


Sunday, May 9
Informal meetings

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

Monday May 10 - Plenary Session

Morning session
8:30 Welcome -

8:45 Report of the Council Chair -
9:00 The State of GEM -
8:45 Report on the TDR -

10:30Break

10:45Calorimetry: Present Status, Evolutionary Path-
Overview of Liquid 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

Afternoon session

1:00 Muons: Present status,
Evolutionary Path -
Overview of System and Design Chouces -
Chamber and Alignment Details -
Layout of Chambers and Support Structure -

2:00 Tracker: Present Status, Evolutionary path -

GEM COLLABORATION MEETING
University of Catifornia, San Diego
May 9 through 12, 1983
Unless otherwise noted, all meetings are at
Radisson Hotel in La Joila

Chair:

Chair:

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

Hans Kobrak
Roger Dashen
Yost

Barish
Newman

Lissauer (20)

Kamyshkov (10)
Womersley (15)
Rutherfoord (20)
Efremenko (10)

Jenny Thomas

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

Baltay
“Lee

Musser
Sanders
Gober
Waters



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.

Convenors: subsystems leaders.
Afternoon sessions _
1-2 Continuation of moming sessions; followed by sessions on integration and assembly schedule,
detector optimization, cost/schedule, and management/resources
2-5:30 The convenors of these sessions will be named later.

6:30 Banquet 6:30 PM

Wednesday May 12 - 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
10:15Physics with GEM report -
Physics at the SSC - ‘ Lane (5)
GEMFAST - Skwarnicki (15)
Higgs Physics - Zhu (25)
Top, H™+ Physics - Yanagisawa (15)
Jet Physics, e/h - Womersley (15)
Physics at 10734 - . Lane (15)
Missing E T, SUSY | _ Vanyashin (15)
vetector Optimization™! - Zhou .(20)
12:20lunch

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 - Taylor
Tracker - ‘ Brau
4:00 break
4:20 N and Gamma Leakage in the Forward Calorimeter Region - Moore
4:40 GEMGEN - Sheer
5:00 Summary of the meeting - Barish

5:30 Adjourn San Diego meeting
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GEM COST REVIEW SUMMARY
Pecember 15, 1991
(with Liquid Argon, LSDT Qptioa)

(Costs in millions of dollars)
Procurements/Fabrication 1%
Instaliation/Assemobly 73
Subtotal (Procurcments and Labor) 269
EDIA 3 (M%)
Direct Costs 362
Contiogency 112 (31%)
Subtotal 474
R&D 37 (14%)
Tetal Detector FY91 SM 510

* % of subtotal (Procurement and Labor)

DESIGN To cosT |4 500M

L™
W Triggar

W Compuling

D ¢
.Yl_lgl.' ‘

M Calorimatars {al)

C1 Muon Sysiem

Intial Cost Targets ($Mitions) |

%:,“9

GEM COST ESTIMATE SUMMARY
Jume 23, 1992
(with Liquid Argon, LSDT Option)
(Costs in witlions of FY$0 dollars)

Procurementa/Fabrication 197
Lostallztion/Assembly 58
Subtetal (Procurements and Labor) 255
EDIA 113
Direct Costs 368
Cootingeney 97
Subtotal 465
R&D -]
Total Detector FY90 SM L]

* % of subtotal (Procurement and Labor)

#h

)

26%)

(10%)

11



GEM DETECTOR SYSTEM COST ESTIMATE SUMMARY

22-Apr-93

{Costs in millions of FY$0 dollars}

Procuremania/F abeication 225

Irotakaion/Assambly 5

—

Sulstotal (Procurements and Labor) 279

EDLA . 1m (36%)°

Direct Costs 80

Conngancy <] {24%)

Sutuosk 4

RaD 26 s
TOTAL GEM DETECTOR SYSTEM FY90 $M 483

- % ol subiotal (Procursments and Labor)

3
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LLABORATORY*

April 30, 1993

17



61

GEM TDR SCHEDULE:

APRIL 30.
DONE !

MILESTONE DUE DATES

Intermediate Drafts 12/18, 1720, 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 TDR
Pages Figures Tables Lead Authors
Collaboration List 5 Barish, Yost
Preface L) Lane
1 Overview 17 10 T Barish
2 Physles Performance 2] 11} 17  Lane, Paige
3 Magnet 2 23 ] Streynowski
4 Muon Spectrometer 104 80 22 Tuylor, Marx
& Calorimeters 80 5T 13 Gordon, Willia
8 Tracker 1] 81 21 Baltay, Mozgan
= 7 Electronics, Trigger, DAQ ad 80 28 Moarlow, Shaevilz
i 8 Computing, Controls, Networking 38 L] 9 McFarlane
9 Facilities, Asaembly and n 18 Harrls
Installation
10 Access, Maintenance and 17 3 3 Harrls
Operations
11 Deteclor/Beamline Interfuce ] 4 2 Morgan, Chapman
12 Radiation Environment and 11 17 a8 Diwan, Waters,
Shiclding Fisysk
13 Beam Testing and Calibration 10 T 1 Yost
14 GEM Organisation Plan 5 Baltay
15 Environment, Safety, and Health 5 Woolley
18 Cost/Schedule Baseline Summary 3 1 1 Sanders
TOTALS [+1] 408 139

Figures Received

0t

e > 895 Figures received for processing + ~ 50 iges
files
:» Figures were provided in the lollowing formats

» AutoCad, Canvas, Claris CAD, Deltragraph, dgn, dxf, eps,
Framemaker iges, Intergraph Microstation, Kaleidagraph,
MacDraw 1l, MacDraw pro, MacProject, MacSchedule,
Microsuit Excel, Microsoii Word, pict, printed coples, ps, rtf

o To simplify originators work, all these formats were
converted.

Is:wark required the use of 26 separate programs.

Q

GEM TDR TEAM

+ PRODUCTION GROUP:

88C (GEM): H. Durden, C. Thomas, L. Fowler, D. Compton;
8SSC (TIP): A. Alcorn, E. Banzon, T. Coyne, E. Engebretzen,

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

+« EDITORIAL BOARD:
N. Baggett, O. 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. $hypit, F. Plasil,
R. Shang, M. Shaevitz, P. Slattery, R. Stroynowski, F. Taylor,
J. Thomas, H. Uijterwaal, A. Vanyashin, W. Willis, C. Wuest



Figure Processing

o Figure file types were converted to Adobe lllustrator
format--approximately twice the number used in the

TDR. In the worst case, 3 intermediate conversion

programs were require

d.
» Some figures required scanning followed by tracing

scanned template in Adobe Hlustrator.

TS

SEPARATE DOCUMEN

Sanders, Baltay
Sanders
Woolley

Willis

Project Management Plan

Cost/Schedule Baseline and WBS Dictionary

Preliminary Safety Analysis Report

May 093

Detector Upgrades and Staging Options

importation

ps for

werted to e

ﬁjand pasted due to file

20

Figure Processing Procedure

PREFACE

Th ST @ SUCHH@ U1} gauige mode] of sirxg andeleomowsik
mhumerwmmwM'Jhﬂmm.hwmﬁwm
extremely stringent experimental testz. Down 0 1 keast 10~ cm. the basic constinens of outter are spin-}
quarks snd bptons. These interct via the eachange of spim-one gavge bosens: the massless ghuons of QCD
aud the maziless photot and massive W and 20 basons of elecuoweak interactions. There re six favors
exch of garks ad lepions—identical except for mass, charge and color-—grouped W three generutians.
Aunhtaumhavemwwmuwpmmmeuumma
quirk-lepton generaticns is equal 10 the mmber Ny of 1i inos, then there are na th

The evidence for thi from precision of the 2941 LEP, which give X, = 299 £ 0.04 in
the sandand model
The ofthe Q<D . -

noninieracting al small disuences, wnkumnfmshnﬂmlednmmmhn;mmEm
though gpacge bosons necessarily begin withowt mass, muunnmhdmh-w This is what
happens 1o the WE and 29 bosoos: fage oy ty broken, 2 pb

kmown as the “Hig2t mechanion™ % Finaily, lmmmnhnndmlmndd-lmmmum To
make quarks and Jepons massive, new forces beyoad the SU(3) & ST{2} & LA1) gmge imerscuons s
required. These additioual jneractions explicitly break the ferions” flavor symmerry snd communicate
clectrowrak ymunTy breaking to them.

Despite this grest body of
mmmummummmlmmmmmmdm
breaking. This may be & sghe pew partiche—the
'l;:.phnun nev:u!mboﬂnu a meplicaion of all the known particks; an mfinite tower of pew

g sill i It is also vk ‘whether the new intcractions mgquired for
ﬂlmqmmyhutmgud new particles for their Until the new Jynames
are known, it seemms irpossibile W make further progress in undervanding elementary particle phsics.

Ooe very fmporant aspect of clectoweak symmetry breaking is kmawn: its characteristic energy scale
of 1 TeV. Tais scale is get by the decay consuant of the three Goldrione bosons transformed via the Higgs

into the longi W and 79, of the weak gauge bosons:

Foom 273G m 246 Gev.

New physics muist oCoHr near this eneryy scaie. New part in parton ing processes m this
ey may appaas s fairly distinci i wEaK BHEC DOFOR oF " i final states, oc
only as relatively festurciess enhancements of Wy and 2 bogon production oc of missing energy. Whatever
forrn they take, unlﬁeuzr;ynlunTandlhnudlymemmeMmmms
a8 whix energy, 0 g | b = | fir, that by gy and of the S5C; /5= 40
Tevand £ =109 -30M gni2 5712

The energy sale of flavor symunetey breaking is not known. It misy lic anywhere from just above the
weak scale, | TeV, up 1o the Planck scale, 191 TeV. There is the possibiliry that the SSC wilt shed Ligh on
the flawey problem. Bk no guarantce. Several examples accmasivle ar the SSC are imunduced below and
discusaed in Chapter 2. Their production erods sections range from quite large { ~ 1-10 nb) to very small
(~1-10 fb). Finding the rare processes will require the full 5SC ¢oergy and the maximum possible
luminasity.
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GEM’S STRENGTHS:
PHYSICS CAPABILITY

¢ NEW PHYSICS: Clean, High Resclution
Lepton and Photon Measurements

¢ Higgs Detection Over The Full Range:
Low Mass: H® — v, tyy; £1£-¢4¢;
High Mass: H — ¢t B4 5,806 vp
» Quick Discovery of Top;
Charged Higgs in t — H*b; HY — vtp
» Squarks, Gluinos Up To the TeV Range: Jets, Er;
Isolated Lepton Veto for tf; Like-Sign Dileptons
¢ Quark Substructure To A = 25 TeV: Jets, Er

¢ Z2' to 8 TeV: Z' — ete” Width;
Z' - ptu” F-B Asymmetry At £ =10%

s Quark-Lepton Compositeness to A = 30-35 TeV:
g — ptp~ F-B Asymmetry At £ =104
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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



GEM'’s Sensitivity to SM Higgs 1000 (-

[ !
My | fear | o Vit Tater T weii | teen | Combined 800 !
80 Gev | 301~ | 304 | 4.50 6.30
80 Gev [30m~1 [ 490 [ 4,90 7.2¢ T 600
100 Gev | 10 fb~1 | 460 | 2.90 5.8¢ g
120 Gev | 10 o~ 1 | 7.8¢ | 2.70 8.5¢ >
140 Gev { 10 =1 | 900 | 2.30 | 11 15¢ gﬂf 400
150 Gev | 10 o~ 1 | 7.30 13¢ 150 £
160 Gev | 10 fo~1 | 3.2, 8.10 8.92 Z 200
170 Gev | 10 o1 570 5.7¢
180 Gev | 10 fb—1 10¢ 100
200 Gev | 10 fp—1 380 38¢ 0
400 Gev | 10 1 280 282
600 Gev | 10 m—1 970 9.7¢ 200
800 Gev | 10 fo—1 4.T0% | 5.40% | 1l0* 7?7
800 Gev | 10 1 40** | 24%* | 7o**+ 90** Myy (Ge¥)

* Statistical only.
** Including systematic uncertainty,
*** Systematics included, assuming Ey under control,

10 b1 will cover 100 Gev < My < 800 Gev.
30 fb—1 is needed to cover BO GeV « My < 100 GeV.
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FIG. 2-45. The M,+,- distribution for & 4 TeV mass 2’ of Mode] 2 as described in the

d {dashed) distnibutions are shown.
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FIG. 2-56. Event numbers with Fr > 250GeV and the sphericity and lepton weto cuts
described in the text vs. the minimum sumber Njgy of jets with pr > 75 GeV, Open circles:
Case [ signal. Solid circles: Case Il signal. Histogram: QCT background. Case Il has
mare events with low jet multiplicity because §g —~ ¥}¢ dominatss.

C 2000 GaV gluine
B tt — H background

Events/100 GeV/10 b~
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FIG. 2-58. pr distributions for the highest-py isclated lepton in dileplon events containing
twa isalnted like-sign leptons. Open circles: Signel events geuerated with Case IH MSSM
parameters. Histogram: 1 backgronnd from mismeasured electrons in the GEM centzal
tracker.
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GEM’s PHYSICS GOALS
Have GuibEp THE DESIGN PRINCIPLES AND MAJOR
TECHNICAL CHOICES FROM THE QUTSET

« EM RESOLUTION REQUIREMENTS
Stochastic (6 — 8%/vE)} AND Systematic (< 0.4%)

Terms Set By the Discovery Potential For
H® = vy, H* = ZZ* — e*e ete™, Z' — eve"

« PHOTON POINTING and ANGULAR RES

oy = (49 — 50)/vE + 0.5 mrad:
For Clean ID and Measurement of H® — +y, Z' — ete™;
Event Vertex Determination at £ = 10

s CALORIMETER SEGMENTATION
Precision Measurement of EM Processes;
Rejection of Hadronic Backgrounds;
Clean Isolation of e, 4,7 (With Tracker)

» HIGH MUON MOMENTUM RESOLUTION

For All jn]< 25

OLUTION

Detect Z' — p*u~,H® = p*p-utu~ With High Efficiency

« FORWARD CALORIMETER COVERAGE

To | g = 5 £r Signatures for H° — £*{~vi and SUSY

+ COMPACT CENTRAL TRACKER RESOLUTION
For Complementary SUSY Search: gg — ££#£ +X

+« ADEQUATE SHIELDING: LOW n,v FLUX
Low Muon Chamber Occupancies To £ = 10%

Gr
RS |
R o
| F—
w' /-‘ Y
m
g Toten .
S0 | v —I
| o |
- ] e

GEM: PRECISE, ROBUST
DETECTOR DESIGN
MUON SPECTROMETER

¢ QUIET ENVIRONMENT

— 11 - 16+ A Calorimeter: Punch Through
Well Below Real Muon Rate (7, K, ¢,b)

~ Compact Close-In FCAL + Shield:

Low n,~y Flux

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

« HIGH RESOLUTION

— Apr/pr = 5% (13%) (Baseline)
Atn=20 (2.5), for pr = 0.5 TeV

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

—C8Cs: — o546 < 54 um;

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

e HIGH PATTERN RECOGNITION and
RECONSTRUCTION EFFICIENCY

— CSCs = Granularity, Near-Space Points;
Two-Track Separation (Charge Profile):
n,y Occupancy 0.3 - 1.1% at £ = 10M

— 500 um Vertex: Muon Reconstruction

In 2 SL With Good Resolution
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(a)

)

{c}

Rates Hz/unil of n

EEET! R BT T

Rates Hz/unit of n
3
T

-
o
Cd
T

Lo oo

Rates Hzinit of n
3

L 1 L |
3 8 10 12 14 16
Calorimeter depth (1)
T—— Ali charged particles
o——- Real muons (Prompt + decays)
L r— F’unohthrough
TIP-03342

71

‘Table 4-10. Probability for having gnod track segments foc isolated muons in:

a) all three superla

Muon py Rapidity Range

GeV 001050 050092 092-134 133186 186246
20 059 099 096 o 09%

100 0.99 098 .96 095 096
500 097 098 0.94 0.89 089
1000 095 093 050 0.84 032

b} middie and outer superiayers only

Muon pT Rapidity Range
GeY 0.0)-0.50 0.50-092 092134 138186 186246
P 0.9¢ 099 096 Q.98 0.99

100 0.99 0.99 096 097 098

500 099 0.99 0.96 093 057
1000 097 0.95 093 0.94 0.96
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Daviation lkom nominal {Inchas}

Fluence (cm—2 sec-) S——
Rapidity Range
Superlayer  0.08-1.34 1.38-1.86 1.86-2.46
Inner 0.6% 0.3% 0.3%
Middle 0.6% 04% 0.4%
Outer 1.1% 0.6% 0.5%
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Events/0.5 GeV
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287 GeV electrons
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Energy in 3 x 3 Towers (GeV)

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 »-Strips:
H° Vertex At £ =10%
+ Clean v/Jet Separation,
With Strips, Tracker; 1 ~ 4 x 107%;
« e/Jet Separation ~ 10-5
* v/e Separation With Tracker:
R{v/e) =0.5% for My = Mz

¢« HIGH EM RESOLUTION
~ 03 /E = 6%/vE & 0.4% (Barrel);
- ¢p/E = 8%/vVE @© 0.4% (Endcap);
~ Sufficient for Higgs Discovery:

+ 10 fb~! Will Cover My > 100 GeV
* 30 fo-! Will Cover 80 < My < 100 GeV

« GOOD JET RESOLUTION
AND COVERAGE (| n|< 5)
- 63 /E = 80%/+E @ 4% {Weighting);
Lightly Instrumented Scintillating Barrel
- Sufficient Er Resolution for H® — /- §j;
Discovery of Quark Substructure
- Sufficient By Resolution for H® — 2+~ vi;
Supersymmetry Signatures
H]
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4 cellstower
# lowers = 22
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/ N C ]
® A v e Y B - | O 10 Scint. layers >
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GEM CENTRAL TRACKER 60 i
@
=
+ COMPACT, PRECISE; g sop 1% g
DUAL TECHNOLOGIES E 12 -
— 8i Detector: 50 gm (Standard) Pitch; g 40 g
10 um Resolution, 10 ym Alignment. % 10 5
* Ruin = 10 cm: Dose < & Mrad/10 Years g %r 8 ;
* Ropey = 22 em: Cost (2M/m?) g R ; g S
« 18 em Strips: Channel Count, Structure, 2 20+ n
Signal /Noise; Occupancy 0.1% {Typical) E 4
- IPC Detector: §0 um Resolution, 10 2
25 um Alignment. . \
* srad g;lz.es: ?(:éupa.ncy {0.6% Typical} 00 5 10 15 200
s, Channel Count Si. inner radius (cm)
* Rpax: Momentum Resol'n Vs, Cost; TIP-03B50
Matched to ECAL Tower Size 70 T T T 20
— Npavers = 14: Pattern Recognition, —_ —118
Resolution; e/ Separation Vs. Space, Cost g 60~ Resotutian - 16
— Stereo Angles: z-Resol'n Vs. Track Ambiguity '_g 50 | 14
« RESOLUTIONS a0 1252
- High p: Apy/p? = 0.1% (High Momentum) % 10 E
- Low p: &pz/pr =~ 3.5% (10% X, Typical) g0 8 =
- Improvement of Muon Resol’ns: (p < 30 GeV) H L ] 6 @
and (p ~ 1 TeV or More} E 2 SiArea 4
— Charge Determination: pr < 600 GeV (85% CL) E 10 P
— Ab = 25 um Above 10 GeV 0 ] ) | 0
- Az =1 mm 15 20 25
Si. outer radius {cm) TPCa8AB

i
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GEM CENTRAL TRACKER
PHYSICS PERFORMANCE

¢+ Electron ID: e/7° = 0.1%; e/n~ = 0.08%;
e/Jet = 0.02%; ¢/Jet (Isolated) = 0.001%

0 €, = OT%; ¢, 2 9T% in HY — £+e-£1¢

» Correct Higgs Vix (Az < 5§ mm):
e=95% (L = 10%); e = 756 - 80% (L = 10*)

o b-Tagging: Efficiency = 30 % + (Preliminary)
¢ 7 — 3 Prong Tagging: Efficiency = 75(33)%
At pr = 50(150) GeV
s Momentum Resolution Sufficient For Like-Sign
Dilepton Studies: gg; WW-Scattering,

¢ To Be Studied: CP Violation In
B J/PK? — ptp i
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e R e e GEM DESIGN

OPTIMIZATION STUDIES
N FOLLOWING THE FIRST ROUND OF SIMULATIONS
* ¢« MUON SYSTEM ACCEPTANCE
- Important For Z' — p*y~, and H? — prtuuty

-+ s REDUCE MATERIAL IN MIDDLE
MUON SUPERLAYER

- — Improve Resolution For H® — p*u~u u-
* DETAILED ALIGNMENT PROCEDURE

— Determine Muon System zy-Position
Relative To Beam To 200:m

oLl 1 i R R A A ' A .DETAILED CALIBRATION STRATEGY
0 50 100 150 200 FOR EM CALORIMETER, USING Z° — e*e-

Pof parent t (Gev) — — Important For H® — 4y, Z' — ete-

¢ HADRON CALORIMETER CALIBRATION
PROGRAM: DETERMINE JET ENERGY SCALE

— For Heavy Flavor Physics, H® — £+¢-jj,
and Multi-TeV Jet Studies.

s SMALLER BEAM PIPE AT FCAL POSITION

— For Extended 5 Coverage;
Improved Et Resolution

] 2

&
(||i|||f||5fJII

Efficiency of reconstruction (%)

]

Probability

1.251|||||||Tlﬁ_rr_rl_fi_F!|| 1.25 1*1?]“""“E='|Tiil

150 GeV Higgs

1.00

0.75 0.75

Probabitity

0.50 0.50

.lrl1ri]IT1lllllT|l1

0.25 0.25

TiP-04292
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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

m
™
=]
i
Ay
L4
V..U
98
(AT
med

[+ 9]
54
&8
=
RIE
B
&8
&n

» THIRD PRINTING: 1500 (Early June)

[

3 TTeTI e BT
R BRI ] Y im o

AS—

)

— Updated Covers: Decide This Week

=
g3
2
-
.mW
@
Hz
¥ oW
3 .8
e
nm.m

2]
i A
[

» LIBRARIES: Full Page Tables and Figures

=)
B
3 Z 5 &
2 w2 8 %
I ¥t ay:
Z §7Z gt 8 &
3 1955 3
]
22 2E a5 ¢
‘B o ]
WA.M..W.D ﬁwm.m.rm
sS4 M aar sy
— w o -
g 3852 384,72
luPcN.M..mhﬂ.m
R BT 80 23T S5
%FoACUShzs
[ | [
u
-

10

100
4q poacadds Kiopmioqe] 4q p d Juyeseq WaD -
JwslREy Y00 0 uoday - SInsay paseafony
‘213 ‘sanpaooid Junesade wopap
‘suonisinboe ‘4398 ‘v 10y sueid) suonessdQ -
(uBiau0y pum §{)) suzudisse
0 j 10y umyd 138 jo smms -
(mataas Yucdap-w) umyd uawddeusiy -
SUIsBq A1 INTD JO MIIA PRI - 1SN0
(1085 1) AANAM 1904 Z0  £661 1000
voday sisdisuy Qdjus penidasuo)
pur uvjg Juamadvunyy 1¥Holg WAD JO suojEaa euy (18P AR}
PUE JNPIY2S pus 15073 aunjaseq pasodosd sy auypusg  £661 ‘1 30RO
‘51 NPRIOT Il g Hngaseq
I U JO UOEIANLO) 3 s paasosd 0y ¥ Ut synsas smanadl iminy ay )
suopminsul Bunedioed Y e Yip 0}
PUB SWIISEQ T S} 7E|ILLI0J 0} UOLRP 3y - SINSaY pAafolg
untiFord DS TO) JO INAWOD UL WD -
ANAR ABAL WOY SR UOHTR B0 INS0{D - SMI0y

{sayep 2apmun)) dupap ovd

WsE] WD 1) S[R0E INPAS PR 1507 -
UDIEIYLB|3 pus ApAIS JIGUIG) SO ST UONIY -
wsford WO ) Jo LORENEAS PRI -

NPAHIIS PUE 1507 -

yudeweu ‘uoneziuaRi0 'Sa0IMOSA OLBIOGE||0) -
Auprgyseay Bo1gd3). -

IR NG -

1055 17} suwjd yedp puv YEL o Ay

UGL WA Jo sdsijuqng

ulg ImisuEy
133{004 YEIP ‘INPIYIS DU 1507 J0) IMYIPEIH]

£661 ‘9asndny - 1€ Lnp

:siinsay paydaford

1$R20]
€661 6T - ¥ AV

€661 *0f lady

€661 "Ny pUY

104

34



 Liquid Calorimeter Overview:

. David Lissauer
BNL

Calorimeter Configuration.
Design Status:
Barrel :
EM
Hadronic
Endcap
| EM
Hadronic.
Cryostat
Feedthrough

Cryogenic Systems
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EM Accordion Segmentation
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Barrel Calorimeter:
Barrel EM Calorimeier: Design and Optimization.

Optimization:
1) Langitudingl Segmentition
w»/x Rejaction.
Y pointing.
Jet rejeciion,
21 Serips in the ist longiltudinet section
x0 1 Jot rejection
1) Massiass Gap.
Erergy Rasolution
4} Transverse Segmeniation. 0.0% x0.026 v

8] Totn Duptis of the Em askocmatsr. f‘ta’~ RE Xa
T} Barel ko endcap wanmition.

3} Dynawnic Range reqralcements.
Dynamic Range. 218 non linar response.

EM Prototype Construction:
Bending Machire. (BKL/Shanghai}
Mold Prass (Nevie/BNL)

Design (MMENL)

Assembly Concept
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Barre! Hadronlic Calorimeter Design
and Optimization:

Optimization:

1} Transition between Liquid and Scintiiistor.
2) Tatal Depit - Hadronic Calofimeter.
3) Granularity- tranyverss |
Maiching towaers 10 the EM , 1foge: kowers,

4) Lowgitudinal Segrmenielion.

tt layer EM (sl eaichan
weighting for hadranlc showers.

s’nu.n.:m
w/x, Jut Resoksion,

Hadronic Box Design:

Chesign {Rochessar/MM) EsT
I hils,
Prototype Plans: Pl

o
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Endcap Calorimeter:
Endcap EM Calorimeter: Design and Optimization.

Optimization:

1} Langhudinal Segmentalion .
#/x Rejecson,
¥ pointing.
Jot rejeciion,

2) Stripa in the Ist longiludine] section
a0 7 Jui rejection

3 Messiens Gap.
Energy Resohaion

4} Transverse Segmentation.

8} Tousl Dapth of the Em calorimen.
7) Barrel 1o endcap transision.

) Dynamic Rangs requitetnts,

Dynamic Rangs. 218 non kiness response.

9) Remote Prasmg reghon.
10) Altamative Endesp Dasign.

Fhulleuuﬁm

EM Prototype Construction:
Gending Machine. (BNL/Shanghai)

old Press ML)
Dunign
Assemblyc{mcapt
ixy
;
Region shadowed by 3.9x3.9 cmi’
barre! cryostot o =
s
g it i ¢
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i
fit \
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Endcap Hadronic Calorimeter Design
and Optimization:

Optimization:
0} Liquid snd
2) Toisl Depth - Hadronle Calorimeter.

3} Granularity- ransverss

Matching towars 10 the EM , trigger iawers.

4} Longitudinal Segmentation.
st layer EM 1ak calcher,

weighting for hadranic showers,
5) Cu Absorber
aix, JH Resdhution.
Hadronic Box Design:
Design (Washinglon/¥i}
Prototype Plans:

12i

Hadronic Endcap Module

N

P20



Calorimeter System Technology Choices:

1) Feaditwough Design
- Dwxsage Coitavia. Reliability, etacincal fidelity.

2) Cryogenic System

Fill mtes,

Teyerasss conrol,
Falure mode and salely.

Typical Signa!
Port A
Barrel
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Liquid Calorimeter Support Documents:

1) Asssmbly of Liquid Barrel Calorimeter
BA bly of Liquid £ndcap Caler,
3) Barrel Hadronic Modules
4) Endcap Hadronic Modules

5) tnner Barrel Cryosiat Design Concept

6) Endcap Cryostat Design Concept

7) Feedthrough Dasign

) Liquid Calorimeter Thermal Design Concept
9} Cryog System for Liguid Cal

10) Vacuum system for Liquid Calorismter

1) information Flow— Calorimeter segmentation
12) Structure of Barrel EM Calorimeter

13) Sirecture of Endeap EM Calorimeter

14) EM Edacirode Dasign

15} EM Absorber production

18) EM Crocossile Press (Barrel)

17) EM Motd Press

18) EM Moduls Assambty

19) Liquid ¢ - EN ¢

20} installation inside Liquid Calorimetesr

13

TH-23-308

TN-93-310

TN3-311

TN-93-312
TN-93-313
TH-93-314
TH-93-315
TN-83-316
TH-93-317
TN-93-318
TN-93-318%
TN-83-320
TN53-321
TN93-322
TN-53-323
TN-93-324
TN-93-325
TH-S3.328
TH-03-328
TH-3-327

44



Overview

of Scintillating Barrel
Calorimeter (SBC)

Yu. Kamyshkov / ORNL

May 10, 1993 San Diego

47
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Passive Absorber
{Bross}

Cabling
(1/20 af barrel)

Z.u21038

Scintillalor Tile

7% JAbsorbers
Brass

{Copper)
-
=
140.6
Transmission Fiker é
Figute 4: Siructural wiew of one module of Scintillsting Barrel Calorimeter
Scintiliator
3 =
- i
WLS Fiber
Fiber Splicing
Clear Transport
Fiber
Viguse 8 The scintitlating layers with WLS fbery and clear transport fibers J
Figure 5 Modslar ion of Scwntillating Barrel Cak
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QVERALL GEM SCHEDULE MILESTONAS

Complete GEM Baseline 11 concept and TDR

- April 1993

Complete DOE and SSCL Reviews of GEM detector - October 1993

Receive DOE approval to begin fabrication

Begin Instaltation of GEM in experimental hall

GEM detector commisioning

SSCL Beam Line commissioning

SARMIIT 1M H 0D

dnias ssm LAd

dwgas 139 £-X

[17)
13591
LWd

dojss ism IMg

wrmg

- May 1994

+ {ctober 1996
- Fehroary 2002
- March 2002

ap oy

13q1} 192D

]_l-m-:

Jaqid STM

e aojd gopanpold NPON

iHal

a9y

Scintillating Tile
(4 Layers)

| -PMT

-~ Electronics

\ H/\/“ Transmissien Fiber

Absorber

Figure T Fibers from { fayers within one 0.18 ¢ 0.76 tower, or lolaf 2] biles,
are read-aut by one photomultiplicr tube

Discuss Production Plans with Coltaborators

- January-June 1993
Complete Final Production Plans with Cullaborators - June-December 1993
Cowmplete Manufacturing Pre-Prod, Module - November 1994
Install Module Prototype for Fermi test - March 1945
Complete Manufacturing Design - November 1994
Begin Full Scale Manufactaring - April 1995
Begin Barrel Structure Assembly @ SSCL - May 1996
Complete Scintillating Modules snd Barrel Fabrication - August 1996
Begin Module Installation - August 1996
Complete Scintillating Barrel Assembly (at SSCL) - July 1997

Install Barrel in Experimental Hall - September 1997
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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 repreduces RD3 resuits

* Hadronic with GEANT + GHEISHA includin
also at mixture level in GEANT and in CAL%

The work of many people is summarized here:

all dead material and supports,

RB9.

Ma, Seman, Leltchouk, Shupe, Shmakov, Efremenko, Moore and others.

Thanks to everyone who has contributed so much time and effort.
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JET REJECTIOM

AL ] Ch Tt [
- 40 GeV Ey —l
150 — '-F
i i
@ r 4
5 100F =1
=3 -
© CUT HERE
by T 9OY, Photons
1 RS
sol- —
- Jets after 1
isolation cut

-10 0

-20
Photon likelihood function

TIP-p4120

OVERALL RATE FOR JET "TD MiMIC A PHOTON

Myy =100 q jet g et
After olation : 18 x10°% 5a407*
AFter ¥ 1D L AL
161
60 T T T T T T T

N
k=]

3
f=]
T T 4'[ 44r‘4ru‘—1—'_'—-|

)
70 110

TIP-04116

1840

62

Number of Events

150§

Jets after
isolation cut

CALIBRATION WITH Z-»ee

50 T T Vil T Ll T T ‘
200 Z 4ee
~ 4 hour

40 .

20 { FwHM s 3.0
!

{fe=25 3

1) v -~ a . - — é
70 80 0 100 110
M, (GeV
ee( } TIP-04116
184



CALIBRATION WITH Z—ee
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JET ENERGY RESOLUTICN
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Functionality
doIdET (ph/Gev)

(=]

— ‘_D

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

Overall architacture (testbeam or TDR design or some new baseline or...)
Tracker \\Q
skip entirely — gemlast-type parametrization — full hit-level simutation “8" \\\ o
Calonimeter ) \\ =/
skip entirely — gemfast-lype parametrization — S L
mixture level GEANT simulation {a fa UAZMIX) —
full GEANT simulation
standard cutoffs — low cutofis — or with GFLASH showers
Muons
skip entirely —
mlasl-twlse parametrization —
Il hit-level simulation

The common dala structures should allow a single piece of reconstruction code

to read in any set of events generated by the package and, either reconstruet it ;
or tell you it is inappropriate (a track finder won't work on smeared 4-vectors, for \\.;\\‘y%:‘a

example).
eV

T =TT
s 5
i

Ou cm
T |’-"' 7T
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00y
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sebeyeal smsuoeo
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Some ground rules ol (pbvGeV)
Ei SL =) =3 3,

BN I B B L B mh P A
G Y

* The physics simulation code must handie EM and hadronic showers and
must be debugged and “trusted". This means we have no alternative but 1o
use GEANT (which now interfaces to FLUKA and CALORS9).

ﬁ—ng_l-

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

002

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

(all of these choices are pragma!ic ones based on the need to
have code working soon. jopment of more adventurous solutions
to simuiation, using C++ for example, should continue in parallel).

67
I8N0 + ' = ey

sebexes) Jalewwuoea

s We should use as much as e from the existing packages gemgen,
sigem, gemfapt, UAZMIX and the various detailed GEANT simulations.

We don't have enough spare manpower to throw code away.

(reD) 13 Buissiy
oo

IJ’:{{..I‘T-"JiiFI

008

+ Code should be supported on the standard 5 GEM unix platforms.

I+ Ta+ 9y

* I possible, the code should also run on VMS, though it may need to be
kluged and hacked somewhat and won'l be fully supported.
This is not an absolute requirement but (I think) still a desirable feature.

=< P, o N Y P R I

BLIrddiL

008
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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 sutficient
suppor 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 Tomasz
for gemfast}.

L
1 Womarabey SSCL

Global simulations for GEM

It is (1 hope) generally agreed that GEM simulation should evolve toward a
mare coherent, unified, and global simulation package.

The goal should be to have a program or suite of programs which use
common data structures but aliow selection of various levels of detail. The
simulation is needed 1o study issues beyond the scope of gemiast-type
simulations.

A few examples:

» Evalution of detector design .

» Jet resolution, especially in barrel-EC, EC-FC regions.

* Forward Jet tagging

+ Jet rejection

* Missing Er resolution ] ]

« Combined detecter reconstruction algorithms, eg eleciron and muen
using tracker + calorimeter + muon syslem (a muen study is already
underway)

* Trigger studies

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

g

T ———
4 Womashey SSCL

-

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 sdited and
shouid support future input from CAD systems (e.g. Martin-Marietta's madels)
and fulure oulput to GISMO (for EGS simulations). We should have an
a;.itomated system lo assign maierial and medium numbers, rotation matrices,
atc.

hg

-
=
s

= Data structures

We will need the GEM “framework group" 1o provide a working solution for
data structures and handiing /O which is callable from F77 and available on
all 5 GEM unix platforms (pius VMS if possible) by 9/93, If this is not
available we will use ZEBRA as a fall-back solution.

S ey

Milestones

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

An agdditional constraint is set by the Fermilab fest beam run. From DO
axperience il would be extremely advariageous to have a detailed Monte Carlo
simulation of the test beam in existence with events generated before the data
taking begins.

| have assumed 6 months 1o code and debug the geometry for hoth the full GEM
and testbeam setups and 3 months spent generating data. This leads to the
following timescale:

6/93. evaluate geometry builder and data struclures solutions

9/93: coding and debugging lull GEM geometry

3/34: coding and debugging lest beam geometry based on tull detecior
9/94: begin generating data

1/95: tesibeam data taking siars

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

ey

4 Worassley 55C1
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Forward Calorimetry

John Rutherfoord

University of Arizona
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¥ § G
GEM Forward Calorimetry 1 T ]
i § - -
GOALS S B
E U"\ Y

1) Hermetic coverage

Measure missing ET of event
2) Detect and measure kinematics of Jets
with AET/ET < 10%
Not e's or isloated 45 !'

3) Mitigate the Neutron Problem in muon system

GEM

DETECTOR

0N 20,
ET Resolution
GEM Coverage Sources

1) Hadronic Energy Resolution

inner Tracking =74+ I . }
2) Angle resolution
3) Dead material (EM/had separate manifestations)

Muons

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

transition, ...}

Pracision e's and y's 5) Shower leakage out the back

6) pPT cross-over

7) Dead celis/hot celis
Hadronic Energy

8) Weighting schemes

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

200 20h
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e GEM Baseline II. (UAZMIX) — Pions
( 0.6 e T T
z z i T ! ]
g - Y | i
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u 9‘1 0.4 50 GeV |
4 z oy | 200 Gev
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[ c 0.2 -
polta—— L L
. 0.0 25 5.0
r Eta
2
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D
©
(s
b .
B0 E 210 .
— '}{j“' GEM Forward Calorimetry
! CHALLENGES
— i 1) Survive high dose rates
1 GRad/SSCyr @ 1034 cm2 sec! and n=5

Worse at larger n
2) Protect the muon system from
Hadronic spray
Neutrons

3) Energy resolution for lets AE/E < 7%

4) Angle resolution for Jets AB/8 < 7%
_‘__‘_A"' 5) Limit transverse spreading of showers
- f % ‘ | 6) Accommodate wildly changing conditions
- — with unfform calorimetry
21t 21z
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TEKTRONIX TEKTRONIX TEKTRONIX

TEKTRONEX

Dose at M
Shwr Max
{MRad/SSCyr)

ET Noise
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Variation across the front face of the GEM FCal

AR=0.7 cone Current Draw Physics Pileup Thermal
{cm)
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n
w3
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4
4
5

Radiation dose in Forward Calorimeter

2§

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

73

High rate / rad damage
Transverse shower size relatively large

Proximity to beam pipe
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GEM Forward Calorimetry
LONGITUDINAL SEGMENTATION

1) Separate EM and Hadronic sections

2) Allows separate optimization for separate
problems

Problems in EM section
High rad damage
Fine grained transverse segmentarion for
Narrow EM showers

Precise angle determination of
hadronic showers

Problems in Hadronic section
Must limit transverse spreading

3} Allows software weighting schemes for
improved resolution

4) Allows cheaper/easier pseudo-projectivity

210 220
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GEM Forward Calorimetry

EM ABSORBER MATERIAL

f.AC”
Taahe

Choose Copper or Brass because ....

[eF T

Pl
i

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
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As was shown before (GEM-TN-269, 349}
for muon with Pt higher,then 100 GeV the

calorimeter influence on the muon resolution
Muons in the calorimeter. is negligible.
At the same time, muons with

Y.Efremenko .
ITEP/ORNL the low Pt (10-40 GeV) are very important
for the Higgs detection.

t. Muon Pt. Mo Mok
2 o I 8 3 3 i1
. Muon exnergy loss correction in calorimeter fie=s — mﬁ 5! I ‘| l
3. Noise in calorimeter. =it B il H =]
4. Instrumentation of SBC Game Eeer DRN @ ——
5. Endcap region.
6. Conclusion The more difficult for detection Higgs in 44

is the Higgs with the mass 140 - 185 GeV
where the Z0 mas: constrain doesn't work.

150 GeV Higgs in 4muon channal
RS SEARE RARRE RARRE RAAN

; 1
- H n.rncl Trdinr.

Sdact M Priren ARsesTIO REAL.

Muon rapidity
150 GeV Higps in 4 myon channel
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Geant simulation.

=
i

Walls

EM

Muons Pt 10, 20, 50, 100, 500 GeV
Rapidity region near 0.0 and 0.9

One peint for endcap Pt 20 GeV 72.0

AE,= Ej-(P, +k,E; KByt K,E +C)

Contribution from calorimeter only if iF, /P, =0

Muon energy loss correction in calorimeter.

1. Using calorimeter information \

Combination.

2. Using the most probable value

P1.20 GeV, Muons near ofa 0.

T T

—TT

i

Evnrbibetd.

]

Ma-;

] s 2

Muon energy loss in LH cal., Gev

255 234
Wil
T
-
Pt 20 GeY, Muons near ata 0. Pt 20 GeV, Muons near eta 0.
T T T T T T T T T
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20 GeV Muon.
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SRB.C

20 GeV Muon.
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P120 GaV, buon &t 2, Pt 20 GoV, Muon ai 2.
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CONCLUSION

1. Barrel calorimeter is strongly affect on the
resolution of muons with Pt less than 30 GeV.

1. Influence of the Endcap calorimeter on
the muon is low.

3. Increasing of the pileup poise at the
high luminosity will strongly affect on the
efficiency or resolution of the low Pt muons.

4. For the low momenta muon there is almoat
po difference how many sensitive layers

(from zerc to temn) are in SBC.

The real improvement will appear if SBC
would have more than 25 sensitive layers.

24
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Speakers for GEM Muon System
San Diego

F.E. Taylor - MIT
. San Diego Review 510493

GEM Muon System

* Overview

Taylor
* General Features

O e e . ,w..—.-..‘-:— _—n..-‘

* Review of Chambers and Alignment
* Design Goals
Mitselmakher

* Chamber Technology

o
3 * Layout of Chambers and Support Structure
* Drivers of the Design E Nimblett
3
* System Performance
—
|

f-3
o

Fxd
[=11
—

i
« Physics Objectives - Muon System g. Features of Muon System
: Design:
Examples: , » Large Superconducting magnet
. BL%0 resolution figure of merit
Higyge searches: HE oy - ¥ 1~ Y
B - raddius m
130 « MH® < 800 GeV/c3 - Hm
« Geld value 0.8T at intersection peint
. - fiald shaper  radial field component at large Ml
% searches il * One Technology [trigger and tracking)
ME < fow TaViH - Cathode Strip Chambers barre] and sndcapa
W searches Wruv L Goals:
_ * Good resclution: standalone (no CT)
Heavy flavor pesrches H—>uvhX
- three-point segitta method
The unexpocted * for Pt = 25 GeVic

SPUPL=3% atini «0 {(0=800)
PPt~ 16 % at Il =25 (¢ =9350)
Note: EM calorimeter shjectives complementary to Muon System « for Pt = 500 GeVic

SPtPt=6% atinl =0 {(0«90%)
PYPt=12% et Inl =25 (8=059)
+ Pt trigger and beam cross tag
- can gelect up to Pt > 50 GeVie

t. * Operational at L = 1024 em-2 g-1
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GEM Magnetic Field
I R ,5, L " L e Pt from Sagitta Measurement

N

e
i 53%}/* .

t o At Il =0 (900) for p =

i S= iL‘ m‘z
: BP;

T T T

* S = 1.1 mm for Pt = 500 GeV/c

* Total error "budget” at 500 GeV/e 55 ~ 50 pm

TT T T T Ty

4___ ; 2

2 7t

1 F

0 R L A A R B B Bt A E

0 E] 10 1% L‘ 20
2 (w) '{‘VWr

Z Pseqmants of chambers Shewn

Chamber Technology
+ Baseline for TDR:
Trigger and Tracking Functions: barrel and endcaps

¥ CSC = Cathode Strip Chambers
4 .
p * Considered:
; ® Tracking Function:
_‘. LSDT = Limited Streamer Drift Tubes
B
u m 1 : RDT = Round Drift Tubes (pressurized}
S il
; r ™ Triggering Funection:
g A
ﬁ ' E RPC = Resistive Plate Counters
3 “Lﬁ' ii * Chamber Testing Program:
TTF. = Texas Test Hig (Cosmic ray mwon laboratsry st S5CL)
L
]
L 1]
25, 20h

88



®
Cathode Strip Chamber
Anode Wires .
I /| | I
I / jsmd S| !
c o b 0 o 0 o—1]
15 d
° j2sed d .
[ cat hodM‘—
_._I s Strips ! w .
Smm
Figare 1: Geometry of the basic cell of the CSC
®
250
® Properties of Cathode Strip Chambers
Property Value
+ Single layer resolution o576 um
= (irthogonal coordinate anode wires ¢ < & emA12
+ T'wa track resolution separated for Ax 22 strips
(&g ax 210 mm in SL1]
* Timing 0 < 8 ns (beam tag e > 99 %)
[t—drift < 30 na]
® + Hate capability 1—integration = 300 ns
{4-strip occup. < 1% at 1034)
+ Neutron and ysensitivities OK for . = 1034 ¢m-25-1
« Integrated function triggering-tracking-timing
» Parameters validated R&D program
®

T T ]
csce
Cluster ‘L“"j‘

200

Evants

#000 000
Chumanr charge
. Ll
- TTH st of C5C
ARy
-0.2% mm 25 3 by -1 08 € U3 1 )5 3
AT v

AX {om)

260

®
@

FiG. 448 Purspactive view ol compieta CEC bestal chamber.

L]
e e m§$ InbeiEuee
Anadode wars

i — -

¥ 4,09, Pt skt of wrvicap chambens.
o
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o Drivers of GEM Muon System

* Alignment
Projective paths
- &ix per chamber tower (5 in endeap)
- gap in middle super layer of barrel
* Support structure
Nodes of structure
- eongruent with corners of chamber
- chamber towers individually supported
i Separnte burrel and endeaps
@ * Properties of Cathode Strip Chambers:

Anode wire stability
- width of chamber [anode wire span £ 1.2 m]

Size of precision cathode panels
- maximum length = 3.5 m
[scurce capacitance and industry limit)
- maximum width = 1.2m
. [industry limit consistent with wire stability}

Lorenz angle nulling
- barrel chambers rotated by 6° to 80
[allows chambers to be overlapped in ¢ barrel]
- endcap wires asymmetric to radial axia

Radisl strips in endcapa
- trapezoidal chambers

[ote: rapiacements raiative to inner inyer]

Tower
CEUracy
13 mm

Posoning 4
8

H i
i
s / :
o 260
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Chamber Support Structure

* Engineering Group:

- * Stable platform for chambers

Error budget:
o 5 25 um inter - superlayer alignment
i, .

© = 50 im intra - superlay £
9 £ 75 um single layer resotution - random

* Considered:

L)
i Perfi (stability to vibrations)
Cost
Fabtication and installation requiremants
. Schedule impact on GEM construction
* Access
i * Propose to build:
Barrel:  sectors (1/13) tied tngether as & monalith
good vibration characteristics
eane of congtruction in small parts
prototype teating possible
Endcap:  super-wheels (onafsuperlayer)
reduces intra-layer structury] elements
monolith hus good stability performunce
o ;
i’. 26h
267 3
A
s E"d"'ﬂ S uper dhie]
:
M .
i. . G (Slumbers)
@

Lt e

260
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Chamber Configuration

Considerations:

* inner layer .
- high rate ==> fine segmentation O £ 1 %
- number of layers for local track
_ - separatad from calorimeter

! ¢ middle layer
- good sagitia resclution

smail X0

large number of layers cAN
= employed in trigger

B A R W P

* outer superlayer
- more coarse segmentation to reduce cast

‘ @ - enough Iayers to firwl local track
® ® - employed in trigger
=
- SLLS —— . e |
i - et v
: s
'3 - £
g d i “
i "5'5 «
s Fi]
4 0 . 3 [
l oot of e ayers

Configuration: barrel 6-6-6
@ endcap 8-6-6

271
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® Performance of System
0@ Parameters of the GEM Muon System of
Pazatneter Value
Magnetcleldat the 1P g4 TET,,
Barrel region: (29.6°< @ < 354%) TR < Inlc133
Endcap region: {9.75°< § < 27%} Id3<c tnlic2db .
Number of sectors in ¢ 48 ¢+ Solid angle coverage
Barel lever arm >42m
Endcap lever arm >BEm
Chamber Parameters: * Triggering and ¢aggi
Spatial resolutions: gering e
Chamber single-layer resolution 75 i (RMS)
Nonbend plane resolution <5/V1zan 3
Beam Crossing Tag Efficiency > 99T, *» Momentum recenstruction
6 layers}
internal chamber alignment 50 pm -
P ® Superlayer-to-superlayeralignment 25 an @ e « Rate capability
Radiation length /chamber layer 4%
No. of chamber layers perSL 666 barre]
{SL1:SL2SLY) $:6:6 endeap
No. of chambers in barrel %03 1wy o
No. of chambers in endcaps 480
No. of bend plane channels - barrel wi,lm},,:b
. No of bend plane channels - endcaps 276,480 ) s
b No.of bon ben plane hanols - tarel ZLIKL o, 3
B No. of non-bend| plane - endcaps s2,160 4 EE)
3a
" j
o ® . t. ®
'
: 2T pean
b . .
#
- e
The Muon System is Not Alone ! ° ® Central Tracker;
Calorimetry:
* Paramelers:
* Good yand et resolution Rading -88em
Technology -Barrel Pb-Lig Kr Techmalogy -Inner  Si-Microstrips
-Endcap Pb-Lig. Ar «Outer  Interpolating Pad Ch
EM-energy resclution -Barrel GRHE DA%
-Endcap SENE@G4 % KResolutions - lowp  App~3.5% .
« hi =(1.2) x 102 (GeV/cF’
EM-pointing resclution - Barrel 40 mrAE@0.5 mr highp Appte(12) = ©
-Endcap 50 meNE 0.5 mr
Vertex resolution B2 w2 mm
5b = 25 um
* Good Hadronic Calorimetry ® L
Technology -Buyral  Lig Kr +Ph + 8¢ * Benefit to Muon System:
-Endeap Liq. Ar+Cu - Primary constraint
- luolation cuta of muon track in calorimeter
Energy resclution  60%NE @0.4%
E-{ 'ga. - Mush background rejection by track matching
81 {
we %,;" - Coverage of muon gugs {being evaluated]
e + Benefit to Muon System: i :
*
Muon Fiiter - Abgorber: 11 2 to 16 &
R uct AEy - Inolated muons
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Improvements

* Coverage:

Use CT [and Cal] at iower luminosity
chambers 1 =0 and 1.3
optimize alignment paths

= Resolution:

reduce material in SL2
reconstruct energy loas in Cal
use CT for isolation muon
vertex constraint (= 200 pm)

* Access:

optimization of chamber attachments
system engineering
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611 Physies Goals of the Central Tracker !

The physics goals for the central tracking in -
GEM can be divided into two categories. The first
are those fearores that are required to support the
primary objectives of GEM. namely the detection of
gammas, electrons, aad muons at high pr. Some
examples of these are:

« Idenify the primary vertex of an event of
interest, so that it can be separated from other
pileup events in the memory time of the
. detector.

« Separae elecrons and gammas using the
presence or absence of a charged track poinrting
w© an elecromagnetic shower in  the
calorimeter. ‘

mv .m.m » Help with electren-hadron separatios by pro- -
mm gf viding 2 momentmm measurcment that cag be
»m um compared with the energy depositicn in the
'Y It * Help with rejection of fake tmon backgrounds
P'e =} by marching the muon momentum measured in
1 1 . the central macker with the momentum mes-
m.m m #ured in the muocn chambers,

ic um = Determine the electron sign up to ~ 600 GeVic.

o Provide wack informadon for e, 4, or ¥
isolation cuts, and to belp with rejection of
conversions and Daliez pairs.

» Separate close together multi-charged particle
wacks from single-charged pamicle tracks,
which wiJl be uteful in tagging r-decays and

Playsics ﬂntk.oi..rp..rs.
frow wal do we do ew o .mbnbu...

Ceub ot Tvockess -
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DM Lec. Los Alamos

STATE-OF-THE-SILICON TRACKER SYSTEM

IMPROVEMENTS and MODIFICATIONS

SILICON TRACKER

UPDATE - IMPROVEMENTS and MODIFICATIONS

18 cm Ladder Langth

1.

e Sillcon Ladder Tt Angle

2

MECHAMICAL OVERVIEW and PROGRESS -

Radiation Length Reduction

ELECTRONIC OVERVIEW and PROGRESS

Reducsd Number of Cooling Rings

4.

Nodified Cooling fing

5.

Modifled Ladder Support

+ 5 mradian Stereo

7.

421

GEM
Sllicon Yracker Purameters

8 m

Silicon Arse

2.5 x 106

Etecironk: Channels

Elscironic Readouts

18 ne

Bunch Cromsing

80 Mbit'

DOata Transmisaion Rales

1
&
5
i
i

Radiiion Levels

a tow X 10 12/ emi-8SCY, neutron

10 microne

<5 kWatte

Hest Dissipation

Radistion Length

less than 10%

5-10 your
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Future Activities - Electronics

1.  Colisborate with Kipnis of SDC on Cost Sharing with
~ Westinghouse Foundry for Full Custom Blpolar Fabrication
- August

2, Coliaborate with Grillo of SDC on Cost Sharing with Harris

3 Fourdry for Protatype CMOS Digital Clreult - July
£
-
§ 3.  Prototype Multichip Moduis (MCM) {Internal LANL Furxis -
-§ CRADA) - Sept

=8
§ 4, Colisborate with Nickerson of SDC on Fibsr Optic Readout
; 5. Refine Power Cables
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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 ento the precision measurement direction.
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IPC Prototype Muon Test Stand Results

Expected vs Measured Position in Chamber P3
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IPC Prototype Muon Test Stand Results

Data 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 as a non-saturated ADC value,
not consistent with pedestat.

IPC Prototype Muon Test Stand Results

a6
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IPC Prototype Muon Test Stand Results

Angular Distribution of Accepted Events
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IPC Prototype Muon Test Stand Results IPC Prototype Muon Test Stand Results

Muliiple Coulomb Scatiering
Anguiar Acceptance /Distribution
Only materia} between first and second chamber relevant.

2%0.5 mm G10 boards + 2x0.25 0z Cu = 6.5x107 X,
Angular acceptance of telescope = +/« 12 degress.
Contribution from Multiple Scattering = 25 microns.

However, sotne channels dead ( bad plated through holes ) {not subtracted out of result presented here}

Diue to small channel count, this effect leads to large anguiar

dependent losses.
Relationship between observed position residuals and single
chamber measurement error.
o ~
—_——— s
_______ P B, (g —Ts Hehz = {ry =1 Vs
(rz-r)yrduidy+rimxy  dpfdy=a
Ame™ - e - Uy
o b 82 = 5ty @olie; Bla- 1,

S=de 0+ o~

To pass data cuts, require 3 'good' measurements on each
plane - results in effective angular acceptance of -6 to 12 b= Bk S3 i -av )
degrees
Por #1241
ol e
404 461

IPC Prototype Muon Test Stand Results
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IPC Prototype Muon Test Stand Results

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

+ Determing position resolution by extrapolating track
determined 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.  (shortage of electronics
precluded wire readout on more that one chamber)

+ Tests conducted with fast front end electronics ( 25ns
peaking time), and CO,/CF, gas mixture.
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IPC Electronics Status

Radiation Length of Low Voltage Cabling

Cross Sectional Area of Aluminum needed per
chamber = 14 mm’. (4x10 gauge + 2x18 gauge)
(20 chambers per layer)

Aluminum:
Radiation length - uniform spreading over 2n
0.6x10° X, layer

Radiation length - local
0.02 X /layer

Be:
Radiation length - uniform spreading over 2x
0.2x10° X, Nlayer

Radiation length - local
7x10° X layer

A0

G

IPC Electronics Status Report

Basic Approach

Power supply bank mounted on gangway
provides +5V, +-2.5V through 40m runs to
patch box . Smaller gauge wire used for run
from this point to electronics.

Inner Cabling

Conductor Figure of merit - X/p
Cu 85
Al 1.0
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/Shaper/SCA - +/- 2.5 V & analog gnd
+2.5V-77A :

25V-177A

FADC - +5V & dig gnd., 2V reference
+5V-64 A

Readout Controller - +5V & dig gnd
+5V-2 A

FO Transmitter - +5V & dig gnd
+H5V2A

Total per chamber pair ------
+5V 10.4 A
+25V 17A
- 2.5V 77 A

IPC Readout Prototype

Calibration System

Calibration Sequence conrolled by on-board microcontrolier.
Controller injects known charge onto a calibration cap. located
on input of each pre-amp.

Full Calibration sequence consists of the generation of a set of
pulse heighis for cach SCA ceil. (i.e. pulse is moved through
SCA by setting relative time between pulse and read address
reset.)

1

4

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
testiug 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 IPC readout front end
prototype now underway, using rad-hard
custom ICs, and FPGA Controller.

- Design of power distribution/ cabling well
underway. Options under consideration
inciude Aluminum and Be -based
on-cnamber power distribution.

47
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IPC Readout Prototype

Amp SCA
(] i#

= H _
MaTL

+ 32 Channels per board
+ Readout via FERA bus to dual port memory - later FO link
+ Rad Hard parts used for front end Amp/SCA/FADC
+ Controller implimented on FPGA chipset (done)
« Slow Control -
Set Threshold for Zero Suppression
System Reset
Set Trigger Latency
Comirel Calibration
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IPC Readout Architecture

-

i |
[ 4
NEE S o

&)

AT
SCA  MUX

8 channel preamypy/shaper

16 channel x 150 cell switched cap. array
16-1 analog muitiplexer

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

Readout Supervisor - (one per 128 channels)
Address generator + Readout Controller+
Zero Suppression + Fiber Link
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IPC Prototype Muon Test Stand Results

Position Resolution

Single chamber resolution {after making
'statistics' correction)= 60 microns, averaged
over -6 to +12 degree acceptance.
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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 Controlier FPGA prototype now
‘complete’. Write address generation tested
to 60 Mhz.

» Design/Layout of full IPC readout front end
prototype now underway, using rad-hard
custom ICs, 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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GEM TDR COST/SCHEDULE SUMMARY
AND
"PLANNING FOR A STRETCHOUT"
Gary Sanders
May 10, 1993
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DRAFT PLANNING ASSUMPTIONS

EXTERNAL MILESTONES AND ASSUMPTIONS:

1. Collider commissioning April 1, 2002

2. SAB, NAB, Underground Hall, Udlity Building dates do not change.
1. Test Beams at SSCL delayed 2 years.

4. Fermilab fixed target schedule stips o Spring, 1995,

DRAFT PLANNING ASSUMPTIONS
GEM ASSUMPTIONS:

1. Add time in schedule so all R&D can be incorporated Invo production technique.

2. Set all installation and assembly to nonpremium shift labor as feasible.

3. Make gur full-scale prototyping activity encompass a full 5% solid angle wedge of the detector.
4. Award magnet prime contract but fund onty the design completion and cold mass R&D in the
near years. Force funding profile down to permit all other subsystems to proceed within the level
funding assumption In FY94-FY95, Replan magnet for a roughly 2 year delay tn completion.

S. Complete Central Detector Support and Scintilating Barrel Calorimeter for first installadon in
Underground Hatl, Make this activity into a self-contained projece.

6. Hold very high priority of FNAL test beam in Spring, 1995. Complete liquld calorimeter module
with highest priority. Make this activity Into a self contained project leading to the full 5% wedge
of the GEM detector.

7. Man for the FNAL test beam and SSCL test beam activities to be in sequence as much as

P rather than bullding two parallel overlapping activities as driven by the original
compressed schedule. .

8. Maintaln the basic assembly and installation seq e of the 1999 baseline plan.

9, Continue R&D and design completion activitles on the sub tors, but take acd ge of the
stretchout 1o eliminate parallel and overlapplog effares. Thus, plan each program stage to beneflt
fram the previous stage, Run a very lean program 1o stay within profile,

10. Take maximum advantage of technology development and price/performance improvements
by postponlng selection, production and purchase of final electronics and on-line computing and
petworking hardware as much as possible.

13:17

SSCL Stretchout Exerclse

1, 1999 completion is still the official baseline for all parts of S5C Project, including both detectors,

2. Within this baseline, the GEM surface assembly building dates have slipped a few months.
principally due to the failure of PB/MK to maintain the design schedule. The underground hall
schedule has slipped 6 moaths to save construction dotlars on both halls. GEM has provided
officlal nodee to the Labocatocy that if this & moath ship Is adopted (it will be) GEM will require
about $10 millioa more from the L ¥ 10 pay for premium shift work to try to maintain the
inatatlation schadule,

3. However, a multiyear stretchout will almost certainly take place, but the detalls must follow
Congressional actlon.

4.SSCL Is carrying out a replanning foliowing informal DOE guidance. Assumptions are a
3 year delay ta 2002, nearly level Project funding for the next 3-4 years. The latter Is a severe
constraint. SSCL has chosen to fast-track the conventional construction (but not the Campus), the
low rate production of superconductdng magnets, and construction activities outside the US. Warm
machines and test beamns will be delayed from 6-36 months.

5. S5CL requested that GEM and SDC provide replans on April 1, 15, and 30. The April 1 request
focused on the extent o which GEM costs would grow in this stretchout,

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

INITIAL REPLAN RESPONSE

1, It was fell that the Collaboration and Executlve Commdites had 10 discuss, review and
participate in seiting the guidance for the replan insofar as deciding the order of construction,
itemtis to be stretched o, ete. SSCL has been informed that no detalled teplan will be submitied
until this has taken place.

2, Howevet, It was felt thar submitting a figure for cost growth could not be postponed as SSCL
was planning the total cost growth for the Project. A simple exercise was carried out to estimate
the growth due to “marching army* costs and to necessary additional R&D which allowed us to use
the extra time ta reduce GEM project risks. No artempt was made to minimize the figure given to
SSC. The growth was estimated at $120 million over the $552 million FYo3,

3. GEM management has drawn up a list of suggested planning assumptions for further discussion
in the Collaboration and Executlve Committes.
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OTHER INFORMATION ITEMS

1, $SCL hiring freeze and direction of attrition inte technical hires of high priority,
2, Space at 5SCL.

3, Reduction of FY93 budget!!! $34 million —> $25 million!

4, Reduction of FY94 funding?

5. $5 million + GEM university funding completed for Fr93 (TNRLC provided about 65%). This hax
some items added from original plan (TDR preparaton, FNAL test beam preparadon,...),

'8t

HEAd

DOLLARS {000%)

N .
S sreeTiion L2777 Ievempuan 8 SMETCHOUT T =L FY 99 pLAN CUM

DISCUSSION....

1. Discussion in general terms at this meeting, during the session and off-lne with GEM
Management.

2, Discussion at the GEM Executive Committee.
3. Following these, we will carry out a replan exercise:
. Complete detall of 1999 baseline. Oné day workshops called as needed.
b. Top-level replan exercise by June. This will be circulated for discussion tn June.

¢, Consid n by Collaboration Council and Executive Committee at meeting late
June.

4. No detalled replan will be provided to S5CL until:

a. A formal written request from the $5C Laboratory s received by GEM Management
for a specific rebaseline with deflnite guidance. No response will be made to poorly defined
requests of to oral O “last minute" requests.

b. The GEM Collaboration Council and Executive Committee has reviewed the replan.

Any new GEM basellne should address the cost growth and funding shortfall in the GEM project,

GEM 3 YEAR STRETCH-OUT
COMPARISON OF PMB PROFILE & GEM ESTIMATE
(CONSTANT FY83 DOLLARS)
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FINAL AGENDA FOR PHYSICS MEETINGS AT UCSD, TUESDrY, MaY 11, 1883

Tuesday M Session -- B:00RM - 12:00PM

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

NOTE: THE ALLOTTED TIMES ARE APPROXIMATE AND SOME MAY BE SUBTRACTED FROM
THE TUESDAY MORNING SESSIONS TO GIVE ENOUGH TO THE AFTERNOON SESSIONS.

A. Higgs FPhysics (2 hours)

1. H -> gamma gamma, without and with associzted lepton.
{R. Zhu)

2. H=-> 1+ 1- X+ 1- for M_H = 100 - 800 GeV at L = 10733 and 10734;
*Wa" scattering.
{S. Mremma)

3, H -> 1+ 1- mu nu.
{X. &hi)

4, Statistics and systematics; H -»> 11j3j; SUSY Higgs; CF Nonconsevation.
(H. Yamamoto)

B. Ultrzhich Luminosity Physics (30 minutes)

1., 2¢ -» e+e-~
(8. McKee)

C., Globzl simulation package for GIM (30 minutes)
{J. Womersley)

D. Plamming feor PAC Presentaticns -- B. Sarish, et al. (1 hour)

Tuesday PM Session -- 1:00PM - 5:320PM

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

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

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

2. Muon trigger model



ucsd_agenda_3.tex Page

(V. Balagura -- 15 min.)

3. Update on results from muon reconstruction: rescluticn, efficiency,
coverage, physics performance; H->4mu, Z!
(T. Wenaus -- 30 min.)

4, Pattern recognition
{P. Dingus -- 20 min.)

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

6. Forward caleorimeter design parameters
{K. Shmakov -- 20 min.)

B, Using the CT and CAL to optimize MU acceptance and measurement (2.5 hours)

Two questions will be addressed:
By using calorimeter and central tracker
1) How to improve the muon acceptance?
2) How to improve the mucn momentum measuremsnt?

These questions should be addressed for L = 10724 as well as 10733 wherever
zppropriate.

{(Note: Times below are zpproximzte, Extensive discussion is expected.)

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

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

{1} How to identify muons (M¥IPs) in the calorimetry? How often would
hadrenic background would be identified as a MIP?

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

(ii) How well can we mzatch the HCAL MIP with the CT track?
How clean will the mon track be found in the CT?

(8. McXee -- 10 min.)

(iii) If only two SLs find muon track, what will be the muon momentum
resolution? Can we use the event vertex to improve the resolution?

(T. Wenaus, S. Mckee -- 15 min.)
{2) Discussions on improvement of the muon momentum measurement:

(i) How best to use the calorimeter information 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 mucn track and to
improve the momentum resolution of the muons ?
what are the limitations?

(M. Brooks 10 min.)
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H — ZZ/ZZ* — Lit§ Searches
140GeV < My < 800 GeV

The H — ZZ — £§f decay provides the cleanast Higgs
signal at the SSC.

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

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

High resolution of the EM calorimeter and the muon
system is important for rejecting backgrounds and pre-
cise reconstruction of the Higgs mass peak.

404

The background processes considered are:
o ZZ[ZZ" — L.
o« QGZ — (i + X, where Q=bor t.

e tf — WTBW™5, in which the two W-bosons de-
cay semileptonically and the b-jets fake an isolated
lepton.

The ZZ}ZZ* — (€8¢ 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 ofgg — Z22°
by 1.65.

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

[7* < 2.5 and p4 > 10 Gev. For electrons, the
region 1.01 < Ipf| < 1.16 was exciuded.

-

Lepton isolation with R = 0.35 and E§" = 5 GeV

e Lepton identification and track matching.

* 10 Gev < M < 100 GeV and 70 Gev < MM <
100 GeV to suppress the ¢ontinuum background,
where le and .‘\rg” are the low and high invariant
masses cf two ££ pairs.

Resuits for 10 fb~1
Signal = .95 xoyy(fb) x 10 b1

Backgrlounc = 4 AMy(GeV) x Rp,(fb Gev—1) x
10 fo~

» The resolution is quite 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 5.7¢

e In the four-muon channel, resciution is degraded
by multiple scattering of the relatively low-energy
muons in the second superiayer,

For My = 140 GeV, the uppp energy resolution is:
e 1.50 Gev

e 1.39 GeV from the muon system alone.

L 1IN



Signai and Background for # — 22* — I
and H — ZZ* — ¢fg¢

[ My (Gew [ 120 | 150 | 160 | 170 | 180 g;gzglozance if 4-muon acceptance increases
H — eeee
AMpy (Gev) 1.05 [ 106 | 1.3 | 1.23 | 1.33 [ My (Gev) [ 1e0 [ 150 [ 160 | 170 | 160 |
caccep 1.2 {17 | 86 | 62 | 16 H — et
Background (fb/Gev) | .025 | .025 | .026 | .025 | 040 [significance [ 125 [145 [ a7 [ 61 [112]
H — wupp
DMy (Gev) 159 | 1.62 | 3.73 | 1.84 | 2.22 Significance if 4-muon mass resolution also
vaccep {fb} .81 1.1 56 .36 92 decreases by 29%
Background {fb/Gev) | .016 | .016 | .016 | .016 | .026 | My tGev) [ 190 | 150 [ 160 [ 270 [ 180 |
H — eepy H — it
aMy 136 | 146 | 1.56 | 171 | 1.77 | significance [ 12.3 [ 15.4 [ 0.8 | 6.7 [ 12.0]
daccep (1) 189 [ 2.60 | 1.38 | .89 | 2.43
Background (fb/Gev) | .038 | .038 | .038 | .038 | .062
H - e
L Significance 1 11 J 13 I 8.1 E 5.7 l 10.5 |
it 194

For a heavy Higgs decaying into 26é¢, the following cuts H — ZZ — £E8¢ Searches

were applied: 2Mz < My < 800 GeV
¢ i7f| < 2.5 and pL > 10 Gev. My (Gev) 200 | 400 600 800
T H
Signal (fb)
= Lepton isclation with R = 0.3 and Ef't = 5 GeVv. op as 56 16 5.3
‘ 0-1200
« Lepton identification and track matching. Mats Bin (Gev) | 24.7 | 350450 | 500-800 | 600120
caccep 21 14 4.3 1.5
» At least one Z with pp > 31/ M2, - 4MZ. Background {fo)
| zz [30] 23 | 10 | & |
s My — Mz| < 10 GeV for both iepton pairs, Significance
[ signiticance | 38 [ 28 [ o7 [ a7 |
490 200
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Vertex Finding Function

Two Photon Vertex Pointing
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Distribution o.E Fr vs. sz
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MINUIT 37 Fit to Plot  583+0&0 R
Fila! 8310.hste )
Piol Areo Total/Fit  470.00 / 170.00 Fil Stolus 2
Func Area Totol/Fit 16217 / 16217 EDM. 1. 235E 05

= 10.1 for 16 — B d.o.f., CL=431%
rrors Parobolic Minos
Function 1: Expenential
HORM *2582. - 0.000CE+00 + 0.0000€+00
SLOPE 1.00000E-02 $5 E221E—-DE — 0.0000E+00 + 0.0000E+00
OFFSET 54.339 176.3 = 0.00G0E4+00 4 0.0000E+400
Function 2! Goussian Dulrbu.hnn {s: a)
AREA 70357 +1 —0.0D00E+00 + 0.0000E+00
MEAN 693,29 134 24 —0.0000E+00 + 0.0000E+00
SIGMA 131,48 127.00 —D.0000E+00 + 0.0000E+00
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List of Topics

- not o beautiful, experimentally or theoretically -

1. 800 GeV Higgs search by £¢ jet jet mode

on behalf of 8. Shevchenko / CIT @ CERN
- Not the discovery channel, but not a junk.

2. Parton Distribution Function
- Welcome back EHLG.

. 3. Significance - game of statistics and systematics
- “Not sgain 11!"
« “Flease, honestly this is the last™

4. Minimal Supersymmetric Standard Model
« Denoow some potple don't like it. 1 hate it, too complicated.

5. Study under way
- Never ending stery.

include *Disclaimer inc”

Lam bissed, ] want to sell GEM, Twant to sell t ¢ /W + H mode, [ wamt to be
optimistically realistic. All the opinions are my own, not GEM's,

Coheuphnnihhh.;lwcopy+$ssh1ppm;lndhﬂﬂm+ulumlf
applicable, Cash only, ot tax deductible. No educational discount available,
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800 GeV Higgs search by ¢/ jet jet mode
by 5. Shevchenko / Caltech

|. Selection

dR =03
P1> 80 GeV

jet-jet mass

all cellsindR < 0.9
as rassiess particles
Mz %15 GeV

dR=09
Pt » 250 GeV

Lepton pair
Pr> 70 GeV
ZEtin dR=0.3 cone < 5 GeV
Mg f=Mz* 10 GeV
Pr{ £ £) > 230 GeV

e/p

'

Cross sections which pass these cuts {fb)

Higgs it Z +jets] ZW/ZZ
11 03 42 0.8

HL LD

2. Significance of the signal

a) Significance estimation without direct MC input

+ Use MC to understand the background

quah[anve]y. but not quantitatively.
ble back d / even selection do not make fake
structures, or things are smooth,

+  Use the event sample itself to estimaie the
background. Less sensitive to the understanding
of the various cfficiencies / effects.

«  Use Minuit to fit the distribution with reasonable
signal and background shape 10 get the
significance.

b) Fit the jet-jet mass by smooth background and gaussian
gives 2-3 sigma indication of existence of Z

¢} ££ jj mass study - use sideband for the BG estimation

1. dN/AM(Mj=100-120, BG) -~
dN/dM(Mj=80-100, BG)
2. Signal is BW
3. dN/dM(M)j=80-100,0bserved) is fit by
al * background + a2 * signal BW{width fixed)
3 backgrounds
case-1  dN/AM(Mjj=100-120)
case-2  dN/AM(100-120)+dN/dM(60-80)
case-3  dN/AM(60-80)
3 signal width
140, 160 and 180 GeV
5. Significance is insensitive 10 the signal width in
this range
6. Worst significance - 2.3

s4R
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3. Forward Jet tagging Structure Functions
q Forward jet

I. EHLQ - good old boy @ 1984
(H/KIMRS - European favorite @ 1988 . 1992
Wiz CTEQ - New American hero @ 1992 -
2. NewvsOld
Forward jet q * Signal
H

%) Simulation done in the particle level, not GEMFAST MRSEACG oUW X
b) Forward calorimeter CTEQ /EHLQ 1£01 1.1

i) n:3-.5

ii) segmentation in v, ¢ : 0.2 or 0.3 {no diff) *rybackground  do / dm(yy) = A(pb) x exp(-B m)

iii) energy resolution : 100% /VE @ 5% r B
<) forward jet tagging EHL 0.91 £ 0.03 0.030  0.002

i) rapidity region of forward jet : 2.54.5 1.04 + 0.04 0.030 + 0.002

u) jet energy > 2000 GeV HMRSB 0.81 = 0.03 +0.002

iii} Pt of forward jet > 50 GeV MRS 50 054 2003 0.030 £ 0.002

iv) jet cone size : 0.6 . ) _
d) Bvents afier cxt . kR S;gmﬁc:l:%e. ll,;n;:ﬂmnty (S/¥B)for Higgs process

iy Signal 24 eff =2.1%

g 33, A=LE4 4. We decided 10 stick 1o good old friend EHQL, with

3.6 if 10 % uncertainty wocertainty of 20 %.
Conwivg Soen  Q3.39¢
5073 354

o~ 0 ] [T H+X
K
2T
b e 1
@ wWZ+H+X
15'5- T TS
b oF CTEQ LO/ EHLQ1
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w
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Significsnce of Higgs Sigaal

We use sigmificance Lo represent how well Lhe lliggs signal can be wentified with back
ground peescat. Accurding 1o the Gaussian statistics, w probability of 135 x 10°% 16 10uppued
wde, and 285 x 16 1 mapped w B0, cle

In case of Lgrgund slatisurs, the agnilicance (S} of a Higgs peaks can Le esn
mated by dividing the aumbes of sgaal svents coumicd 1 & masy imerval ol My ¢ 344,

re——————y Ty e Bquire root of Uke corretponding background cveuts. where Ay, 1 the recomirucud
N - Haggs mass resolution We thus have
R
P : . v nenom s. s Lo A 0% 13
: i . Ve JiCd AeABu. R
§ RSN} .
= ™ ' N - where As and Ap arc he acorplance of the signal amd the background respectively. and
§ Ry is the background rate at the Higgs maw. [ s cless from Eguation 3 thal a better
F - . mass reiolulion or a betier acceplance it equivalent to & shorter discovery time. Nole,
H e civsanms his sigRificance is ROl wakive 10 Lhe choice of mass inlerval, in which the inlegratwon is
—e— odmbey performed. The ugnificance obtained by summi he signal within 24, it vtry clote 10
= poiontond - summing only * 8w, , i 1he mass is Gaussian disteibuted.
F°W- Equation 3 is mot 1d 16 define the signifi Since the proka-
i w = 7 or vility 61 observing n events {FafA)) with an expectation value of & follows Poisson statistics,
s - e e e il a8 oo AEL) r4a AL L " .
P Pu(A} = 222, (he probability that the sigoal Auctustes down Lo even zere i3 Mol wegli
vl gible [or & smail A Taking im0 account Bectustions of both sigeal and backgrawad, the
probability of missing sigoal or signal cawsed by background Buctuation can be defiaed by
. a il of vwo Poisson distrid [21]. A ing expecied signal and background
g __"":'::Q events are Ny snd Ny, this probability (P) is givea by
=== el faefrac
" === WL DO D = =~
. - P Y [PNg+ Ng)a T Pa(Na]l 14)
: = sivens GEM 13b LIPA¥a 7 Ne) 2 5, Fu(a)]
o] - g v i
A The first Leem in Equation 4 is 1he the ki hability of observing n svents when
the expected number is N, 4+ My, and the second lerm is Lhe probability that the background.,
" —— e " with the txpecied mumber of Ny, flwctuates 10 the oserved sumber und above. For the
ey high sativtics case, a5 demonitraied in ek [21]. this ility is muih icall
o e - ricd Lo the probability expressed by the sguifs ing to £q Ydora
P Ganmian distribution.
- This definitian, however, in too commervative Lo be used Lo stinate the significance, since
. e s we  am e P = e o Teno Sw is required 1o establich & sgnal but bt the same safety margin in sacded 4o avoid missing

Mg Uy £ LV )

the cgaal | this section, Equation § is used 1o estivmate sigaificance for low statistics (<
N evemty], which defimes (he probability {P) the sgnal is caured by background flsctaation
for Rxed N, and N,:

oM TOR re e ®
A e P i P g P .

P
Equation 5, however, does a0t handle non inveger M, +N,. Wihen using this equation care
should be Laken Lo make & linear i jom of iwo probabilities obtained by i
the Poitscs serics starting from two integerns cosast o N, 4 N,. Equation 4 docy mot haw
thia problem. The diffcrioce betwwtn dilfferent dehaition of sigaikeance in dearly seen in the
following exampie. Assuming N, = 5 and = |, Equation 3 gives » significance of 5o,
while Equttien 4 and 3 give | 57 (0 T3¢ reapsively. el
——— A i E
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Educated guess of Significance - Not 1o scientific number -

80Gev  TDR
Hiro

L
39
35

1wt
4.5
35

Combined

6.3
53

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

*) Can be worse if some new backgrounds join the game.
‘We cannot make the cut tighter. Saga of low statistics
{e.g., mass constraints cannot improve significance by

reducing Z+y background).
17143 1441}
800Gy S/VB 4.7 5.4
TDR 42 1
Hiro 4 2

= Different systemtics ( universal 0.25B vs process by

process study )

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

Minimal Supersymmetric Standard Model

{tvy  Combined
11
4.2
7* 9

o0, HO, Al)gso= 3 * G(hO, HO, AD) o

Detailed calculation needs analytic form of BR(H—yy)
PYTHIA(pp—t0, H?, AD) does not simulate bbH 777

Limited case study from the figures in Ref

(M =150 GeV, Mgq = 1 TeV, Mh H,A = 80-160 GeV')

10 : small tanp, negligible
large tanf , 88 GeV - Mz, 100.fb ~ 2C

HO :tanfl > 3, MAD < 70 GeV, 200-300 fb > 2.50

Ref. Z. Kunszt & F. Zwimer ‘90

tanf 3 10 30 30

MHOGeV [ 100 | 93 [91.35]91.5

g(prod) fb | 230 | 210 | 300 | 180

o(obs) fb 56 36 52 32

Signif 4.5 3.1 4.2 25

AQ : small tanB , hopeless, large tanp , strong signal

anP = 30

Ma0 30 90 100 | 120 | 140 | 160
o(prod) fb | 230 | 1300 | 2600 | 1800 | 1100 | 750
o{obs) fb 52 230 | 640 | 460 | 280 | 200
Signif 3 18 51 48 39 34

e .

Higgs Signal
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Study under way

1.Higgs polarization using 4 lepton decay mode

2.CP violation

It
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Results for 10 fb~1

All My < 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 My = 80C GeV

scaling | Signiticance | Siope Uncerkainty

ix 4.8 4.6
15x 4.2 4.1
2% a8 37

With 10 fb—%, the situation is under control,

<1
-1

203

Estimation of Systematic Uncertainty

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

Fit ££¢¢ 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).

e W, the manifestation of 5B, should couple strongly
1o any new physics.

« Something must happen to unitarize MW W —
WiWrh

s For Ew » Mw MW W — Wowp) — M{ww —
ww), where w is the would-be Goldstone boson.

The simplification is calculational AND concepiual,

[, ]



e Signal is pp — W U X

¢ Main Background is pp — WrWrX and pp — WrW, X

For My = Mz, the symmetry group of the w self- L .
interactions is SU(2); x SU(2)p — SU{(2N. Insensitive to new physics and can be calculated in the
SM with My = 100 GeV.

& If w=n, then M is unitarized by a Spin-1, Isospin-

1 resonance — (ike the techni-rho. « Heavy quark backgrounds if, tEW, 2.
o If w behaves like a linear £ model, unitarization » a”a? background ¢ — ggWW

occurs through a Spin-0, Isospin-0 field — like the

Higgs. Focus on WHW+ — ¢tucty signal.

« Distinctive final state (not studied in TDR).
s Absence of a2 continuum background.

e Branching ratio is 4.7 %.

|

~1
-~ T
=~
wr

4500

W Wy vs Backgrounds

s Spectator quarks always associated with signal
— E(jet) ~ 1 TeV, Fjet) ~ Mw/2

— Tagging spectator quark suppresses some back-
grounds.

Longitudinal W

e P; spectrum of initial W is sharper for signal.

1
- WiWp~ .

1

- W —_
TWp ~ Pf
There are two consequences of this. 1500

Transverse W

— Spectator quark from signal has small P, large
y. Veto central jets. 1000

— Final WyW system has limited net F,, and
W, — t+. produces a harder £+ spectrum than s00
W — t+y. Demand back-to-back leptons.

bl L L i 1 1 |
20 0 &0 B 100 120 140 160 180 W00

Pt of Lepton (GeV)

= |

-
[ §
-l
4
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Bagger, Barger, Cheung, Gunion, Han, Ladinsky,
Rasenfeid, Yuan

Parteon Level Cuts

Leptonic Cuts
ly(&) < 2.0
Fe(£) > 100 Gev
A Bty > 200 Gev
COs¢yy < -.8
M(tE) > 250 GeV

Central Jet veto Cuts
Pe(jet) > 60 Gev
ly(set)| < 3.0

Parton Level Resuits {fb)
V5 = 40 TeV and m, = 140 GeV

Work in Progress

Study must be performec at a GEMFAST level,
This means hadron level,

J. Thomas and E.Wang showed {hat the electron
channel is gifficult for GEM because of increased
backgrounds from charge mis-measuremeant. 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.

wtw+ Leptonic Cuts | Veto Cut . .
epiomc by 2 e Parton levei study only implemented jet veto, not
EW(My = 1 Tev) 2.4 0.98 tagging. If isolation does not wark, this might
EW(Mpy = .1 Tev) 1.4 0.29 improve the situation.
QCoD 0.24 0.01
W 0.75 0.05
a7k 577
1’ N
= ¥ Signo/10 .E * T Sigrot/10
E s »* *  Geekground :§ % - W Bockground
g ® unuzoez E b @ nuzez
® e A zz *axp e A 2z
14 21
° Fosig= 5435 581 6.12 563 4.80
12 x wk
* P *
1 * w 1 E
T f
o3 * w 1 F & ®
* : x
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Jet p_T in Forward Calorimeter
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Idealized Cu Forward Calorimeter, Instrumental missing E_T
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wDRAFT ..... DRAFT.....

A)Ergirwaning Bystem LMason 1130 am
AGENDA FOR THE CALORIMETER PAC REVIEV R
May 25 and 26. Suppart inciuding COS
Cryostat
Eﬂmﬁ Bamel and endcap.
I. Overview Session: May 25 9:00-12:30 Olmlmmelm
! " e sooam {smphasis on how the whola system comas together)
(Note: ﬂumlbﬂlmoflhmumwimrunmwmwn
10 allow for more questions)
Lunch 1230 -2:00 p.m
inchuding
e Conoant . Calorimeter Session: May 25 2:00-5:00 p.m
Tachnology choices
Calorienater Ovarview
Optimization 1) EM Design Considerstions and simuiation results  M.Seman 200 p.m
2) Liguid Calorimeter ¥.Radela 245 am Inchuding:
Accordion struchire
{hnciuding tha Forward Liquid) -
Including: . ‘Cable routing,
s cmm Design Optimization: Massiess fasti Gap,
ﬂmusolmn ﬂ-gn. alb apen questions Krypeon
El:i%mdnw EJﬂup-vdhydldw.l.bﬁﬂubnldmun'l
Outiine of the rest of the presentations
Break 1030 an ) Lispald Madronic F.Lobkowiz 3:00 p.m
o Dwwgn Conpi
1 Scinifielon CaloHmees V. Katryghicw 11900 0.0 wx, Cuve Ph
Jat Resohution.
the Forward al)
?ﬁgnm
Tachnological solutions.

51 Biz

JPuterioord  345p.m {li. Calorimater Systems and tions:
y 26 5:00-12.30.

Location, Why locate 80 cioss i the inkeraction point?
Tachnalogy Chaios, RED, et beam
Prodhsciion Plan

1) Scimillation Calorimeter MAwnnich $00am
T T g Liakdt Hedranic {Btandby presentation) Piocken {30 min) 2 Trigger w.u+n 930 p.m
C " 'u,ﬂ]?:
g;“;nmn Hpger sums heruchy
H.YV, Signal conneciions Lavt |
Lires 1.
5} Mexfronic module siruciure Sianddy: presentition) K.Barnsisbla (20 min)
Break 1015 am
vicual plale snaiysis
o vorlorg nory -t y u.vfm 1045am
Barvel and Structurs, B.Eszom {30 mi Including:
) Endoap (Standy presentation ) {30 min g“:“’_:" yne,
Inchudng: Purication Cmane Lium
nhvidual Oparation
plate mress soalysis, .
4) Axpembly ut the 88C: W.Wisnieweki 11115 am
Including:
Assambly a the 55C
nstaliation
5 6w . Parsons (30 min)
ki
mm:n
Piacement, power and s0ace feguiements
Dynamic Rangs.
Gié
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#) Cryostat: (stanby presentation) L Mason or B. Humphgdf

Mon: criter

Lunch

V. Parallel Calorimeter Session (closed)

{20 min)

{20 min)

12230-2:00

2:00-5:00 p.m

* & ® 1 Jusify tee use of lead in the barrel and copper i the endoap.
Smmmﬂm“).ﬂ-u(mﬂ,prinm—
3

our Jead i LD,
se 1 Jndfyumd9mlhktﬂmnhmm!7nn
3. lwymmdmndhﬁwmunmlhm

o

EM aaly, Newdl tetw drawing showing real fcodusoughy, meen respousre ?

9 X Kroom:

Bamaable. Y, Rudcka
4. I_il'yuu mmmﬂ huln-nt::ﬂwhuumd:.lﬂmy have

TR verie scotions with &8 o
'I‘enunnmls (Ar/Kr oot

5. ﬁ‘;wuizmmﬂw nwldmnﬁnﬂhdnuu
missn wtion the of
g energy depend on the deprh of the

B.Pﬂf

dopend on the number of longitudinal layeraT
2. Show thad mmm.nmu.u’::a

3. Shirw Ul e sicps in the cadeay EM 4o not deserioraie the

Formance
. Deacribe and juslify the of lngitudinal weiphding. Does it
Shuge

the hadroals

ﬂm specifically do the jous broaden in the region of the
4. Shorw e Uhe: hadronic Sowers taap 10 Lhe EM \owers in the endoxp.

. Forwad
® o B Junlly $e v ol

caborimerss
A. Sumify the choice dwlﬂ.}lﬂ‘lﬂ;ﬂﬂfﬂhm

C. Swowr the expecicd signabiacie va. 7] - tharmad and pilcop.

Cryogemics conocms:
A No liquid keyptow calori have bean operaied &
esu, Show how the purity will

-oaly in

3 lll-ll-d.
List taxmpies. with shaping limes used: BINP, NA4S, Shon sheping

B. smmmnng;umrwm haﬁunme Describe
Wil ilh::lmd
C.Shv!fn?l‘ll;?l:fdelul i3 i loqof of
3 for:
i iph h (’_.y:'& mwn o cold vexyel;

!)HIIESH
D. How bong doet tee cooldown takie T weady stk LN required/iday? Maom
E. Show ihe termal effocts on dimensions. Can the instalation ba dowe both warm and

F. Show 5 plos of the: response: v, depth in the barrel duc 1o density (lemporanare) effects.

G. Shwrer the: tiwe: reqquired o cenily te: signal foadhroughs: pins in ceramic va. 1BM.

Macken
H. Bffect of sugres quench: load effects and heating effocss:
Y. and pocew

Bi7.

.iugu:_nmqn‘ndwmd\u? How long does it take 16 schieve an

May 7.1993

Calorimeter Questions anticipated from the PAC

{pervon msponsible underilned)

A, Gewenal .
1. From the recent CDF results on 2 phosons {PRL 70. 2233(1997)) is
GEM cmphasis 00 HO—7y pnadent?
2. Deacribe the method of iersioning the 3traps in the EM barrel. They
seem capiured?
3. Shaw how the background from x0 conversions and Dalitz decays is
eliminsied.

B. Optimizacon
@ | Justify the choice of keypion: significance of the HO—4y: pointing
, jet rejeciaon? For example show all with all argon.
1 Show the thermal and pileup noise va. 1 and shaping lime and lominosity.
@ 3. Prove i che nembes of channels can sot be significanily reduced by
incrtatiag the vower tize. Show the effects on pointing resolusion, je
nnnmualmm’luwvm ower size.
4, hmﬂumhngmmhymm—dd mot wa; pointing, jei

3. MmhmdhEumhmmnfwm&Vhﬁfsv.
smu:nmamlwmmnmw layer.
® & 6 Juwiy the design of e endcap. Show miermatives pudied und give
s fof sekection, (Dywdak's querion kefl gver from Decembet):
mnmmpnufhhrpnwmofmmmdum

C. Performance
1. Fuilore mealysis: whar i the €ffect on phc:':lu!'knmguzehmel
?*w'y&mm“"wm be bost? What is the probability

2 What mechanical iolerances nmdndonphlelhwkzm nominal
abaorber rn:llmlh:
a hmiﬂh:ﬂmlmwﬂ.lhhahlﬂdl

4. Show how mumnmdyn-k.
3 ‘n:‘um-nm nﬁumlmhmﬂmd

maierial dut 0 Lhe wacker, cryostat, baquid ce.?

6. Wisa is the: effect of the: magnetic fickd on 20 rejection?

7. Show the energy resolarion ve. X sad 'y in e endcap. How moch i e
mplnduvhm Esecgy rescluion? Poining?

Bit
V1. Oular
Lmhmﬁm ncale. Relmion of calibraiion, wst
mhlﬂd- for u single chasnel: wating, insulluion of
g wh-hpﬁl-w
cm s welded shat and cooled down if repains are

HNII
mmhhh yeur? Mason
. &-umhmuwhmm

B u:i--hpwhw-ﬂm(-mhm) 1s this of any
F. nmn-- whpsy:u-u’d How many chasscls w3l

dhatare b7
G. How much cooling it required for jonction Makpwiccki
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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 Testing

¢ DAQ and Trigger Development

During the initial test beam run the emphasis will be on
carrying out a coordingted test of the various GEM
subsystems. During subsequent runuing, the goal will be to
carry out an infegrated test of a sector of the GEM detector.

i

(=)

LD AROcH CTORAR WSS

The Fermilab MWEST Area -~ Not Drawn to Scale
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MWest Hall Overview

Floor Space: 200 x 63 2
Crane: 25 tons; 30 it hook height
Beam:
* Momenta < Primary Protons
= Significant Bending (2.4 mr & 4.8 mr)
s Cherenkov Counter
Cryogenlcs:
» Storage Tanks: LN2 & LAr
« Extensive Cryo-plumbing
v Complete ODH System (incl. runoff pit)
Multi-zone Radlation Interlocks
Large Aperture Magnet:
» Fleld12T
v H=50 in; W=36 in; L=66 in
Transverse Rails (400 tons) spanning 3 ft deep trench
Internal & External Counting Areas
Reusnble Equipment:
* Tracking Chambers (E706; E672; ET04)
« PREP Electronics
» Computers
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MWest Beam Overview

* Accumulate Dataata Variety of Momenta:

s Primary Protons: -800 GeV/c
» Secondary Beams: 110, +25, £50, 100, £200,
*300, +400 & £500 GeVic

* Precision Momentum Tagging: ~0.2 %
¢ Electron Enrichment
¢ Electron Tagging:
= Cherenkov Counter
= Synchrotron Radiation Detector
* Muon Enrichment (Close Collimators)
* Primarily Low Intensity Running: ~10 Hz - 10 kHz
¢ Limited “Pinged” Beam Running: ~109 Hz for -1 ms

The GEM Calorimeter

r-llSM ASOMEY

; % RS

|
Coramme |~ KNTALATAS BAMEL CALCAMETEN
m— -/ T
: R S

il
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Data Acquisition Considerations

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

e Neoar term decisions regarding DAQ hardware and
software must be made in the case of the test beam
program, since its success requires an operational
data acquisition system at all times - including
(perhaps especially} during its startup phase.

Near term decisions regarding DAQ hardware and
software must not be made in the case of GEM
itself, since the relevant technology is changing so
rapidiy (and radically) that any decision made
today will inevitably be a mistake from the
perspective of the technology of the SSC era.

Nevertheless, the MWest program is an ideal test bed for
trying out and perfecting DAQ concepts and
cemfigurations. Thus, the program will be used for this
parpose, keeping in mind at all times that there must be
an gperational data acquisition system in place throughout
e Mife of the program.

J. Pwmlea (University of Rochester) will be responsible for
‘Cogrdimating the effort to achieve an appropriate balance
mear (erm requirements and long term goals.

il

Calorimeter Testing and Calibration
Goals

¢ Perform full-scale engineering studies of all
e:l:»rlmeter subsystems: :medunla!, electrical and

eryogenic

* Achieve full system integration of the electromagnetic
and hadronic cryogenic calorimetry and of the
external scintiliating calorimetry

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

* Measure the response of the scintillating calorimeter
and determine the reproducibility of its performance
from module to module

. Study the calorimeter’s resolution at the highest
energies available

« Investigate the calorimeter’s single particle response
in the vicinity of representative cracks

¢ Study the calorimeter’s single particle response
across the barrel to end cap transition

« Investigate the calorimeter’s response to high energy
muons

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

Optimize the calorimeter’s design where this is possible,
modify existing modules whem this is necessary, and
understand the characteristics of the final calorimeter.

Smary
]
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Electron Tagging in MWest

The GEM eleciromagnetic calorimeter has excellent
electron/hadron discrimination (~10-4) by virine of jts

very fine segmentation - in both ¢ and 1.

Resolution of the GEM LKr Calorimeter
(Full GEANT Monte Carlo Simulation)

g

O.EE I'.L‘l [ o :I5 0;”
_ 1NE(GeV™)
MWest Momentum Tagging

Suldwir @ ~4i0 R upsiresm
Gud 8 mr @ ~600 [t upstraam

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

« Electron Enrichment {R. Tokarek}
» Flectron Tagging

= Cherenkov Counter
(ps~75 GeV/ic) {Existing}

» Synchrotron Radiation Detector
(p2~75 GeV/c) {H. Fenker}

System will be provided by the University of Pitisburgh
group of E. Engels, Jr. & P. Shepard wsing appsratus
and ronics from E706 plus four wew gilicon wafers.

Wlary
P4

Calorimeter Test Beam Apparatus Calorimeter Testing
Beam on Barrel Calorimeter Center Line

» Calorimeter Transporter (Rochester)
» Horizontal Motion on Existing Rail System
» Vertical Motion on a “Lowboy” Carriage ®-
» Rotational Motion: 190°
= Tilting Motion: 14° o .
= Supports ~150 tons
« Test Cryostat (SSCL) 1wl =
» Double Walled (Flanged) Aluminum Cylinder L
* Internal Bath Box to Minimize LKr . an )0

Il
= Length: ~26 ft; Radius: ~100 in . Jﬂ 7 7
» Loaded via Rails on an Insertion Bridge ' § o — | - [L a e

= Weight When Loaded: ~100 tons

.
i
= |

ZERQ ROTATION

The schedule for producing these devices is very tight.
Fermilab safety committees should be established for both fors 21. 193
mRils as soou as possible so that the reguisite dialog can whe
commence.
@_ e —— L A JL
—] -
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Calorimeter Testing Calorimeter Testing
Beam at Barrel Calorimeter Extreme Beam at End Cap Caiorimeter Extreme

.

oyt —
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Al 1, 1R
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Calorimeter Testing Calorimeter Testing &
Beam on EM Center Line Beam on Inner Hadronic Crack

ROLL ANCLE :
+2.25 DEGREES

TRANSPORTER TRANSAGR
f ROLL ANGLE =
ROTATON  anGLE “2TROT ZERO DECREES E
L o ROTATON  ANGLE “Z2ERO |LRDLL
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S
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Calorimeter Testing
Beam on Outer Hadronic Crack

ﬁ |._
w EMK:—I_—‘-—LI

. ¥ 3
H : E
: = & ; £
: I SN | 3 i ] g
: - EH i : <z
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Loading the Test Cryostat
| : Loading the Bath Box

PLAN VIEW '
CAYOSTAT ARRANGEMENT ]
HeLq ——y .i
l-_ i 6527 |.
| . M ELEVATION VIEW
] ~ CRYOSTAT ARRANGEMENT
i - SATRGEACT
!
! oo,
i e LR R 5 cant
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Calorimeter Testing in MWest
Open Questions

* What i1 the schedule for providing cslorimeter readout
dleciranlcs for the Fermilah beams tesis? We peed 3 multi-
year plan that is comsistest with the mesi probable Fermilab
runalsg schedule ~ pest fined targed rum im exrly 1995 and a
fellow-on run in 1997,

+ Should the MWest test cryosisi be constructed with a thin
window? A relstively marrow window would suffice to
shudow (he barrel ealorimelry, This option should be costed
oul before a final decisien i reached.

b 871
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V Ba!agura
ITEP/SS¢s
May 12, 1983

Muon trigger
model

o [escription or the
mode!

real strips
virtual sirips
virtual clusters

BE

TTR test of CSC

AXMWgp

25 ;.’ 15 4 -5 0 05 1 15 2 25
T T T T M T v T

e L i
AX (cm)
Distribution 0¢ charge
induced on strips
_ (dF/dx)
Qihreshoﬂd =05 thrtshola/

0

835

o resoluiion oand  erticiency
curves

o Sagitta or av?

Trigger based on {he

cutting of the rooqd in

3-dimensional space G, @Y

combines all availadbe

intormation for lhe Irigger

=> includes noturally bol4

sagitta and _AY¥Y methods

B8

Dev¢inition or the
tower

associated with
virtuol sérip

Barrel Endcap

[==]
==
[ | =

virtual St‘rip = fower
with at least 4 sirips in
ditrerent layers with

Q ?Qéhfg&bol’d -
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Number of virtual strips
600

400 _: E
300 -E 400 ;
200 3 3
3 200 =]
100 3
¢ 0 5 10 0 [+] 5 10

lllJJl]ll‘llll

Endcap
Barrel
ks . . — &
& / &
K~ &
00
)

A5 = (P =%)/(Re=Rs) #(Re>-<Ry >t
w) -, - (AR 4R)
509:‘[2‘ = 2 ((@ SR ))Z
R-R0)* pvs?

ot)_ ¢ -0.3%+0.78)

AQfd

frndeap - Sagitta

FHNE

Derinition ot {he
virtuol clusier

Barrel Fndeap
1 J
or or

[

0 Pt=100,50,20,10 GeV/c (barrel)

¥ T T l T ¥ ] l LI T l 1 1 l.

20 | -

10 — _j
ol e i

‘10 L 1 i l 1 1 1 l Ll 1 ! L1 1 ]
.20 0 20 40 50

Sagitta vs Ag,,

Aty
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imising the trigger
thresholds.

(Trigger simulations update}

Henk Uljterwaal, SSCL, May 11, 1993.

Contents:
Starus of the simulations.
Optimising the thresholds of the existing trigger condidons.

Electron/Mugn triggers.

o S o

Physics Efficiency and Background Rates for the new set af
triggers.

5. Conclusions.

Details can be found in GEM TN 93-332.

Henk Uijtervaal nenk®pdsf ssc.gov B35 ayv 5. 1993
;;\ /;Q. 1-2{3-708-6197 b 4
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E T = ot
¥ 10 r 1 0 r ';
- E i z z
2 ) - <
CRTLY - Eg lﬂ’f‘h"-s 1
Z E T S 4 - H
= . : £ - H
i o, - i g 1

B z -

0 r ‘! 1 E
Iy T L bl
n 30 son n 300
Eqp [Gev) E,[GeV)

Left: mke6.C (main + forward cal), Right mi<3.0{main cat only).

Data points; ) « P(16) iNteracuions/crossing. the modei used for
these studies.

Yellow Area: Pi1.6) Interactions/crossing.

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

v Nay 6. 1993
Henk Ulterwaal hmup?xl.ssc.;o\ Nay
l;\!'ssm 2217056198 | o Page 1;

tatus of the trigger
simulations.

* Version v104 (or PAC review version) of liborf was released on
pdsf on 5/4/93. The code will not be changed. except for urgent
bug-fixes. until 6/1/93,

* Modifications w.rt. v103:

* Switch to gemfast vII204, Older versions of gemfast are not
supported anymore.

« Routines to print the trigger primitives have been added.

» Fixes in the analog CA-11 algorithm to avoid doubie counting
of the number of e/y-candidates. This caused the differences
in trigger-rates between the two CA-L1 algorithms; the
rates and efficiencies for the two algorithms are now equal
within statistical errors.

* The global L1 routine uses the optimized thresholds.

¢ CA-L2Z e/yfinder has been tuned for maximal ¢/x rejection
based on single particles. The effect on physics still has to be
stwdied.

* The next version of gemgen will have an option to generate
orly P(1.6) minimum bias events per ¢rossing instead of
1+ P{1.6) events per crossing. This will make the background
rate caleulations more realistic,

The present calculation overestimares detector acuvity (E,) and
thus the rare by a factor of up t¢ 2. Down scailing of the rates by
a factor 1.6/2.6 is not completely accurate. The new gemgen
solves this problem.

Henk Uijrerwaal henk2pdshssc.gor Lo May 6, 1993
) 1:zlei08gas B Bage 1

n I

thresholds,

+ The thresholds presented in the TDR were preliminary and
have Z known problems:

1) The minimum bias rate is oo high (24.8 kHz before down
scaling, 15.3 kHz after down scaling). The plots presented in
this talk show the non-down scaled rates.

2) The trigger efficiencies for low mass H events is too low.
(O{80)%).

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

1) Plot the trigger rates as a function of the thresholds in the
trigger conditions.

2) Raise the threshokds for trigger conditions that contriture
more than 1 kKHz to the rate. (Reduces background but also
physics acceptance).

33 Lower the thresholds for trigger conditions that contribute
less than 1 XHz 10 the rate. {Increases physics acceptance but
also background rates,)

4) Calculate the trigger rates/efficiencies. (The wigger rates for
the different conditions are correlared, the piots do not show
the correlation’s).

5) Repeat 1-4 until there is no improvement in the rates or
efficiencies.

* This talk shows the results of a few loops through step 1 to 4.
Further improvement is still possible but fine-tuning of tpe
thresholds fs not wo interesting at this stage of the experiment.

Herk Uijterwaal henk#pdsf.ssc.gov May 6, 1993
A L-214-708-6192 Skl Page 4
e
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Tri rr for et trigger rate
Minimum Bias Events,.

s Fi . z
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Trgger Number ! Left; 1 Jet trigger rate for & - production () and H' = ee jer jeri:),

Right: corresponding minimum bias races.

Trigger rates for the 12 trigger conditions based on 5*10°.
minimurm bias events.

Henk rUiiterwaai henk#pdsf ssc.gov
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These plots and similar ones for the other 9 trigger conditions
suggest the following modifications to the thresholds:

=z Condiign  Commen Medificadons

1 4, Single Jet Trigger Increased from 8.

2 aof s Multi Jét event

3 E High Pr e/y Lowered from 50.

4 M, High Prp The lowest possible value?
5 2of E, 2ery Lowered from 16.

6 2of M 2u

7 OE. Missing Er Increased from 100

8 £ andE, e/yand missing Et
9 M, adE, u and missing Er  Lowest possible threshold.

10 - Jet and missing Er Removed
11 M, and3o0fJ, pand 3 jets Lowest possible threshold.
12 E, and3ofs, eand 3 jets Lowest possible threshold.

enk Uijcerwaal henkdpdshsse.gey May 6, 1993
MISSCL 1:214-704.6107 JGh

Electron/|\ triggers,

* The trigger for H® — eere or H' — ppuu looks for a pair of
leprons. So only 2 of the 4 leptons have to be found at Level 1.
This allows for some crigger efficiency without affecting the
physics performance for this process.

But in case of H = eeypr the (rigger cannot recover, if an
electron or muon is missed by level 1, the event will not be
aCcepted by the electrori/muon pair trigger.

* This problem can be solved by adding an electron-muon trigger
like £, and M,, to the list of triggers:

* This trigger is background free and accepts 35% (out of a
possible 5090) of the H" — eepp events for m, =140 GeV

Henk Uiterwaal henk £ pdsl ssc gov Mav b. 1993;
NS L1 DR-6191 151,

Efficiencies/Rate

* The new thresholds reduce the background rate from 24.8 kHz
to 15.6 kHz. (.6 kHz after down scaling}).

*The H — yy efficiency at 80 GeV is incTeased by 1096,

* The efficiency for heavy partcles (SUSY. 800 GeV #') is still at
the 9% level.

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

Henk Uijterwaal henk#pdst.ssc.gov May 6. 1991
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Henk Uljterwaal henkdpdit.ssc.gov May 6. 1944
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The new set of Triggers.

My merated P praction |

P . Proegst el crengs  Arcepted | Avcepfed |
Condition Comment F— — ST T T
1 . Single Jer Trigger I P, 10000 ° 04 d %l AT LE %
e o 10000, 9B} R 04T K
2 4of s, Multi Jer event Py we 10000 4140 %i
3 E. High Pre/y B — 292 — Prlmpp- 140 10000 | R6.36 %,
R — 7027 = e=emghen 140 10000 | 4694 % |
4 M, -High Prp BO— 292" —pmpamum [ D 10000 | %673 %
HY — 297- — e%empmam | D] 10000 © 5.8 % i
5 2 " /Y. i : ;
of E, Zesy e D —ememyun | 00 10000 D014 %,
B — 27 — ¢™emjetjec . W01 10000 9981 %!
6 ZofM Zp A= D2 —emens A0 3000 M3. %!
. AT JUOCIIN B 3000 232 B
T E, Missing Er ; ! : !
- Y — ey = X T SOR1 9BAL R L
B E, andE, e/y and missing Er : : | i
i f-production. ; LoopD  TT.eT % |
9 M, andE. and mi. — ' ' ;
. E. H ssing Er SUSY. 84-producnon 10000 , 9920 % |
. I
0 - Obsolete W —a I 10000 35 % i
; WE — 10000 § 5166 %]
11 M.and3ofJ, p and 3 jets IO e | woanc | .o ,“ l
7 — utu 10000 | Aiig %
12 E,and3of J., e and 3 jets
Table 7: Phymes effinency for the Leerl [ tigger critertm snggested n iable 6. The fourth
13 M.andE, eandy column s the irgger efficiPney wien the standerd gracrater cuts e wred. the ffth column
the rffiquency mhern morr festriehice genrrazor euie pery ased, Cher table 1),
Henk Uijterwaal neak®pdsl s, gov May 6. 1993/
1-214708-6192 4
{ﬁmk Uliterwadl Aeakd pdsf ssc.gov Ny 6, 1992 e
GEMSSCL 12147086192 g 2 Siu

Conclusions.

* The background rate for this set of triggers is 15.6 kHz before
down scaling, 9.6 kHz after down scaling. This rate does not
tnclude about 2 kHz of false muon triggers.

* The physics efficiencies (except for H° — tr) are close to or well
above the 909 level. The efficiencies for “analysable” events
are even higher. :

* These numbers are an improvement over the previous resuis
and even closer 10 the design goal for the Level 1 trigger.

The next steps are:

* Better estimate for the minimum bias background using the
new gemgen.

* Level 2 rigger simuladions.

* Triggers for L=10%tm=25"1

Heak Uliterwaal henk &pdsf.sac.gov &5} lay 6. 1993
I 1214-708-6) 31 ki
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System Architecture

The bageline GEM Data Acquisition system is designed 10 suppeart & hiviabe
of approxinately 10 GBytes/sec {figure 1).  This implies » maximurm evest size of |
MByie at the expected l.cve: 1 rate of lo KHz tor 100 KByics al the highest allowahie
Level 1 raie of 100 KHz). can be i by & Bactor of
fotr \hrgugh the simple mdnuon of outpm:hannels

Procestor Farm

L] Expansion

System Monitor

10000 8
P Baseline System -] L11]
3000
1000 d & Ei
Event 4 = @ §
Sine o H
(KBytes)
g LT
& s 4 4
z
b )
Level 1 Rate (KHz) ar g
Figure | Dara Acquisition System Openating Range -
P
ee e a ean

The basic sysiem aechitectunt ia shown in figurc 2. Most of the Deia Aqdilin
u—n is located in the Electronics Room and i3 connecied (0 the front-ond elecrmmrs -y
throogh dent fiber data Jinks. Up o 12000 front-end modules are smpporied. 1§
Pnlh'lnl 2 Levet 1 Trigger Accept. all digitized data from the froat-cnd sysew is
maasmined 1o the Event Data Cobiectors { s) where it is boffered durig the Lewel 2 [
Trigger docion. This apprucch allows s relaiel long oy nd prair BEASbe H H |
the of the Level 2 Trigger. Level 2 will mitially be implemensed in -m
hmﬂpurpmpmmer el.cv:llhy:l:u Mhllpnlh:m
ey somghinl b

e Figure 2 GEM Dwts Acquisition Symem
GEM DAQ Overview (Drafl) 3 1 May 1993 OEM DAQO (Deatty 8 Moy 1993
$in Giu
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Simulation of the GEM Data Acquisition System

Jim Branson

May 1993
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£DD
System Monitr
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Tuilder

Figure | GEM Data Aequitition System

» GEM Data Acquisition 1May 1993

IMPORTANT PARAMETERS

"Mean Level-1 Rate 100 khz
:Mean Event Size 200 kbyte
'Data per EDC 12 EDCs have 38% of data

9% of data per step, ﬂi‘;’r= 6

100 megabyte/s
0.23 per step (4 siem

1 Level-2 Data
Fiber Link Speeds
Level-2 Rejection

4 microseconds
1 millisecond
0.1 seconds

: Time Step
iMean Level-2 Task Time
-Mean Level-3 Task Time:

DAQ Simulation J. Bramson

THE SIMULATION

s 512 EDCs Minimal Sinulation: We assume the EDC can keep data Bowing
at 100 kbyte/s into the output fiber {when requested} (M(nor?r wae}

¢ 128 EDD:. Muderate Simulation: EDDs have a queur of requests from pro-
cessor. They perform one task (such as a message to EDCs or processor) per 4
microsecond time interval.

(mnun( uu_}

® 512 Processors. Moderate Sinulation: Processors have an event queue and
run trigger tasks when data are available. Level-2 tasks run to corapletion. Level-
3 tasks may be suspencd. Processors send messages to EDDs {one action per 4

microsecond time $tep).

Switch. Mininal Simulation: The (barrel) switch has 512 input fibers and
128 output fibers. We simulate 65536 virtual links with 1/512 the capacity of
one fiber (about 200 kbytefs). We just keep track of the backlog in each of the
virtual links.

128 Links from EDD 1a (4 Processors Minimal Simulation: Again we just
keep track of the backlog on each iink.

® Trigger Superviser Moderate Simulation: Every millisecond, the supervisor
polls the processors {for quene size) and distributes events to thoss least busy.

DAY Simulation

600

400 |

1. Bransen

EVENT SIZE

Enlrigs 9999
Mean 0.2005E+06
AMS 0.8743E+09

S T T T T T T )

B e e a I b s |

, A . d L
° 22808 4000 6000 8000 ':Qﬂog
x 10

Event size (bytes) -

=
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SIZE IN 12 LARGEST EDCS

BYTES TRANSFERED PER EDC

0 PPN 1 1 Ak 11 1 i . e,
4 5000 109G0 13000 20000 25000 3p00C 3SGOC 40000 45000
{oytes)

Gia

BYTES TRANSFERED PER EDC*

106C03R
395.2
1173
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LATENCY IN EDC
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LATENCY FOR EVENTS PASSING LEVEL 2
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1 L5 2 25 3 15 4 45 5
(seconds)
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VIRTUAL LINK BUSY FRACTION
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VIRTUAL LINK BUSY FRACTION™
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VIRTUAL LINK BACKLOG TIMES
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VIRTUAL LINK BACKLOG TIMES"
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EDD MEMORY USAGE
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Performance Under Various Conditions

= .
2 5
g ¢
1o 8 L I - L I
fa g = = = v [ =
e o
CE g
| = !
= ]
a b
= B a o= e " m e 2
‘:" (- o« -l-‘:g
"% o
il 4
3
2 L2 2
E lea
mE.Nm"f ".nc-’-- n =
- 8 = = R
FEEC SR RS -
: =)o S
= = =
IR T a
2 —_
S 3IlLs 38 rEFgosoE
'E‘;cnc s e ©
S &
E.»
o
E Z| im = & < I
’iz L o e @ 9
L]
E-l
e o
= - [l ® v o
g 5 3 = & & = A
= a e & < = o o
3 L
S R R R
! g L B E = ¥ = %
€ 8w B 8 " g = =
. 1 “ 2 =2 £ = L oomoow
84 x X o~ x Eii
H -] [
! | = 8 g 2 8 * s g
1 | w = 8 2 2 ~ &8 B
EEY

Full Transfer mode fails at a 82 khz rate with 128 EDDas.

With 256 EDDs, full transfer works at 100 khz.

J. Branson

DAQ Simulation Hesolts

CONCLUSIONS

Virtual leveb2 mode works in principle. It reduces switch re-
quireirents by about a factor of § fusing my parameters). With
the same switely average latency is lower than in the fulf transfer
woede. Maximum lateney increases a hit.

AU 100 khiz level-t rre. the switeh is running at 19% capacity.
This leaves about a factor of 4 & a performance contingency.
The model assune~ that the average amount of data in each
EDC is the same and that all EDCs are equally requested for
level-2. We minst attempt tu achieve good balance. A facter of
2 imbalance wiil uxe up a factor of 2 in performance.

A simple calculation shows that level-2 tasks must run on a
processo; in a few milliseconds. \We must now test the level-2
algorithms.

Memory requirements for EDCs and EDDs seem moderate.

Processor queites of order 30 or more are needed. This means
that the svstem will be processing about 25.000 events simulta-
neously.
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Future Directions G.Word
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Computing Chapter
in the TDR

 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

| Ir'win Sheer - Superconducting Super Collider Laboratory @ ‘
e, o
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Table 8-6. Technology and cost projeclicns.
Paramalar 1892 1997 1998 1999 2000 2003
Singls CPU power (xGSCUP) (midrange} 0.10 0.28 0.54 0.75 1.05 2.89
-. Number of CFUg per box 1 2 2 4 4 ]
CPU <ost per box (k$) 8 7 6 1" ] 13
Memory size (GB) 0.08 0.3 05 1 1 3
Memory Cost (k§/GB) 100 as 27 21 8 ?
Disk Cost (k$/68} 2 1 on 0.6 05 03
Mass {slow) memory cost (k$/GB) 25 7 5 as 24 09
Mass gtorage media coat (MS/FB) 2 o.41 0.38 034 0.3t 0.23
orage bandwidhh cosi (MS/GB/S) 20 i0 8 7 [] 3
(inciudng robots)
Number of boxes for 1 MSSCUP 10,000 1,302 930 a3z 23r 43
CosUMSSCUP (M$) 130 24 19 1 ] 15
! TiggeDAQ [ Oniine ! Offine
i : systam i systams
i ] '
Datecior Ganaratey < ' Production Tost Bsam
o ] | rager actimy m
~, | o
[ 2. M VA : [P Y
A 4, N ’:/ Production \ Caktraton
\ | 3 i \
B ' [ 1] !
Operwor . i ' \ Contigution
-~ i Py mens L1 \
~ V- ! ;
mmhu I ¥ i
3pecial |- wechive, ' ! . Reconsiruction,
s oot | and i + Configuaion’ | Shnulaiion,
¥ download /™. 4 | Camaton”  + Catorason,
s \i\ i Rasults E W.Eu,
Accesmn * .
Eykiem ] Specisl 1 ~
1 | econt | RN
Orlioe” .- - — —- 3
ONine* Wonikor H
Songr/ _mmpe 1 i o
e ™" Configoration” i Log book"
Camratir H Event Event samples
Remsts’
todaton”_ | — P
I ™.ou0
FIG. 8-1. System model tor GEM g. Rectang! it entities, circles represent procegses,

double bars represent stores, solid nrro;s represent mta ﬂuwn. and dashed arrows represent commands. The
primary data flows are indicated by a thick arrow. A [abel with an eslarisk (*) indicales that the entity appears in

more than noA Alaca i tha diaaram

neg

Table 8-2. Overall mode! for axpscted rates; system mpabwtms will exceed these rates. Rates are given lor the
d lunvingsity, 10tal storage) are calcutated

and of the operating yaar, while i

gl qQuaniiies (i

assuming an exponential incraase in luminesity sach year untit a canstant value is reached in 2003. For

expianations, ses text.
Parameter/Yaar 1939 2000 2001 2002 2003
Peak luminoshy (cm=2 8~1) 10%0 103 1032 1933 1933
Tolal fve time (s} 108 107 107 107 107
inlegrated luminashy (pb~1) 1 40 400 4,000 10,000
Lavel 1 trigger lavel 100 ub 100 ub 1004b 1004 100ub
Level 1 trigger rate {maximum) 100 Hz 1 kMz 10 kHz 100 kH2 100 kHz
DAL svent size 1MB 0.6 MB 0.3 MB 0.3 Me 0.3MB
Paak deia rate out of DAQ 100 MB/s £00 MB/g 3 GB/is 30 Ge/s 30 GBrs
Event fiter (Lave| 2/3) factor 1 10 100 500 500
mlzoom?mmnml toad 10? 19 10¢ 108 108
Level 3 computational load (SSCUP) [} 101 3x 104 13105 1.3x10°%
RECO rajeciion factor 1 1 1 2 2
RECO computational load {SSCUP) 2% 104 2x 105 Ix 105 4x 105 4 %105
Evant rate storsd 100 Hz 100 Hz 100 Hz 100 Hz 100 Hz

Table 8-2, Overall model lor expetied rates; system capabiliies will exceed these rates. Rates are given for the
end of the operating year, while Intagraml gquantilies (integrated luminosity, lola! storage) are calculated
assuming an exponential increase in lumingsity each year until a constant value is reached in 2003. For

explanations, s8¢ text. (Conl.)

Parameter/Year 1988 2000 2001 2002 2003
Equivaient cross section 100 ub 10ub 1ub 100 nh 100 nb
Initial data per aven 1MB 0.9 MB 0.6 MB 0.6 MB 0.6 MB
Rate of inftial data to storage 100 MBVs 90 MB/s 60 MB/s 60 MB/s 60 MB/s
“ddhional evenl dala 16MB 1.6 MB 1.5 MB 16MB 1.6 MB
Peak avert data rate 110 MB/s 150 MB/s. 130 MBis 130 MBss 130 MB/s
Annuat svent storage 0.26 PB 1PB 4.9PB 0.9PB 22PB
S(sscup computational load 15108 3x 108 6x 108 6x10% 6 x 105
Annual simulation storage 0.14PB 0.25PB 04PB 0.4PB 04 PB
Annual lest beam dala 0.01PB 001 PB .o.01pPB 0.01 PB 0,01 PB
Total annual storage 0.5PB 1.3PB 1.3PB 1.3P8 26PB
Peok rate to storage 125 MBvs 17oMmBrs 155 MB/s 155 MBls 155 MB/s




Table B-7, Estimated lines of code in tha final GEM

system.
Catagory Lines of Code
GCS soltwars 100k
On-ling software 50k
Generators {GEM-specific cods) 26k
Simulation (GEM-specific code} 150k
Reconstruction 200k
Physics analysis 50k
Event display and graphics 40k
Database S0k
Framework SOk
Ltiities. 100k
Special OS5 inertaces and drivers 50k
Event fiters 50K

pirH

354

Tabls 8-8. Estimated manpower prafile for software development, in FTE by year.
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2.2 'Deve/of:meu'l‘ ?u‘)'ec'f‘s
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Radiation Lengths
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i Higgs Physics
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Standard Model Higgs Physics

Renyuan Zhu
on behalf of Caltech Group

GEM General Meeting, San Diego
May 12, 1993

e Higgs Searches with GEM,
e GEM's Strength — H—y,

e Uncertainties.
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Caltech Team
/e S. Mrenna: H— £0¢¢;
e S. Shevchenko: H— £4jj
v & X. Shi: H— lvv;
.7 e H. Yamamoto: H— ~v;

v ® R. Zhu: Coordinate Higgs Section and
H— vv.
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H — vy with GEM

Renyuan Zhu
Caltech

Physics Meeting, San Diego
May 11, 1993

e T he analysis;

e Comparison with GEM-TN-92-126.

(a3
e



standard Model Higgs Physics

Renyuan Zhu
on behalf of Caltech Group

GEM General Meeting, San Diego
May 12, 1993
» Higgs Searches with GEM,
e GEM's Strength — H—+yy,

¢ Uncertainties.
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H — vy with GEM
Renyuan Zhu

Caitech

Physics Meeting, San Diego
May 11, 1993

« The analysis;

e Comparison with GEM-TN-92-126.
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Caitech Team

‘e S. Mrenna: H— £2¢¢;

* S. Shevchenko: H— &4j

.+ & X, Shi: H— ¢vr;

e H. Yamamoto: H— ~y;

/& R, Zhu:
H— .

Coordinate Higgs Section and
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H— vy
Compared to GEM TN-92-126

HoC is included, PDF is under control;

Exact calculation of jet-jet background (quark and
gluon);

|cus8*| cut optimized for sum of all background:
no further improvement with additional max(E}) >
40 GeV cut.

Improved analysis on vertex determination with
event topology;

Realistic Detector Effact:

— cracks and segmentation in detector;

~ pile-up/thermal noises;

— GEANT based R(v/jet);

GEANT based R{vy/e).

Better uncertainty analysis.

Lowest Order Higgs Production Cross-Section

x Decay Branching Ratio (fb)

Assuming M; = 140 GeV, EHLQ-1 PDF, and no high
order corrections.

My | T | 9u(ayy | “esitey) | 8(ag) | “o(eein) | TH(etin)

80 .0030 124 B4

90 0034 144 a0

100 | .0037 159 7.8

120 | 0049 [ 211 69

140 | .0097 [ 180 4.2 26

150 | 019 | 128 26 a2

160 09T 52.6 0.87 15

170 | 380 9.2

180 | 620 22

200 1.4 85

400 | 30 56

600 | 112 "18

BOO 266 5.3 110 32
1024
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u.Wudunlln i (Z/W)H sad ttH and Higgs
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v/e/u ID: Isolation Cut

<+ and electron:

2. Br— EY* < BP*" + Bf* Gev

r<ft

were E;."' “ is reconstructed transverse energy of v
or e by using 5 x 5 cells in EMC, EPee" is the
mean energy measured in the isolation cone {(R),
and E$¥! is the threshold determined by studying
the behawour of the sum of pile-up and thermal
noise in the isolation cone (W. Cleland and A.
Vanyashin).

o Muon:
3 Er— AE < EPO™ 4 B§5 Gev
T<R

where AFE is the measured energy in calorimeter,
along muon track,

10%5



Events / 500 MeV

Events / 500 MeV
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Higgs Physics with GEM

Intermediate Mass Higgs (80 < My < 2Mz):

~ Hoyy (80 GeV < My < 160 GeV);
(tT/W)H=yvEX (B0 GeV < My < 140 GeV);
HoZZ* vt rte, (140 GeV < Mg < 2Mz).

Key: Precision EMC with good photon ID and
precision Muon System.

Heavy Higgs (2M;: < My < 800 GeV):
— H=ZZ—tte e+,
“Gold Plated™.

Very Heavy Higgs (Mg =5 800 GeV):
HZZotte-gtes,

H—ZZ—tt v, and

H—=2Z—=ttr i,

Key: Understand systematic uncertainties,

1028
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EM Accordion Segmentation

hz?ljl;:'- \ ‘j""ﬂlt}r\‘ vl

£ sfr-rs J-av & a’am;rm

Figare 3 ic of thrae k

first sogment.

of the EMC and six strips in the

10z,

Significance

ased w TDR

High Statistics: §= Nﬁf: f}vi
where Ng and Ng are expected signal and background.
fedt Ag 09880,

High Statistics Resonance Munting:
fed
5= = aM
\/ [ Lit Ag anmy Ry H
where Ag and Ap are the acceptance for signal and back-

ground, oy is Higgs cross-section, LMy is Higgs mass res-
olution, and Rpg is the background rate at the Miggs mass.

* Low Statistics:

B0
Prigh = 2 Pm(Np) K
m=Ng+Ng weed i TOR

for fixed Ng and Ng, where Ppli) = x"e"*jn! following
Poisson statistics with A the expected value.

* Low Statistics with all Possible Fluctuation:

Ll oo
Piow= Y IFn(Ng+Ng)x 3 Fn(Np)]

n=0 m=n
Mathemnatically, F,,. can be converted to a Gaussian prob-
ability defined by N./‘/NB if Ng is high.

For Ng=5, Ng=1: Ng/\/Np=5. Sp;0p=3.2 ans Sy,,,=1.9.



GEM'’s Sensitivity to
Standard Model Higgs

H— vy
Two-Photon Mass Resolution

My Jea T || e &jj vy | Combined
80 Gev | 301 | 3.9¢ | 4.50 6.30
90 Gev | 30 m~Y | 495 | 4.9 7.20 AM
: v _ 1 [, DB, AE? 2 2

100 Gev | 10 1 | 460 | 250 5.8 My 3\/ 1+ (F 77 + (ot 540)

120 Gev | 10 b~1 | 7.80 | 2.70 a8.5s ) ;

0 Gev 1 where Ey and E5 are energies of two photons and § is
140 Gev | 10 b 9.0 | 2.30 | 1le 150 the opening angie between them.
150 Gev { 10 b~ ! | 7.3- 13¢ 150 AE

160 Gev | 16 fb~1 | 3.2¢ 8.1 8.9 E = ('\/—" @be _)%

7 -1

170 Gev | 1010 5.7¢ 570 Improvement: for |4| > 1.9, 3 x 3 rather and 20 ns
180 Gev | 10 o1 100 100 shaping, rather than 5 x 5 and 40 ns shaping is used.
200 Gev | 10 b1 380 380

400 Gev | 10 m—1 280 280 My (Gev} 80 | 100 | 120 | 140 | 160
600 Gev | 10 m—1 9.7¢ 9.7s
800 Gev | 10 -1 470" | 5.45% | 116 a=6/8.5 b=0.4 | 0.66 | 0.77 [ 0:84 | 091 | 1.0
400 Gev | 10 b3 a0 | 25% | 7ovr Go** =14/17b=10| 13 |15} 1.7 | 1.8 | 2.0
Pap—

Statistical only. a=9/14b=10 | 1.1 | 1.3 | 1.4 | 1.6 | 1.7

** Including systematic uncertainty.
*** Including systematic uncertainty, assuming ¥y is under control,

10 1b~1 will cover 100 GeV < My, < 800 GeV.
30 tb~1 is needed to cover 80 GeV < My < 100 GeV.

This mass resolution does not degrade if Higgs vertex
8z < 5 mm and the the cog of ¥ shaower 6x < 2 mm
(GEM TN-92-126).

' 1050 105
2.50 T Y — r T
.21 ]
. >
Higgs {80 GeV) S ol ]
120 F T 0 § :
100 E W 60 E s 130 g
£ ot 1a 50 £ T
E L] E
80 : 2240 F 050 [ J
60 ¢ 30 |
40 F 20 E 0.50 L L 4 . .
a0 b 10k 60 80 100 120 140 160 180
E. . I [N EL s Pt i Higgs Mass {Gav )
0,576 %0 82 88 072 76 80 82 88
M(Hig) GEM M(Hig) sSDC 2.00
80 3 Endriew n’::
T0F 1,088
60 F L a
50 F Yoss 3 150 & 1
F
40 £ =
30 F 5
20 ¢ 5 o b 7
10 F E
O O E . L il . 1
72 76 80 84 88 72 76 80 B4 8B
M(Hig) SDC+ M(Hig) SDC++ 0.50 . , A \ !
60 80 100 120 140 160 180
Higgs Mass (Gev )
1055 10050



oY

N
ial B b L % gg L.
g Frl.-]98 ¢ gg_gg.g.g
i i o ] - &8 Eﬂ'f
N Q"E q‘g ] £z % “ ﬁ g
- g% I Je  §i:Ed
H— vy [ H BT < 253523
1 = 1l £ sSe e
Higgs Vertex Determination at 1033 ~ 3 “*|1 ¢ E %g ,e_‘g
L o8 ~& E o Sg Eg
L 3 4 & £
5o : LR
1. Use event topology, e.g. select vertex with the Ty w [ g gL N Y 5.
highest pr-weighted charge multiplicity: 95% cor- ~ | \ ] ég.gs- E§
rect (1. Sheer). g r i l 1 5a g§ = 5
- g o ~2 ] 8583
2. Use calorimeter pointing alone: {(d and d+10)/\/- — 3 - bl £ Eg
<+ 0.5] mrad for barrel and endcaps Q ® 8 §S g
" gafsns
d (mrad) 40 | 50 | 60 | 80 Y
[ L4 =
a=6/85b=04 | 1212|1314 g ,2 $
= r 3
8=14/17 b=1.0 | 2.0 | 2.0 | 21 |22 W[ EE .£§§
o 3
a=9/14b=10 {16 |1.6|1.7(18 i é'gi 2 §§
3. Use pointing and select the closest CT vertex: i -ig i_.
87% correct, l.e within 5mm to the real vertex. N s B égg
B 1 L.
4, Use pointing and select the highest charge multi- N ég .E §2
plicity in vicinity: 97% correct. L e g
u FLI E s
. [ 28332t
A conservative assumption of 95% s used in analysls. i o a
: §3e8% 2
g HEY g"
cs3fEE

' 1034 105!
H— vy
Alt Background
HT Z’Y cut Bupp = Oy (direct — photon)
Event Selection Cuts 4 0w R%(v/e) (Drell—Yan)
+ oy ju [R{v/jet) + R(efjet}R(~yfe)] (v — jet)
1. g < 2.5 and p} > 20 Gev, + Ozt (R{1/iet) + Rie/jet) R(v/e)]?  (jet - jet)

where g, is the direct photon background, R(e/jet)
and R{v/jet) are the probability of a jet faking an iso-
. lated electron and photon respectively, and R(~y/e} is
3. Photon identification with shower shape to reject the probability of an electron faking a photon.

et background,

2. Photon Isotation with R = 0.45, Ef¥t = 4 GeV,

Since R(e/jet) is known to be in an order of 10-5,

4. Electron rejection, Gogn = 0yy (direct — phaton)

5. |cosé*| < 0.7, where 8" is the polar angle of photon + 0ee R*(vfe) (Drell-Yan)
in the center of mass system of two photons, to + Oy_jeR(v/iet) (v - jet)

reject direct photon and jet background. + o2 R"’(-ﬁjd) Get — jet)

103%
1054
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Abitrary Unit

NLL v ww-wj
' ¢ B.Bm\ey, J. Oweus )
He Phys Rev. LIk Fo(snuy:
rY \ L]

Signal and Direct Photon Background

o High order QCD corrections {HOC) increase Higgs
proguction 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. D46 (1992) 2018), including

— Born (q@—yy) and O(a,) cortrections,

do/dMy, (pb/GeV)

— box diagram (gg—r71),
— single and double bremsstrahiung, and

— the exact 2—3 kinematics for qij—ry9, gg—77q
and gfd—g.

s HOC to the gg—~v background is unknown. Since
it is 1/3 of the NLL, a “K" factor of 1.5 reduces
the significance by 8%.

1058 1034

Jomt ol B ocedeee ML 3v 2 apif

Bedgpoed:  oitimiged F -7

180 (T T

H— vy
Signal and Direct Photon Backg. (Cont.)

H-<yy Signal (fb)

My (Gev) BO 90 100 | 120 § 140 | 150 160
prod 169 199 233 | 291 | 255 182 | 71.2
After cuts 1-4 47 45 T4 96 | 88 | 64 25
After cuts 1-5 38 as 57 T4 66 48 19
Direct Photon Background Rate (fb/Gev)

My (GeV) 80 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 z0 310 170 | 100 v 63

* Theoreticat x-section scaled by {B-+B)pyenia* NLL/(B+B)peo

1040 1041
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Cross Section (ph/GeV)

- gunk  Badkpread

cH Ma )

H— yy

‘ ¥quark, generated
R(v/Jet) (107%) .

LT

gt

e ——
R

ey

Rejection as function of M., calculated by using

GEANT Simutation for y-guark and +-glucn final states
(H. Ma).

yquark, in detector

oy

cross section {ph/GeV)
)
L]

Moy (GeV) l 80 [ 160 I 120| 140 | 160
Quark Jet

10
isolation

After Isolation | 20 | 18 | 15 | 13 | 12
After y1D (4,139 |37 36 | 3.4

Gluon jet

After Isolation | 59| 5.3 | 4.8 | 4.3 39

Afterv10 [12] 1.1 (1.0 (091|083
70 80 90 100 110 120 130 140 150

Rejection is used for jet-jet background according to mass (GeV)
parton species {qg. qq and gg).

104 1043

CH Ma.) H— vy
Jet Background

2 T Yaluon, generated Myy (GeV) [ 80 ] 90 D100 120 140 | 150 | 160
10 '_‘-'N_,___‘_‘_“ ag—va
e
e After cut 1 (pb/GeV) | 1170 | 880 | 660 | 370 | 210 | 160 | 120
10 Faluon, in detecter After cuts 1-2 (fb/Gev) | 1590 [ 830 | 780 | 380 [ 190 1 130 | 01
g After cuts 1-3 (fu/Gev) | 320 | 180 170 | o2 | so | 36 | 27
After cuts 1-5 (b/Gev) | 260 [ 140 {130 | 66 {32 | 23 | 16
1 aa—g
After cut 1 (pu/Gev)_{ 53 | a1 32_‘ 20 | 12 [ 92| 72
-1 After cuts 1-2 (fo/Gev) | 21 { 11 | 11 {61 | 34|25 [ 18
10 After cuts 1-3 (fo/Gev) | 43 |24 |24 |13 |07 | 05 {04
After cuts 1-5 (fo/Gev) 3.2 1.7 |16 | 08 | 04 | 0.3 | 0.2
102 jat-jet
After cut 1 (ub/Gev) | 83 | 68 | 5.6 | 38 | 28 | 21 | 1.7
3 —— ! After cuts 1-2 (pb/Gev) | 4.4 24| 23| 12|06 |05 03
10 shower shape : ; . After cuts 1-3 (fo/Gev)y | 190 | 110 [ 110{ 60 | 34 [ 25 | 19
70 LL lBlUl LL '910' L '1'&;' 11*:6' ’;é‘[’; ;"36 140 150 After cuts 1-5 (Ib/Gev) | 95 | 46 | 39 | 16 | 68 | 4.4 | 29

Sum of All Jet Background

Mass {GeV) Total (fb/Gev) | 360 | 190 | 170 | 82 | 40 | 28 | 19

-4, 4-g and 2jets are 40, 0.5 and 15% of NLL.

Remain uncertainty: fragmentation — a factor of 2 or 4,

104, 1045
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Events / GeV /10 1h!

S8.8888888.888¢2¢8

Events / GeV / 10D b

H— vy

R{v/e) -— Drell-Yan Background

R(~v/e) calculated by using a hit level GEANT simula-

tion for CT (M.J. Wang and A. Sumarokov):

e Acceptance | 5%

¥ Acceplance | 96%

1.6%
92%

0.5%
83%

Rejection of R{vy/e) = 0.5% Iis used In Mz+7.5 GeV,
and R{vy/e} = 5% everywhere. The corresponding toss

of « Identification efficiency Is Included in analysis.

104k

H—=or

My (GeV)

104n

(a) a=6/85.b=04

(b) 2=14/17.b=1.0

GEM

spt

389

Events /0.5 GeV /10 fb !

10

10 Drell-Yan ete- 1
with "Ku = 1_5 z
104 E
o e ]
N N P, 3
after CT rejection = 3

0} sxlosa|Ram=sa

-, 4,
U

]

S LI

MET )

)e '
'
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H— vy
Significance

My {GeV) [:14] 80 100 120 140 150 160
My (Gev) | 066 | 069 | 079 | 0.84 | 0.91 [ 0.93 | 0.99
ey () 3 | 35 | &7 | 74 { 66 | a8 [ 19
Rg (fb/Gev) | 1010 | 520 | 480 | 250 | 140 | 110 | B2
GEM Significance
10 -1 22 |28 | 46 | 78 | s0 [ 73 [ 32
30wt 39 | 49 | 79 | 14 | 16 | 13 | 55

Significance for a=14/17 b=1.0
10 1 16 |20} 32|65 |63 ]s1}22
38

3o m-1 28 [ 35 |56 {95 | 11 | es

Fragmentation Uncertainty (Jower bond):

~+-jet background: x2, and jet-jet background: x 4.

1044




S?M’f:m a/ H"’r{
H —rr

T T
1000 B0Gev 1 %0Gev 100GeV T 120GeV
‘ gem '5 ;
0|
sk
o
F 160GV | - SEM
s a-6/85
s b=0.4
wr spe
r a=14/17
5¢ b=1.0
14OG::V 1soc;ev
o

o TS 4 T2 4 T2
Integrated Luminosity ( 10 fb! )

©
3

Illlliﬁ"[_l_TTr_l_T""‘T_‘Tf7l

g

Significance

Events / GeV /30 fb”!
8

My (GeV)
' 1050 1051
(1{/,‘,)/1’ — JrrX
HT/W)ayveX
Background 25 : T — —
. - ‘ (a) a=6/8.5, b=0.4
1. tiyy or bbyy — £y, E
2. Q@ —Wy— fyy, ;
_ 3 GEM
3. 49’ W= #vyy, =
4. qG/gg—Zy— £+t g
5. Q@/gg—Zy— &"y"+, and p
q3/9g—Zv- €"1"y, an (b) a=14/17, b=1.0]
6. tt. ]
Cuts <pC

1. |l < 2.5 and pf > 20 GeV,

2. ) < 2.5 and pf > 20 GeV,

Events / GeV / 30 fb”!

3. Photon and lepton identification, including isola-
tion with Ef¥* = 5 GeV and R = 0.45 and 0.3 for
photon and iepton respectively. Myy (GeV)

4. p" > 40 GeV.

1092 . 1055
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H{tt/W)—~yvEX

Signal & Background

H{tE/W)—~vX Signal (Tb)

My (Gev) 80 | 90 | 100 | 120 | 140

Tprod 8480|7869 |42

After cuts 1-3 | 0.95 | 1.0 1.0 { 0.82 | 0.61

After cuts 1-4 | 0.74 | 0.82 | 0.B6 | 0.74 | 0.58

Background Rate, Rp (fb/GeV)

M.y (GeV) 80 90 100 | 120 | 140

thyy 019 {.018 | .oas | .017 | .o16 | ~
Wy .010 | .010 | .009 | .008 | .008
Wy byy 027 | .025 | 023} .020 | .016 .

Zy—tte-yy | 068 | .068 | .064 | .046 | 027

Zy~ve"y'y | .031[.024.019 | .012 | .008

tf 044 | 044 | 041 | 029 | .016
Total .20 .19 17 .13 .09
1054
H(tt /W)—yyEX

Significance

My (Gev) 80 90 100 | 120 | 140

LMy (Gev) | 0.66 | 0.69 | 0.77 | 0.84 | 0.91
oy (fb) 0.74 | 0.82 | 0.86 | 0.74 | 0.58
o4qc (Tb/Gev) | 0.20 | 0.19 | 0.17 | 0.13 | 0.09

GEM Significance

10 fb~! 25| 28| 29%f27)23
30 fb-? 45 | 49 | 51 | 48| a3

Significance for a=214/17 b=1.0

10 b1 19 [ 21| 22120} 18
30 b} 34 |38 )29 | 36|33
1050
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Significance

S'?npfbfa.m % {T‘%‘/)H ~ L)X

1 1 ] ]
LI

140 GeV -

O = N W R NP S = NW s @

(-1

(-
1 2 3 45 12 3 465

Integrated Luminosity ( 10 fb1 )

L 1 1 ] 1 1

~/e/u 1dentification

» /e Identification:

— Latera! shower shape, HCAL veto Tor v or e,
and matching momentum, position and angle
measured in CT and in the EMC for electron;

~ A photon likelihood function from strips, shower
size and ¢ pointing from 2nd and 3rd segments
(H. Ma, See next Slide).

« Muan Identification:

— Matching positions, angies and momenta of
the track measured In the muon system and
in the CT.

lper — pu ~ DE|

Vobr+oi+oae

< cut



Photon ID with Strips

¢ Likelirocd function defined by SYM, ASYM, W2,
W3, H3, H4 and H5 from the strips:

E1l = Energy in the highest energy strip — center;
E3 = Energy sum in 3 strips around the center;
Eﬂ'gh: = energy sum in 3 strips right to the center;
Ejgs¢ = eNergy sum in 3 strips left to the center;
SYM = (Eyypt + Epepe)/E3;

ASYM = [Epighs — e gelEL:

W2 = distance between the center and the second high-
est energy strip, in unit of strlp numbers; and

W3 = distance between the center and the third highest
energy strip, In unit of strip numbaers,

H3 (H4,H5) = The energy in the third (fourth, fifth)
highest energy strip normalized to the energy in the two
highest energy strips.

« Shower size in # and ¢ defined as the energy weighted
second moment of the shower in the second and
third segments, and

® ¢ pointing obtained from 2nd and 3rd segments.

1056

HoZZ—ete et e
Cuts
o 7] < 2.5 and p{> 10 GeV

« Lepton ID, including isolation with R = 0.3 and
E;!“ = 5 QeV,

Maz(pZ) > /M3 — (2Mz)?/4, and

® |My— M| <10 GeV Tor both lepton pairs.

Significance
My (Gev) | 200 | 400 [ 00 200
Signal (re)

Tprod 85 56 ) 53
Mass Bin (GeV) | £4.7 | 350-450 | 500-800 | 600-1200
Jecoep 21 14 4.3 1.5
Background (fb)

zz T30 23 | 10 | 6
Significance

Significance | 38 | 28 | 91 | 47
1064
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Events/Gevi0 o

Events/20 Gev/10 16"

H—ZZ*—ptp—gtg—

Significance
My (Gev) | 140 | 250 [ 160 | 170 [ 180
H—-e+e”e+e“
AMy (Gev) | 1.06 | 1.06 [ 118 | 1.23 | 1.33
oaceep () | 12 [ 17 | 86 | 62 | 16
Rp (fb/Gev) | 025 | 025 | .025 | .025 | .0a0
Houtu—ptu~
AMy (Gev) | 159 [ 162|173 | 1.84 | 2.22
oaceep (B) | BL | 1.1 | 56 | 36 | 82
Rpg (o/Gev) [ .016 | .016 | 016 | 016 | .026
H--e+e‘,u+p“
AMy 136 ] 196 ] 156 [ 171 [ 1.77
aceep () | 1.8 | 26 | 1.4 | 89 | 2.4
Rg (/Gev) | .038 | .038 | .038 | 038 | .062
H—t ¥ =¥
Slgnificance | 11 | 13 [ 81 [ 57 [ 10

H— 2Z — LI4T

1050
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Events/20 Gev/30 15 |

Events/50 Gev/1o1b'

H — 1441

-!
{ 3¢ }ol J
45 40
o
30 30 2
g
20 20 o
;-]
=
10 10 a
a,
o 0 -
400 B0G 400 BOO 1200
M"" (GeV)
1067

GEM H—= L4 w0
Transyeme  Masz

—

30 - .

3

10

0 400 800 1200
M, (GeV}

a 2
My = 2EJ F, ¢t asaf, )

Aoo Ge¥< My < 1200 Gey

1
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H=2Z2Z—etei vy
Background

+ qd/g9—ZZ,

¢ qd—Zg and qg—2Zq with Z—tte,

¢ qQ@—+tT and gg—+tT with t—bety and T=be- v

4,

5.

Cuts

. 17| < 2.5 and pf > 20 Gev,

. Lepton ID, including isolation with R = 0.3 and

E:‘f'-‘“ = 5 GeV.

. ]Mu - Mz‘ < 10 GeV,

EZ > 250 GeV, and

£e > 250 GeV.

Plot My: M2 = 2EZ& (1 — cos &gz, ) where Agg, IS
the difference of the azimuthal angle of energy vectors
of two Z's. Count events between 400 and 1200 GeV,

106 .

HoZZ—iti v
Signal & Background

ete—ui Channel

Signal | ZZ | Z + jet &
orod 150 | 36.7 | 3.3x10* | 2.0020%

Aftercuts 1-3 | 9.5 [ 13.8 | 1.2x10% | S35

Aftercuts 14 | 7.4 | 4.2 | 3ax103 | 036

After cuts 1-5 6.2 3.2 2.2 0.0
p+,u_v|'r Channel
Signai | ZZ | T+ Jet tf
Tprod 16.0 | 36.7 { 3.3x10% | 2.0x10°

After cuts 1-3 | 6.5 | 9.4 | 81207 | 1382

After cuts 14 | 5.0 | 29 |2ix10® | o024

After cuts 1-5 4.2 2.2 15 0.0

Signiticance

Statistically: Ng = 106, Ng = 91 1l

Systematically: Losen cuts to normarize background
rate: 7o;

Uncertainty on Ey: 1% tail with twice resolution
—— no change.

10065



H—»ZZ—>E+£__U
Background

® PP — ZW or ZZ with one Z—ee or B,

* pp — Z4jets with Z—ee or by, and

* pp = It with t—bW and W—ev or L.
' Cuts

1. For leptons, we request
e |#t{ < 2.5 and L > 70 Gev,

* Lepton identification, include isolation with R
= 0.3 and E{"* = § Gev,

® |My— Mz| < 10 GeV, and
o pft> 230 Gev.

2. For jets, we request

* Two reconstructed jets with Inff < 2.5 and
7l > 80 Gev,

* [My— Mz| < 15 Gev.

3. Use reconstructed £2j] invariant mass window be-
tween 600 and 1000 Gev.

s
H—ZZ— 2% e
Signa) & Background (fb)
Cut Higgs { tt | Z4jets | 2W/ZZ
After Cut 1 a1 [ 130 3240 20
After Cuts 1-2 12 0.5 65 1.5
After Cuts 1-3 | 11 | 0.3 | 42 0.8
Significance

Statistically: Ng = 110, Ny = 430: 530

Systematic: Side band analysis; $ = 2g;

* Central jet veto and |cos#*| cut were found not
useful after py cut;

*» Forward jet tagging was studied in hadron level by
using PYTHIA: tag one jet with E > 2000 Gev
and py > 50 GeV in 2.5 < |g] < 4.5 and leptons
with p; > 50 GeV in |p| < 2.5: Ng = 170, Ng =
7500. After appliying all cuts: Ng = 24, Ng = 32,
The forward jet tagging increases Ng/Ng.

tog:

394

Events/50 GeV/10 fb'

H — 27 — i}

l— 3 I T I—I T i T ] TTI1 TT 'I_l T ITI
i 1
60 - . -
- .
L ]
40 - -
5 , 4
20 . h"'g ~
o T e
0 [ O A '1_;--i_|_vi-_.':L'-'
500 750 1000 1250 1560

Two-lepton-two-jet Invariant Mass (GeV)
foo < Mnldd‘, <& Jooe &e¥

1or

Uncertaities in Significance (%)

80 GeV 30 pp1 800 Gev 10 pb—!
Item L as e 221 [ i
Statistics 20 30 30 i5 .15
HeC 20 20 20 20 20
PDF 10 10 10 10 10
Background 20 40 20 25 65
Detector 20 20 20 40 20
Total 40 60 50 50 75
Ng 1100 22 15 100 110
Ng 80000 6 6 80 430
Significance* a9 4.5 4.7 11 5.3
Significance®® | 3-38 | 3-3.5% | 3-4 | 5-8%** 15-2.5

* Statistical only.
** Inciuding systematic uncertainty.
*** Including systematic uncertainty, assuming E; ls under control,

_/c La i
Lowr M a3 f{%’?
Needs

(M '-"'cFO—/a-oqe}’)

-1
Je "
Loy



HZ2Z2% L ¢tp—ptp-

Background
¢ Pp = ZZ/ZZ*  pHp-pty-
* PP —~ q8Z — £ 1te-X, whereq = bort,

* pp — tf — WHbw-b, when two W's decay semilep-
tonically and b's fake an isolated lepton.

Cuts
* inf] <2.5and p} > 10 Gev,

* Lepton ID, including isolation with R = 0.35 and
Bt = 5 Gev,

* 10 Gev < M < 100 Gev and 70 Gev < MM <
10(?) Gev = .al;l)ppress continuum background, where
M,/ and M;,” are low and high Invariant masses
of two #1£- pairs.

v

PDF Dependence

To understand uncertainties caused by PDF’s, the fol-
lowing latest PDF's were studied:

« five sets of (H/K)YMRS, 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.5.

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 resuit using
CTEQ LO {H. Yamamoto).

39

G {ph)

Ratio

-1

Evenls/GeV/30 fb

GEM H—ZZ — (50

T i T T

-
o

o

140 160

MPI’PI‘ (Gev)

180

140 180

My (Gevy

180
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PDF DEfe)m/e.nce € H. Yaumdlo)
X~ Sedion : @0f | :;fuf.:m»u-:hz‘

1

— EHLQI

T WW/ZHHEX §n+x
- “__‘W e i

T ]
02 b HMRSB /EHLQ! g
o2 [-(b} . s
10° 10’
Myiggs (GeV)
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TDR study

« Compositeness signal (A = 25,30 TeV), QCD background (ZEr > 9 TeV) and
QCD normalization region (LEv > 4.8 TeV) samples generated with
PYTHIA 5.6 for 10 ib-1.

+ Require mijeth < 1.1
+ Trigger efficiency - 100%
+ Jet finding with fixed cone R=0.9.

« Include non-gaussian response in gemfast (using a second gaussian of
lrr:fe: times trg\e width andsﬁo% of the amplitude of the calorimeter resolution}
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Hadronic energy resolution

This table summarizes Wy present understanding of hadronic and jet energy resclurion
calculations in Lhe GEN calorimeter.
8ingla hadrons Jats

Sampling Constant Sampling Constant
Term ‘Term Term Term
UATZIIX - Mike Shups
[GEANT mixture gaomatry, e/h = 1.8 in £M, 1.6 in Pb/Kr HAD, 1.B in Ar/Cu HAD,
HAD energy pmeared by 0.6/sgri{E), 2 energy-dependent weights!
Truncated fit, 50-500 GeV (100 & 500 only)

otasD wall FH1-FH2 63 9 i &
etax0.3  good mpor in CC 31 B 57 1 .
ata=1.0 CC-EC 00 7 L1 L]
etas?.5 good spot in EC 53 [ 75 5
atsx].l  EC-FC a6 L] 172 L]
etazd. 4 FC 13 7 03 1
CALORSE - Braed Moore
(slab geomstry, no scintillator, eta=0, & energy-dependent weightst
Single Pioms, Pb 36 {64} 6.5 (6.0)
56 {58) 8.0 (11}
Erom £its (from hist rms]
GEANT - Sasha Savin
{ata=0, aix energy-dependent weights)
11 1.9
GEMEAST
‘funad to agree with Savin's result 70 57 L3 4
ey
—
J. Womreley S5CL

Jets at high transverse momentum

+ Measure the r:ﬁ:\-;n jet cross section as a test of QCD: deviations would be
a signal of quark substructure.

+ If quarks are composite at a scale A, then the four-fermicn contact interaction
leads to an excess of jets at high pr (but pr << A).

» Experimentally, one normalizes the jet pr spectrum tc QCD at low to moderate
pr values and then looks for an excess of events at high pr.
{This avoids limitations from collider luminosity measurement, AL ~T10%)

« Systematic limitations arise from:

— uncertainty in parton distribution functions
— incomplete knowledge of the calorimeter jet energy response

1 Wormerttey S5C.
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Systematic limitations

¢ Uncertainty in PDF's

Asswnin%perlacl knowl of the calorimeter energ! T se, the results
obtained with three sets of P| wera compared: CTECQH1L, EHLQ-1, and MT-2,
* Calorimeter response

Since e/ # 1, the calorimeter measurement of jet energy is not linear, The
nonlinearity was modelled in GEANT (UAZMIX), and pion response nommalized
at 200 GeV (as in a test beam). The response then varies by up to 10%
{depending on the weighting scheme) over the interval 10—5000 GeV.

In both cases the resulting uncertainty in jet rates is small {few %).

— effects do not seriously compromise the value of A that can be reached.

A =25 TeV remains "easy"”.

JM&

Table 2-13: Number of Jets expecied with L0b=! for varions E™, subsiructure scales nnd parton disteibutions,

Ef*'(GeV) 4500 3000 5500 so00

CTEQ-1L Disuibulions
Amco To4 0 13 N
10TeV ] A¥Y WM
5Tey  122¢ TH 47 T8

EHLQ-1 Disiributicns
A =co " In 155 7%
0TV 102 19 285 {48
35TeV 1108 869 1067 151

MT-2 Dislsibutions

Awe  T03 3N [ETI
J0Te¥ "m 49 m 1
3TV 1320 803 507 1

46071

60T
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Table 2-18. Number of juls expected with 10Mb=" in diferent chergy-weighting schemes as described In the Lext.

The CTEQ-IL antries ara from Table 2-15.

Ej"(QeV) 4500 5000 5500 6000

CTEQ-1L Distributlons

A= ™ 2 155 ™
25 TeV 1226 T4 L 1]

Energy-independent Weights

A= oo m I 157 1
15TeV 1257 130 461 28

Eucegy-dependent Weighty

A=oe 674 221 s 70
23Te¥ 1188 701 435 267

Possible future work

. inve:eirm eHects of other possible systematics in calorimeler response
e.g. cali-to-call miscalibrations, 5% offset in scintillator energles, efc.

+ do a real analysis involving fitting the pr distributions to get a better feel for
the errors

+ studies at high juminosity
estimate A~ 45 TeV with 100 ¢85

natr

07T

Relative responss

Relative response

Non-linearity 1n pion response
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Table 2.7-1: Choices of MSSM patamaters for the Uiree cases considered,
sleptons are Laken 10 be degenerale for simplicity. All inasses sre in

very

Case [ hay
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%2

Last cdiled by Paige, 5 April 1993, 2100

nolation.
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5!\", See Rel. 91 for the
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tanf 2 2 27\

200 GeV
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Summary of Muon Meeting

» Working Meeting to go through PAC
presentation

- fine-tuned agenda of muon parallel
session
e Joint Meeting with simulations group .
~ how to use CT and calorimeter to cover
muon chamber gaps
e Progress on muon simulation

- Yuri Fisyak SIGEM 2.0

- Torre Wenaus Hit Level MC results



May. 6, 1993
Yu. Fisyak
SIGEM
GEANT SImulation for GEM detector

Version 2.0

Base &ne 1 - vrs. ©
o § m— z -2 \’*S. i

TDR  —>vrs. 2
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SIGEM Page 2

SIGEM Page 1
SIGEM structure SIGEM consists of the following packages:
) « 5 — SIGEM 2.00/00 930501 12.42 GEANT3/GEM SImulation progeam
I have borrowsd L3 idea abont using GEANT for simulation of systems seering;
aed sobsystem: as combination of different level detailization description of
theme sywtom: ~ *SIGEM — Pilot for complete Simulation

~ SIGEM — High level steering routines for event Simulation
— SIUSER — Uiser routines for event Simulation

» Level 0 — NO detecior or aubdetector at all.

® Level ]| — System "dead” material
ystem as & - SIEVNL — routines coutrol one event g Yine
® Level 2 — Simgplified description {= mixture Jevel Calorimeter with . - P — i ed to hi
GFLASE) with HITS SISTE! routine relst one step/hit
- -~ SIHSTA — histograms
¢ Level 3 — Full description (Barrel dion) with HITS = SILUND — Pythia version for GEANT

- SIDATA — FFREAD cards defizition
~ SITRIG — trigger related topics
- SIRUN — FFREAD Run cards for standard GEANT run

— S§ICOM — Command (script) files for creation libtary and exe-
cutable files N
— SIPYTH ~ Run cards for standard PYTHIA/JETSET

1152 1i54
SIGEM Paged SIGEM Page 4
-m— .00/00 12.3 i Set
:a‘,,‘x"?g:l:;n:; 930501 1 eXperimental Setup of GEM de- —“TTGEI[!‘EIMpﬂdI-ﬁ!GEM.ﬂﬂH . .
- *TT GEM GEM Is, teacking uedis, standard ma-
- % XSGEM — Gegeral geomelry routines for GEM experimental trices and GEM as & whele
setup — ¢ TT FIELD Field map
- ® XSTRAK — Deseription of the central Track detector — * TT PIPE Beam pipe
~% XSCALO — Description of the Central Calorimeter — * TT TRAK Central tracket
- * XSMUON — Description of the high precizion Muon chambers ~ *PT CALO Calorimeter
- * XSMAGN — Description of the Solencid . & TT MEMB Membrane
- * XSFFSH — Description of the Flux CONcantratsr - - * TT MUON Muon system
— ® XSPIPE — Desctiption of the beam PIPE strd beam QUADrupole — * TT MSUPP Muon system support
e — * TT F¥SI Forward field shaper
« ut — UT'GEM 2.00/00 230501 12.34 GEM atility rountines, — * TT MAGN Superconducting selencid

- * UTBODY — Geaeral wility reutines for simalation sod tecon- =TT QUAD Low beta quadrapele
struction simulsted data — * TT SETS SETS and DETector definitions

— * GEANT DEV — Specific GEM / GEANTS / BBOOKA interface Fe

— * DUTIL/DRPACK /DMPACK/DVPACK — double precisien part #2
of KERN tib

« tt — TTGEM 2.00/00 930501 12.56 GEM TiTle data base TDR version;

431



SIGEM

o gf — GFLASH 1.41/00 930125 17.54 by Stefan Peters;
o g¢ == CALOR 1.00/00 930427 14.36 by C.Zeitnitz;

# re — REGEM 2.00/00 930501 12.46 GEM REconstruction.

- * REFUTY Kaiman Fit UTIY
- * RETSEG fisdiog and fitting of tzack segments
- * RETRAK GEM impli ion of GEANE pac)

1156
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SIGEM Page 6

Digitization has not yet impl d. Fot the muon system this topics
is in the agemds. Hopely it will be done by (V.Balagura + ITEP) in the
Bearest ome - two months.

SIGEM is instalied and supported now on VAX/VMS, HPUX and SUN
a8 isteractive, debug and batch version. The pies of different d
view are shown in Figures.

The SIGEM status can be expremed as the following:

« There is up to date (TDR) version for the GEM muon system includiag

the Draper support structure and some el of chamb
tion .
o The calorimeter [ 1) pouda to the N ber Base Line 2 de-

sign. GFLASH is instalied, debngged but not yet tested in the sense of
mpativon fell GEANT simrulation with GFLASH results.

# The Central Tracker model jn mainly ponds 4o the N et Base
line 2 design.

116 116
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Thers will be & meeting cof the Central Tracker group at 5an Diego on Tues.,
Msy 11, 1993 from 9:00am - 2:00pm. Location will be announced.
AGENDA
9.00 - 9:30 Genatal Discussion —— o '
Agenda for May 24th PAC Review MA+C"'I , ‘o
Rod. L!ﬂ,‘ﬂd o2
RECEWT M & D RESULTS: !
9:30 - 9:50 Silicon Detectors J. Brau wee ‘P,.-L-})rcTub '
5:50 - 10:10  IPC's at Indiama ¢. pover @
10:10 - 10:30  IPC Prototypas E. Wolin — y
16:30 - 11:00 Test Beam Instrumentation 5. Alam }a :
11:00 - 11:20 Silicon Electonics S. Hahn -?"':"'f &.L.),,r( N
SOFTHARE PROGRESS : F‘s < . .
- ~ B
11:20 - 11:40  Melynda Brogks === B’Jd "'RJ, l'? ) 3le sc'u\'hm ; g Hie
. A H a .
11440 - 12,00 Jenny Taomas — cabibration of a lgnn-uﬂ' = i
. pA .
1200 - 12:20 sham wexes — F' 3 8% @ 10 e e :
1 Tid '
12120 - 12:40 DLacussion e ' = .
e = Test beom plams - g§ '
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Event Counts

oYy

rifrrie LEF AR
Bipolar ASIC Noise Test ’
Conclusions
[ ) : : : . ; i ' : Things are progressing on schedule,
H . " i i

000 Bipolar
2000 Prototype semi-custom chip produced

; Packaged chip DC test under way
oo | : Wafer probing to be done

i - Full custom design to be submitted to Westinghouse with SDC

H [=%)
w0 4 ‘; - CMOS-1, 2
soon | k 16-ch version layout to be done by July

‘ VHDL-based design to be completed by October

i | FPGA implementation to be completed by Cctober
2000 4 .

E i ! MCM
1000 J. ! |

: | i | : Procf-of-principle fabrication to be completed by October

o ~cactl SR SOV NN TOVUNU SN R -+
B000 000 10000 11000 12000 13000 14000 15000 16004 17000 18000
Input Charge (electrons)
PR kel s Lind
S [ A S B S B SR RS B

Gaussian M AVEWLS : ‘ Prototype Test and Evaluation
Aes  Conler  Width  -Offsel : : : B .
LTale LTS Zes RSN : B Preliminary DC test (on packaged chips)
R : : : : : Power consumption: ~1.3mW/ch
Moise: ~1650 electrons RMS (Cd=16pF)
To be tested (wafer probe station being setup)

29 7 Noise, Time-walk
Radiation effects
: Controfability
. : : :

G IO AL T - ] £ Full-Custom Design Features To Be Implemented

72007 12740 369 0 (August '93 submission to Westinghouse sharing SDC Reticles)
e ] Reduce the positive fesdback from the legic output pulse to the preamp input
Cdet=16oF - Reduce impact from lower than expected PNP gains/leakages

Lower BLR cut-off frequency {additional 2pF)

Active load for input transistor

Inereased 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 curment sources common to multiple chains

Threshold and housekeeping signal amplifiers

+ \

ey : ; T ——
6000 8000 10000 12000 14000 16000 18000
: Input charge (electrons)
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18cm 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

Noise (1.0pFfem, 20 ohmsicm detector)
~2200 &~ RMS, near-end injection
~2300 e~ RMS, far-end injection

Interference noise, detector leakage current effects not considered

Time Walk (Leading edge trigger, 8k to 48% electrons input range, 6k equivalent
threshold voltage): May have to use Zero-crossing detection

24 ns, near-end

Ly T

26 s, tar-end ZTkue for % MP; Auch less R lnrsg Signaly
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pRUU T

B-jet Identification

--Use "large" impact parameter of b-
jets to separate them from other jets:

T

B-jél--Largs impact paramatler

<=

Generic jet--average impacl paramater

Separation is still difficult because:

1} Only an average of 5 particles/jet
above 0.8 GeV/ic

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

1i9%,

BrocekS

06 i'l"lrilljllilill

| % Biets
| + quark-jets _

Lk -
- ‘

Frgclion IDed as Bc-_jet

. + -
0 J_L+ITI+LTIJ_IT1LI]_I_
0 50 100 180 200

- Momentum {GeV/c)

204
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TRACKING EFFICIENCY

BEooKs

Cuis for B-jets

1) Look only at tracks found with
pattern recognition {(80-85% of tracks
are found)

2) Look only at tracks with pr=0.8
GeVic

3) Cone cut on tracks of R<0.5

4) Impact Parameter has
"correct'sign":

74. Axiz of jet

Ex: for tracks "above" axis, impact parameter
should be "below" axis.

5) Three or more tracks must have
impact parameter greater than 3,

where ¢ is parameterized tracker
resolution:

0=(24"2 + (200/p7)**2 + (3oo'cos(e)fpf)“2)y‘

1164
BRooxs JLEE
THRESMOLD TO NOISE = 3/1

i T
0.95 4

09+ k|
085 ¢

08 — = +

1000 2000 3000 4000 5000
EQUIVALENT NOISE CHARGE
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LASER SOVACE FRem 20 cm
(fast, current sensitive preamp)
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LASER = Ocm

(charge sensitive preamp < CEM)
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gemgen I

A Generic Monte Carlo
Generator Interface Package

Motivation
Overview

Generator Interfaces
Event Builder
Pipeline Builder
User Analysis Frame
Examples

o

Irwin, Shier + Sugdreonductng Super Colider Laboratary
.

e

Overview

* highly modular:

generator interfaces
event builder
pipeline builder
user analysis frame

+ flexible:

-« many possible configurations

- concurrent and/or sequential
processes

- customizable

- expandable

fe’

mm-mmm'ﬂmcuuvubmw

op}
&

Motivation

» standardize generator output

+ unbiased comparisons of different
generators

+ events which include signal and -
underlying minbias interactions

+ pipelines of interleaved signal and
pileup events.

o

reonductng Super Collider Lxmlﬂ
123

Modularity
« gemisa (usrisa): ISAJET interface
+ gempyt (usrpyt): PYTHIA interface
* gemspg (usrspg): Single Particle/Jet
Generator
* gemevb: Event Builder
= gemplb: Pipeline Builder
= usrgfa: User Analysis Frame
{Generator File Analysis}
gem?
L lwen Shesr - m Super Collaer Laboditinry /
1200



Configurations

generator := gemisa, gempyt, or gemspg
{usrisa, usrpyt, or usrspg)

s interaction study:

» event study:

»(usrgfa)

L'W"S":W-_S_umwﬂn' Super Colder Laboraiory
1234

—

Concurrent and/or Sequential
Operations

e concurrent:

+ sequential:

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_()

\_won Sheer - Superconducting Super Calider Laboratory

Ty

em
-
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Iwan Sheer - swerwnduﬂu Super Colickly Lsborstory

1250

Expandability

Gemgen can be interfaced to
any Monte Carlo generator whose
output can be mapped into the.
standard /hepevt/ common block.

\ mw-&o!wdmﬂs\n-rcmwnL

janye




Generator Interfaces

» gemisa (usrisa): ISAJET interface

* gempyt (usrpyt):  PYTHIA interface

* gemspg (usrspg): Single Particle/Jet

Generator

em

* ISAJET setup file;

TRUE MINIMUM BIAS SSC EVENTS
40000,100,0,0/

TWOJET

PT

5,100/

END

STOP

At S - Supsr Colicer Laberstory

e
]
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emisa

 run time parameter file:

* utg runtime parameters:
. :

! debug level

1 events to print using bepist

! events to skip B

! hepist list mode

! maxkimum number of generator errors
| maximum number of events 1o select
| cpu time limit

! select all events by defauft

! event output file

idebug_utg=1
nprint_utg=5
nskip_utg = 10
miist_utg =1
mxerr_utg = 10
mxsel_utg =-1
timel_utg = 300
josel_utg =1
_otlla_utg ="'

* isa runtime parameters

| events to print using prtevt
nskip_isa=0 !events to skip

idtpf_isa =0 ! decay table print fiag

cseed_isa = '225684492122301.0' ! rand # seed
rnget_isa="'"' | rand # generaior state get flle
rnput_isa = ‘random.dat’' | rand # generator state put file
dtble_isa = 'isajet.dat’ |isajet decay table

Hile_isa = ‘minbias.isa’ !isajet job file

end

nprint_isa =0

em

» run time parameter file:

* utg runtime parameters

1 debug level

1 events to print using heplst

| evants to skip

1 hepist list mode

! maximum number of generator errors
| maximum number of events o salect
1 cpu time limit

| gelect all events by default

1 avent output file

idebug_utg = 1
nprint_uig =2
nskip_utg = 10
miist_utg =1
mxerr_utg = 10
mxsel_utg = -1
timel_utg = 300
iosel_uty =1
oflle_utg ="'

* pyt runtime parametes
sqris_pyt = 40000.

nevnt_pyt =10
nprint_pyt=0

! center-of-mass energy

{ events to generate

1 events to print using lulist
nskip_pyt=0 ! events to skip

miist_pyt =1 1 {ulist list mode

iseed_pyt = 19780503 ! rand # sead
rnget_pyt="" ! rand # generator state get file
rnput_pyt="" ! rand # generator state put file
lfilg_pyi = 'HO_2gamma.pyt' T pythia job file
en

em

Jrwin Sheer - Superconductiog Super Coligé! Labormtory
e e
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gemgyt ems
* PYTHIA setup file: « run time parameter file:
MSEL=16 ! HO production : utg runtime parameters

MDME(184,1)=0 ! supress HO -> d d~
MDME(185,1)=0 1 supress H) <> u u-
MDME(186,1)=0 ! supress HO -> s 5~
MDME(187,1)=0 ! supress HO ->cc~
MDME(188,1)=0 ! supress HO -> b b-
MDME(189,1)=0 ! supress HO > 1t~

{suppressed)
: spg runtime parametes

nevnt_spg = 1000 ! number of events to generate

MDME(190,1)=-1 | supreas HO -> 1 |- npar_spg = 1 ! number of parlicles per event
MDME{191,1)=-1 1 supress HO -> h h- ipart_spg =5 1 stdhep id of particle
MDME 192,1L0 ! supress HO -> & e+ iseed_spg = 19780503 ! rand # seed
MDME(193,1)=0 1 supress HO -> mu- mu+ moder_spg =1 ! random mode switch
MDME{194,1)=0 ! supress H0 -> tau- tau+ modep_spg =1 ! p or pt mode switch
MDME(195,1)=-1 1 supress HO -> chi- chi+ nsppt_spg = 10 ! number of p or pt stepe or points
MDME(196,1)=0 | supress HO->¢ g nseta_spg = 10 ! number of eta steps or points
MDME(197,1)=1 ! allow HO -> gamma gamma nsphi_spg =10 ! number of phi steps or points
MDME(198,1)=0 1 supress HO -> gamma Z0 ppimn_spg = 1. ! minimum p or pt
MDME(199,1)=0 ! supress HO -> 20 Z0 pptmx_spg =100. ! maximum p or pt
MDME(200,1)=0 ! supress HO -> W+ W- etamn_spg =-2.5 ! minimum eta
" ethalmxAspg = 3.5 : m:lxllmum elt:i!(d )
PMAS(C6,1)=140.  !top quark mass phimn_spg = U, : minimum p egrees
pMAg((czs,k),w_ ! H&’ ,'.'L,, phimx_spg =360. | maximum phi{degrees)
H mget_spg ="' J !dra'ndon'; nun;b:rs;’tate gftﬁ}ile
MDCY{C111 ! inhibit pi0 decay mput_spg = ‘random.dat’ ran te put file
MDEY(C111,1)=0  !inkibit pi0 decays jfile_spg = ' 1 JETSET setup file
MSTJ(22)=4 ! dacayed only it in cylinder end
::gjgata 1 cylinder radius (cm;
500. ! cyllnder fength (cm
em em
Nl Shaer - Suvm:ﬂuctm Super Collider Lsborstory vt Sheer - Suparconductng Super Colkder Laboratory
1245 1245
o W — ™
em :
gemspg Event Builder
« JETSET setup file: (gemevb)
: JETSET setup
PMAS{C6,1)=140. !top quark mass . . .
PMAS czs,%=)=1oo. 1 Hl? r'r]nus + reads 1 interaction from 'signal' stream
MDCY(C111,1)=0  linhibit pi0 decays  reads a Poisson distributed random
MSTJ(22)=4 1 decayed only if in cylinder number of interaction from 'minbias’
PARJ(73)=4. ! eylinder radius (em stream
Eag.l 4)=3500. | cylinder length {cm
* smears interaction vertices
* outputs event
em em
mmrﬂpﬂmﬂmmml_uy__ .memﬂwwm
1244 1247
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Pipeline Builder
(gemplb)

* reads n events from 'pileup' stream
= reads 1 event from 'signal’ stream
* reads m events from 'pileup' stream

* outputs events

o

Iromn Shee: - Superconducting Super Coider Laboratory
*

1244

Examples

* gemgen examples (/gem/demo/gemgen):
- usrisa: customizable gemisa example
- usrpyt: customizable gempyt example
- USrspg: customizable gemspg ex'ample
- usrgfa: example user analysis frame

» gemfast examples (/gem/demo/gemfast)

See README files and manpages
or additional help

em
win Sheer - Supercanductiog Supér Colhder |.aborstony é’@)

1240

wwin Shesr - Superconducting Super Colader Laboratory

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. I

s

1245

b "0 Shaer - Supgrconductng Super Coler Laboratony

-AC++
object oriented
re-implementation
of gemgen

Coming soon to a computer near you...

o
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