability of an electron faking a photon. 

Since R(e/jet) is known to be in an order of io-s, 

"'""Yl" = a,., (direct - photon) 

+ """ R2(..,/e) (Drdl-Yan) 
+ "7 -JetR(..,/jet) ('Y -jet) 

+ CT2jd R 2 (..,/jet) (jet -jet) 

1o:r. 
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H-> "l"I 
Signal and Direct Photon Background 

• High order QCO corrections (HOC) increase Higgs 
production via gluon fusion by a factor of 1.5 (A. 
Graudenz, M. Spira and P. Zerwas, Phys Rev Lett 
70 (1993) 1372.) 

• HOC to direct photon background is calculated to 
NLL (B. Bailey, J. Owens and J. Ohnemus, Phys. 
Rev. 046 (1992) 2018), including 

Born (qll-n) and O(a,) corrections, 

box diagram (gg-n), 

- single and double bremsstrahlung, and 

the exact 2-3 kinematics for qi:j-119, qg-rrq 
and gQ-nll. 

• HOC to the 99-TI background is unknown. Since 
It is 1/3 of the NLL, a "K" factor of 1.5 reduces 
the significance by 8%. 

-t, ,~.J.uA 1/1.L Tr' .I. o2J"t 

'a 
;:i 

160 Higgs 

1<0 
------------

120 

100L------

.,.,.~ ;t ·t 
cut 

NU: 

I 80 f:-----..!.r-::j•'.'..'---:::::·"\-..... 
< 80 ......................................... •••••••••••• 

LL 

.... . . . .... ... . . 
jct-jct 

0 oc...~~~o~.2,._~__..,of.•.,.....~~of.~.~~..,;o~';;-'-~~~ 

I cos9•1 

lD·il• 
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H-> "l"I 
Signal and Direct Photon Backg. (Cont.) 

H-·n Signal (fl>) 

MH (GeV) BO 90 100 120 140 150 160 

11orod 169 199 233 291 255 162 71.2 

After cuts l-4 " .. " .. .. 64 25 

After cuts 1-5 "" 35 57 74 66 48 19 

Direct Photon Background R:ate (fb/GeV) 

M11 (GeV) 60 90 100 120 140 150 160 

After cuts 1-2• 1840 1360 1020 600 370 300 240 

After cuts 1-4 1010 560 560 330 210 160 130 

After cuts 1-5 650 330 310 170 100 77 63 

•Theoretical x-sectlon scaled by (B+B)nthiox NLL/(B+B)sii.o 

10-i. I 



H-+ 'Y'Y 
R(-y/jet) (10-4 ) 

Rejection as function of M "-r"1' calculated by using 
GEANT Simulation for "Y-Quark and ')'-gluon final states 
(H. Ma). 

M .. "I .. ,. (GeV) 80 100 120 140 160 

Quark Jet 

After Isolation 20 18 15 13 12 

After -y ID 4.1 3.9 3.7 3.6 3.4 

Gluon Jet 

After Isolation 5.9 5.3 4.8 4.3 3.9 

After 1' ID 1.2 1.1 1.0 0.91 0.83 

Rejection is used for jet-jet background according to 

parton species (Qg, QQ and gg). 

10·1:: 

~ c:> ····--..... ___ y-gluon, generated 

g 10 
2 

---------

"'
$, 10 ~--::::":::::::~~-----==-·]--
a; ~ "tQluon, in detector 

~ 
u 

-1 
10 
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"f'qUark, generated ~ ..... 
~ ···-·~ ..... ___ _ ... . .. ____ _ 

.&c 10 3r---------· ........ _ ... _____ .. I= ............ _ i y-quark, in detectoorf'""--..,.._""",_~-,.--~---~--~·~-J· 
0 102 
0 e 
u 

10 

mass (GeV) 

H-+ T'I 
Jet Background 

Mn (GeV) 80 •o 100 120 140 1so I i60 

qg-")'Q 

After cut 1 (ob/GeV) 1170 080 660 370 210 160 120 

After cuts 1-2 (fb/Gev) 1590 030 700 300 190 130 91 

After cuts 1-3 (fb/GeV) 320 180 170 92 50 36 27 

After cuts 1-5 (fb/GeV) 260 140 130 65 32 23 16 

qQ-1'9 

After cut 1 (pb/GeV) 53 41 32 20 12 9.2 T.2 

After cuts 1-2 (fb/GeV) 21 11 11 6.1 3.4 2.5 1.8 

After cuts 1-3 (fb/GeV) 4.3 2.4 2.4 1.3 0.7 0.5 0.4 

After cuts 1-5 (fb/GeV) 3.2 1.T 1.6 0.8 0.4 0.3 0.2 

jet-jet 

After cut 1 {µb/GeV) 8.3 6.0 5.6 3.8 2.5 2.1 1.T 

After cuts 1-2 (pb/Gev) 4.4 2.4 2.3 1.2 0.6 0.5 0.3 

After cuts 1-3 {fb/GeV) 190 110 110 60 " 25 19 

After cuts 1-5 {fb/Gev) 95 46 39 16 6.0 4.4 2.9 

Sum of All Jet Back9 .. ound 

Total (fb/GeV) 360 I 190 170 I e2 I 40 20 19 

,..q, ,..g and 2jets are 40, 0.5 and 15% of NLL. 

Remain uncertainty: fragmentation - a factor of 2 or 4, 

10.;:, 
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H~ 'Y''Y 
R('Y/e) - Drell-Yan Background 

R(-y/e) calculated by using a hit level GEANT simula
tion for CT (M.J. Wang and A. Sumarokov): 

e Acceptance 5% 11.6% 0.5% 

1' Acceptance 96% 92% 83% 

Rejection of R(,./e) = 0.5% Is used In Mz±7.5 GeV, 

and R(;/e) = 5% everywhere. The corresponding loss 

of 1' Identification efficiency ls Included In analysis. 

11-rr 

500 (a) a= 6/8.5, b = 0.4 
•oo 
300 

200 

100 
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·100 

·200 
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10 

- 10• > 
c3 
"' 10 
0 -., 10 

..... 
-··-.. \ 

Drell-Yan e+e
with "K" = 1.5 

Nii;···· ...... , .. -..... __ ..... 
after CT rejection .__ 

5%lo.s11il R(l/e)=5 % 
.... 1,, 

~:/: \ : 1• Drell-Yan e+e-
10 , ..... ' • I , ... ~ CT , , 

:~\' : :\ : .•. ""'I~~ ICJectiOd 
o j 1 I 't 11 lflri.t~ 11 Ii I..-.... , 

l 
~ 1 ~-- 11~~ I U j ·~ "" ..... ~ '•i 
100 125 150 

Mrrtee (GeV) 

lO·i·, 

H~ 'Y'Y 
Significance 

MH (GeV) BO 90 100 120 1'0 150 

J::J.MH (GeV) 0.66 0.69 0.79 0.84 0.91 0.93 

rTH (fb) 38 35 57 74 66 .. 
Rs (fb/GeV) 1010 520 '80 250 1'0 110 

GEM Significance 

10 fb- 1 2.2 2.8 •.6 7.8 9.0 7.3 

30 fb- 1 3.9 •.9 7.9 1' 16 13 

10 fb- 1 1.6 2.0 3.2 6.3 5.1 

30 fb-1 2.8 3.S S.6 9.S 11 8.8 

Fragmentation Uncertainty (lower bond): 

160 

0.99 

19 

" 
3.2 

S.5 

2.2 

3.8 

'l'-Jet background: x2, and jet-jet background: x 4. 

~ 

• 
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15 a=6/8.5 
.'!l b=0.4 

" 200 

"' 10 
~ > S:DC 

w •=14/17 -
0 5 b=l.0 

l40GcV 1!50GeV 
0 

0 1 2 3412341234 
·200 

12Jl 1<0 160 Integrated Luminosity ( 10 fb·l ) 80 100 

Myy (GeV) -
io;,1 

-
H(tt/W)-+')'')'lX 

(1t/w J H - P rr X 

Background 25 
0 

1. ttn or b&n - ln, e 
"' 

(a) a=6/8.5, b=0.4 

~. 

2. qQi -w...,- l"("{. > 15 -u 

3. q(j' -w...,- l-y"'(, 
a 

10 , 
E 

4. qQ/gg-Z-y- t+t-"'f"'f, u s > w 
s. qQ/gg-z..,_ e .. ,. .. ...,, and 0 

6. tt. £: 20 
0 

(b) •=14/17, b=l.0 -~ 

Cuts > 15 
u SVC 

1. 11111 < 2.5 and pf> 20 GeV, 
a 

10 , 
E 

2. l'hl < 2.5 and Pi> 20 GeV, u 
5 > w 

3. Photon and lepton identification, including isola· 0 
80 tion with £¥'1 = S GeV and R = 0.45 and 0.3 for 

photon and lepton respectively. -Myy (GeV) 

4. p'{1 > 40 GeV. 
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H(tt/W)--y-yfX 

Signal &t. Background 

H(tf/W)-+TilX Signal (fb) 

MH (GeV) 80 90 100 120 

u,,..od 8.4 8.0 7.8 6.9 

After cuts 1-3 0.95 1.0 1.0 0.82 

After cuts 1-4 0.74 Q.82 0.86 0.74 

Background Rate, RB (fb/GeV) 

Mn (GeV) 80 90 100 

tf')'')' .019 .018 .018 

Wn .010 .010 .009 

W-y-.t-,.., .027 .025 .023 

Z-y-t+t TI .068 .068 .064 

z,. ...... e .. ,.. .. .., .031 .024 .019 

t! .044 .044 .041 

Total .20 .19 .17 

H(tt/W)--y-ylX 
Slgnltlcance 

Mn (GeV) 80 90 100 

AMH (GeV) 0.66 0.69 0.77 

UH (fb) 0.74 Q.82 0.86 

O'b<Jc (fb/GeV) 0.20 0.19 0.17 

GEM Significance 

10 fb- 1 2.5 2.8 2.9 

30 fb-1 4.5 4.9 5.1 

120 

.017 

.008 

.020 

.046 

.012 

.029 

.13 

120 

0.84 

0.74 

0.13 

2.7 

4.8 

Significance for a=14/17 b=l.O 

10 fb-1 1.9 2.1 2.2 2.0 

30 fb-1 3.4 3.8 3.9 3.6 

140 

4.2 

0.61 

0.58 

140 

.016 

.008 

.016 

.027 

.008 

.016 

.09 

140 

0.91 

0.58 

0.09 

2.3 

4.3 

1.8 

3.3 
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140GcV - ~'H'j 
a=6/8.5 
b=0.4 

~ 
•=14/17 

sv.c 

b=l.O 

•• 1 2 3 • • 1 2 3 • • 

Integrated Luminosity ( 10 fb·l ) 

-y/e/µ, Identification 

• "fie Identification: 

- Lateral shower shape, HCAL veto for 1' or e, 
and matching momentum, position and angle 
measured in CT and In the EMC for electron; 

A photon llketlhood function from strips, shower 
size and f/I pointing from 2nd and 3rd segments 
(H. Ma, See next Slide). 

• Muon Identification: 

- Matching positions, angles and momenta of 
the track me:asured In the muon system and 
In the CT. 

-';IPCT:;:=-=':"=-="'°=E~I <cut 

Jufu. + u~ + 11~e 



Photon ID with Strips 

• Likelihood function defined by SYM, ASYM, W2, 
W3, H3, H4 and HS from the strips: 

El = Energy in the hlghut energy strip - c:enter; 

E3 = Energy sum Jn 3 strips around the center; 

Eright = energy sum in 3 strips right to the center; 

Ele/t =energy sum in 3 strips left to the center; 

SYM = (E,;ght + E1e/t)/E3; 

ASYM = IEright - EleJtl/El; 

W2 ""' distance between the center and the second high
est energy strip, in unit of strip numbers: and 

W3 = distance between the center and the third highest 
ef'lergy strip, In unit of strip numbers. 

H3 (H4,H5) = The energy In the third (fourth, fifth) 
highest energy strip normalized to the energy In the two 
highest energy strlPS. 

• Shower size In 9 and q, defined as the energy weighted 
second moment of the shower in the second and 
third segments, and 

• fl pointing obtained from 2nd and 3rd segments. 

Cuts 

• 1'1'1 < 2.5 and pf> 10 GeV 

• Lepton JD, including isolation with R = 0.3 and 
Ef/1 = 5 GeV, 

• Ma:(Pf) > JM~z-(2Mz)2/4, and 

• )Mu - M.zl < 10 GeV for both lepton pairs. 

Significance 

MH (GeV) 200 400 600 800 

Signal (fb) 

11fl"ad 85 56 16 5.3 

Mass Bin (GeV) ±4.7 35()-450 500-000 600-1200 

·~ ... 21 14 4.3 1.5 

Background (fb) 

zz I 3.0 2.3 I 1.0 .6 

Significance 

Slgnlflcance 38 I 28 9.7 I 4.7 

lOlili 

392 

~ .. 
0 

~ • 
~ • .;; 

~ .. 
0 

H~zz·~e+e-e+e

Signittcance 

MH (GeV) J 140 150 160 110 I lao 

H-oe+e-e+e-

aMH (GeV) l.05 1.06 1.13 l.23 1.33 

11aceep (fb) 1.2 1.7 .86 . 62 1.6 . 

RB (fb/GeV) .025 .025 .025 .025 .040 

H--+µ+µ ,,+,.-
aMH (GeV) l.59 1.62 1.73 1.84 2.22 

11aeeep {fb) .81 1.1 .56 .36 .92 

RB (fb/GeV) .016 .016 .016 .016 .026 

H-e+e ,.+,.-

t>.MH 1.36 1.46 1.56 1.71 l.77 

11aeup (fb) 1.9 2.6 1.4 .89 2.4 

Rs (fb/GeV) .038 .038 .038 .038 .062 

H ..... t+t t+t 

Significance I u I 13 I 8.1 s.1 I 10 
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H-zz-t+e-vv 
Background 

• Q~/gg ..... zz. 

• q~--Zg and qg-Zq with z ..... t+t-, 

Cuts 

1. 1'17tl < 2.5 and pf> 20 GeV, 

2. Lepton ID, including isolation with R = 0.3 and 
FJ¥t = 5 GeV. 

3. JMu - Mzl < 10 GeV, 

4. Ef > 250 GeV, and 

5. it> 250 GeV. 

Plot Mt: Mf = 2Eiz~(l - cos.O.,pz") where Ll.flz,, is 

the difference or the azimuthal angle of energy vectors 

of two Z's. Count events between 400 and 1200 GeV. 

1or, 

H-zz-t+t-vv 
Signal I< Background 

e+e-.,;; Channel 

Signal zz z +Jet 

"-od. 16.0 36.7 3.3x104 

After cuts 1-3 9.5 13.8 1.2X 104 

After cuts 1-4 7.4 •.2 3.lx103 

After cuts 1-5 6.2 3.2 2.2 

,+, vii Channel 

Slgn•I zz Z +Jet 

•-od 16.0 36.7 3.3xto4 

After cuu l-3 ••• 9.4 8.lxl03 

After cuts 1-4 5.0 2.9 2.lxl03 

After cuts 1-5 4.2 2.2 1.5 

Slgnificance 

,, 
2.ox105 

53.5 

0.36 

0.0 

" 2.ox105 

36.2 

0.24 

0.0 

• Statistically: Ns = 106, ~: ll4; 

• Systematically: Losen cuts to normarlze background 
rate: 7u; 

• Uncertainty on IEt: 1 % tail with twice resolution 
- no change. 

to1::, 



H-zz-t+t-jj 
Background 

• PP - zw or zz with one z-ee or µ.µ., 

• pp - Z+jets with z-ee orµ.µ., and 

• pp - tt with t-bW and w-ev or µ.11. 

Cuts 

l. For leptons, we request 

• I'll < 2.5 and pf> 70 Gev, 

• Lepton Identification, include isolation with R 
= 0.3 and Ej!'t = 5 GeV, 

• !Mu- Mzl < 10 GeV, and 

• p~i > 230 GeV. 

2. For jets, we reQuest 

• Two reconstructed jets with l~I < 2.5 and 
,,{ > 80 GeV, 

• IMu- Mzl < 15 GeV. 

3. Use reconstructed lljJ invariant mass window be
tween 600 and 1000 Gey. 

} r.~: 

H-zz-t+rjj 
Signal Bl. Background (fb) 

Cut Higgs tt Z+jets ZW/ZZ 

After Cut 1 41 130 3240 20 

After Cuts 1-2 12 0.5 65 1.5 

After Cuts 1-3 11 0.3 42 0.6 

Significance 

• Statistically: Ns = 110, Na:: 430· ~ 

• Systematic: Side band analysis: S = 2u; 

• Central jet veto and 1cos6*I cut were found not 
useful after PT cut: 

• Forward jet tagging was studied in hadron level by 
using PYTHIA: tag one jet with E > 2000 GeV 
and Pt > SO GeV in 2.5 < 1'11 < 4.5 and leptons 
with Pt > SO GeV in 1111 < 2.5: N5 = 170, Ns = 
7500. After applying all cuts: Ns = 24, Ns = 32. 
The forward jet tagging increases N5/Ns. 

10C' 
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Uncertalties in Significance (%) 

-80 GeV 30 pb-l 800 GeV 10 Pb 1 

Item .,., .,.,, "'' lluu ll.ii 

StatiStics 20 30 30 15 15 

HoC 20 20 20 20 20 

PDF 10 10 10 10 10 

Background 20 •o 20 25 65 

Detector 20 20 20 "° 20 -Total "° 60 50 so 75 

N5 1100 22 15 100 110 

Ns 80000 • • •o 430 

Significance• 3.0 4.5 4.7 11 5.3 

Significance .. 3-3.5 3-3.5 ..... 6-8 ..... 1.S-2.5 

• Statistical Ol"\ly. 

•• Including systematic uncertainty. -••• Including systematic uncertainty, auumlng lt Is under control. 

~--
J.. • ..,. ,., ,.,.., f{ '11' ( /1 H ~ .Po - / .C '<of) 
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Background 

• PP - ZZ/ZZ* ..... t+t-t+t-, 

• PP--. QQZ-+ t+t-t+t-x, where Q = b or t, 

• PP - t{ - w+bw-6, when two W's decay semilep
tonically and b's fake an isolated lepton. 

Cuts 

• l11ll < 2.5 and Pl > 10 Gev. 

• Lepton ID, including isolation with R = 0.35 and 
£¥'t = 5 GeV, 

• 10 GeV 5 M}p 5 100 GeV and 70 GeV 5 M£n> 5 
100 GeV ~suppress continuum background where 

(I) (h) ' 
Mu and Mu are low and high Invariant masses 
of two t+t- pairs. 

10';'{J 

PDF Dependence 

To understand uncertainties caused by PDF's, the fol
lowing latest PDF's were studied: 

• five sets of (H/K)MRS, among which HMRS(B) 
is the commonly used PDF in Europe, and 

• five sets of CTEQ which is a recent product of the 
Coordinated Theoretical/Experimental Project on 
QCD Phenomenology and Tests of the Standard 
Model in the U.S. 

The result indicates that the Higgs cross-section differs 

by 20%, but the significance differ by 10% with EHLQ-

1, in the middle, almost identical to the result using 

CTEQ LO {H. Yamamoto). 
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'Pp F DerJ~&2 r H. Y........Jf.J 
)<- su:J:,_ ' ol•,:. ''if""'t~, fo ;( 

H•X 
EllLQI 

craQ 
(HIK)MRS 

' (a) tl/W!Z+H+X 

CTEQ LO I Elll.Ql 

::::::~ .. -·········· .......... _). -············ 
···-····'?- tl/WIZ+H+X H+X ------v ~--:::__------ .___.,,.-
HMRSB /EHL.QI 

(b) 
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TDRstudy 

Compositeness signal (A= 25,30 TeV), QCO background (:tEr > 9 TeV} and 
OCD normalization region (tEr > 4.8 TeV) samples generated with 
PYTHIA 5.6 for 10 fb-1. 

Require ltl0et)I < 1.1 

-g • Trigger efficiency - 100% 

-0 

' 

Jet finding with fixed cone R=0.9. 

Include non-gaussian response in oeafa•t (using a second gausslan of 
three times the width and 1 % of the amplitude of the calorimeter resolution) 
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Hadronic energy resolution 
Thi• tabl• SUlllMrizes ~present understanding of hadronic and jet en<>«JY •<>solution 
calc:ul,.tions in the GEN calorimeter. 

81nvI• badro"" Jet• 

S~mpl inq Conet,.nt sa...,11 n'J const"nl 
Term Term TerRI T~rm 

UAZlllX ·Mike Shup9 
CG!Wn' ai:o:ture !l•Olll9try, efh • 1.8 in EM, 1.6 in Pb/Kr KMl, l.8 in tr.r/C11 HAD, 

HAD energy anoeared by 0.6/aqrt(El, 2 """rqy-rtependomt weigt>tsl 
Truncated tit, 50-SOO GeV 000 ' ~00 onlvl 

eta•O wall nl1-f'H2 " ' eta•O.l !IQOd epot in CC " • eta•l.O ~-~ '" , 
eta•2. 5 !IQOd apot in EC " • eta•l.l ''"'" .. ' eta~t.4 K .. , 

CALOR8t· ~-. 
(slab V"°"""try, no acintlllator, ets=O, 6 "n<'rqy-dependent weightst 

SinQle Pions, Pb 
~ 

frOOl fits (fro.. hist nn&I 

GEANf • S8lfla Savin 
{eta~o. six energy-dependent weights! ........ 
Tllned to aqr .. with Savin•s r~sult 

56 (54) 
56 {58) 
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~ 

Jets at high transverse momentum 

• Measure the high-pr jet cross section as a test of QCD: deviations would be 
a signal of quail< substructure. 

• If quarks are composite at a scale A, then the four-fermion contact interaction 
leads to an excess of jets at high pr (but pr<< A). 

• Experimentally, one normalizes the jet pr spectrum to aco at low to moderate 
pr values and then looks for an excess of events at high pr. 
(This avoids limitations from collider luminosity measurement, .1.L -10%) 

Systematic limitations arise from: 

- uncertainty in parton distribution functions 
- incomplete knowledge of the calorimeter jet energy response 

ti7 
J_...,.sst. 
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Systematic limitations 

• Uncertainty In PDF's 

Assuming perfect knowledge of the calorimeter energy response, the results 
oblained with three sets of POF's were compared: CTEQ-1l, EHLQ-1, end MT-2. 

• Calorimeter response 

Since eJh ~ 1, the calorimeter measurement of~ energy is not linear. The 
nonlinearity was modelled in GEANT (UAZMIX), and pion response nonnalized 
at 200 GeV (as In a test beam). The response then varies by up to 10% 
(dependtng on the weighting scheme) over the interval 10-SOOO GeV. 

In both cases the resulting uncertainty in )et rates is sman (few%). 

-+ effects do not seriously compromise the value of A that can be reached. 
A= 25 TeV remains "easy". 
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Table 2-11. N111111Mr o[ ,llll Hpected '"ilk 10/b- 1 I• dill'er111I ueiu·-iahti•g ache111a u d-tlbed I• tlu• ~d. 
ne CTEQ-IL e•hi• a"' ltom Table 1-15. 
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Po881ble future work 

invesligate effects of other possible systematics In calorimeter response 
e.g. ceB-t~JI miscalibrations, 5% offset In scintillator energies, etc. 

• do a real analysis lnvoMng fitting the pr distributions to get a better feel for 
the errors 

• studies at high luminosity 
estimate /'I ,.; 45 TeV wit\1 ofOO C:b-1 
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Non-l1neor1 ty in pion response 
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Summary of Muon Meeting 

• Working Meeting to go through PAC 
presentation 

fine-tuned agenda of muon parallel 
session 

• Joint Meeting with simulations group ._ 

• 

- how to use CT and calorimeter to cover 
muon chamber gaps 

Progress on muon simulation 

- Yuri Fisyak SIGEM 2.0 

- Torre Wenaus Hit Level MC results 
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May 6, 1993 

Yu. Fisyak 

SIGEM 
GEANT Simulation for GEM detector · 

Version 2.0 

Sase ~he .! 
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SIG EM Pagel 

SIGEM structure 

I ban borrowed L3 idea .bout uiag GEANT for sia:ullatioa of l)"Stem& 

ud n.bsynmi u -1ilaatioa of diffuut level de~tiOD. dmc:riplion of .... _ 
• IA.a 0 - NO detedor or imbdetedor &t all. 

• Level 1 - System u • RdeadR material 

• Lntl 2 - Simplified dscriptioa (• mixture level C&!orim.etet 'Vith 
GFLASB) with BITS 

• Left!. 3 - Full dm:rlpt.ion (Band aa:ordion) with HITS 

SIG EM .... , 
• • - XSGEM 2.00/00 930501 12.31 ~ Setup of GEM de

w::tor, TOR Yenion.; 

- • XSGEM - GCDeral pomet.ey l01ltines for GEM cxperimeD.tal ..... 
- • XSTRAK - D-aiptioa of the cmtnl TRck detector 

- • XSCALO - Dacriptioa of tlae Cea.tral c.lorim.eter 
- • XSMUON - Desaiptioa of the AlclL preciSoa Muou cha&nben 

- • XSMAGN - o-:riptiOD of the Soleaoki 

- • XSFFSB - Detaiptin. of dae Flux CONcmtrator 

- • XSPIPE- De.c:ripticm. of the beazi1 PIPE aDd beam QUADrv.pole -• at - UTCEM 2.00/00 930501 12.34 GEM lltility ~ 

- • UTBODY - Gaaal atilitr nnatiaes fH a-latin. .ad -
m.ctiH ~ Ub, 

- • GEANT DEV - Speciie GEM/ GEANT3 / BBOOKt Uat.m-
- • DUTIL/DRPACK/DMPACK/DVPACK - double precisioa p.n 

of KERN lib 

• H-Tl'GEM 2.00/0093050112.56 GEM 'nTh daia 0-TDR ~ 

115,1 

431 

SIGEM Page 2 

SIGEM couists or the lollotriDg pacbges: 

• ~ - SCGEM 2.00/00 93050112.4.2 GEANT3/GEM Simula.lion progr.m 
Aeeriq;; 

- •SIGEM - Pilot for complete Simulation 

- SIGEM - High level steeri:Ag routines lor e""-t Siui.ulation 

- SIUSER - User rouiillel for ""nt 5Ui:lulat.io11. 

-~ - routines control one eveut ....... ~\" & 
- SISTEP - routine related to one step/hit 

- SIBSTA - histoirraim 

- Sll.UND - Pytbja version for GEANT 

- SIDA.TA - FFREAO cards clebition 

- SITRIG - trigger nlated topics 

- smUN - FFREAD Ran coardl for standard GEANT nm 

- SICOM - Commud (Kript) files for c:nUio11 library and ae-
cut&ble file. 

- SIPYTB - Run cudl Cor slall.dud PYTBIA/JETSET 

SIG EM ..... 
- • -Tr GEM Pilat pMda 1car GEM Ud. 

- •TI' GEM GEM ....wriala, tradiiq media, standard rotalioa -
trkm aad. GEM u a whole 

- •Tl' FIELD F'llld mmp 

- • Tl' PIPE &am pipe 

- • Tl' TB.AK eau.i traclr.er 

- • Tl' CALO ClladmtWr 

- • Tl' MEMS Mcibruae 

- •TI' MUON MUOll l)'Rem 

- • Tl' MSUPP M-~ mpport 

- • Tr FFSI Fonrud leld alaaper 

- •Tl' MA.GK S.p 'ertiq Mlelaoitl 

- •Tl' QUAD '-' W. qaadn.poll 

- • Tl' SETS SETS .ad DE'l'ecWI' d.e&.ai.tiom 

11 fif, 



SIG EM 

• g( - GFLASH 1.fl/00 930125 17.54 by Stef&n Peters; 

• gc - CALOR Ul0/00 9304211-4.36 by C.Zeitaiti; 

• re - REGEM 2.00/00 930501 12.-46 GEM REcoutruction. 

- • REFUTY Kalmaa Fit UTiliY 

- • RETSEG lbiding aad &.tm..1 or track .qual!Dt. 

- • RETRAK GEM implimeatati.on or GEANE padc:age. 

1 i r;i, 

Page 5 

... 

... 

-
... 

... 

-

-

-

... 

-l lfi~I 
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11r.c1 

SlGEM ..... 
Digi.m.tiM. U. not ~ ~. For the muou qmm. U.S. topioJ 

ia i.-. tlloo .,_a Bopelr it will be doae by (V ~ + ITEP) ill the 
----two-mi... 

SIGEM ill iu&aUed aad npporled aow D11 VAX/VMS, HPUX aad SUN 
.. --.mw, debug ad ba&cb. venion. The uaa.pWs or dilferad. ddedor 
......., att ..,_., in Figura. 

.. ~-

Tli.e SIGEM R&tu call be expr-ed.., the followiag: 

• Tb.en is 11p lo dale (TDR) veniou for the GEM muOll. lfHcm bidudiq; 
the On.per nppon ltnadure uad Mime elemc:au of c:hUDber coutrue
ti011.. 

• Tile ~ l'.adaally eorr_,.,..t. to the NoYmabcr Bue line 2 de
lliga. GFLAS.H ill imAaDed, debqpd bD.t not Jet tated ill dte - or 
compailuil W. GEANT~ with GFLASH rwalu. 

• The Cmtral ~ ...W iii ...mly ourrapoad:sto the N-ber Bue 
lliae 2 ...... 

!JG': 
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Tl\tlrti v11l l>e a meeting- of the C•ntral. Tucker g-roup at san Diego on Tues., 
""'Y 11, 1993 fr""' 9,00..,. - 2,oopm. Location "i.ll be announced. 

AGENDll 

- M<dcria-/ Gan11ra.l Diacuuiion 
Ageric!a for May 24th PAC lleview 

RECENT P. ' D l!ESULTS: 

Ro.I.. L .. J"'> 
9, 30 - 9, 50 Silieon Detectors 

9,50 - 10•10 IPC'a at Indiana 

'· '"'" -11--f.-+}r~ T.,+, 
C. Boller 

E. WOUn 

S. Alam 

lO;lO - 10:30 IPC Prototypes 

10130 - 11:00 Test ileam In•trUlllflntation 

11:00 - 11•20 Silicon Elox:tonlcs 

SOMWlJl:E PRO::RESS, 

11:20 - 11,40 

11't0 - 12;00 

12:00 - l:i:lO 

~·,,,~ ·~'" - S-;et .... ,, • .., I .,, .. .scf"""li
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Conclusions 

Things are progressing on schedule. 

Bl polar 

Prototype semi-custom chip produced 
Packaged chip DC test under way 
Wafer probing to be done 
Full custom design to be submitted to Westinghouse with SOC 

CMOS-1, 2 

16-ch version layout to be done by July 
VHDL-based design to be completed by October 
FPGA implementation to be completed by October 

MCM 

Proof-of-principle fabrication to be completed by October 

) 

",.,, ' 

""'tt"' 

Prototype Tut and Evaluation 

Preliminary DC test (on packaged chips) 
Power consumption: -1.3mW/ch 
Noise: -1650 electrons RMS (Cd=16pF) 

To be tested (wafer probe station being setup) 
Noise, Time-walk 
Radiation effects 
Contronability 

Full-Custom Design Features To Be Implemented 
(August '93 submission to Westinghouse sharing SOC Reticles) 

Reduce the positive feedback from the logic output pulse to the precimp inpul 
Reduce impact from lower than expected PNP gains/leakages 
Lower BLR cut-off frequency (additional 2pF) 
Active load for input transistor 
lnaeased open-loop gain on second stage: Darlington-pair or series-shunt 
Use of current source for input transistor collector node 
Built-in charge injection amplifiers for calibration 
Reference current sources common to mulliple chains 
Threshold and housekeeping signal amplifiers 

, 
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1 Bcm Detector Length, Simulation Results 

increased detector capacitance: reduce inter-strip capacitance 
charge dispersion and delay for far-end injection: reduce strip line resistance 
increased leakage current 
tough to tackle noise, time-walk and power constraints 

Nojse (1.0pF/cm, 20 ohms/cm detector) 
-2200 e· RMS, near-end injection 
-2300 e- RMS, far-end injection 

Interference noise, detector leakage current effects not considered 

Time Walk (leading edge trigger, Bk to 48k electrons input range, 6k equivalenl 
threshold voltage): May have to use zero-crossing detection 
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B-jet Identification 

--Use "large" impact parameter of b
jets to separate them from other jets: 

Generic jet-·average impaci. parameter 

Separation is still difficult because: 

1) Only an average of 5 particles/jet 
above 0.8 GeV/c 

2) Impact parameter resolution at low 
momenta can be comparable to b-jet 
impact parameter. 

3) Not all particles from jet have high 
impact parameter 

li9<, 

* B-jets 

+ quark-jets 

f f f f f f 
t 

* + + + 
0 0 50 100 

Momentum (GeVlc) 

l20tJ 
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> 

Cuts for B-iets 

1) Look only at tracks found with 
pattern recognition (80-95% of tracks 
are found) 

2) Look only at tracks with PT>0.8 
Ge Vic 

3) Cone cut on tracks of R<0.5 

4) Impact Parameter has 
''correct"sign": 

----V • Axisofje! 

Ex: for tracks "above" axis, impact parameter 
should be "below" axis. 

5) Three or more tracks must have 
impact parameter greater than 3cr, 
where cr is parameterized tracker 
resolution: 

o=(24''2 + (2001PT)"2 + (300'cos(0)1PT)"2) "• 

11 f,~, 

THlllSHOl.D 10 NOISE • 3/ I 

~ 0.95 

~ 0.9 
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[ gemgen } 

A Generic Monte Carlo 
Generator Interface Package 

• Motivation 
• Overview 
• Generator Interfaces 
• Event Builder 
• Pipeline Builder 
• User Analysis Frame 
• Examples 

Overview 

• highly modular: 

generator interfaces 
event builder 
pipeline builder 
user analysis frame 

• flexible: 

many possible configurations 
- concurrent and/or sequential 

processes 
- customizable 

expandable 

,,, .... 

465 

Motivation 

• standardize generator output 

• unbiased comparisons of different 
generators 

• events which include signal and · 
underlying minbias interactions 

• pipelines of interleaved signal and 
pileup events. 

Modularity 

• gemisa (usrisa): 

• gempyt (usrpyt): 

• gemspg (usrspg): 

•gemevb: 

• gemplb: 

• usrgfa: 

ISAJET interface 

PYTHIA interface 

Single Particle/Jet 
Generator 

Event Builder 

Pipeline Builder 

User Analysis Frame 
(Generator File Analysis) 



Configurations 

generator := gemisa, gempyt, or gemspg 
(usrisa, usrpyt, or usrspg) 

•interaction study: 

~nerat~'I----------<•~~ 

• event study: 

---

Customization 

• generator user hooks: 

- set defaults: 

subroutine usrdefs 
void usrdefs_() 

- initialize: 

subroutine usrinit 
void usrinit_() 

- event loop: 

subroutine usrevnt 
void usrevnt_() 

- termination: 

subroutine usrdone 
void usrdone_() 

usrgfa 

usrgfa 

466 

Concurrent and/or Sequential 
Operations 

• concurrent: 

•sequential: 

e@-idiskfilel •4$ 

•mixed: 

Expandability 

Gemgen can be interfaced to 
any Monte Carlo generator whose 

output can be mapped Into the 
standard /hepevt/ common block. 

-

-

-

-

-
.. 

-
-

-

-
.. 
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Generator Interfaces 

• gemisa (usrisa): ISAJET interface 

PYTHIA interface • gempyt (usrpyt): 

• gemspg (usrspg): Single Particle/Jet 
Generator 

--- ---
'~::; 

gemisa 

• ISAJET setup file: 

---

TRUE MINIMUM BIAS SSC EVENTS 
40000,100,0,0/ 
TWOJET 
PT 
5,100/ 
END 
STOP 

-- . :~ ~ ,, 

4£7 

gemisa 

• run time parameter file: 

: utg runtime parameters: 

ldebug_utg = 1 
nprint_utg = 5 
nskip_utg = 10 
mllst_utg = 1 
mxerr_utg = 10 
mxsel_utg = ·1 
llmel_utg = 300 
iosel_utg = 1 
~file_utg ='' 

debug level 
events to print using heplst 
events to skip 
heplst list mode 
maximum number of generator errors 
maximum number of events to select 
cpu time limit 
select all events by default 
event output file 

: Isa runtime parameters 

nprlnt_laa = O I events to print using prtevt 
nsklp_lsa = O I events to aklp 
ldtpf_laa • o I decay table print flag 
cseed_lsa = '225694492122301.0' I rand# seed 
rnget_lsa = ' ' I rand # generator state get Ille 
rnput_laa = 'random.dat' I rand # generator state put file 
dtble_lsa = iaajet.dat' I iaalet decay table 
Jflle_isa = 'mlnblas.laa' I Isa et job flle 
end 

-- I .. ,-, 

gempyt 
• run time parameter file: 

: utg runtime parameters 

ldebug_utg = 1 
nprlnt_utg = 2 
nskip_utg = 10 
mllst_utg = 1 
mxerr_utg = 10 
mxul_utg = -1 
tlmal_utg = 300 
losel_utg = 1 
~flle_utg •'' 

I debug level 
1 events to print using haplst 
I eventa to eklp 
I heplet list mode 
I maximum number of generator errors 
I maximum number of events to Hlect 
1 cpu time llmtt 
I Hlect 111 event• by default 
I event output ftle 

: pyt runtime parametae 

sqrts_pyt = 40000. I center-of-ma•• energy 
nevnt_pyt = 10 I events to generate 
nprlnt_pyt = 0 I events to print using lullst 
nekip_pyt = O I events to skip 
mllet_pyt = 1 I lullet list mode 
laeed_pyt = 19780503 I rand# seed 
rnget_pyt = ' ' I rand # generator state get file 
mput_pyt = ' ' ! rand # generator state put flle 
Jfile_pyt s: 'H0_2gamma.pyt' ! pythla job file 
end 
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gempyt 
• PYTHIA setup file: 

MSEL=16 I HO production . 
MDME(184,1)=0 !supressHO->dd
MDME(185,1):0 1 supress HO·> u u
MOME(186,1)=0 I supress HO-> s s
MOME(187, 1 )=O I supreas HO ·> c c
MDME(188,1)=0 I supress HO·> b b
MOME(189, 1)=0 J supress HO-> t t
MDM~190,1)=-1 I supress HO·> 11-
MDME 191,1)=·1 I supress HO·> h h-
MOME 192,1)=0 lsupressHO·>&-e+ 
MOME 193,1)=0 t supress HO·> mu- mu+ 
MOM 194,1)=0 I supreas HO·> tau-tau+ 
MDME 195,1[-1 I aupress HO-> Chi- chi+ 
MDME(196,1 -0 I supress HO-> g g 
MDME(197,1 =1 I allow HO'"> gamma gamma 
MOMEl198,1 =D 1 supress HO·> gamma ZO 
MOME 199, 1)=0 I supress HO·> ZO ZO 
~DME 200,1)=0 I supress HO·> W+ W-

PMAS(C&,1)=140. I top quark mass 
~MAS(C25,1)=80. I HO mass 

!'1DCY(C111,1 )oO I Inhibit p!O decays 

MST J(22)=4 I decayed only If in cylinder 
PARJ(73)=4. I cylinder radius (cm) 
PARJ(74)=3500. I cylinder length (cm) 
END 

gems pg 
• JETSET setup file: 

: JETSET setup 

PMAS(C6,1)=140. I top quark mass 
!'MAS(C25,1)=100. I HO mass 

!'1DCY(C111,1)=0 I Inhibit plO decays 

MST Jn2s 1 decayed only If In cylinder 
PARJ 3 -4. I cylinder radlua 1cm) 
PARJ 4 500. I cylinder length cm) 
END 

4G8 

gems pg 
• run time parameter file: 

• 

• 

• 

• 

: utg runtime parameters 

isuppreased) 

: spg runtime parametes 

nevnt_spg = 1000 I number of events to generate 
npart_spg = 1 ! number of particles perevent 
lpart_spg = 5 ! atdhep id of particle 
lseed_spg = 19780503 ! rand# seed 
moder _spg = 1 ! random mode switch 
modep_spg = 1 I p or pt mode switch 
nsppt_spg = 10 I number of p or pt steps or points 
naeta_spg = 1 O I number of eta steps or points 
nsphi_spg = 10 ! number of phi steps or points 
pptmn_apg = 1. ! minimum p or pt 
pptmx_spg = 100. 1 maximum p or pt 
etamn_spg = -2.5 I minimum eta 
etamx_spg = 2.5 ! maximum eta 
phimn_spg = O. ! minimum phi (degrees) 
phimx_spg = 360. I maximum phi (degrees) 
rnget_spg = · ' ! random number state get flle 
mput_spg = 'random.dat' I rand# state put file 
jfile_spg ='' ! JETSET setup tile 
end 

Event Builder 
(gemevb) 

reads 1 interaction from 'signal' stream 

reads a Poisson distributed random 
number of interaction from 'minbiils' 
stream 

smears interaction vertices 

outputs event 

--

-
... 

-

.. 

... 

... 

... 

... 

... 

... 

-



-

-

-

-

-

Pipeline Builder 
(gemplb) 

• reads n events from 'pileup' stream 

• .reads 1 event from 'signal' stream 

• reads m events from 'pileup' stream 

• outputs events 

Examples 

• gemgen examples (/gern/demo/gemgen): 

- usrisa: customizable gemisa example 

- usrpyt: customizable gempyt example 

- usrspg: customizable gemspg example 

- usrgfa: example user analysis frame 

• gemfast examples (/gem/demo/gemfast) 

See README files and manpages 
or additional help 

User Analysis Frame 
(usrgfa) 

• user hooks for: 

- default setting 
- initialization 
- event processing 
- termination 

• reads data from input stream 

• data is avaliable to user via /hepevt/ 
common or hepevt_ struct 

• selectively writes data to output stream 

Framework for gemfast. 

SSCgen 

Coming soon to a computer near you ... 
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