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Abstract: 

Agenda and presentations of the GEM Collaboration Council 
Meeting held at the Holiday Inn in Duncanville, Texas on December 10, 
1992. 



-
Collaboration Council Agenda 

December 10, 1992 

9:00 Announcements, scheduling of future Yost 
Council meetings 

9:20 News of the GEM Collaboration, feedback Barish - from the PAC meeting 

10:00 Progress in Calorimetry Willis 

10:45 TDR Status Newman 

- 11:00 Break 

11:15 Project Managers Report Sanders 

11:30 - Physics Simulation Mcfarlane 

12:00 Lunch 

1:00 Muon Systems Progress Taylor, Golutvin, 
Nimblett 

1:20 Tracker Status Baltay 

1:40 Triviality Lane 

2:00 Test Results of the Indiana University GEM Bower 
IPC Prototype 

2:20 Dynamic Range at Zero Suppression and the Pre bys 
GEM Calorimeter Readout 

2:40 Precision Timing in a Liquid Ionization Takai 
Calorimeter 

3:00 Adjourn 

3:15 Executive Committee Meeting 
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EM Accordion Segmentation 
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\_ Arp.o·0'267 in Section 2&3 

Strip IOWCIS in Section I 
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Figure 2: Energy in active medium for 10 GeV photons a•f- 45°,) 
upper: with dead material but no massless gap; 
middle: without dead material; 
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Liquid Krypton Calorimeter 
Test Results 

0. Benary9, S. Cannon5, \V. Cleland;, I. Ferguson2, C. Finley5, 

A. Gordeev6, H. Gonlo113, E. Kist.enev3, P. Kroo113, M. Leltchouk5• 
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Do · k 6 ·'0 i· 4 vo 9 \·p · 4 JP ~ . nopnen ·o , ."\.. nuc i1n , 1 • ten , '. ruun , . . arsons , 
J. Rahel7, V. Radeka\ L. Rogers\ D. Rah1113, S. Tiescia3, 

.J. Rutherfoord2, l'vl. Se1nan5• 1\iI. S111ith3 , J. Sonclericker III\ R. Steiner1, 

D. Stephani3, E. St.ern;, I. St.\uner3, H. Ta.kai\ H. The1nann8, 

Y. Tikhonov4 

1. Adelphi University, Garden City, NY 11530 
2. University of Arizona, Tucson, AZ 85121 
3. Brookhaven National Laboratory, Upton, NY 11913 
-!. Bnclker Institute for Nuclear Physics, Novosibirsk, Russia 
5. Cohuubia University, New York, NY 1.5633 
G. Oak Ridge National Laboratory, Oak Ridge. TN 31831 
I. University of Pittsburgh, Pittsburgh. PA 15260 
8. SUNY at Stony Brook •. Stony Brook, NY 1119-! 
9. Tel-Aviv University, Tel-Aviv. Israel 
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BACKGROUND AND PHYSICS RATES 
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o Highly selective trigger necessary ( rejection factor 
of 1000-10000). Level 1 decision latency- 2-3 
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o Very low physics rate: . 
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GEM Full Scale Barrel 
Calorimeter Prototype 

• Full Shower Containment 
[-5o/o Azimuthal Coverage] 

• EM Accordion Calorimetry 
2 - 3 Full-Length go Sectors 

• Parallel Plate Hadronic Calorimetry 
3 - 4 Half-Length go Sectors 

• Limited End Cap Calorimetry 
[Hadronic Portion of 1st Layer] 

• External Scintillating Calorimetry 

• Cylindrical Aluminum Cryostat 
[5.5 m long; Liquid Krypton Fill] 

• Versatile Calorimeter Transporter 
[Horizontal; Vertical; Rotation; Tilt] 
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GEM Barrel Calorimeter 
1994-95 FNAL Beam Test 

•Goals 
• Full Scale Engineering Studies 

[Mechanical; Electrical; Cryogenic] 

• Achieve System Integration 
[EM; Hadronic; External] 

• System Test of Readout Electronics 

· • Resolution Studies at High Energies 

• Detailed Studies of Cracks & Gaps 

• Investigation of Barrel to End Cap 
Transition [Extending into 1996] 
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MWEST at FNAL 

• Layout for GEM Muon Studies - Phase I 

LATCMES 

CAL RETRACTED !,~!~: 

0 0 0 
OFFICE 

0 0 0 

aV.NROCM 

( LIQJID ARGON STORAGE ) ___ ___, 

For Schematic Purposes Only - Not Drawn to Scale 
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REVIEW OF MAJOR SSC EXPERIMENTS 

1!L 

PURPOSE OF REVIEW: 
~~'1/j.i 

The Technical Design Report (TOR) and associated documen.ts will be the 
basis for a detailed evaluation of the proposed experiment by the SSC 
Laboratory, in consultation with the Program Advisory Committee (PAC), 
and by the DOE. The purpose of this evaluation is to ascertain that the 
scientific goals stated in the Letter of Intent can be accom lished, that the 
propose e ec or 15 ec n1ca y eas1 e, an at t e co la oration has the 
resources and orszanization to build the detector accordin · · ,. · · 
scheclule and within tlie availaole budget. 

The evaluation of a major SSC experiment will proceed in two stages: 

STAGE I 

The first stage will be primarily the responsibility of the Laboratory which will 
call on: the advice of the PAC, augmented by a number of advisors with 
expertise in specific technical systems, engineering, fabrication, costing, and 
project management. It is the purpose of this first round to evaluate the 
scientific merit, the technical feasibili , the collaboration resources and 
management, as we as e propose cost an s e u e. e review will be 
based on the TDR and drafts of the associated documents. A satisfactory 
review will result in approval of the scientific, technical, cost and schedule 
goals for the project baseline and a recommendation that the collaboration 
proceed to draft agreements among the collaborating institutions. 

) 
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REVIEW OF MAJOR SSC EXPERIMENTS 

STAGE II 

The second stage follows agreement between the SSCL and the collaboration 
on the baseline and a credible fundin Ian, and will involve rimaril-­
representatlves o t e Department o Energy. It will consist of a detailed 
analysis of the proposed technical, cost, schedule, and management baseline 
of the project. The review will examine the TOR, the detector-specific Project 

....i Management Plan (including plans for quality implementation and advanced 
00 acquisition), the status of plans and agreements for institutional assignments, 

the Cost and Schedule (by WBS), and the Conceptual Safety Analysis Report. 
,A satisfactory review of the project will result in the acceptance of the baseline 
of the project by the DOE and will permit the start of fabrication of the, 
detector. 

• • • • • • • • • • 
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CONTENT OF TECHNICAL DESIGN REPORT 

The Technical Desi Re ort (TOR) for a ma'or detector should define its 
scienti ic goa s an te nica es1gn and thus represents a very important 
document for an experimental program that is projected to extend over many 
years. The total length (including figures, tables, etc.) should not exceed 750 
pages. The TOR should include: 

• A list of individual members of the collaboration by institution, indicating · 
the contact persons at each institution. 

~ -+ • A description of the physics goals of the proposed experiment and a 
demonstration of the capabilities of the proposed detector to address those 
physics goals. · · 

• A description of the proposed detector, including the overall layout and 
choice of technologies. Major SSC detector projects can l:>e divided into the 
following subsystems: 

a) superconducting magnet; 
b) tracking systems; 
c) calorimeters 
d) muon system; 
e) electronics, trigger, data acquisition and on-line computing . 

, 
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00 
0 

For each of these subsystems, the TOR and accompanying Cost and Schedule 
(including WBS dictionary) and detector-specific Project Management Plan 
(including plans for quality implementation, advanced acquisition, and 
configuration management) should contain details on: 

• 

- design requirements and performance goals, 
- selection of technology and potential risks, 

• - performance and cost optimization, 
• - performance of similar systems and R&D results, 

- future R&D and prototyping, 
- conceptual design of electronics and readout, 

• - calibration/ alignment schemes, and monitoring, 
- fabrication methods, 

• - assembly and installation, 1\.ef. 
• - procedures for maintenance and repairs, 'i{e.f. 
" - test beam needs at SSCL and elsewhere, 'R.ej. 
• - costs, schedule, and funding profile 1{ef. 
• - options for staging and upgrades, 1{ ef · 
• - potential environmental and safety issues, and "R_ef. 
• - subsystem management and responsibilities of individual 

institutions for this subsystem. 'IJef. 

• • • • • • 4 • • 
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• A description of the requirements for the interaction hall and surface 
facilities, and a list of other resources required from the SSCL. 

• An overall plan for assembly, installaD:on, and commissi.oning of the 
detector. 

• A list of the Environment, Safety, and Health (ES&H) considerations. 

In addition, the documents should include: 

• A description of the organization and management of the collaboration, 
as well as interactions with the SSCL. 

~ • A description of the resources of the collaboration in ~erms of equipment, 
engineering and fabrication fadlities, personnel (engineers, technicians, 
research scientists), and financial support. The distnoution of responsibilities 
among the members of the collaboration. 

-

-

• The projected total project cost, including a WBS dictionary, a funding 
profile, and the project schedule with major milestones. The cost should 
be expressed in FY1992 dollars, using "U.S. accounting methods," and 
should include all detector-sped.fie R&D I engineering costs. · 

• A summary of the financial resources of the collaboration, broken out by 
WBS in FY1992 ~ollars, for each fiscal year. 

• A list of associated technical notes and publications. 
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TDRTEAM 
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GEM TDR OUTLINE 
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EY'nltive Summary: DeteclOr Overview 
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Magnet Technical Design Report 
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Tracker 
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Computing, Controls, Networking 
Summary of GEFUR 
Assembly and Installation Plan 
Detector Operations and Access Plan 
Detector Beamline Interface 
DeteclOr Upgrades; Staging Options 
Neutron Particle Backgrounds and Shielding 
Beam Testing and Calibration 
Project Management Plan Summary 
F.nvironmental, Safety & Healdi Considerations 
Cost Estimate Summary; Responsibility Matrix; Funding Plan 

Separate Documents 

Project Management Plan 
Cost/Schedule Baseline and WBS Dictionary 
Preliminary Safety Analysis Report 
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Stroynowski 
Taylor, Marx 
Willis, Gordon, Rutherfoord 
Baltay 
Marlow, Shaevitz 
Mcfarlane, Connell 
Harris 
Harris 
Wisniewski, Harris 
Wisniewski, Morgan, Chapman 
Barish, Willis 
Marx, Wuest, Waters 
Yost 
Sanders, Baltay 
Woolley 
Sanders, Barish, Willis 

Sanders, Baltay 
Sanders, Barish, Willis 
Woolley 

• 

""' 



GEM TDR: CONCERNS and ISSUES 

• PHYSICS CHAPTER 

- Lead Experimenta1ist: Full Time 
- Time To Complete Studies: 3 Months, Based 

On Fixed Detector Geometry 
- Depth of Studies: Founded In Subdetector and 

Specialized Simulations, With Reconstruction 
, 

• PROOF OF DETECTOR PERFORMANCE 

- Neutron Fluxes; Hit Rates, Occupancy and 
Background Energy Spectra 

- Pattern Recognition Studies 
- Reconstruction in Non-Uniform Field, 

With Background 
- Reliable Estimate of Reconstruction and 

Particle ID Efficiencies 
- Data Flow: 'frigger and Online DAQ 

Complexity and Cost 
- Detector Calibrations: Test Beams and In Situ 

• OPTIM:IZATION OF PERFORMANCE/COST 

• DETECTOR OPERATION, INTERFACE, EVOLUTION 

- Access Procedures, Steps, Time Required; 
Including Impact of: 
* Magnetic Fringe Field 
* Materials Activation and Handling 

- Beam Pipe and SSC Vacuum Requirements 
- Lumin<?sity: Minibeta Upgrade Plan 

•MAGNETIC FIELD 

- Mapping Accuracy, Time To Map 
- Monitoring Instrumentation 
- Use In Muon Reconstruction; 

Momentum Resolution 
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GEM TDR SCHEDULE: 

DUE TO SSCL 

APRIL 3~, 1993 

MILESTONE DUE DATES 
Intermediate Drafts 12/18, 1/20, 2/17 
GEM Internal Board Reviews Completed 1/8' 2/3, 3/1 
Final Draft for Review 3/15 

·Final GEM ,Internal Review Completed 3/26 
Finished Chapters: All Text and Figures 4/9 
Document Complete; Submitted To SSCL . 4/30 
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GEM TDR DRA}..,TS 

DECEMBER18 ~ 
• Complete Draft of More('Advanced Sections: 

Magnet, Tracker, Installation, etc. _. 'Jtow7~J.llti( INAfl:f 
•Less Advanced Sections (e.g. Calorimetry, Muons): 

Complete Detailed Outline, Partial Draft; 
Plan and Schedule for Final Draft. 

JANUARY 20 
• Drafts Due For All Sections 
• Preliminary Drafts: 

- Complete Section Structure (3 Levels) 
- Summary of All Missing Text, In Place 
- Status Report: Plan, Schedule, Major Tasks 

for Final Draft 

FEBRUARY17 
• Complete Draft for All Sections 
• Final Draft for More Advanced Sections 
• Status Report and Summary-In-Place of Planned 

Revisions, For Sections Not In Final Form 

MARCH 15 ONWARDS 
•All "Final" Drafts Submitted To TDR Team 

and Internal Review Board; 
As Many as Possible Prior to March 15 

• Weekly Working and Review Group Meetings: 
General Status, Problem Areas, Scheduled 
Focus On Individual Sections 

APRIL 9 ONWARDS 
• Final Chapters In Hand 
•Final Chapter-Editing and Global Editing 
• Final Document Processing: Text and Figure Layout 

APRlL 27 - 30 
• Document Reproduction 
•Final Check In Time for Submission 
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GEM TDR DOCUMENT ISSUES 

• REQUESTS TO GEM LEADING CONTRIBUTORS 

- Serve As Referees On Internal Review Board 
- Additional Manpower for Editorial Board, 

and Production Team 

• FIGURE and TEXT INTEGRATION 

- "Figure Czar" (Physicist): Specifically 
To Review and Traclc All Figures 

- Technical Support for Figure Import, 
Editing and Page Layout 

- Professional Lab-Based Or Commercial 
Support 

• TECHNICAL DETAILS 

- Font Size and Style 
- PC and MAC System Monitor; Other Features 
- Code Management System for Version Handling: 

Central File Server; Simple Procedures 
- Symbol Table 
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PAC SUMMER MEETING: ~i- % J 1993 

During the week-long meeting in July, the PAC will review the status of the 
GEM TDR evaluation and address any issues left unresolved from the earlier 
meeting. The GEM spokespersons and key personnel are expected to be 
available for brief presentations and interactions with PAC members. It is 
hoped that afthis meeting, the PAC, after reviewing the GEM TDR and the 
overall initial experimental program, will be able to recommend that GEM 
proceed with the Laboratory to formulate the baseline to be presented to DOE 
and to draft agreements with the collaborating institutions. 
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SCHEDULE AND ORGANIZATION OF REVIEW 

TOR REVIEW:~.- ~.,U 1 · 1993 

During the week-long review of its TOR, the Gamma-Electron-Muon (GEM) 
Collaboration will be given ample time to present the project and to interact 
with the committee members. 

The first day will be reserved for an overview of the project presented by the 
collaboration in a plenary (and public) session. This will be followed by several 
days of work in parallel sessions during which the committee members will be 
given more detailed presentations and have a chance to clarify issues not 
addressed in the summary. The remaining time will be reserved,for preparation 
of the summary reports and lists of issues that need further attention or 
clarification. Following oral reports by the subcommittees, written reports to the 
SSCL will be formulated and discussed. 

The members of the review committee (PAC plus experts). will be grouped 
into two sets of subcommittees with overlapping membership. The first set 
of subcommittees will 'meet on days two and three and will focus on the 
subsystems listed above. The second set of subcommittees will meet on days 
four and five to address more global issues: 

a) interaction hall, surface facilities, installation, and safety; 
b) physics performance, trigger, optimization and integration; 
c) cost and schedule; and · 
d) collaboration management and resources. 

• • • • • • • • • • 
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DOE REVIEW: October 1993 (tentative date) 

Following a positive recommendation by the PAC and the approval by the 
SSCL director to proceed towards the establishment of the project baseline in 
detail, the Laboratory and collaboration will prepare and submit the following 
documents: 

- Technical Design Report, including uµdates and addenda; 
- . Cost and Schedule (including WBS dictionary) identifying separately 

procurements by the SSC Laboratory as opposed to other funding 
agencies i~ the US and abroad, and matched to the projected funding 
profile for the major SSC detectors; 

- -~Project Management Plan, including plans for quality implementation 
,and advanced acquisitions; 

- Safety.Analysis Report; and 
- Funding Plan, including the status of agreeme.nts. 

The DOE will organize a thorough review of these documents. An 
evaluation of resources realistically available to the U.S. and foreign 
institutions combined with assessment of the management, cost, schedule, 
and technical risks will form the basis of the review. It is anticipated that the 
process of arriving at an approved~baseline ~ill take several months. 

A summary of the proposed schedule and the projected results for the 
evaluation of the ~project is appended. below. . 
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PI-IYSICS PERFORMANCE OF THE GEM DETECTOR 

- - -·-;;___ 

0.1 INTRODUCTION 

---.~·:it..·' •·"T-t.·· 
....:..:.__ b• - ·"' ... ·:.; ·'.~.-'.·~ (,. 

3.1.1 B1·ief overview of elecb•oweak v.ud fi1J.vo1· f:lynunet.ry b~·.ei;i,J.cjngs. Other physics 

beyond the standard 1noclel. Physics at £ = 108s cu1- 2 r;;-l find at 1034 cn1-2 s-1 . 

<1.1.2 Brief stu11111ai·y of GEM cletectoi· featu1·es and strengths - "f, .e, ft n.nd C = 1034 cn1-2 s- 1
• 

.;.i.3 Overview / su111111ary of Vohulle 8. 

U.2 GEMFAST- PARAMETERIZED SIMULATION OF GEM 

8.Z.1 Overview of subsyste111s: CT, EC, HC, FC, MU, TR/DAQ - GPnPni.l descrip.tiou, 

coverages, cell sizes, acceptances. 

ri.2.2 GEMFAST para111eterization of subsyste111 responses. 

H.2.3 Plots of 11101nentu111 resolutions vs. r7 for CT, MU; chal'ge flignHk1m1ces; single­
pm·ticle eue1·gy resolutions in EC, HO, I'C; 111issing ET resolntinn, etc . 

. 2.4 .Jet definition and jet energy i·esolution . 

. : .2.5 Trigger strategies and efficiencies; special proble1ns of C = 1033 c1n-2 s-1 and 

1034 Clll-2 s-1 . 

. 2.5 Shortconlhigs, approxhnations of the physics sinl\\l~tio1;1;::;. 

) 
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'..i.3 STANDARD MODEL 1-IIGGS PHYSICS 

4 

i_;,3.1 n° -+ 'Y'Y (MH = 80 - 150 GeV). This and the a$:=;,o.ci.ated p1•ocluction process 

should be studied for cotipliugs s1naller than st&\ld(l.rd i;nodel (Eis in the 1nininrnJ 

supersynunetric standard inodel) to detenuine the liu).its of intennediate-n1ass 

Higgs detectability. 

t:.3.2 tt + n° -+ R.-y-y + X (MH = 80 - 150 GeV). This process will be studied at 

· hnninosities C = 1033 ciu-2 a-1 and 1034 ciu-2 s-1 • 

'.:.3.3 n°-+ zozo-+ f+f-R.+R.- for i = e,µ (MH = 140- 800GeV). For the 800 GeV 

Higgs, this process will be studied at£= 1033 c111-2 s-1 and 1034 cin-2 s-1 • 

. 
: .3.4 n° -+ zo zo-+ £+£-jet jet (MH = 800 GeV). 

'.3.5 n°-+ zozo-+ f,+£-vv (MH = 800GeV). 

· 3.6 New, auxiliary Higgs studies, if any. For exa111ple, z0 , f.± and decay-plane angular 

di1:1tl'ibutio11s . 

• • • • • • • • • 
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.. 4 lIEAVYFLAV(fR-PI-IYSICS ---- --

.:.4.1 t1 production for 1n1 = 140 Ge V and 250 - 300 Ge V in standard ( t -+ w+ b) and 

non-standard ( t --t n+ b for 1n1 > 200 Ge V) decay 1nodes and 1nass 1nea..,ure1uent 

via. the 11-ftµ and lllliltijet distributions. Tagging the tI events by an isolated 

lepton plu,q (l,~1 hli:hmive lllt\on fro1n b-decay is a 111ajol· test of GEM's abilities. 

The ehnrged Hi.ggs JlllWR will be Mu+ = 150 GeV a~1d we sba.11 af:lst\n1e the decay 

1nodes H+ --t c.s a1ul r+11, with Va.J'i.ahlo lwa.nchh\g r~ti.os. Idontification of w+ 
and n+ in dijet cleca.y nioc\es is Q.1). hnpoi·tii.nt t~~iusidel"Gt.ti~)ll be1•e . 

. . 4.2 If thne pen11its, we sha.11 1:1ti\dy the W polal'iiatio.1,1 hl t --t w+ b decay. This 

involves 1neasuri11g the angi\l(l,l' <:Ush·ibution, in the W rest fra1ne, of the dijet 

fron1 1'V decay relative to the W cU:rection in the t-quark rest fra1ne. 

i .4.3 Single technieta prodnction, gg -+ 1/T --t tl. The object is to see a peak in the tt 
invariant 111ass or in the JJT cUab-i.b.t.ttion of the top quark. 

'.5 JET PHYSICS 

" r.: t· .. ;) . Quark substructure in production of jets with high-pr and/or invariant 1nass 

(deviation fron1 QCD cross sections at JJT ~ 4 Te V). Studies at C = 1033 cn1-2 s-1 

of the ISO 1nodel with substructure scale A,...., 15 - 20TeV. Special attention to 

jet energy 1neasure111ent issues! 

: ;,5.2 Studies at C = 1034 c1~1-2 s-1• Are these feasible? If so, what iR the reach in A'? 

' .. 5.3 Devise a progra111 for 1neasuren1ent of the parton distribution functions in exper­

i1nents at low huninosity and carry out typicu.l shnulationf:l (if titne pennits ). 

) 
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-~ .6 PHYSICS AT ULTRAI-IIGH LUMINOSITY 

3.6.1 Quark/lepton substructure in qq -+ JL+ µ- at high invariant inass (a deviation 

fnnu the Drell-Yan cross section at M ~ 2 TeV) at:id ultrahigh huninosity, C = 
1034 c111-2 s-1 . Detenniuation of the chiral stt·uot\i,re .of the contact interactions 

for substructure scale, A = 25 Te V. Reach in A hi 01;i.e SSCD. 

fi.G.2 Signal and backgrounds for quark/lepton substl'1.\Ct1.tJ-'.e at the scales A = 25 TeV 

in the Drell-Yan process qq' -+ JL±v. Chiral structi.1,re of the contact interaction 

will he probed via the Tlµ distribution . 

• . 6.3 Signal and backgrounds for Z'0 -+ .e+ .e- I with .e± = e='=' p±. P1•ecisio11 ineasure-

1ne11ts of tnass, width (via e+e-) and asy1n1netries (via. p+µ-) f~lr Mz1 = 4TeV . 

Deter111inatio11 of the reach in Mz1 in 1 - 2 SSCD. 

:.6.4 Signal and backgrounds for w 1± -+ .e±,/,, Precisioll l)_}ef),IHlJ'ellHlnts of the inass, 

width and asynuuetry; detennination of the reach in MW', 
' 

... 6.5 Signal and backgrounds £01· color-singlet Pf-+ Z0W* ..-t e+e-e=*= + J/Jr .and e+e­
jet jet . 

• • • • • • • • • • 



, 

~ 
~ 
~ 

) ) ) ) ) ) ) 

,,h __ .. ··---=:... :: . '1 ··:.:;:~~.!~?~'.~; ·j . --- - .::-·-·" •:(: . . .. 
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, . 7 MISSING Er PHYSICS -. SUPERS"\:'J'flMETRY 
: ... . ..··-\·- ... ,.:i:r-~<::·,.;:·.:. ,: I . 
· 7.1 Missing-Er require1nents on the detector.·.:,. 

. :: :.;'.·_-.)~'_; .f}~~::::_!~· <.(!: j.:1·· 

:7.2 gg detection via the $r signature.,;:/!;)i,{ '. '.
1
'·.:,. 

•f'.·1'l• •,,I, I . «' \ !·1 
' •.. :-: : ')I\ ,~~ s ··'•. (:"1 

7.3 9if detection via. the likesign dilepton:'sig1iature, Altho1.lgb not strictly a 111issing-
, ···.··~,--·_,. '1 j 1- ! 

. energy process, this cornple111ents ·the, prececlii1g search. 
' ;': ' .. ;.::·.-l'.~·.,:;.: .• :. :i.·.;j. . 

· 7.4 $quark p1·oduction and detection via ·u.~;JPT.signature. (Is squark-gluino p1·oduc-
• ' -, "'"''"· ', ._,, .. ,I 

· · tion useful and/or interesting?)'f , ;>;·.;·{'.: :·;;;.f · · · 
, •, ·:·:;:, :.;;o!;.11 . 
" -~ · ,•!.( i. ,.1,.,1 . I\, • · 

' 8 CONCLUSIONS ·; >:'ii"·'.,·,::!· .. ' 
, ··'·-'O .... ..,;1;:'-,,": .. ,-,:_t., ·1 · ' 

· ... ··r:--~x~·:·c~l:~/:.~:.t-'..:; · · 
9.1 StunnUU'Y tables of discovery significanc~s, ,reach, discovery /reach thne, ina.<>s res-

ohttions, et.c. Brief su1111nary disc~ssio11s. ;-,· ! / "' 
" . ·-' ... ·,: . ; .. -.;:' ~ ·{ : -. 'l ' 

't: >•; 

9.2 Plans £01· futu1·e shnulations work ..:.: both detector and physics, A aet of pos.sible 
· ~· phyaics shuulations is given in the· ;,~~c~1~d Jriority" list of K. L. 'a J aoua.ry 20, 

• '. -~ . . ._ I f 

1992 11ie1no, "Physics Shuulations f~r: tli~ '.GEM Technical Propoaa.l", This needs 
t , __ ..... :· .. 1 . ·' _ ~·; I'· ·. . 

11101·e thought I · ·. ; .. :' , ::: , i ;i :' : :· I 
· . · ·. r:::;~,~~,1i,'.1l;~l;f;:·:J 

: ~. _· -'."~~1'~-iit-'.f ~,f :};p: .!~ .·'J ... 
: .: .1,,a,~ ......... 1 .. :~;.,1 1. , .• j.. 

:";~ .·.;~ :i\~·.,r.:~i-1'- "I· 
· : .. ~,.: ·"i'·Yv.,;} 
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GEMi5iliZit7iiijtfv-~·· ri~:? .. ··>t~~,~~~:i~~-!"';"~ ):-:··;$~'~b~ ·•·. . ,nf!'"" .·. 

Barrel Calorlmeler 
2 Endcap Total 
Sein!. Cal. & SI. SI. 
2 Endcap PA Total 
2FWHTotal 

3700 

Weight 
= 433Mg 
= 759 M.g 

= 1236 Mg 
• 196Mg 
1 30Mg 
2654Mg 

t 

Volume 
24135 L. U<r 
38475 L. LAr 

I: 4950
5500 

. I 'I 
i----------4550 -

4400 ·1 
Passive_ ~Ol'.ber 130 MQ 

Stainless Slee! Tube 

PM T's 

Sralnless Sreel Ti 
81 Mg 

_(' 
6\ 
~ 
11 
;,;p 
CA 

• 

~ \ 3610~73 l ~, ~ ~~ 
,ti. : 2823 E FM CH (-

2268 (C~) (Cu) 145 

"'ff ~ t 

• • 

10n95p TRACKER C 628 

-- -- -- l ---;;- -=r 618 476 570 rt-
~--- 2214 ------i 
~--~-2972~-...:._--~ 
~-~---3535 ----~-"'"'! 
1..--------4227 ----------i 
i..---~~~--4482--------~ 

l: . 5089 J.o---------- 5640----------~ 

• • • • • • • 

Kb,.latil9 :gem 1Mt/Vol2:t:?1117 
Da11.i 1.211·11Eno~.2•·• 
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l Background X-Section 
H-+ 11 Searches 

.~ 

'· "YI 7-jet 2jets 

Pt > 20 GeV 280 pb 240 nb 2.0 mb 

Er> 20 GeV. l11t < 2.5 100 pb 80 nb 530 µb 

M 7-r > 75 GeV 42 pb 34 nb 240 µb 

Rejection Needed 800 6 x 106 

Final Background 31 pb 19 pb 20 pb 

Single Photon 31 pb 17 pb 10 pb 

Jet Background 2 pb 10 pb 

Note, the Jet background may be reduced by opti­
mizing kinematics cut, such a.s requiring high PT on 
photon. ' 

Significance of 80 GeV Higgs 

11 Background All Background 

3.7 2.8 

1.5 k-Factor 5.6 4.2 

Note, EHLQ set 1 structure function is used. 

\ 
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..... ..... 
co 

u.OND"'Y DEC 7th ·· c" '/}\l)'1Jt,)J.,,,J ;:,, ,,· , 
£•J; n ,•. : ':::.· : .. ~!; ~~~l~¢~~:r:~~~~~;,,t!_f: ;·:· f ' · .. 
-------------- . . ~· '<:;~ ::·,::·J:.~-.~~t:if:~~;·~~rt~~~~t···· .. •.:" .-_, 

. 9:00 am. Goals of Workshop -- McFarlane~lAW6mersley ··, ,, · 
9: 15 am Discussion of Agenda and. Workshop) organization · ··,·. 

'"• ., .. ,, 
"i!' 

"•' f ... , • 

·:·;_;i' -~: .;~>.;t::_ .. <-! .:··:"!.:·i· . 
Goals . of simulation -- Group - . ' '' ,,•::: ': : ·: " · . . 

Important effects (missing energy, resolution~ lback9rol.Wds, pileup,·•• 
... 

pointing, pizero) ·· '. . . . . ' · . I 
Simulation types: global, partial. :- •.. : ·. , I , 
Physics: key processes : ·., · . , ·.· · , 

. ' 

Time scales: TDR, PAC' 93, future · · .. · .. · ; .• , :: i 
Impact on other system8 (e.g. muons. -.:trigger,! dE/dlc ... ) 

-· .···:;:(:~'.:...:'.~:-_;;;_~:·.:>i,._, ·:·~~r _J. 

10:15 SSCL/GEM approach -- I. Sheer :.• ·1. :r;J ... " .. ;, :!:.: 
lo 45 I t th t .. ,,.·"'""'""'lo: •...• 1·!.1,.·, 

: mpac on o er sys ems . . y, ,,, i.!'.l.:i.r;~;J.·:/·i'''':I· 
Tracker -- Jenny Thomas ·, ; :,:; ,~~;J-'..\(\f ':.J!' : 
M On S t P Di ·:· ·: ·h:•l"·-1; , ..... ., •. , .... 1 

u ys em -- • ngus .'.\'.!;\~;~;~·'ii!_;:~::;,:~+::r·.: .. ~~!:~.~~ 
:·j~··-.·/::: ... '-',·~;~. i-t·.· •r•.,·1,•·1 
:iJ.lll;i'l:i·!~~~~ :;fl~q ri::~ 

11:15 am GEANT: .~~t~t:~!;~~~~f.\:;111,:, :··· 
GEANT 3.16 (what changes from 3.15).1 .. ~\Leef:Rqberts 
Volume search algorithm -- Lee Robertsli~-;t~:l.~Wf~d'. 
Optimization strategies -- Lee Roberts ,1)i~ket1 Seman 
Speed of searchi~g in different volum~~.f~~;.f;.~?,:~:i,ij' 

'r: >t-' I ·I. ' ' " ·. 

11:45 am CALOR89 interface -- Brent Moore;~:.:,'.::;,' . 
. . . ~.· ":. ' ·. ! 

. '. •. : I :•. ' ' •, <'. : ;' . ' ~ I : I · . 
12: l,5 pm LUNCH . : :; , :'· :,<' :,·, · . 

. _;•,::-.~.~-'(\'L,.:·:J:: ';' . 

1: 30 pm F;xistinq SSCL/GEM simulations ·. ·· ;,;•;'':;~:}'':)!.:. 
SIGJ!iM stl'ucture -- Yu. ___ !'isya~_(30S,~lls> : : 

' :, ~-.;~.;,,-"'~'~it· -~" t 

gernfast structure -- T. Skwarnic~f~~t~.P :.n?-ns) 
· · ·. 1.,,;.it'°'\1 :,;,;\.. :t.':":.: :_·_- I . 

Parameterizations 1 · · ., "i:,i:t1'.·:~. ·.i:·. 1 ~ i · 

·'' ·~-

'!:',i: L_j, 

"<i, 

____ ... _ .. ___ • t' -

... 
·.· 

··. 
' 

(Parameterization in gemfast -- T. Skwarnickii,, · 
Hl approach (latest version derived froi:n~::g~l~'s~) ?? (Stefan Peters will 
come to a later workshop) •, · • .· ·, ·· .. 
Mixture level descriptions (range of validirY>! -; ?? 
Shower parameterization (Range of validity) ... -

1 
?. 

Shower library techniques -- ?? ·· · ' · , 

, 



4 

' 

1--" 
l\j 
0 

·:-..· 

2:30 pm Special Geometries · .... ·: 
Accordion -- SemanjLelchouk. . "· ):•.J J' : 
Strips ( 'preradiator') -- H. Ma , · . \ ... : ·. :; i 
Asymmetric segmentation -- ?? .. , · :;:.:) :j ·•· .i . 
Plate -- ?? ·· ·-:; ·""'.''! 
Axial fiber calorimeter -- ORNL person?,/';;: r~.:,::·:I 
Simulating fibers in detail -- ?? · · · .. }:«, 1'.'

1 
:: 

. ', ; "::::'_·- .. ·.::·;!·:. ! •1 

Speed of simulations · . · " .,. , , · . ' " I 
Comparison of approaches (Gemfast, UAZMIX,· SIGEM -- 11.uthors) 

. . . . I 

Features 
Massless gaps 

j ; -~ ' ' ' :. '. ..: ' i 
' ' • •. ·. ,-;,:·, ! ••• :x i 

<6100 pm Discussion of Working groups/Assigmn~nt.s I 

.· .• /;;.,_J .. ,'.L I TUESDAY DEC Bth 
., ... ~t .... ,.,.I. 

'·. 

' • ·.l ';;~~·i-:'i·-~~-~i:'·l\:;·~ ~ 
9: 00 am Data structures ( HITs, DIGitizations :~~~f()nnation) -- Womersley 

i_ •. i;·:·~r~'::.:.:v 1 ,:-;1i:· 1·-·· · · 
' ' .- .. ':• ' 

Data structures expected from DAO and algo:r;ii:hms}for. finding .energy and time 
from samples. -- Henk Uijterwaal · ; : ,:•;:1.;:·~;ij;~;·::Lj , · . ·.: .. •, ~1 ;-;~; ~t~~· :f· ~-·;_~,;;· ~1·:; ·-:'·i _: :' 

More on CALOR - c. Zeitnitz " . : .:•.,;.; •.. c,":::;: ',.;:: 

Algorithms ···. ·: · 1\~.i;·J::.:··';: l 
'1 ,' 

Weighting factors in heterogeneous systemsi':-:- i?~ 
Clustering algorithms in gemfast and CLEO ·-~~T .• iSkwarnicki 
EM pattern recognition/reconstruction -:-:.?? ; '. ·. 

Pointing, pizero rejection ' . ·. ... i 1 

Jet finding -- ?? . ' ·, · ' · 1' I 
Jet energy reconstruction -- ?? . ,. -~·· ;.:. 

' " , I . ;., ' I 

Pile-up and noise · · :: ,., :. · 1 · · i . ~, ... - ,, 
Simulation and parameterization techniques· (10 3.3 and 10 34) -- A. vaniachine 

(Pulse shape parameterization -- ??) . : .... .','.·,. · I .. ·' 
: ... ,\ .. ". '· ' -. ' ·j . . . . 

Integration Strategy -- Womersley · .. · · . · . · , · . · 
GEM calorimeter simulation plans -- can«we:coordinate to maX!mize use of 

• 

manpower, computing facilities and optimize results? . · · 
Descriptions of simulations at Columbia, ,,BNL, ORNL, CalTech, Mississippi? 
Coordination of fast, mix and full simulations -i- ?? 
SIGEM and its data structures -- Yu. Fisyak · . • ·• 
Conunon MATE, ROTM, GEOM, HITS definitions-- ?? i 
GEM tracker and muon simulations -- J, Thomas/I.; Sheer? and P. Dingus? 

• • • • • 4 • • • 
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F.E. Taylor 12/10/92 

STATUS of GEM MUON 
SYSTEM 

•Baseline -2 (post BNL Meeting) 

================================================ 
Region: 

L-1 Triggering* 

Tracking** 

Backup option; 

*Trigger 

**Tracking 

Barrel 

csc 
csc 

RPC 

ROT 

• Technology Decision Process: 

1/15/93 - Review R&D results 
CSC: resolutions, large chamber, etc. 

Endcaps 

csc 
csc 

RPC 

ROT 

ROT: deployment in EC, rates, lifetime, L-angle, etc. 
RPC: deployment in EC, rates, jitter, etc. 

2/15/93 - Review of Costs 
Chamber, Electronics, Support Structure, Alignment 

131 
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For today: 

• Progress on Muon Support Structures 

Frank Nimblett - Draper I.ab 

• Highlights of Chamber R&D Program 

RPT Andrey Golutvin - SSCUITEP 

csc . KLOof\~ La.Lo\. - \) H 
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MUON SYSTEM SUPPORT STRUCTURE OPTIONS 

• ORIGINAL OPTIONS 

• Modules attached to magnet crown 

• Monolithic barrel region structure "Bigwheel" 

• RECENT STRUCTURE OPTIONS 

• Modules built into a monolithic structure with separate end 
1-6 rings. C.l'1 
00 

• Modules with extra support structure built into the module 
which are assembled built into a monolithic structure. 

• Minimum structure modules, incomplete structure, which 
creates the classic "monolithic bigwheel structure". 

• RECENT MODULE OPTIONS 

• Independent barrel and endcap region modules 

• "Super- Sector", barrel and endcap regions in a one structure . 

• • • • • • • • • • • 
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MUON SYSTEM SUPPORT STRUCTURE DECISION 
FORTDR 

• Muon support structure will be independent monolithic structures 
for both the barrel and endcap region. 

• In the barrel region, the monolith will be fabricated by installing 
muon modules between two independent support rings. 

• CDS End ring, in the projective space near CDS 

• FFS End ring, in the space between the FFS support structure 
and the end of the magnet cryostat. 

• · Endcap monolithic structures will be fabricated from modules 
whose detail designs are not yet defined. 

• Assembly of the monoliths for both regions will be done in the 
North Assembly building. 

) 

• If possible, the two region monoliths will be merged and aligned in 
the North Assembly building. 

• Option for late installation of the endcap region monolith utilizing 
the the FFS as an installation fixture will be maintained. 

, 
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GEM MUON SYSTEM STRUCTURES 
BASELINE II 

(2,3,3 Chambers per Layer-PROJECTIVE GAPS) 
Barrel Interconnecting Plate Structure Illustrated 
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WHY MONOLITHIC STRUCTURES ? 

• STABILITY, STABILITY, STABILITY 

• Barrel region attachment to magnet at four stable points 

• Endcap region monolith attached to barrel region monolith 
Forward Field Shaper can be used for installation only! 

• Sensitivity of sagitta related deformations to random vibration 
inputs through the magnet is 3 to 10 times less than for 

~ independent module concept. 
O') 

00 
• Less than 1 micron rms (relative lateral displacement of muon 

superlayer) for conservative ground motion input to magnet of 
0.0001 g's rms from 1-20 Hz. 

• Total error budget for sagitta measurement 25 microns rms. 

• Down-hole installation time is minimized 

• Schedule flexibility enhanced due to assembly and initial 
alignment in surface facilities 

• • • • • • • • • • 
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WHY MODULES ? 

• Ability to have meaningful prototypes ! 

• Muon tower prealignment can be done in a controlled, safe 
environment ! 

• Assembly of muon chambers into modular support structure is 
easier, safer, and has significant potential for learning curve 
improvements ! 

• Independent region modules assembled into independent region 
monoliths maximize scheduling, maintenance and staging options! 

*************************************************************************************** 

• 

WHY MODULES INTO A MONOLITH ? 

MAXIMIZE POTENTIAL TO REALIZE THE BEST 
FEATURES OF EACH STRUCTURE TYPE!! 

• • • • • • • • • 
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CONCLUSIONS 

• Muon Structure recommendation for muon system for TOR has 
been made by muon structures engineering staff. 

• Structure recommended for barrel is "modules assembled into a 
monolithic structure utilizing separate end support rings"( 4 point 
mount to the magnet cryostat ) 

• Structure for the endcap region will also be "modular, assembled 
in a monolithic structure" (Attached to barrel region monolith) 

• Decision on structure permits focused engineering on muon 
structures as soon as muon chamber layouts are established. 

, 



LAST BUT BY NO MEANS LEAST ! 

• Engineering staff contributing to these structures evaluations 

• SSCL -- Mike Gamble, Coleman Johnson, 
Jacques Pier-Amory, Kris Schludermann 

• LLNL -- Allen House, Rick Sawicki 

~ 
-J 

Draper Marty Furey, Tom Hines, Tom Lee, N • --
Frank Nimblett, Rick Sapienza 

• Martin Marietta -- Bob Humphreys 

• GEM management 

• • • • • • • • • • • 
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UH CSC Prototype 

• 3 layers of 1.0 m (long) x 0.5 m precision strips (pitch = 5.0 mm = 4 

mm Cu + 1 mm gap) 

• 3 layers ( 12 chambers per layer ) of 66-cm Iarocci-type carbon-coated 

(4 kn per square) profiles with 45 µm gold-plated tungsten wires 

• standard ( 75/25 Isobutane-argon ) gas mixture in proportional mode 

( 3.0 - 3.3 kV) 

• 10 (top), 9 (middle), and 10 (bottom) strips at center from the three 

layers are instrumented with preamps (gain~ 1000) and ADCs.' 

• preamp outputs are routed via 53-m RG174 coaxial cables to Lecroy 

2249W ADCs with an integration time of 500 ns 

• trigger on 2 top scintillators and all bottom scintillators 

~ ml4on 
~ -tor Sc.i"'t·fl(til.~,oy 
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Runt: 666 Events on File: 45442 groups on file: 2 
Eventi: 4200 Fri, Oct 23, 1992 17~45 -
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______ c::=:::J c=::i __ 

33 43 26 42 135 77 144 30 36 530 544 543 

-
-

544 543 

-0.01 0.02 -0.01 

-
- - .i.R - 2.: -z.. 

-
-

178 



Run#: 666 Events on File: 48472 groups on file: 2 
Event#: 4282 Fri, Oct 23, 1992 17:45 

_______ c:::::::i I c==i 
5 11 4 20 21 24 135 75 131 26 18 2000 

------= I . 
0 3 4 18 11 9 82 4d 

---=om D -=c:::::J 
10 60 72 146 53 42 54 

-0.514 1.027 -0.514 

37.469 38.613 42.839 
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D 
2 IQo 1008 16 2000 
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Analysis Procedure 

.. 
• Fast Filter at TTR 

- select events with at least 1 strip with > 100 ADC counts in each 

layer -
• Pedestal and Ga.in. Corrections 

- apply pedestal (20-40 ADC COlll:.~tf!) subtraction and gain correc- .. 

tion ( 1.00 ± 0.1() ) to. all ADC co.unts. 

- ADC counts set to 0 if corrected counts are < 0. 

• Fiducial Cut 

- locate peak channel in each layer and require peak channel to be 

at least 1 or 2 channels from uni:nstrumented strips 

• 6-ray Cut 

- remove any event with 1 or more ADC overflows (> 1900 raw ADC 

counts) 

• Locate Cluster Centroid 

- determine c.o.g. of the hits for each layer ( Zcog) by using a weighted 

mean of 3-strip (zC3 l) and 4-strip (zC4l) c.o.g.'s 

Zcog = 1 + ~ (z(3) - z(4)) 

w = strip pitch = 5.0 mm 

180 

.. 

.. 

.. 

-
.. 

.. 



-

-

• Systematic Correction 

- apply a 3-term-Fourier-series systematic correction of the following 

form 

[ 
• (21l"Zcog) . (41l"Zcog) . (61l"Zcog !::J.z = A x sin - 0.077 x sin + 0.041 x sin )] 

w w w 

A is varied in the range : 60 < A < 100 µm 

A= 117.1 µm according to monte carlo with a point inducing charge 

A ~ 80-90 µrn gives best results 

• Systematic Alignment Correction 

- middle plane is found to be off by ~ 33 ± 5 µm relative to top 

and bottom layers. 

- correct Zcags in the middle plane by a systematic shift of 33 µm. 

• Track Fitting 

- fit the corrected points (least square) to a straight line 

• Resolution per Plane 

- residuals in the top layer (Rt) within ± 150 µm are fitted to a 

Gaussian + a constant. 

- resolution per plane u = J6 u R, 

181 
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Z(cog) - Z{reol) (micron) as a function of no of strips 
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Summary of Results ( Preliminary ) 

• Averaged over ± ~ 6° 

HV(kV) 

3.1 

3.2 

3.3 

u(µm) 

74.8 ± 3.9 

72.0 ± 3.5 

56.4 ± 2.0 

• Averaged over all angles ± ~ 8° 

HV(kV) 

3.1 

3.2 

3.3 

• Normal incidence ± 2.W 

HV(kV) 

3.1 

3.2 

3.3 

u(µm) 

78.9 ± 3.6 (96.3) 

73.2 ± 3.0 

59.7 ± 1.9 

o-(µm) 

66.4 ± 10.7 

62.8 ± 8.6 

37.9 ± 3.0 
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R & D Prototype Program 

1. Silicon Tracker · 

a) 18 cm Barrel Ladder 

b) Foiward Disc 

2. IPC Tracker 

J.Brau 

D. l.ee 

U. of Oregon 

Los Alamos 

a) Reduced size prototype C. Bowers Indiana U. 

with final working 

parameters 

b) Fullsize Barrel Chamber C. Baltay Yale U. 

c) Fullsize Endcap Chamber 

3. Test Beam Setups 

a) Silicon Ladders 

b) IPC Chambers 
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Letter of Understanding 

We, the National Science Council on behalf of the Academia Sinica, the 
Universities and the Industrial Technology Research Institute, and the 
Superconducting Super Collider, express def"mite intention to proceed in 
accordance with the Cooperative Agreement (as attached). 

1. Upon the signing of this letter, the following will start immediately (with all 
terms defined in the attached document). 

a) A start of the .scientific exchange program 

b) The startup of the strengthening of the research groups and their 
infrastructure in Taiwan 

c) A start of the R&D (Research and Development) program and the 
· collaboration on the engineering design of the GEM Central Tracker 

2. Formal agreement will be signed upon the completion of due review process 
and approval from the relevant agencies of both parties. We expect this 
completion should not be later than February 1993. 

Executed by the parties this day of ;tJ;;r1.:~, 1992. 

For Superconducting Super Collider laboratory For National Science Council 

'(,!:~ UuA•f 
Yii Der Chuang R.SchWiers 
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Test Results of the Indiana University 

IPC Prototype 

Chuck Bower 

10 Dec 1992 
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GOAL: 

Detennine the position resolution for a prototype 
interpolating pad chamber (IPC) which has been configured 
with the characteristic geometry, baseline gas mixture, 
and front end electronics of the proposed GEM Central 
Tracker. 

PRIMARY CONTRIBUTORS TO THE STUDY: 

Chuck Bower 
Mark Gebhard 

Jim Musser 
Jim Pitts 
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Chamber Vital Statisics 

Sensitive area 
Chamber thickness 
Anode wire pitch 
Anode-cathode separation 
Cathode inter-strip separation 
Cathode strip size 
Number of cathode pads 
Anode wire 
Top (non-readout) cathode composition 
Bottom (readout) cathode composition 
Chamber wall composition 
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Position Resolution with X-Rays 

Advantages of X-Rays: 

I. High Flux. 
2. Continuum and Une sowces. 
3. Easily Collimated 
4. Tests can be perfolmed in a Laboratory (i.e. don't need acoeleralor). 

Disadvantages of X-Rays: 

I. Localized ioni7.ation,, unlike long trail left by MIP. 
2. Photoelec:tron & Avaer elec:bon paths can be long and are in 

random dinctiCJas.. 

Choice of X-Rays for our tests: 

1. Vanadium Kline (4.95 keV) for PIO gas. 
2. Tungsten Continuum,. with software energy cuts at l.S<E/keV<2.S. 
3. Rectangul• Co'lli11 s • (20pm >< 7Sµm approximate sim) all tests. 
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100 10 1000000 
Entries 2559 

80 
Me on 0.6235E-01 
RMS 0.5038E-01 

60 

COUNTS 
40 

20 

0 
-0.1 -0.05 0 0.05 0.1 0.15 0.2 

POSITION(mn1) 

Test Conditions: 

1. Bremstrahlung X-rays from Tungsten tube. 
2. 20 µm wide slit collimator. 
3. Prototype fast front end electronics. 
4. LeCroy 2249W ADC. 
5. Pulse height for 3 cathode pads and summed 

anode recorded. 

Analysis Procedures: 

1. Cut on event anode energy l .5<E/(ke V)<2.5 to 
simulate MIP. (Energy calibration from Fe-55). 

2. Cut events with very low or very high ADC values. 
3. Use 3 parameter fit to Mathieson Distribution to 

detennine individual event locations. 

NOTE: No corrections made for: collimator width, 
Photoelectron Range (25-80 µm), or electronics noise. 
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80 0.6 

62°/o c~ 
38°/o CQ 

2keV 
70 

Xray 
Position 0.5 
Std. Dev. 5Fe Energy 

(j..1,m) 60 Resolution 

0 (FWHM/pk) 

0.4 
D 

50 

40 
2.1 2.5 2.9 3.3 3.7 4.1 0.3 

Gain X 10'4 

Resolution vs. Gas Gain 

Gain Determination: 

I. Assmne Q(in) = E(X-ray) / 34eV 
2. Q(out) is found from Oscilloscope Pulse in 2 ways: 

a. Q(out) = Pulse Ht (V) / Capacitance 

b. Q(out) = Pulse Area (V-s) /Resistance Load (Q) 

Energy Resolution determined from MCA pulse height spectrum. 

Position Resolution detennined from RMS of distribution for 
single point (collimated) X-rays with l.5<E/(keV)<2.5 cut. 
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Deviation 
[microns] 

200 

150 

100 

50 

0 

·50 

·100 

·150 

-200 
_, . 0 

(Pad 
Edge) 

Test Conditions: 

Deviation From True Position 

I 
• Center of Mass 

'· • Mathieson 

'\. 
'\. • • 

- - -~ -

"' .. 

-0.5 0.0 0.5 

Position (half pad pitch) 

Linearity Tests 

-

1. 0 

(Pad 
Edge) 

1) True position measured with micr01neter (0.010 in. steps). 
2) Pad pitch= 2.5 mm ( = 2.425 1n1n pad + 0.075 1nm gap). 
3) Three pads (only) used to detennine event position. 
4) Random RMS uncertainty in measured positions= 3 µm. 
5) RMS deviation of Mathieson fit points from true = 6 µm. 
6) PIO gas, 5keV x-rays, and slow electronics used. 

Com1nents: 
1) Events close to pad edge not plotted due to a pad near pedestal. 
2) Center of Mass analysis better if 4 pads used. 
3) Electronics calibration is critical. 
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Resolution Summary 

A. Results: 

1. Single position repeatability tests: < 50 µm RMS. 

2. Linearity tests (deviation of average position from 
true position): < 10 µ1n (approx. 800 evts). 

B. Weakness of study: 

1. Used X-rays, not MIPs. 
2. No magnetic field. 

C. Future work: 

I. Cosmic Ray Muons (in progress). 
2. Magnetic field (setup co1nplete). 
3. High energy beam (in planning stage). 
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Dynamic Range and Zero Suppression 
Studies for the GEM Liquid 
Argon/Krypton Calorimeter 

Eric Prebys, Princeton University 

December 10, 1992 

GEM Council Meeting, Dallas, TX 
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Dyna1nic Range Studies 

• Goal: To determine the dynamic range needed by 
both the electromagnetic and the hadronic calorime­
ters 

• Low End of Dynamic Range: Total thermal and pileup 
noise /.J21 

- ~ 25 MeV for the Electromagnetic Calorimeter 

- ~ 140 Me V for the Hadronic Calorimeter 

1To take into account the longitudinal segmentation. 
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0.32 

0.28 

0.24 -
0.2 

0.16 

0.12 

-
0.08 

0.04 

0 

-

What about minimum ionizing particles? 

2GeV µ 

0.2 0.6 0.8 

T otat Energy 

1 
GeV 

Figure I: Total energy deposited by muons in the electromagnetic calorime­
ter. 
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High End of Dynamic Range for 
EM Calorimeter 

Use decays of the form 

Choose 

M(Z') = 12 TeV 

because, assuming "standard" couplings, this gives 10 
events in one year at 1034s-1cm-2 luminosity. 
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Figure 2: (a) Total energy and (b) transverse momentum of electrons and 
positrons originating from the decay of a 12 TeV Z'. 
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Figure 3: Highest energy in any electromagnetic tower for massive Z' -+ e+ e­
decays. 
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High End of Dynamic Range for 
Hadronic Calorimeter 

Use high-pr two jet events 

Choose 

PT> 8 TeV 

because the standard model predicts roughly 100 events 
in this range in one year at 1034s-1cm-2 luminosity ---"* 

enough to detect discrepancies ( eg. compositeness). 
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Figure 4: Highest energy in any hadronic tower for high-PTtwo jet events. 
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Summary of D:ynamic Range Studies 

-

Electromagnetic Calorimeter -
6000 6 . 

range= .
025 

x 
5 
~ 288000 ~ l8h1ts 

-

Hadronic Calorimeter 

6000 6 . 
range = x - ~ 51400 ~ l6b1ts 

.140 5 

-
267 -



Implementation of 18-bit Dynamic Range 

Probably will use a preamp with a non-linear (dual-linear) 
response in conjunction with a dual range ADC. If so, the 
worst effect on the relative resolution will come at two 
points 

1. At then end of the lower range, where the resolution 
will effectively be given by the "overlap bits" 

Nbits 2Nbits Nbits 
overlap = ADC - range 

e.g. two 12 bit ADCs covering a 16 bit dynamic range 
have 8 bits of resolution at the cross-over. 

2. At the break in the linearity, where the resolution 
will be 
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Deposited Energy 
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0.006 

0.004 

0.002 

0 
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(b) 0.016 (c) 

0.014 12-bltADC11 
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0.01 
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0.006 
' ' 0.004 ' 
lMinimum :Minimum 

' 0.002 
' ' 

400 800 1200 
0

200 400 600 
E..(GeV) E_.(GeV) 

Figure 5: Effect of preamp nonlinearity on quantization error. The nonlinear 
preamp curve envisioned for GEM is shown in (a). The relative quantization 
error at the "break" is shown as a function of the break energy for the case 
of dual range 12-bit ADCs with (a) 8-bit and (b) 9-bit overlap. 
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Figure 6: Conribution to the total energy uncertainty from quantization 
errors for: (a) triple-range 12-bit ADCs with linear preamp response; (b) 
dual-range 13-bit ADCs with linear preamp response; (c) dual range 12-bit 
ADCs with 8-bit overlap and a break in the preamp response at 880 GeV; 
and ( d) dual range 12-bit ADCs with 9-bit overlap and a break in the preamp 
response at 425 GeV. 
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Figure 7: Highest energy in any electromagnetic tower for H -+ 'Y''I decays. 

271 



Zero Suppression Studies 

It is unlikely that the entire calorimeter can be read 
out at the level one trigger rate, so some sort of zero 
suppression will have to be done. The two questions to 
be answered are 

1. What is the best zero suppression scheme to reduce 
data volume while still maintaining data quality? 

2. Are the zero-suppressed data adP-quate for the final 
analysis? 

Several zero-suppression schemes are evaluated in the fol­
lowing areas 

• Effect on the total data volume 

• Effect on the energy resolution and linearity 

• Effect on the position resolution 

• Effect on the missing Er 

• Effect on E3x3/ Esx5 (still in progress) 

272 

-
-

-
... 

-

-

-

-
-



-

-

-

-

Zero Suppression Schemes 
• Scheme 1- The simplest zero-suppression. Read out 

only those channels for which the absolute value of 
the signal is above a certain threshold. 

• Scheme 2- If a given channel is above threshold, all 
neighboring channels (front and back) are read out. 
Perhaps difficult to implement in practice, particu­
larly at the boundaries between readout modules. 

00 
• Scheme 3- If any channel is above a given threshold, 

all the channels in its 5 x 5 readout module are read 
out, front and back. 

• Scheme 4- This is somewhat like the last scheme, 
except that in addition to thereadout cell containing 
the above-threshold channel, the bordering rows from 
the adjacent cells are read out. 
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Monte Carlo Simulation 
Zero suppression schemes are evaluated in the following 

way 

1. A sample of minimum bias events is used to deter­
mine the data suppression factor as a function of 
some appropriate threshold. 

2. Photons are generated at discreet energies (1, 5, 10, . 
and 50 Ge V) to study the effect of a given scheme on 
data quality (resolution, linearity, etc.) as a function 
of the data suppression. Photon position is varied to 
uniformly illuminate a tower. 

In all cases, full GEANT simulations are used, with 
thermal noise added in as a gaussian and pileup noise 
is added in using a sample of minimum bias events con­
volved with the event of interest based on 1.6 interac­
tions/ crossing. 

Photon energies are taken to be the 5 x 5 sum around 
the peak and position is calculated from a corrected cen­
ter of gravity. 
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Figure 8: Zero suppression factor vs. zero suppression threshold for the 
various schemes discussed. 
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Figure 9: Energy resolution vs. zero suppression factor for various sup­
pression schemes with (a) 1 GeV; (b) 5 GeV; (c) 10 GeV; and (d) 50 GeV 
photons. 
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Figure 10: The effect of zero suppression on the linearity of (a) 1 GeV and 
(b) 5 GeV photons, relative to 50 GeV photons. See text for details. 

277 



Position Resolution Optimization 
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Figure 11: Corrected position resolution. The true position versus the center 
of gravity position for (a) <P and (b) T/· These fits are used to obtain the true 
position from the weighted mean. The plot (c) of u(a) (a2 = (~<P)2 + (~IJ)2) 
versus E is also shown. 
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Figure 12: Effect of zero suppression on the position resolution for photons. 
Results are shown for (a) 1 GeV; (b) 5 GeV; (c) 10 GeV; and (d) 50 GeV 
photons. 
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Effect on Missing ET 
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Figure 13: Effect of zero suppression on the total missing Er spectrum (a) 
without and (b) with thermal and pileup noise simulated. The effects of 
scheme 1 zero suppression are shown by the superimposed histograms. 
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Zero Suppression Conclusions 

Based on these studies, it is clear that one can achieve a 
reduction factor of greater than 10 with several zero sup­
pression schemes without greatly sacrificing resolution or 
linearity. It also appears that the missing Er resolution 
is not drastically compromised. Of the schemes stud­
ied, it appears that the most attractive is the most ba­
sic - namely the scheme in which one simply reads out 
channels satisfying a certain threshold. This scheme al­
lows one to achieve reduction factors of up to 50 without 
greatly impacting the quality of the data. At lower reduc­
tion factors, the simple scheme shows similar or superior 
behavior to the other schemes. A threshold equivalent to 
about 2u, which gives a reduction of about 20, appears 
to be optimal. 
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• Good timing from colorimeters: 

)) • unique assignrtlent. of an event -lo Cl 
P.<l rt i cu tar bea111 cross·u19 a~ 5S C. or 
LH C (bunch spacing - \Ons ) 

• Conventional Wi5dom : 

• 

II Scintillators are .. fost) PMi have smrr signai· 
therefore : Good Timing! 

However, 

Liquid ioniiatiol'l colorime.-\:ers have: 

•~form waveform 
• ver~ low fluctuations l3~\06 e/ Ge'J) 

Ill) 9ood -\:im\ ng is poss·1ble1 
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Test SetuP-_ 

• Ca tori meter:. Accordion, 9e.ome"!rj +Liquid Krypton. 

• Ac+.. ive reg ion ( Sx.5 towers) 
tower= 2.5x2.7cm2. 

-
-

-

·Long i tu di nal Se9men-\:ation 6)(o+l8X. 

• e· beam mol""lentul'Yl : 5, 10, 15 and 20 -
• Discriminalor connected to Total Energ~ signQl: -

Tower 
Si9nal t1 Q1 

ti. Qi -
• • 
• • 
• • • 
• ___...._Totol En . 

I >---t 1---TDC stop 
J>iscrimi ndtor 

'towers -
o Total Ener9~ pulse shape: ~(t)• ~ Ci .f (t-ti) 

o Oi > Ener9:t depcsi~ed in toweri -
o ti. time offset for channe\ i Ccable~.mosU'I) 
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U<r Timing Analysis 
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On-line Pulse Shape 
LKr, 2mm stack, 1.5kV 
Beam Momentum= 20 GeV 

1t:!k Stopped: 

Sum of approx. 150 channels 

11 o Acquisitions 
'----IF-JI----< 

. . . • ; ........ ; ..• : ..•. ! ... . . i .... : .... i .... 

4 
+ 

. . . 

························+························ 
: -·- t . 
:r·-~.: 
% : ~ 

··················· .•.. !_· ···r· -:··~~·~·-·.··:···· 
± - .. . : --- ·--~~ .. : .. · t: ... ·7· ............... ·.·~,-~ . 

. ' . I . I 
: : ,,..+;...;-: : ; : : \: : : : r : +: : 1: : : : ~ : : : ; : ;-; : : ~ : : : : : : : : : 

. i . f . .;. 
' ':' ..!..· . ! . I . ' 
. i t 

......... i .. ·1 ·. t ...... I ....................... . 

. . . . . . . . . . . . . \: .1 .. : .... t ....................... . 
l l : ~.:. 
\J : ...:. T 

··············~·-······+························ . . : . + M lOOns Cht J -260mV 
SlOmVO · · t · · · · 

Edge Slope 

.... ; .... i .... ~ .... i .... t .... ~ .... i .... i .... ! ... . 
~ ......... ..,.._.,..,...,......,. 

Type 
<Edge> 

Source Coupling 
Chi DC 

Level & 
-26omv Holdoff 

Multiple trace - variable persiste.nce ! ! 
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Raw Timing Distri bu-tion 
-LKr , 

10 2 ~.,....,.....,...,.....,.....,...,..............,.............,..........,...,..........,...,..........,...,..........,...,..........,....,....,....,....,....,....,..-r= 

-
-

10 

-
.. 

1 

-5 -4 -3 -2 -1 0 1 2 3 4 5 -
Uncorrected timing (ns) 

-
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Correction to raw dis\ri bu~ions 

• It tan be shown that. for F(t)= I:. ai flt-ti) o 
t\m in9 shift 6 = L. a;~i w\ \l be intr oduc.cad. 

L.oi 

• Therefore. ti can be found off line. by min\mi:.in9 
e~ts 1 0 1 L E.j ~ [. \ tj - L. «ij t;) 
j•j. 

where, {t°] is -\:.he on-line ·bm1ng for eventj 

!ID = Qi ~the normo\i1.ed pu\se height 
roi 

• Which leads to~ 

A - IRt =O 
and R = L. C«kj • «ij) 

ILi Jal 

• With i:he determined ti, correction i£ applied to 
measured tf , event by event. on the. basis ot 
the ener9~ distribution . 
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Expected timing Reso\.ut·1on 

<Ji ttherMal) = OE . i 
E :;(to) 

crE : thermal noise 

E • pu\se hei9ht 

s' = ~ ( f (-t:)- qlt.)) 

O"t = 4. 5 GeV. ns 
E 
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Cenci us ions 

• liquid Ionization (~\orimeter5 have 
excellent timing properties. 

• En er9 ~ Depen de.nc.e.: Ca\ cu ! a ble on the 
basis of t "hermol nDi se 

o we infer that the. inherent timin9 reso~ution 
of one tower is ,.., 0.8 GeV. ns 

E 

• at.= ( O. \8 ~ 0.02.)ns ~ (4A6~~~'.06) GeV. ns 
E 
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