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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,
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EM Accordion Electrodes
1st Section (4Xq), An Strips

An strips

Pb Absorber

"Massless Gap"
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Position Detector
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rejection (%)
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Stochastic term of the LKr EM energy resolution S- I
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Figure 2: Energy in active medium for 10 GeV photons a
upper: with dead material but no massless gap;

middle: without dead material;

lower: with dead material and massless gap.
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Liquid Krypton Calorimeter
Test Resulis
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On-line Pulse Shape
L Kr, 2mm stack, 1.5kV

Beam Momentum = 20 GeV
Sum of approx. 150 channels

Tk Stopped: 110 Acquisitions

Edge Slope

L; .................................. _
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Multiple trace - variable persistence ! !
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Calorimeter Response for
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y-position dependence
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1L Response
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Ratio front/back
Bate

relative deviation

Monte Carlo simulation, 15 GeV
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Top view of Endcap Accordion EM
showing only the towers
3 cells per tower
3 Absorber plates
3 sensing plates
6 Argon gaps
.0 16667 deg rotation each cell
0 5 deg rotation between towers
All rays cross exactly 2 towers

Absorbmer
Sensor{ Pl

G110 Focaplote
G10 Spocer

Flange rotated 90 deg for clarity

All dimensions are mi! limeters

Figure 1-18 Endcap Accordion EM
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SENSING PLATE (Module #2)

6 Cell Depths
6 Resistive Coating Template:

— Copper High Voitage Strip, 6 Plates -
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Feedthrough Flange
(9 deg. Sector)

/
QOuter EM and
Hadronic

7

Calibration

DSM
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E(L)

Figure 1: E(L)/E vs L for E = 1, 10. 100, 1000. and 10000 GeV.
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BACKGROUND AND PHYSICS RATES

Rate of 0.32x0.32 EM+Hadronic Trigger Sum
vs. Threshold Energy (at L=10%3cm? sec!)
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>
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210 L
=
Two Jet "'--\ Al _
ﬁ MB
l I I J..'"'l- A
102 163 104 103 106
RATE [Hz] |
o Bunch crossing 16ns | _
o Interactions/b.c. 1.6 @ L=103¢ cm-2? s

o Highly selective trigger necessary ( rejection factor
of 1000-10000). Level 1 decision latency= 2-3

psec.

o Very low physics rate:
Higgs——>4 leptons (M=500MeV) 10- s-

o Signal path of all calorimeter channels has,
storage element to accomodate for Level 1.:4:36: 35
time.

0 Level 1 trigger will tag all signals pertammg tr) the
corresponding bunch crossing for further gstOSQ

(Virtual L svel 2) or for transfer/dlomzatlog
-u.:.:}'

Even af LHC, comsesus s that - LAr
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Figure 5: Inclusive jet cross section. Solid: Full calorimeter. Dash: 6A
calorimeter. Dot: 3\ calorimeter.
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do/dE;m. (Mmb/10GeV)
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Figure 2: Inclusive Fr cross section. Solid: Full calorimeter. Dash: 6\

calorimeter. Dot: 3\ calorimeter.
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GEM Calorimeter Piping Plan

Endcap Calorimeter LAr Wetline, Route Endcap Vacuum Line

to Head Vessel at Hall Wall

Endcap Calorimeter LAr Wetline
Barrel Calorimeter LKr Wetline

Endcap Vacuum Line

LKr Wetline

Active Scintillating Calorimeter

Half Section - GEM Calorimeter

Barrel Calorimeter LKr Wetline, Route

to Head Vessel at Hall Wall
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GEM Coverage

Inner Tracking

Precision e's and y's

Hadronic Energy




6.495 mm
7.103 mm
7.748 mm
|
5468 §.400 mm
?4.300 mm 7.500 mm : - .30 mm . 5.868 mm
?4.368 mm $.202 mm 3.965 mm 6.365 mm
$5.365mm 3.947 mm

LAR MODULE-DEFORM SM CHAE

FCAL MODULE - TUNGSTEN ARRAGEMENT
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GEM Full Scale Barrel
Calorimeter Prototype

* Full Shower Containment
[~5% Azimuthal Coverage]

* EM Accordion Calorimetry
2 — 3 Full-Length 9° Sectors

* Parallel Plate Hadronic Calorimetry
3 — 4 Half-Length 9° Sectors

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

* External Scintillating Calorimetry

. Cylindribal 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

e Goals

 Full Scale Engineering Studies
[Mechanical; Electrical; Cryogenic]

e 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

ORIVEWAY

CAL RETRACTED |4

e e v P

( LIQUID ARGON STORAGE )

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

_ 8/
PURPOSE OF REVIEW: %7}

The Technical Design Report (TDR) and associated documents 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 accomplished, that the

proposed detector 1s technically feasible, and that the collaboration has the

resources and organization to build the detector according to specifications, on

schedule and within the available budget.

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

STAGEI

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 feasibility, the collaboration resources and

management, as well as the proposed cost and schedule. The review will be

based on the TDR and drafts of the associated documents. A satisfactory

review will result in approval of the scientilic, technical, cost and schedule
goals for the project baseline and a recommendation that the collaboration
proceed to draft agreements among the collaborating institutions.



8L

REVIEW OF MAJOR SSC EXPERIMENTS

STAGEII

The second stage follows agreement between the SSCL and the collaboration
on the baseline and a credible funding plan, and will involve primarily
representatives of the Department of 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 TDR, the detector-specific Project
Management Plan (including plans for quality implementation and advanced
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.



CONTENT OF TECHNICAL DESIGN REPORT

The Technical Design Report (TDR) for a major detector should define its
scientific goals and technical design 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 TDR should include:

* A list of individual members of the collaboration by institution, indicating

the contact persons at each institution.
~I

—# ¢ 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 be 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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For each of these subsystems, the TDR 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, R ef.
« - procedures for maintenance and repairs, Ke
Ref

2

- test beam needs at SSCL and elsewhere,
- costs, schedule, and funding profile Ref
« - options for staging and upgrades, 'R_ef
- - potential environmental and safety issues, and Ref

L

« - subsystem management and responsibilities of individual
institutions for this subsystem. -Rgc



e 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, installation, and commissioning of the
detector.

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

In addition, the documents should include:

P

¢ 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 terms of equipment,
engineering and fabrication facilities, personnel (engineers, technicians,
research scientists), and financial support. The distribution of responsibilities
among the members of the collaboration.

e The projected total project cost, induding 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-specific R&D/engineering costs. -

¢ A summary of the financial resources of the collaboration, broken out by
WBS in FY1992 dollars, for each fiscal year.

e A list of associated technical notes and publications.
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GEM TDR ORGANIZATION

TDR TEAM

¢ EDITORIAL BOARD:
H. Newman, N. Baggett, J. Reidy, G. Yost,

F. Paige, O. Fackler,R . Fanvin}

« PRODUCTION GROUP: .
H. Durden, L. Fowler, C. Thomas, L. Ballard§ T, JwCfvan

o INTERNAL REVIEW BOARD:
Lead Authors, Executive Committee, et al.

GENERAIL TASKS
¢ Overall Document Review, Editing, Layout, Schedule

¢ Coordination With Lead Authors; One Author
Responsible for Each Section Submission

¢ Centralization at SSC Lab; Coordination by
Meetings, Network, Videoconference, etc.

TECHNICAL TASKS

¢ Text Formatting, Standardization:
Limited Conversion from TeX, LaTeX

¢ Version Control: MAC or SSCVX1 File Server;
Code Management System

¢ Figure Conversion, Editing, Placement

e Provide Network-Accessible Versions: RTF, ASCII

¢ File Distribution, Local and Network Access Control

STANDARDS
¢ MicroSoft Word (MAC or PC)
¢ Font: Times Roman 11 pt; 14 pt Spacing (Preliminary)
¢ File Transport (RTF) Via Internet
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GEM TDR OUTLINE
Due April 30, 1993

Chapters Pages Lead Authors
1  Executive Summary: Detector Overview 25 Barish, Willis
2 Physics Goals, Performance, Simulations 80 ETBD, Lane, Barish, Paige
3 Magnet Technical Design Report 100 Stroynowski
4  Muon Spectrometer 100 Taylor, Marx
5  Calonimeters ' 100 Willis, Gordon, Rutherfoord
6  Tracker 80 Baltay
7  Electronics 90 Marlow, Shaevitz
8  Computing, Controls, Networking 25 McFariane, Cormell
9  Summary of GEFUR 20 Harris
10  Assembly and Installation Plan 20 Harris
ocll  Detector Operations and Access Plan 20 Wisniewski, Harris
W12  Detector Beamline Interface 10 Wisniewski, Morgan, Chapman
13 Detector Upgrades; Staging Options 10 Barish, Willis
14  Neutron Particle Backgrounds and Shielding 20 Marx, Wuest, Waters
15  Beam Testing and Calibration 20 Yost
16  Project Management Plan Summary 10 Sanders, Baltay
17 Environmental, Safety & Health Considerations 10 Woolley
18  Cost Estimate Summary; Responsibility Matrix; Funding Plan 10 Sanders, Barish, Willis
' 750 Pages

Separate Documents

Project Management Plan
Cost/Schedule Baseline and WBS Dictionary
Preliminary Safety Analysis Report

-

| Sanders, Baltay

Sanders, Barish, Willis
Woolley




GEM TDR: CONCERNS and ISSUES

o PHYSICS CHAPTER

— Lead Experimentalist: Full Time

— Time To Complete Studies: 3 Months, Based
On Fixed Detector Geometry

— Depth of Studies: Founded In Subdetector and
Specialized Simulations, With Reconstruction

o 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: Trigger and Online DAQ
Complexity and Cost

— Detector Calibrations: Test Beams and In Situ
¢ OPTIMIZATION OF PERFORMANCE/COST

e DETECTOR OPERATION, ]NTERFA.CE, EVOLUTION
— Access Procedures, Steps, Time Required;
Including Impact of:

* Magnetic Fringe Field
+ Materials Activation and Handling

— Beam Pipe and SSC Vacuum Requirements
— Luminosity: Minibeta Upgrade Plan

e 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 30, 1993

MILESTONE DUE DATES

Intermediate Drafts
GEM Internal Board Reviews Completed
Final Draft for Review

‘Final GEM .Internal Review Coinpleted

Finished Chapters: All Text and Figures

Document Complete; Submitted To SSCL |

12/18, 1/20, 2/17
1/8, 2/3,3/1
3/15

3/26

4/9

4/30




GEM TDR DRAF¥TS

DECEMBER . 18 ‘ Y
¢ Complete Draft of More ‘Advanced Sections:
Magnet, Tracker, Installation, etc. -)’)Zou PRELIMINARY

o 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

FEBRUARY 17
¢ 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
e Final Chapter-Editing and Global Editing
¢ Final Document Processing: Text and Figure Layout
APRIL 27 - 30
¢ Document Reproduction
¢ Final Check In Time for Submission
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GEM TDR DOCUMENT ISSUES

e 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 Track All Figures

— Technical Support for Figure Import,
Editing and Page Layout

— Professional Lab-Based Or Commercial
Support :

o 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: 41 /C , 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 at this 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.



SCHEDULE AND ORGANIZATION OF  REVIEW
TDR REVIEW: %4~ %, q , 1993

During the week-long review of its TDR, 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

3 given more detailed presentations and have a chance to clarify issues not

O

addressed in the summary. The remaining time will be reserved for preparation
o)

of the summary reports and lists of issues that need further attention or
clarification. Following oral reports by the subcommlttees 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 mtegratxon, |
¢) 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 updates and addenda;

- Cost and Schedule (including WBS dictionary) identifying separately
procurements by the SSC Laboratory as opposed to other funding
agencies in the US and abroad, and matched to the projected funding
profile for the major SSC detectors;

- SB€'Project Management Plan, including plans for quality implementation
and advanced acquisitions;

- Safety. Analysis Report; and

- Funding Plan, including the status of agreements.

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 atriving at an approved SBC baseline will take several months.

A summary of the proposed schedule and the projected results for the
evaluation of the Slo€ project is appended below.



Presentation by:

G. Sanders
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FY '23 GEM Mucn Budget WBS/Org Matrix ( 10/1/92-3/31/93)
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PHYSICS PERFORMANCE OF THE GEM DETECTOR

TEL - L L e TEREERIEL 0 s G

6.1 INTRODUCTION

3.1.1 Brief overview of electroweak and flavor symmetry breakings, Other physics
beyond the standard model, Physics at £ = 10** em™ 257! and at 10** cm=2 5.
3.1.2 Brief summary of GEM detector features and strengths — v, e, ¢ and £ = 10*¢ e ™2

+.1.3 Overview [/ summary of Volume 8.

6.2 GEMFAST - PARAMETERIZED SIMULATION OF GEM

8.9.1 Overview of subsystems: CT, EC, HC, FC, MU, TR/DAQ — General description,
coverages, cell sizes, acceptances.

3.2.2 GEMFAST parameterization of subsystem responses.
8.2.3 Plots of momentum resolutions vs. 7 for CT, MU; charge significances; single-

purticle energy resolutions in BC, HC, I'C; missing Ep resolution, atc.
2.4 Jet definition and jet energy resolution.

©.2.5 Trigger strategies and efficiencies; special problems of £ = 103 em™2 5~
10 em™2s1,

and

2.5 Shortcomings, approximations of the physics simulations.

5

-1
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5.3 STANDARD MODEL HIGGS PHYSICS

3.1 H® — 49 (My = 80 — 1560 GeV). This and the associated production process
should be studied for couplings smaller than standard model (as in the minimal
supersymmetric standard model) to determine the limits of intermediate-mass
Higgs detectability.

£.3.2 tf + H® — fyy + X (My = 80 — 150GeV). This process will be studied at
Juminosities £ = 10*? em=25~! and 10** em=25™1,

3.3 H® — Z°2°% — ¢+0= %2~ for £ = e, (My = 140 — 800 GeV). For the 800 GeV
Higgs, this process will be studied at £ =10% em~25™! and 10** em=2%5~".

3.4 HY - 2920 5 £+0~ jet jet (My = 800 GeV).
735 HY — Z°2° o ¢+0-u5 (My = 800 GeV).

3.6 New, auxiliary Higgs studies, if any. For example, Z°, £* and decay-plane angular
digtributions.
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-4 HEAVY FLAVOR PHYSICS

4.1t production for iy = 140 GeV and 250 — 300 GeV in standard (¢ » W+b) and
non-standard (¢ — H*b for m, > 200 GeV) decay modes and mass measurement
vig the My, and multijet distributions, Tagging the tI events by an isolated
lepton plus an inclugive muon from b-decay is a major test of GEM’s abilities.
The charged Higgs mass will be M+ = 160 GeV and we shall assume the decay
modes HY — ¢5 and 7tv, with variable hranching ratios. Identification of W+
and Ht in dijet decay modes is an important consideration here,

4.2 If time permits, we shall study the W polarization in ¢ — Wb decay. This

involves measuring the angular distribution, in the W rest frame, of the dijet
from W decay relative to the W direction in the ¢-quark rest frame.

¢ .4.3 Single technieta production, g¢g — np — t1. The object is to see a peak in the it

invariant mass or in the pp distribution of the top quark.

~.5 JET PHYSICS

~.0.1 Qua,rlé substructure in production of jets with high-pr and/or invariant mass
(deviation from QCD cross sections at pp & 4 TeV). Studiesat £ = 10?3 cm™25~!
of the ISO model with substructure scale A 22 15 — 20TeV, Special attention to

jet energy measurement issues!
11.5.2 Studies at £ = 10** cm™2s~1, Are these feasible? If so, what is the reach in A?

..5.3 Devige a program for measurement of the parton distribution functions in exper-

iments at low luminosity and carry out typical simulations (if time permits).
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~6 PHYSICS AT ULTRAHIGH LUMINOSITY

3.6.1 Quark/lepton substructure in gg — ptp~ at high invariant mass (a deviation
from the Drell-Yan cross section at M R 2TeV) and ultrahigh luminosity, £ =
10% em~2 s~!. Determination of the chiral struocture of the contact interactions

for substructure scale, A = 25 TeV. Reach in A in one SSCD.

5.6.2 Signal and backgrounds for quark/lepton substructure at the scales A = 25TeV
in the Drell-Yan process §¢' — pFv. Chiral structure of the contact interaction

will be probed via the 7, distribution.

.6.3 Signal and backgrounds for 20 — £+£~, with £* = ¢*, u*, Precision measure-

ments of mass, width (via ete™) and asymmetries (via ptp™) for Mz = 4 TeV,
Determination of the reach in Mz in 1 — 2 SSCD.

.6.4 Signal and backgrounds for W& — f*y,, Precision measurements of the mass,
width and asymmetry; determination of the reach in My,

6.5 Signal and backgrounds for color-singlet pif — ZOW#* — £+ ¢* 4 Er and (10~
jet jet,
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8 CONCLUSIONS i

T MISSING Ey PHYSICS — SUPERSYMMETRY TR
T sﬂ-f ) S : |

11 Missing-Er requnements on the detector. J

© 1.2 gg detection via the P'r slgnature

7.3 99 detection via the likesign dllepton slgnature Although not atmctly a missing-

‘energy process, this Lomplements the precechng; Hoar ch.

o o 1 !
~ 7.4 Squark production and detectlon vxa the ET .s1gnature (Is squark-glumo produc-

" tion useful and/or mhereatmg?)

9.1 Swmmary tables of discovery mgmﬁdances, rea.ch, discovery/reach time, mass res-

[3
u--!.., Al

olutions, etc. Brief summary dlscussmns "

9.2 Plana for future simulations work both detector and physics, A set of possible
physica simulations is given in the second pnor:ty” list of K, L. 's January 20,
1992 memo, “Physics Snnulatlons for the GEM Technical Propoanl" This needs

¢
more thought!
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\ Background X-Section
H— v~ Searches

.Y ~v-jet 2jets
Pp: > 20 GeV 280 pb 240 nb 2.0 mb
Er> 20 GeV, Jnl < 2.5 100pb 80nb 530 ub
Myy > 75 GeV 42 pb 34 nb 240 pb
Rejection Needed 800 6 x 10°
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 as requiring high pr on
photon. ’

Significance of 80 GeV Higgs

vy Background All Background

3.7 2.8
1.5 k-Factor 5.6 4.2

Note, EHLQ set 1 structure function is used.

¢
t
¥
L)
E
"
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- 9:00 am. Goals of Workshop -- McFarlane,

MONDAY DEC 7th

..‘_v.".

.awomersleﬁfﬁ-f“
9:15 am Discussion of Agenda and. Wbrkshop organization

e :H’i.

Goals of simulation -— Group - & e
Important effects (missing energy, . resolution, backgrounds, pileup, - .7
pointing, plzero) S ' S
Simulation types: global, partial “5'”.. |
Physics: key processes j‘jim{',f”f.
Time scales: TDR, PAC'93, future . .1 .
Impact on other systems (e g. muons. —-‘trigger, dE/dx

o

10:15 SSCL/GEM approach —- I. Sheer
10:45 Impact on other systems
Tracker -- Jenny Thomas
Muon System —— P. Dingus

_\{‘* E

11:15 am GEANT: | “‘Awuﬁﬁﬁ fahd

GEANT 3.16 (what changes from 3. 15)¥—-~Lee£Roberts

Volume search algorithm -— Lee Roberts‘& Gt ‘
Optimizatton strategies —- Lee Roberts,nMikerSeman
Speed of searching in different volumesf--f°°mg

11:45 am CALOR89 interface —— Brent Moore
12:15 pm LUNCH

1:30 pm Existing SSCL/GEM simulations .yﬂ : “; R
SIGEM structure —— Yu, Fisyak | (30 min_l__k”_ wvi%élﬁkl,éf}
: e o T P
gemfast atructure ~-— T, Skwarnickiu(30 mins) | -
[ --.‘A." '&m,ﬂ ‘ ::_g . . _= L .
Parameterizationaa SR

SRS ! .
eterization in gemfast -— T. Skwarnickij
ﬁiazggroach (latest vgrsion derived: from gflash) —— 27 (Stefan Peters will

come to a later workshop)
Mixture level descriptions (range of validity)|—~ ??
Shower parameterization (Range of validity)'-— ??

Shower library techniques —-- ?? o

8



02T -

2:30 pm Speclal Geometries R PR T
Accordion - Seman/Lelchouk R
Strips ('preradiator') -—— H. Ma
Asymmetric segmentation —-- ?? . '
Plate -— ?7 '

Axial fiber calorimeter —- ORNL person°
Simulating fibers in detail -- 2?7 .. . X

‘, . '

Speed of simulations
Comparison of approaches (Gemfast, UAZMIX, SIGEM == Authorsg)

T FI i:
ST |

Features
Massless gaps

'l'

TUESDAY DEC 8th

ih .
9:00 am Data structures (HITs, DIGItizations;information) - Wbmerﬂley
: £k H-'v!, e 1, =
Data structures expected from DAQ and algorithmsﬁfor finding energy and time
from samples. —— Henk Uijterwaal - e S

More on CALOR'- c. Zeitnitz

Algorithms e
Weighting factors in heterogeneous systems.‘ 1?7
Clustering algorithms in gemfast and CLEO‘-— T, 'Skwurnicki
EM pattern recognition/reconstruction ——'99 : '|

Pointing, pizero rejection P
Jet finding -- ?? _ '-‘VIrJﬁH”L'
Jet energy reconstruction -— ?? oo AT

Pile-up and noise R S
Simulation and parameterization techniques (10 33 and 10~ 34) —A. vaniachine
(Pulse shape parameterization -- ??) .. - 3

Integration Strategy —— Womersley e C '
GEM calorimeter simulation plans -— can: ‘we' coordinate to maximize use of
manpower, computing facilities and optimize -results? .
Descriptions of simulations at Columbia, . BNL,: ORNL, CalTech, Mississippi?
Coordination of fast, mix and full simulations: 72
SIGEM and 1ts data structures —— Yu, Fisyak . . :
Common MATE, ROTM, GEOM, HITS definitions-- ?? |
GEM tracker and muon simulations -- J, Thomas/I Sheer? and P. Dingus°

¢ ¢ ¢ « WO e « ¢
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F.E. Taylor 12/10/92

STATUS of GEM MUON
SYSTEM

e Baseline -2 (post BNL Meeting)

=3 —3+——3+ 33 3 3t +—+ 3+ 3+ 4+ 22— 13—+

Region: | Barrel Endcaps
L-1 Triggering* CSC CSC
Tracking** CSC CSC

Backup option;
* Trigger RPC RPC

** Tracking RDT RDT

* Technology Decision Process:

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

RDT: deployment in EC, rates, hfetune L-angle, etc.
RPC: deployment in EC, rates, jitter, etc.

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

131



For today:

¢ Progress on Muon Support Structures

Frank Nimblett - Draper Lab-

e Highlights of Chamber R&D Program
RPT  Andrey Golutvin - SSCL/ITEP

 Ssc Kwons Law -V}
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Presentation by:

I. Golutvin
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Ondre. Golutvin

STATUS REPORT TTER
oN TTR TEZQTS

CSC"S :

BNL (o05xa5)
Dubna (4.5 5 1.2) } at TTR

u H (1.0 x 05) J |
BNL-8U (20 = o.?-) 'm- Pe-epara‘,'-.oh

RDT s :
’«DUL\\Q (4 i) 1 a{ TTP.,
Mau  (4<d) |

RPC
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Ar-CHe (50/50) at 4.8 atm
92/12/07 23.27
<é> = 54 M
Cayer
C 1D 1005
4800 Entries 787%6
L Meon —.1831E-04
L RMS .1078E-01
i +1 X 3.583
i T Constant 4062. = 24,58
2000 b Mean .3504E—-04 = .26356-04
A Sigma  .5137E—-02 + .2748E-04
3300
3000
2500 -
2000 |-
1500 [~
2
1000 -
500 + +
- + +
L +F i
L +++4‘ R
L - - *’H—-u-."-..“"“‘** * m"m""“'—-—r*_"'a— R,
0 r-“;--.:...“.-!‘l—.f-.:".lhj—.ll]l_l!'ll||l;llIlglllI!Ill_l_'lllll‘llli4[1 y Ll 1
~0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 003 004 0.05
AY, cm

144




Resolution as a function of pressure
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Recsolultion as a function of distance

Ar-C,He (50/50)

80 '1 P=2a{m
I P
0 F i t 1
P =28atm { ~
R
60} 3
f b B 3
50 +
40
300 A 5 = {;

146

R _,\l\r."'



b
—

) ) ) ) ) L0 )
OIMULTANEOUS OPERATION oF RDT avp RPC

10° FF | l | ax
" LLNL Plastic RPC 66% Ar/30% iso/4%CF4 7
-~ November 18, 1992 7
4 1 psec gale, 30 mV threshold
10 F —=
~ —A— 1pc singles ]
" —&— rdi1 singles n
B @ rdi2 singles -
- :
3
10 F =
ﬁ - -
E B -
| = 2
8 10°F E
g - el e e f e .
2 o - -
Q [ : -
O
1
10 F E
- -
. -]
"D
10 F =
- -
10" | | b | H
4000 5000 6000 7000 8000

RPC High Voltage



1’4"

efficiency

0.5

0.4

0.3

0.2

0.1

0.0

November 17, 1992
ltalian 1m x 2m RPC, 66% Ar/30% iso/4% CF4
Coincidence with 2 MSU RDTs

¢ efficienoy

5000 6000 7000

RPC high voltage

¢ ¢ 4 ¢ |

8000

9000



140x10°

120

Counts

6v1

60

40

20

100}

80}

| | 1
November 17, 1992

ltalian 1m x 2m RPC 66% Ar/30% ls0/4% CF4
MSU RDTs

.. 120 second integration time " -
A RPC Singles
¢ RDT1 Singles
- @ RDT2 Singles -
3
° ° $ ° ° °
& & | | I H
5000 6000 7000 8000 9000

RPC high vollage



CgsC» s

o Pre&mluar res:.c-e,{:s
drowm BNL and UK Fro%o‘bar-es

o Dubna Frofo{a‘:e is reaJ-a,
for tests at TTR

150



BNL -CSC

900
800
700
600
500
400
300
200
100

1200

1000

800

600

200

Run 14 <residual>=0 and phi corrected. ratio used

ARUNT4NCC_AC.HST
ELHH ff;;
sa.?“ ﬂ Mean -R.3818E-03
AME 02474
upFLw .00
CVRW 28.00
A’L_J.GHAN a_ﬂoaf‘:cs
E S oot
Moary «0o37E-03
E: Sigma 0. 9988501
hl;vr'u|nJl|_-|,,L.|l
-2 -1 0 1 2
1st layer residuals +/- 6 deg
RUN14NCC AC.HST
l e;w :ﬁu m::
b Moy “0.7341503
- AuE ozare
C f UoRLW 34.00
— ovRLY az.00°
- ALLOWAN 011125408
o X 2301
C Qanetart 1087,
L Moar 0272003
~ Sigime 0.7Z586-07
-

1 ll L.L.L ' L] L] ‘ &kL L LJ b I T ' . N

[T T III T III T

-2 -1 0 1 2

3rd layer residuals +/ 6 deg

1000
300
- 800
400

200

900
800
700
600
500
400
300
200
100

92/12/08 15.56

=6
RUN14NCC_AC.HST -
= o I
- 6363 Ermiee 11179
= 7 | e omm
C voRLw 13.00
N oveLy £3.00
- ALLCHAN _ B.1t14Es08
- X 545
i Conetarnt 1022,
e Mean -, 19025-02
b Sigma Q.7TI1E-01
r
C
E.].”.i..,l,\L,__J_.l.,‘.i.,
-2 -1 0 1 2

2nd layer residuais +/- 6 deg
RUN14NCC _AC.HST

= [ 7]
ﬁ a Enoive 11138
r Moart 481502

AMS o.zrIe

upFLY .00

OVFLY 51.00

ALLOWAN  O.1102E+08

Ea Z 184

Coneoarn T

Aboan -08Ta0E-03

Sigma o.1018

Jl!i'llllillllllll[IIIIIEIlIltIIIlI!lIl'llll

]II‘IJI!(_.IlII\M.LlJ'lfI‘!!

-2 -1 0 1 2

4th layer residuals +/- 6 deg

151




ANL - C&C

x.61

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.08
0.04
0.02

0.2
1_'32'0.18
0.1
0.14
0.12

0.1
0.08
0.06
0.04
0.02

@ de peno\:zm&

82/12/08 15.40

Run 14, ratio <residuai>=0 phi corrected

RUN14NCC_AC.HST

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

cipmceestmccndedecamtoamemsashettanctemacta et san sy

cebmrrrremssssrdanancrannscnshronmrremmaradecn sy aahiany

1’ Phi vs residual 'sigma
RUN14NCC_AC.HST

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

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

.......

T L R R P T YT TR s

3’ Phi vs residual 'sigma

0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

0

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

RUN14NCC_AC.HST

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

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

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

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

2’ Phi vs residual 'sigma

RUN14NCC_AC.HST

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

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

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

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

T v

4’ Phi vs residual 'sigma

FoR VERTICAL TRAEKS

é~45/~«

in aat-umen-t with ML
152




. . I
Nk - padiad g,wm A trT i

153




gem

Presentation by:

F. Nimblett

155



2661 19quadsaq 0}
HOIqWIN °4

(SNLVLS FHNLONYLS LHOddNS)
NALSAS NONIN NS

157



8ST

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
rings.

« 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.



MODULE ATTACHMENT

MAGNET INTERFACE
PLATE

MAGNET
END PLATE
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) THE CHARLES STARK DRAPER LABORATORY INC.
MUON MODULE CAMBRIDGE , MASSACHUSETTS, 02139
(ONE OF 16) DR B i | SOUNS2
INDEPENDENTLY GEM BARREL REGION
MOUNTED TO MAGNET MUON SYSTEM (END VIEW)
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Qa1

MUON SYSTEM SUPPORT STRUCTURE DECISION

FOR TDR

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 Il
(2,3,3 Chambers per Layer-PROJECTIVE GAPS)
Barrel Interconnecting Plate Structure Illustrated
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(Larger end 7ing)
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GEM Muon System
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891

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.

« 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!

kkkkkhkkkihkhkkkhkhkkkkkkkikkkkkikhkkkkihhkkhihhhkikhkkhkkhhkhhkhhkhkkhhiihkikhiikiikikkihkkikkiiikkkkk

WHY MODULES INTO A MONOLITH 2

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

Muon Structure recommendation for muon system for TDR 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.
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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
Draper -- Marty Furey, Tom Hines, Tom Lee,
Frank Nimblett, Rick Sapienza

Martin Marietta -- Bob Humphreys

GEM management
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UH CSC Prototype

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

mm Cu + 1 mm gap)

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

(4 k2 per square) profiles with 45 um gold-plated tungsten wires

e standard { 75/25 Isobutane-argon ) gas mixture in proportional mode

(3.0 - 3.3kV)

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

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

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

2249W ADCs with an integration time of 500 ns

e trigger on 2 top scintillators and all bottom scintillators

=~ MU
- - top scintitlator

“—~— uH pb"‘b'\"-,pe.

N

19 —\O.SqD\ 10°

/ 177
— T &~ bottow Stintillete:s




Run#: 666 Events on File: 45442 groups on file: 2
Event#: 4200 Fri, Oct 23, 1992 17:45

42 35 47 41 114 42 208 60 51 33 541 543

— ]r-"1
33 43 26 42 135 }P}77 144 30 36 530 544 543

—=ll_Je—=

14 17 26 3 159§ 339 111 47 31 25 544 543
-0.01 0.02 -0.01

R
X Ry = R_;

Ra

$) --‘-'J—Z R\
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Run#: 666 Events on File: 48472 groups on file: 2

Event#: 4282 Fri, Oct 23, 1892 17:45

—3 — e
5 11 4 20 21 24 135 P75 131 26

— [

0 3 4 18 11 9 82 409 245 15

53 42 54 10 60 72 146 753 2800 1008

-0.514 1.027 -0.514
37.469 38.613 42.839
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Analysis Procedure

e Fast Filter at TTR

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

layer

e Pedestal and Gain Corrections
- apply pedestal (20-40 ADC counts) subtraction and gain correc-
tion ( 1.00 & 0.10 } to all ADC counts.

- ADC counts set to O 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 uninstrumented strips

e 6-ray Cut
- remove any event with 1 or more ADC overflows {> 1900 raw ADC

counts)

e Locate Cluster Centroid
- determine c.o0.g. of the hits for each layer (z.04) by using a weighted

mean of 3-strip (z(%)) and 4-strip (z*)) c.0.g.’s

4(3)
ZcOQ = 1 T %(2(3) — 2(4))

w = strip pitch = 5.0 mm
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e Systematic Correction

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

form

21rzcog 611'2“,9

Az = A X [stn(

) —0.077 x sm( cag) + 0.041 x sin(

)

A is varied in the range : 60 < A < 100 pm
A = 117.1 pm according to monte carlo with a point inducing charge

A ~ 80-90 pm gives best results

e Systematic Alignment Correction
- middle plane is found to be off by ~ 33 X+ 5 um relative to top
and bottom layers.

- correct z.o¢8 in the middle plane by a systematic shift of 33 um.

e Track Fitting
- fit the corrected points (least square)} to a straight line
e Resolution per Plane
- residuals in the top layer (R;) within £+ 150 um are fitted to a
Gaussian + a constant.

- resolution per plane ¢ = V6 OR,
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| —600

Z(cog) — Z{real) (micron) as a function of no of strips

200
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I 1 1 3 l 1 1 1 1 !. L Li 1 I 1 ] ] [] l L ] ] 1 l L ] 1 1 I 1
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zreo! (in units of o )
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l@ Distribution 3.1 kV}

Angular Distribution 3.2 kV
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run 796 (3.1kV), Gauss fit (£150 ): mean = -1.1, sigma = 30.5
Resolutlon per layer: 74.8 £3.9 pum
+ 6 deg

0.20 -0.10 0.00 0.10 0.20

un im.zm. Gauss fit (£150 ): mean = 2.1, sigma = 20.4
Resol

n per layer: 720+ 35 tm

16 deg

run 800 (3.3kV), Gauss fit {150 ): mean = -0.6, sigma = 23.0
Reso n per layer: 2.0 pm .

16 deg




60
fun 796 (3.1kV), Gauss fit (150 ): mean =-1.3, sigma = 32.2
Resolution per layer: 78,81 3.6 um

w —
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30 -

20

10 -

o ._l L] l ¥ ¥ + ¥ l 1] ¥ L) L] l L L} L} ] l L§ 1 R L1 , LJ L
-0.20 <0.10 0.00 0.10 0.20
60 —

[run 798 3.2&V), GwssTITst‘iﬂSO)‘:nwan:z.o. sigma = 20.9
per pm

layer: 732+ 3.0

B LA l LI R |

-0.20 <0.10 0.00 0.10 020

fun 800 (3.3kV), Gauss fit (150 ): mean = 0.3, a =244
Rmmgiporlayer: 597119 um sgm




un 796 (3.1KV), Gauss fit (X80 ): mean = 0. sigma = 27.1
Huolut#on v)layor'ﬁe.t(;:ﬂo).T Hm S

25...

20_.

15 -~

10

mm 191

5 -
Q . Fr r L3 & L] L3 l L 4 L | Ll 1] l ¥ 1 L| Ll l L]
.20 <0.10 0.00 0.10 0.20
20
Tun 796 (3.2kV), Gouss M i: meah = 3.0, Sig sigkia = 25,
Reso n per layer: S
15 - m
10 —
5_
0-— %JA:—'FF[
0.20 0.10 0.00 0.10 020
40
run 800 (3.3kV), Gauss M mean = 0.8, sigma = 16,5
Hesolutfon p‘z'layor' 37 3.’0 um
30
20 —
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L o 4 nn 800 3.3kV
*71 | After 3-torm systematic correction
— 0.2 . - .

residual [mm)

°|°_'
L 0.2 T L]
— 0.4 -
L]
1 } I | | L L ] I ] T T T T
s 5 10 15 20 % KV 35 40 5 10 15 20 25 20 a5
de) x{mm] x [mm)
N
100

H H
- ]

;D.
#

¢
40 -} §
20— ! T I ;
3000 3100 200 3300 3400
B Voltaga .




Summary of Results ( Preliminary )

e Averaged over &+ ~ 6°

HV(kV) o(pm)
3.1 748 £ 3.9
3.2 72.0 £ 3.5
3.3 56.4 £ 2.0

e Averaged over al]l angles & ~ 8°

HV(kV) o(pm)
3.1 78.9 + 3.6 (96.3)
3.2 73.2 £ 3.0

3.3 : 59.7+ 1.9

—

e Normal incidence + 2.0°

HV(kV) o{pm)
3.1 66.4 + 10.7
3.2 62.8 + 8.6

f 3.3 379430
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OUTER BOUNDARY (r=95 ¢m)
BORON POLY. SHIELD (90 to 95 cm)

Smm———, GEM IPC TRACKER
(2 METER RADIUS)

CROSS—SECTIONAL - OF BARREL

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

.....
......
.....
o
Wik
e v
i
i
¥
g»
P

NOTES:

1. LORENZ ANGLE 1S 14 DEGREES \/

2. TWO CHAMBERS PER MODULE

3. 20 MODULES PER SUPERLAYER

4. 4 SUPERLAYERS

5, EACH SUPERLAYER ROTATED 4.5 DEGREES
6. MODULE WIDTHS (NOT INCL. ELECTRONICS):

L0¢c

INHER BOUNDARY
(r=39 om)

INHER SUPPORT STRUCTURE SUPERLAYER WIDTH {CM)
£30.8-46:F1-om)— I 17.0
aon ) 1 21.0
31%.0 —¥0)7 m 25.0
i v 300
7. RADIl OF ANODE WIRE MIDPOINTS (8 CHAMBER LEVELS):
0., Jo SUPERLAYER _|__RADIUS {CM
Iiu; i3.68
I(b 45.41
li(a 55.03
(b 56.75
(o 66.36
b 68.09
v(a 77.70
(b 79.43

8. MODULE THICKNESS: 2.69 CM '

. ..
GABLE CLEARANCE (8890 em) YLt UNNERSITY 7P
OUTER SUPPORT STRUCTURE HOVEMBER 13, 1992

(89.73-88 cm)
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R & D Prototype Program

1. Silicon Tracker -

a) 18 cm Barrel Ladder
b) Forward Disc

2. IPC Tracker

a) Reduced size prototype
with final working
parameters

b) Fullsize Barrel Chamber

¢) Fullsize Endcap Chamber

3. Test Beam Setups

a) Silicon Ladders

b) IPC Chambers

231

J. Brau
D.Lee

C. Bowers

C. Béltay

G. Mills,
R. Frey

K Morgan-

U. of Oregon
Los Alamos

Indiana U.

Yale U.
Taiwan

Los 'Alamos,
U. of Oregon
SSCL



¢te
MWW

TENNELEC
TC 594
HVPS
o-1000 VY

HP 8447D
—_\/’_ PREAMP
01-1300 MHZ
25D8 GAIN
DIGITIZING N
ScorPe
300 MHZ PROBE
| G SA/S

MOSCoW DETECTORS
P1TCH 50 um

P*STRIP wiDTH B um
Al STRIP wipTH 16 um
Al THICKNESS I um

COUPLING AC

OX1DE THICKNESS 2257m™
PoLy S] RESISToR 2%-2 M

Psua B KfL-C™



2™ [div

1l—|lll‘,l— T#I'IT'III'[

!
I AR Y

RS T

v

! i‘!

N

I

-50.000 ns

0.00000 s
10.¢ ns/div

$0.000 ns
realtime

V:_T'-Ti_lrili_rlll‘ll'l

.l.rrtlet

bt 2 o

RS N

RN PRSI

Ty frrryeoy ey

T kd

ZZ‘WhVYQiiV

o - SOURCE
CLOSE To THE
PRoge TIfP

sateaadly ]JIIIIILI'I{]‘

l_l_l!l!ll

?25.000 ns

*Avg [N

Q.00000 s
S2.00 ns/div

25.000 ns
repetitive

llr'l"ll_l L3 L)

3

' EE W

b bt

PECEL IR S AT

| A

.TTF_}fI_rT_{I_IFT_{1‘Ir-r-‘lrlT$lililrlTlﬁl‘liill{‘tl].-

PR T

2 mV[piv

o - SOURCE
AT gcm AwAY

FRom THE
PRo8E TIP

aaadeaa e daastas

| ST

=25, 000 ns

wAvg

0.00000 s
.00 ns/diy

233

25.000 ns
repetitive



¥01>3713C]

7Y 27

N

77

Sd WY IYd

S¥IIYHS

Idd00S
-01710S0

234

A14d08 ¥3070d
wleA

>

g yIsy1 '




Letter of Understanding

We, the Natonal Science Council on behalf of the Academia Sinica, the
Universities and the Industriai Technology Research Institute, and the
Superconducting Super Collider, express definite intention to proceed in
accordance with the Cooperaﬁve Agreement (as attached). ,

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

a) A start of the scientific exchange program

b) The startup of the strengthenmg of the research groups and theu'
infrastructure in Taiwan

¢) A start of the R&D (Research and Development) program and the
' collabora_tion 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 é?’ﬁ‘ day of NDVEMFK , 1992,

For Superconducting Super Collider Laboratory For National Science Council

12, 2 A7 ailinas S

R. Schwitfers Yii Der Chuang
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Test Results of the Indiana University

IPC Prototype

Chuck Bower

10 Dec 1992
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GOAL:

Determine 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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Anode Board

o

N\
O-Ring Groove

Pad Board
(R © ©
Pads,2. 5mm Wide
Gold Plated G-10
Pad Edges Etched
5. 0
S B
Chamber Vital Statisics
Sensitive area 60 mm X 60 mm
Chamber thickness 4 mm
Anode wire pitch 2 mm
Anode-cathode separation 2 mm
Cathode inter-strip separation 75 pm
Cathode strip size 2.5 mm X 60 mm
Number of cathode pads 24
Anode wire 20 pm dia. Gold/Tungsten
Top (non-readout) cathode composition 70 nm Gold / 50 pum Kapton

Bottom (readout) cathode composition
Chamber wall composition

248
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Position Resolution with X-Rays

Advantages of X-Rays:

1. High Flux.

2. Continuum and Line sources.

3. Basily Collimated.

4. Tests can be performed in a Laboratory (i.e. don't need accelerator).

Disadvantages of X-Rays:

1. Localized ionization, unlike long trail left by MIP.
2. Photoelectron & Auger electron paths can be long and are in
random directions.

Choice of X-Rays for our tests:

1. Vanadium K line (4.95 keV) for P10 gas.
2. Tungsten Continuum, with software energy cuts at 1.5<E/keV<2.5.
3. Rectangular Collimator (20pm % 75um approximate size) all tests.
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100 D 1000000
[ Entries 2559
80 Z_ Mean 0.6235E-01
. RMS 0.5038E-01

60 [
COUNTS “ F

20 |

OFIJ t ]IALIIQIIILI

-0 -0.05 o 0.05 0.1 0.15 0.2

POSITION(mm)

Test Conditions:

1. Bremstrahlung X-rays from Tungsten tube.

2. 20 um 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 1.5<E/(keV)<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
determine individual event locations.

NOTE: No corrections made for: collimator width,
Photoelectron Range (25-80 pm), or electronics noise.
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80— T | I 1 0.6
62% CE
38% CQ,
2keV Xra7)9 B
Position | - —10.5
Std. Dev. “Fe Energy
(um) 60+ Resolution
O (FWHM/pk)
0
—0.4
50 —%\./:—
| 1T 1 | |
403725 39 33 37 437 03

Gain X 10*

Resolution vs. Gas Gain

Gain Determination;

1. Assume 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 (£2)

Energy Resolution determined from MCA pulse height spectrum.

Position Resolution determined from RMS of distribution for
single point (collimated) X-rays with 1.5<E/(keV)<2.5 cut.
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Deviation

Deviation From True Position

200 —r——v—— ——— — ' ey
150 —— Center of Mass

\ ——&—= Mathieson
100

.

AN .
N

[microns]

=100 X
-150
f 1
200 b——u . — . . —
-1.0 -0.5 0.0 0.5 1.0
(Pad Position (half pad pitch) g:,;i)

Edge)

Linearity Tests

Test Conditions:

1) True position measured with micrometer (0.010 in. steps).
2) Pad pitch =2.5 mm (=2.425 mm pad + 0.075 mm gap).
3) Three pads (only) used to deterimine event position.

4) Random RMS uncertainty in measured positions = 3 pm.

5) RMS deviation of Mathieson fit points from true = 6 pm.

6) P10 gas, SkeV x-rays, and slow electronics used.

Comments:
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 pm RMS.

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

B. Weakness of study:

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

C. Future work:
1. Cosmic Ray Muons (in progress).

2. Magnetic field (setup complete).
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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Dynamic Range Studies

e Goal: To determine the dynamic range needed by
both the electromagnetic and the hadronic calorime-

ters

e Low End of Dynamic Range: Total thermal and pileup
noise /+/2!
— & 25 MeV for the Electromagnetic Calorimeter
— = 140 MeV for the Hadronic Calorimeter

1To take into account the longitudinal segmentation.
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What about minimum ionizing particles?

0.32

2GeVu

0.28

0.24
0.2

0.16

0.12

0.08

0.04

L LA I LI LI l TF T70 l LI N B | L LI I LI N I | I LELELE | LI L ' LI |

Figure 1: 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

7' = ete”

Choose

M(Z') =12 TeV

because, assuming “standard” couplings, this gives 10
- events in one year at 10**s~!ecm™2 luminosity.
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0.04
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0.035
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0.005

o

o 'l'lf]!]lr{[TTT‘IIITIIiI

llllllll‘lll

Illlll]lllllll

[|1|1||||||J_ll||l|l|lilJ.H_Aﬁl_lla.llllllll

Electron and Positron Energy

(a)

Q

2500 5000

7500 10000 12500 15000 17500 20000

GeV
Energy

-

Electron aond Positron Transverse Momentum

4000 6000 8000 10000

Transverse Energy (Ej)

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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0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

p— |

Z/=>e*e”, M(ZN)=12 TeV

IIIIIIIII‘III_IIII]IIIY‘I]IFLJ—';L'IT]ll_TII'II“II

[ lJ-n] In In I e ] L
] 2000 4000 6000 8000 10000
GeV

Maximum Tower Energy

Figure 3: Highest energy in any electromagnetic tower for massive Z' — ete™
decays.
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High End of Dynamic Range for
Hadronic Calorimeter

Use high-pr two jet events

Choose

pr > 8TeV

because the standard model predicts roughly 100 events
in this range in one year at 10%*s~!em™2 luminosity —
enough to detect discrepancies (eg. compositeness).
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0.05

0.04

0.03

0.02

0.01

B Two Jet Events, p;>8TeV

I L 1 1 I_Ll r-!]_‘ IJ-I 'Trl ” I m L 1 1
0 6000 8000 10000
GeV
Maximum Tower Energy

Figure 4: Highest energy in any hadronic tower for high-prtwo jet events.
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Summary of Dynamic Range Studies

Electromagnetic Calorimeter

6000 6
e ) —~ b.
range 005 X E 288000 =~ 18bits

Hadronic Calorimeter

6000 6
= —— X — & 51400 =~ 16bit
range 10 X = 00 its
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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 =9 Nzif)sc _ Nbits

overlap 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
AE _ ( 1 ) Eymax — EBreak
E 'Eprreak Epreak) \2VBir — Egreax/FELsB
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3
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: 1
© !
o '
E :
§ !
a . Eorea
Deposited Energy
AE/E AE/E
0.01 0.018 ¢
E (b) 0016 | ()
0.008 0.014 E 12~bit ADCs
A 12-bit ADCs 0.012 E 9~bit Overlop
- 8-bit Overiop , E*-
0008 0.01
0.004 [ 0.008 ¢
F 0.006 |
0.002 - ‘Minimum 0.004 &
I i 0.002 [
-I 1 I 1 F L 1 I : L 1 L I L 1 1 :
0 "%00 800 1200 %00
Esen (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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b (Ligeor Prgomp Response)
RN —_ Totol Noise
W S, ---. Quontizetion Error
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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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T T T 1’ T

0.1

H—=>yy, M(H)=160 GeV

0.08

oo 1 |+ i e End of Low Ronge for 12 bit ADC

L—

____________ End of Low Ronge for 13 bit ADC
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Figure 7: Highest energy in any electromagnetic tower for H — v~ decays.
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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 adequate for the final
analysis?

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

e Effect on the total data volume

e Lffect on the energy resolution and linearity
e Effect on the position resolution

e Effect on the missing Er

¢ Effect on E3.3/ Es5x5 (still in progress)
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Zero Suppression Schemes

e Scheme 1- The simplest zero-suppression. Read out
only those channels for which the absolute value of
the signal is above a certain threshold.

e 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.

o 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.

e Scheme 4- This is somewhat like the last scheme,
except that in addition to the readout cell containing
the above-threshold channel, the bordering rows from
the adjacent cells are read out.

.......
H H i H i B H H
........

R R LT LT T TP Y= NPk RU, R
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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 GeV) 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
- 1s 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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Effect on Data Volume

Supp. Fac.
1 !_
T 8 Scheme 1
I A Scheme 2
- A‘ E)‘_\ ¥ Scheme3
i “.“ V \‘~,\'\ O Scheme 4
\A‘ K “ -
\\‘\A .‘O_.ﬁ
_1 . b e
10 .. ~
“\\\ “"‘..v ) ) ~ -~
\‘A ()
162|r||l||||||1||]|||1|||||
0 0.2 0.4 0.6 0.8 1

Threshold (GeV)

Figure 8: Zero suppression factor vs. zero suppression threshold for the
various schemes discussed.
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Effect on Energy Resolution
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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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Effect on Linearity

R
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wl — et
T e
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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.
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Position Resolution Optimization
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Figure 11: Corrected position resolution. The true position versus the center
of gravity position for (a) ¢ and (b) n. These fits are used to obtain the true
position from the weighted mean. The plot (c) of o(a) (a? = (Ad)? + (AF)?)
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 Er
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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 20, which gives a reduction of about 20, appears
to be optimal.
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OUTLINE

1. Introduction

2. Discriminator
3. Data Colection

4. Offline Corrections

5. Results and Conclusions
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-

e (00d Jcim‘mg from calorimeters:

»—> unique assig-nment. of an event 19 q
particulor beam erossing at SSC or
LHC (bunth sFacing ~ 10ns )

o Conventional Wisdom :

" Scintillalors aresfast; PMT have Shrp signa!”
therefore : Qood Timing!

¢ However,

Liquid ionization colorimeters have:

y/.
o« “Uniform waveform
. very low fluctuations (5x\0'se'/ GeV)

) 9000\ 'tim‘mg [3 Possilble!
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Drinciple of Operation
, (Turko & Smith)

BZ 1, is generated when sw=fw)-g)<

to is independent of amplitude’
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Test Setup

o Calorimeter :. Accordion - deometry + Liquid Kry pton.

-Active region (5x5 towers)
tower = 2.5x2.7 cm? -

. Long itudinal Segmentalion éx,+18%

e & beam momentums: 5, 10,15 and 20

o Discriminator connected to Total Enerqy signal:

Signat £
Qy — =
Cl.z . front

Totol En.

}_ﬂ L TDC s‘toF -
—1_ Discrimindlor

Qs —g—T 1 Z.> |> back }

‘owers

o Total Energy pulse shape : F'-_(t)" L o fle-tp)

i=d

o @; , Energy deposited in toweri
o ti, time offset for channel i (cables, mostly)
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Liquid Ar/Kr Test Setup
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LKr Timing Analysis

LI l ] 1] LI l T ¥ ¥ I L ¥ b T I T T ‘a 1 T 1 L}
Enties 1082
Mean 8150
102} RMS 5012 -
C UDFLW 0.0000E+90 ]
O (1,-1)=.26£.03 ns YL __Oouneute :
L Conetent 90.65 + 3.538
Moan 2149+ 0.1217
i Sigms 4541 + 0.1085 ]
- 4
10 + -
- ¢ .
i ]
i # ¢ i
1 ¢ i -
E f
] i i 1 1l 1 1 L I H l 3 Il 141 I 3 i [ 1
780 800 820 840 860
$1-S°L
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On-line Pulse Shape
LKr, 2mm stack, 1.5kV

Beam Momentum = 20 GeV
Sum of approx. 150 channels

Tek Stopped: 110 Acquisitions

| Edge Slope

AR A I I~ e L I B N I T

- M 100ns Ch1.J -260mV:

RSN PR NSNS NN

Multiple trace - variable persistence !'!
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10 |

Raw Timing Distribution

Uncorrected timing (ns)
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Correction 1o raw distributions

Tt can be shown that: for FW)= T ai sty g
timing shift 6&- szi-bi will be introduced.
Qi

Therefore ti can be found offline by minimizing
PICE AT IS,

=4

where, [__tj] is the on-tine timing for event;
@l = @i ,the normalized pulse height
20i
Which ‘.eGdS to:
_ K-Rt-0
Ak-_- ,,% t?‘dkj and Rﬂ =; (X, - i)

With the determined ti, correction is applied to
measured ', event by event, on the basis of
the enerqy distribution .
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Exped:ed timing Resolution

Oy (thermal) = Og , 1
E s

Gt = thermal noise

E = pulse height

s = -3;_( Fo-qlt))

2 O0r=45 Ge\é. ns
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Cenclusions

o Liquid Ionization Calorimeters have
excellent timing properties.

o Energy Dependence: Calculable on the
basis “of thermal noise

o we infer that the inherent timing reéo\.u‘tion

of one tower is ~ 0.8 GeV. ns
E

o Or= (0182002 ® (446£.06) GeV.ns
E
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