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The Superconducting Super Collider 

STATUS OF 

THE SSC PROJECT 

AND 

THE SSC RESEARCH PROGRAM 

Vera Liith 

SSC Physics Research Division 

V. LUIh May 17.1992 

May 25, 1992 
KEK, Tsukuba, Japan 

SSeSTA11IS 

The Superconducting Super Collider 

THE MACHINE 

• A giant step beyond existing facilities 
- 40 TeV - a factor 20 in c.m. energy 
- 1()33 cm-z S-1 - a factor of 100 in luminosity 

THE PHYSICS POTENTIAL 

• Probing measurements of many aspects of the 
Standard Model 

- top production and top mass 
- Wand Z production 
- B physics - the origin of CP Violation 
- elastic and diffractive proton-proton scattering 
- high energy v interactions and observation of v, 

• Exploration of the TeV scale to determine 
what lies beyond the Standard Model 

- Electro-weak symmetry breaking - Higgs 
single or multiple - elementary or composite 

- Supersymmetry 
- Technicolor 
- Compositeness of quarks and leptons 
- additional gauge bosons 

V. Lillh May 17.1992 sse STA11IS 
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The Superconducting Super Collider 

THE SSC PROJECT AND RESEARCH 
PROGRAM 

INTRODUCTION 

THE STATUS OF THE SSC PROffiCT 
- Completed Facilities and Acquisitions 
- Facilities under Construction 
- Facilities under Design 

PHYSICS RESEARCH FACILITIES 
- Experimental Halls and Facilities 
- External Beams and Calibration Hall 
- Off-line Computing 

THE PHYSICS RESEARCH PROGRAM 
- Particle Physics Theory 
- SDC 
-GEM 
- B Experiments 
- Other Experiments 

FUNDING AND SCHEDULE 

V. Ltith May 17.1992 sse STA11IS 
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The Superconducting Super Collider 

PROJECT STATUS: 

Completed Facilities and Acquisitions 
• Magnet Development Laboratory 
• Accelerator Stystem String Test 
• Cryogennics Duilding 
• Exploratory Shaft 
• 70 km1 of Land 
• Central Office and Laboratory Facilities at Waxahachie (Sha) 
• Interim Office and Laboratory Facilities at De Soto 

Facilities under Construction: 

• Magnet Delivery Shaft at NlS site 
• First Tunnel Sections NlS·N20, N2()"N2S 
• Magnet Test Laboratory 
• Ion Source and Linear Accelerator 

Facilities under Design 

• Collider Tunnel 
• Low Energy Booster 
• Medium Energy Booster 
• Extracted Beams and Test Facilities 
• Experimental Halls and Facilities at IR·S and IR·8 

V.lillh May 17,1991 SSCSTA11JS 
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Changes from 40mm to 50mm CDM 

~ 9mm 
Yaeld Quality Improved 

Operating Margin 4-5" 8-10" 

Wire Strand I 6~ 1.3:1 6~.1.s:1 

0 6~ 1.8:1 6~ 1.8:1 

Cable I 23 strand 30 strand 

0 30 strand 36 strand 

Bore Tube 32mm up to 45mm 

Collar 15mm 17mm 

Yoke horizoatal split vertical split 
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(686mm) I\:) -



The Superconducting Super Collider 

THE EXPERIMENTAL PHYSICS RESEARCH PROGRAM 

The Physics Research Program should match the potential 
of and the investment in the SSC Accelerator Project. 

• Two major detectors with complementary as well as 
overlapping capabilities aimed at the phyics of the multi
TeV scale. 

26 

28 

- SDC (SOLENOIDAL DETECTOR COLLABORATION) 
• charged particle tracking in a 3.4 m diameter, 8.S m 

long solenoidal magnet 
• vertex detection 
• hennetic calorimetry 
• lepton identification iind energy measurement 

- GEM (GAMMA ELECTRON MUONS) 
• photon identification and energy measurement 
• lepton identification and energy measurement 
• muon momentum measurement in a solenoidal 

magnet of 30 m length and 18 m diameter 
• rubustness at higher luminosities 

Several smaller detectors adding diversity and coverage 
of phenomena at low transverse momentum . 

• Future experiments making use of secondary 
and extracted beams from the collider or the booster 
accelerators. 

V. Liith M:lY 11.1992 SSCSTATUS 

The Superconducting Super Collider 

THE SSC COMPUTING FACILITIES 

• MISSION: 
- Design, Procure, Implements and Operate Off-line 

Computing Facilities in Support of Detector Design 
and Data Simulation and Analysis 

ACTIVITIES: 
- Design and Implement Physics and Detector 

Simulation Facility (pDSF) 
- Develop System Services and Utulities for PDSF 
- Develop Mass Storage Capabilities 
- Develop Data Base Methodologies for HEP 
- Support Applications Programs - Libraries 
- Study Hardware/Software Architectures 

• PDSF 
- Multi-Vendor RISC-Based Computing Facility 

to Exploit Parallelism in UNIX Environment 
- PDSF Perfonns as a Single Integrated System: 

March 1992: 3000 MIPS, 92 CPU'compared 
to 0.4 events/min per CRA Y 

V. Liith May 11.1992 SSC STATUS 
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The Superconducting Super Collider 

THE INITIAL PHYSICS RESEARCH PROGRAM 

GEM Milestones : 
- July 1991: 
- Dec. 1991 
- Jan. 1992: 

- July 1992: 
- Oct. 1992: 
- Nov. 1992: 
- Jan. 1993: 

- March 1993: 
April 1993 

Expression of Interest 
Letters of Intent 
Approved to proceed to 

Technical Design Report 
Review of Magnet Design ? 
Submission of TOR ? 
Review of TOR by Experts ? 
PAC Meeting? 
Decision on Stage I Approval ? 
DOE Review? 
Decision on Stage II Aproval ? 
Begin Construction ? 

• Milestones for Smaller Experiments: 
- July 1990: Expression of Interest 
- Spring 1993: Workshop on B Physic 
- Fall 1993: Letters oflntent ? 

V. LilIlI May 17.1992 SSCSTAnJS 
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The Superconducting Super Collider 

THE INITIAL PHYSICS RESEARCH PROGRAM 

PROPOSALS: 

• The Experimental Program is Proposal Driven 

• International Advisory Panels: 
- Scientific Policy Committee 
- Program Advisory Committee 

SDC Milestones : 
May 1990: 

- Dec. 1990: 
- Jan. 1991: 

- April 1992: 
- May 1992: 
- July 1992: 

- Sept. 1992: 
Dec. 1992: 

V. LUth May 17.1992 

Expression of Interest 
Letters of Intent 
Approved to proceed to 
Technical Design Report (TDR) 
Submission of TOR 
Review of TOR by Experts 
PAC Meeting 
Decision on Stage I Approval ? 
DOE Review ?_ 
Decision on Stage II Aproval ? 
Begin Construction? 

SSCSTAnJS 

The Superconducting Super Collider 

SMALLER EXPERIMENTS AT SSCL 

OPTIONS 
• Colliding Beams at 40 TeV 
• Circulating Beams of 20 TeV. 2 TeV. 0.2 TeV 
• Secondary Beams of n. y. v ... 
• Extracted Beams at 20 TeV. 2 TeV. 0.2 TeV 

LOW PT PHYSICS 
Eol 02 Ore.r Elastic Scattering 

Eol 19 Bjorken A Full AcCeptance Experiment 

Eol 14 Krisch Polarized Beam Experiments 

B PHYSICS 
Eol 08 Lockyer A Solenoidal Collider Experiment 

Eol 13 Rosen 

Eol 14 Cox 

Eol 21 Schlein 

OTHER 

A Gas Jet Experiment 

An Extemal Beam Experiment 

A Forward Collider Experiment 

Eol 15 Giacomelli Search for Magnetic Monopoles 

Eol 04 Sobel A Long Baseline Neutrino Experiment 

Eol 17 Bryant 
v. LilIlI May 17.1992 

Relativistic Atomic Physics 
SSCSTAnJS 
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CP ASYMMETRY MEASUREMENTS AT THE ~ 

Fixed Target 
Energy Ecm 193 
Lumminosity L 1033 
Cross Section Obb I 
Fraction f. 0.75 
Efficiency £ 0.031 

Oilution 0 2 0.31 

£D2f.D 3'10.7 

N pm<IJS 1000 
Error on CP Asmmetry 0.02 

R&D and 
Pre-Operation 

Contingency 

Project Management 

Gas let 
193 

2'1033 

I 
0.75 
0.006 
0.14 

3'10.8 

2000 
0.04 

Collider 
40,000 

3'1031 

500 
0.75 
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0.16 

6'10.8 

15000 
0.015 

sse Project 
$8,249 Million 

Indirect 

o Factory 
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1.0 
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The Superconducting Super Collider 

THE INITIAL PHYSICS RESEARCH PROGRAM 

SSC Resources: 
- Project Funds for Detectors FY9Q $ t1 625 
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SOC NUMBERS IN EACH COUNTRY 

COUNTRY OR REGION 

U.S. 
Brazil 
Canada 
France 
Italy 
Japan 
U.K. 
Israel 
C.I.S. (former U.S.S.R.) 
Eastern European countries 
P.R.C. 

Total Collaborators 

NO. COLLABORATORS 

561 
5 
26 
21 
27 
101 
15 
2 
106 
12 
35 

9fr 

'---~--. 

Applications for Admission to the SOC 

University of Alabama (Tuscaloosa) 

University of South Alabama (Mobile) 

Instilute of Nuclear Physics (Krakow) 

------. 

Report to the SOC 

KEK, May 26,1992 

George Trilling 

,--~--a 

Recent SOC Events 

AppOintment of SOC Project Manager. 
Tom Kirk began May 4,1992. 

Modification of bylaws to handle new SOC management structure 
being voted on. 

Modification of Executive Board Representation. 
U.S.lCanadian university representation goes from 6 to 8. 
Two members from Fonner Soviet Union. 

SOC presentations in Korea (April). 

PAC Review (May 4-10). 

SSC Symposium in Beijing (May 21-24). 

SOC Muon Leadership Visit to Russia (May 18-23). 

'"--~---a 



How Do We Solve the Shortfall? 

BUILD A CHEAPER DETECTOR . 
Minimizing costs, while malnlalnlng capability, has been a constant 
theme of the SOC design efforts. It is the strong view of the S,?~ .that 
further descoping will substantially reduce the detector capabilities. 
The Issues of requirements and scope will be further addressed In the 
parallel sessions. 

LOCATE MORE NON-U.S. COLLABORATORS 
Given the existence of HEP programs all over the world which compete 
for resources It may be difficult to find more contributions from abroad. 
Nevertheless we shall continue to seek additional resources both 
intellectual and financial from outside the U.S. 

STAGE THE DETECTOR TO REDUCE PRESENT FUNDING NEEDS 
Everyone wants a complete detector by the time that the SSC reaches 
design luminosity. If one postpones some of the funding unti! after t~rnon, 
detector completion will be many years delayed, hardly consistent With the 
expectation of top priority for the SSC program. The collaborators want to 
see Important physics within their lifetimes. 

GET MORE U.S. FUNDING 
(See next transparency) 

~--------------II 

Potential Further Resources from the U.S. 

In Its report, the Witherell Subpanel suggests that funding for small 
SSC experiments might be available in the latter part of the 1990's from 
Ihe base program on a competitive baSis, and recommends not 
committing the $80M(FY92) presently held In reserve for such 
experiments until funding lor the large detectors Is secure. 

If the SSCL chooses to follow up on this possibility, and allows 
assignment of 112 of the $80M(FY92) to the SOC detector, the 
shortfall would be reduced by nearly a factor of 2-
The remaining shortfall of -$50M would amount to about $6M/year. 
The SOC would hope to cover this amount through redirection 
of existing engineeringltechnlcal personnel, supported by base 
program funds, Into SOC efforts. This Is already happening at a 
modest level in the collaborating national laboratoTles. 

If the SSCL does not allow consideration of the $80M(FY92) for 
the large detectors, the shortfall will go from $6M to $10M per 
year, a figure that we would still hope to cover via base program 
redirection, but with much greater diffiCUlty. 

These figures do not Include potential TNRLC support. Present 
support for SOC work Is at -$2M/year. If continued, this would 
provide substantial help In completing the funding. '--------. 

PAC Report 

General Comments: 

The panel was very impressed by the broad scientific and technical base of the 
SOC and by the high quality of the SOC Technical Design Report. The TOR is 
based on a strong R&D program that has been supported in part by SSCl, 
together with significant support from international SOC collaborators, and carried 
out by the collaboration to develop new technologies and study technological 
choices for SSC detector subsystems. Many of the difficult choices of technologies 
for the various subsystems have been made and the collaboration is clearly 
focused on the remaining issues. The appointment of a Project Manager and soon 
a Project E~ineer are very positive steps toward the goal of creating the SOC 
detector. While some important technical questions remain open at this time, the 
panel is convinced that the collaboration is capable of building a powerful detector 
and doing world class phySics at the SSC when the collider begins operations. 

It is the panel's consensus that the design of the detector described in the TOR is 
well matched to the physics goals stated by the SOC. 
However. we are seriously concerned about the lack of a credible funding plan for 
the project. We strongly urge SDe to examine its actual resources from the sse 
proJect, under the previously stated guidelines, and from other institutions iri the 

. U.S. and abroad, and to address methods of reducing or delaying project costs. 

SOC DETECTOR FUNDING SUMMARY 

(All amounts expressed in FY1992 doUars) 

Estimated Detector Cost 

Estimated Cost Offset (Non-U.S.) 

Net U.S. Cost 

Anticipated SSCL Funds 
($275M In FY1990$) 

Shortfall 

$584M 

- $200M 

- $384M 

$292M 

- $92M 

Note: The "-" above reflects the substantial uncertainty 
. in the cost offset from non-U.S. contributions. 

~----. 



Respond further to the PAC request: 

1) Careful reexamination of subsystem costs to see where savings can be 
achieved. PAC report provides some suggestions. 

2) Search for detector items, paid by U.S. funds, which could be delayed beyond 
startup date and satisfy the following conditions: 

a) Reduced detector at startup can do physics matched to the expected 
reduced startup luminosity. 

b) Missing capabilities can be added over the three years following the 
startup. 

c) The reduced detector must match resources that we can identify now. 

Note: It will probably take 2 - 3 years for the SSC to reach design luminosity with 
increments of about an order of magnitude each year. 

'-------. 
What items do we delay? 

We must reduce U.S. costs and retain a detector which can do 
physics at reduced luminosity, and can be completed without 
excessive difficulty. Examples: 

Tracking: 
Defer siHcon disk system. 

Calorimetry: 
Defer separate massless gap readout. 
Defer readout of two longitudinal segments in endcap EM. 

Muons: 
Stage rapidity coverage of outer muon system 
(BW2IBW3, IW2IIW3,FW4/FW5) and scintillator. 

TrIgger/Electronics: 
Defer level 1 tracking trigger. 
Defer level 2 trigger. 
Reduce level 3 processor farm. 

Other Ideas?? 

We need to consider what physics we can do at 1030 -1()31, and 
use that as guidance for evaluating the staging options. 

'"-----. 

PAC Report 

Issues of Cost, Schedule, and Resources 

The'panel strongly urges the collaboration to examine its actual U.S. resources 
and those that can be reasonably anticipated from foreign countries, and present 
in July a plan to construct a detector within the available funds and with adequate 
capability to execute a strong physics research program at the start of the SSC 
operation. 

. .•.......•.. (conduding paragraph before the appendices): 
If the SDC collaboration can rrovide a credible plan to design and 
build a detector for the initia stage of SSC operation that is 
consistent with the available resources, a positive recommendation 
by the PAC.would be possible, and probable, in July. If such a plan is 
not prOVided, Stage I approval will likely be delayed until the entire 
experimental program with two major detectors can be examined. 
Such a delay would likely Jeopardize the ability of the collaboration to 
be ready in 1999. 

----------------. 
SDC Response on Funding Issues 

Develop better information on "available resources": 

1) From SSC Project, we can count only on $292M (FY92$). 

2) We need to further refine our best estimate of non-U.S. resources. 
We have a preliminary International Funding Plan and estimate 
-$200M in cost offsets. 

3) We need to estimate more precisely the potential level of U.S. resources 
(engineeringltechnician) supportable by the base program, and we have 
started a survey of such resources. 
Note: The single most important factor in determining whether base program 

resources can be made available to the SOC fabrication effort is each 
group's willingness to request and defend the necessary redirection of 
effort as representing its top scientific priority. The issue is NOT one of 
expansion but of redirection. 

4) We need to work with the SSCl to see if commitment of part of the TNRle 
detector support to the SOC fabrication can be secured. 

Funding increments will probably flot cover the full shortfall (-$90M). 

'---------a 
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How to finance the completion of the detector? 

1) Fundinq before Tumon (Roy Schwitters View) 
There IS high probability that the needed monies will be lound within the 
SSC Project over the next 7 years (very small on scale 01 $88 project). 
Possibility: $80M presently reserved for small experiments. However 
neither Lab management nor DOE wants to make this commitment now. 

2) Funding after Tumon 
New monies from U.S. HEP operating and equipment funds, since SOC 
should have very high priority at that time, and hopefuUy additional 
support from at least some of non-U.S. collaborators. 

We must emphasize to the PAC and the SSCL that it is essential to 
complete our detector by the time design luminosity is reached. 

~-----------------II 

Concluding Remarks 
(Some Tasks for this Meeting) 

We need to begin preparing our JU'y' response to the SSCUPAC 
and defining the detector which will satisfy the funding 
conditions laid down. The final decision on this will have to be 
at the Exec.BoardlTech.Board meeting in 'ate June. 

We need to proceed In the direction of improving our 
international funding plan and better defining responsibilities 
especially In the areas of electronics and muon systems. 

We need to develop further the international responsibilities in 
the development of prototypes for the various subsystems. 

We need to prepare further the processes for review and decision 
later this summer for the relevant subsystem Issues. 

'-------11 



The Project Manager's 
Dilemma ... 

TECHNICAL PERFORMANCE 
better! 

A 
cheaper! 

COST 
PERFORMANCE 

faster! 
SCHEDULE 

PERFORMANCE 

Once the basic mission has been Identified, Its execution 

becomes a continuous struggle to stay within the sponsor's 

trIangle of acceptabIlity. 

~------------------~~ 
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SOC Management 

• Management is organized by major subsystems 

(WBS) with staff support functions. 

• Subsystem managers are geographically dispersed 

• Major technical decisions are made by SOC 

Technical Board 

• Reporting Is through PRD for SOC Project and 

through SOC Executive Committee for 

Collaboration Issues 

• Tracking, reporting, Integration and change control 

are centered at SSCL 

• Details of management tropical areas and methods 

in SOC Project Management Plan (Draft due to 

D&E, September 1991) 
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Basic SOC Project Goals 
and 

Tools for their Realization 

GOAL 
• The detector must meet its 

physics performance specs. 

• The detector elements must 
work (technical performance) 

• The detector must be ready 
on time (schedule performance) 

• The costs cannot exceed the 
funding provided 
(cost performance) 

TOOL 
• Physicist oversight, 

insight and reviews 

• Engineering reviews, CM 
and Q/A Programs 

Management role, i.e. 
planning, tracking 
and resource allocation 

• Value engineering, early 
procurement, and vigilant 
production oversight; 
vigorous sponsor solicitation 

~----------------------~ 

Strategy for Detector Work 
• Offslte Design & Production to Max Extent 

- U.S. Sources 
- Non-U.S. Sources 

• SSCl- Based Integration & Installation 
- Installation at SSCL is intrinsic 
- Integration has three key areas of application 

- detector subsystems 
- machine/detector interface 
- conventional facilities interface 

• Beam Tests I R&D Activity 
- FNAL In early years 
- CERNlBNUKEKlBEPC for special studies 
- SSCL after 1996 

• Management and Tracking 
- SSCL - based for high level aspects 
-OffsHe - based for subsystem level aspects 
- Coordlnation/lialson personnel as needed 

• ESH Aspects 
- Installed elements must meet SSCL standards 
- OffsHe activity must meetlocal standards 

~--------------------II 
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Cost Summary 

Detailed "bottoms-up" estimate for all systems 

Based on Parameters Book Rev. 0 

All costs (including R&D and prototypes) from U.S. FY93 - FY99. 

No physicists salaries 

U.S. estimating practices (to the best of our ability) 

Does not take account of existing infrastructure - calculate cost 
offsets later 

Non - U.S. contributions (cost offsets) will not be discussed here -
presented in separate session 

Cost information documented at three levels of detail 

1) Cost and Schedule summary 

2) Cost detail ~ roll up 

3) Cost backup 

~--------------~~ .~J 

Cost History 

Previous estimates escalated to FY92 

Same accounting as present detailed estimate 

See graph 

'------------------------------------------------~ 

Detector Cost Considerations 

• The cost estimation and tracking will follow methodology 
described in the SOC Project Management Plan (PMP) 

• Resources to meet the approved cost elements will be 
provided through multiple U.S. and non-U.S. resources 

multiple accounting methods for foreign 
contributions 
resulting cost tracking will be evaluated using 
SSCl methodology (U_S. protocols) 

• Reporting on project evolution will follow the prescriptions 
identified In the SOC PMP 

• Oversight and review of the cost performance will be 
carried out as prescribed in SOC PMP 

Summary of SDC Detector U.S. Cost Estimate by Subsystem 

Prolect Mgmt. & Oet. Intearallon 
$11.4M (3%) 

S.C. Magnol $42.4M (7%) 

Tracking $08.811 (15%) 

Han Convenllonal Flcilltle. 
$14.2M (2.4%) 

Compu11no $9.3M (1.6%) 

Calorlmotry $162.4" 
('B%) 

Total FY92 U.S. Cost EquIvalent = $584M 

uo 



SOC Detector Funding Profile 
U.S. Cost Estimate 

~r---------------------------------------------------. 
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Fundlna Profile(Fyg3· rug) and PrevlQus Funding 

Integrated schedule dQes nQt yet exist => preliminary funding 
prQlileQnly 

CQnstructiQn fu~dlng prQfile • U.S. equivalent· see Fig. 

Funding. frQm SSCL "detectQr pot" 

FY91 (PQst LQI apprQval In Jan. '91) 

FY92(present) 

FY93(request - start cQnstruction) 

$2.4M 

$16.4M 

$35-40M 

In additiQn there Is funding this year (FY92) frQm non· U.S. sources 
(= $3 - 5M), State Qf Texas (= ~2' equivalent) and Qther SSCL and 
DHEP SQurces (=$3M) ~ 
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LQI TOR 
28m2 > 17m2 
8 > 5 superlayers 
188,000 ---> 137,164 channels 
straws ---> gas microstrip detectors 

Central calor. 41,000 ---> 20,352 tower channels 
25,000 ----> 47,104 Shower max. channels 
Pb > Fe hadronic absorber 

Forward calor. 7000 ----> 1056 channels 

Muon system 108,400 ---> 89,864 Wire channels 
7,800 ---> 4496 scintillation counters 
28 ----> 22 layers • central region 
26 -----> 24 layers· forward region 

Trigger 
DAQ 

4m > 3m forward toroid thickness 
--decrease scope-> 
-stage part Qf Level 3-> 
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Schedule Summal']1 

Fully Integrated schedules under development· first pass complete 
by Sept. 1 In time for DOE review 
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What's on or close to the critical path? 

Barrel toroid and its support 

Central calorimeter 
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Measurement and Reporting 
Overview 

An integrated cosVschedule/technical Performance 
Measurement System (PMS) will be utilized on the SDC 
Project, in order to support SDC project management 
and reporting. Based on the SDC WBS, and the 
baselines established following establishment of the 
approved SDC Technical Design, the SD9 will establish 
monthly performance measurement reporting. For SDC 
activity performed at non~US institutions, or involving in
kind contributions, special procedures will be 
implemented to track schedule and technical progress. 
In most cases those special approaches will be spelled 
out in individual institutional agreements established by 
SDC management. 

~--------------------~ 

Future Plans 

level of detail needed for project of this magnitude greater than 
previous HEP experiments! 

Cost machinery in place and can track detector design changes 

Need to integrate schedules 

Detailed funding profiles and identify major procurements 

Survive DOE review in September! 

Establish baseline cost 

~-------------------~ 
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Table 5-1 
General requirements of SDC solenoid. 

Magnet envelope 
Cryostat Inner radius 

Outer radius 
Total half length 

Nominal magnetic field 
Transparency ('1=0) 

Cool down time 
Quench recovery time 

1.70 m 
2.05 m 

4.389 m 
2T 

1.2 Xo 
0.25 >'1 

< 14 days 
<4hr 

REPORT ON SUPERCONDUCTING MAGNET 

Akira Yamamoto 

KEK 

Presented SOC Collaboration Meeting held at KEK on 
May 26, 1992 

CONTENTS 

- Progress of Design Study 

- Boundary Condition Revised 
- Support System and Impact on 

Transparency 

- Progress of Prototype R&D 

- Conductor 
- Coil Winding 
- Vacuum Vessel ( Honeycomb / Isogrid ) 

- Summary 
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FIG. 6-3t. Bom!I CaIorImeter-. quarter cross sedioa 01 the tDe/fiber _traI calorimeter. The EM 
__ are fabrIc:aMcI with cart lead alloy; the b ....... sect .... are formed by _ ..... plates .. lded 
Iopther. A ........ __ detector is included in the EM _100. 

Superconducting Magnet 

• Technical challenges: 1. material transparency - 1.2Xo 
2. compressive force (1700 tonf) 

in addition to predictable and stable operation 
safety against quenches 

• Solutions: 

- 7.4 kJoulelkg (6 = 0.4Xo) 

- 5 in past 
-) development of high strength aluminum 

stabilized superconductor 
-) increase of quench propagation velocity 

by pure aluminum strips 

[8] lighter material for outer vacuum vessel (6 = 0.2Xg) 

-) isogrid (grid-stiffened) shell or 
brazed aluminum honeycomb panel 

PARAMETERS IN PHYSICS AND ENGINEERING 

Requirements rrom Physics Engineering Parameters important 

Magnetic Field Mechanical Sarety at 2 T 

Bc = 2 T Max. Stress (2 t) < 60 MPa 

Fz = 1300 tonncs (@ Y.S.O.l'llo • 6j1 MPa) 

- Tranparency 

ars.c:".,...a ... ,,,,,- o-n. ... ~"lr't. Cfh-.kt

Stability in Superconductivity 

x = 1.2 Xo (@11 = 0) 

< 3.0 Xo (@'1 = 1.5) 

~1= 0.25 A1 (@ = 0) 

= 0.27 J MQE 
l s._ \e .. 1 IW ~1:- .... 1bPAI!. c.PF ) 

Thermal Sarety arler QUENCH 

Tmax 
6£ 

S 100 K 
< 0.05 % ~""st:c ~.,"",.,.o ... ) 

Cryostat eyacuum Walll 
Stability against Buckling 

Pbkl > 2 atm 

c 
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Table 5-3 
Transparency of the. solenoid. 

Element Thickness Xo Ao S' • ..,.'''~ J( 

Imml 
Outer vac. wall (Isogrid) 11 0.138 0.0321 ~~/).lJ(" 

(Honeycomb) (7.1) (0.080) (0.0180) 
Outer rad. shield 2.0 0.022 0.0051 
Outer sup. cylinder 31.0 0.348 0.0787 J 
Superconductor V.. ~~'.'l.X 

".s"fl 
(AI stab) 39.0 0.438 0.0990 oa 
(Nb.Ti/Cu) 2.9 0.181 0.0167 
(GFRP ) 3.1 0.016 0.0058 
(AI Strip) 2.0 0.022 0.0051 
Inner rad. shield 2.0 0.022 0.0051 
Inner vac. wall 6.0 0.067 0.0152 
Super-insulation 2.0 0.007 0.0023 

Total (w/gid) .u.n. 0.2651 -... o.bX. 

(w/ hone;rcomb} (1.203} (0.2510) 

... 
~ 
CJ: 

According to recent technical decision for calorimeter 
to take feromagnetic iron abosorber option: 

Axial Distance b/w Coil and Iron-end: 47 - 62 cm 
Maximum Stress (2 't) in the Coil 
Axial Compressive Force • : 

52 - 54 MPa 
1100- 1300 t 
20 - 15 t/cm Axial Decentering Force : 

(. Axial Compressive Force in Air: .1,700 tonnes) 

-~ 0 
3 t.. 
o 
2._ 0 

~ 

Force (10··2 tonnu) 

• # 
+ • • • 
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Oecenterlng Force (tonnes/cm) 



Table 5-5 
Design parameters of the SDC superconductor. 

Aluminum stabilized superconductor 
Superconductor material Nb Ti/Cu 
Stabilizer Al (99.999% +200 ppm Znl 
Area ratio (Nb/Ti/Cu/AI) 1/1/29.8 
Conductor size 438 x 4 37 mm2 

Superconductor strand 
Strand diameter 
Nb Ti filament diameter 
Number of filaments. 

1.277 = 
20 I'm 
4100 

Superconductor cable 
Overall size 
Number of cables 
Cabling pitch 
Jc in Nb Ti (at 5 T, 4.2 K) 
Critical current (at U, i.1.X) 

6.4 x 2.5 =2 
10 (2 x 5) 
5D-60 = 
2500 A/=2 
l.6JlM..A. 

Characteristics of stabilizer 
RRR (Cu) 
RRR (AI) 
Yield Strength of Al (at 77 K) 
Shear strength b/w Cu / Al 

Conductor welding joint 
Joint resistance (at 4.2 K) 

. 

100 
500 
6I..MEa 
20 MFa 

~ 0 •••. 

-1 .~~!~! ...................................... . 
-2.f---..---.-----.--........ -o 2 3 

e.n Holf length (m) 

$ 
Hoop (b) 

4~~--------___ ~~ __ 
J 

2 

o.f--------------------------
AxIal ••••••••••• 

-1 • __ ••••••••••••••••••••••••• 

-2.f-----~----~----~------r-o 2 4 

0.08 

f O.OS 

·!·0.04 

Con Holf length (m) 

~tr ..... ~ 
(c) 

!. 
.0.03 

lO.02 
j 0.01 .. 

0.00 -I----r==:::::;:"--..---'-! 
o 2 3 

e.n Holf Longth (m) 

nG. a.e. 81_ u a fUllclioll of axial _111011 (a) on IUPPOrt cyliDder, 
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FIG. 5-8. (a) Radial and axial components of the force on the superconductlng coU; 

(b) deformation o! the coU under these forces. 
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DESIGN OF AXIAL SUPPORTS OF THE COIL 

IDR RE.REvISED 
(APRIL 28) 

MATERIAL FOR SUP. GFRP GFRP 
TYPE SINGLE SINGLE 

DIA. OF SUPPORT t10mm t10mm (IW) 
EFFEcrIVE LENGTH 300mm 300mm (&4.) 
MATERIAL FOR BASE TI·Allol AI·Allol(707S) 
DlA. OF BASE tSOmm t50mm 
LENGTH OF BASE ·15Omm ·ISOmm 
, OF AXIAL SUPPORT 14 14 

TENSILE FORCE/14RDS. :!:300tonnes :!:300tonnes 
BUCKLING FORCE/14RDS. lOOtonnes lOOtonnes 
THERMAL LOADSi14RDS. ·600mW ·600mW 
BUMP IN TRANSPARENCY 3.7 1.4 

(MAX) at 11=1.4 allR=6Omm (IR=60mm) 

Table 5-8 
Design load of the coil support system. ( ~"DI"'- S .. I't'<>eT ) 

FUnction Upward Downward Left/right F/B-~ard 

Global force 
Coil weight (ton) -20 20 
Applied load (ton) .JlL ~ .!Q.. ~ 
Design load (ton) ~ ...§ll !ll J.Q. 
Force constant (t/mm) 2 2 2 2 
Support stiffness (t/mm) >10 >10 >10 >10 

() 

2 
r 
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&o&ether. A shower maximum detector is Included In the EM section. 
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FIG. 6013. CryOitat attachment to the harrel hadron calorimeter, 

(a) section view, (h) enlarged end view. 
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SOLENOIO SUPPORT 

BARREL CALORIMETER 

1:&0 

SOLENOID SUPPORT 

BARREL CALORIMETER 
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SUPPORT FOR CRYOSTAT &BULKHEAD STRESS ANALYSIS 

16 FOLD SYMMETRY 8 FOLD SYMMETRY 

MAX DISPLACE- MAX DISPLACE-
STRESS MENT STRESS MENT 

1 ATM. 0.65 kgr/mm2 0.04 mm 0.78 0.04 
HOT) [6.5 MPa) 

1 ATM+Fz(40ton) 3.1 0.16 3.1 0.16 
c- ... 

I ATM-Fz(-40T) 4.4 0.23 ....hl..- ~ .. .. 
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CRYOSTAT VAC.UUM WA\.L. O~SIEtIlJ 

Vacuum load 
Design standard 

Table 5-6 
Outer vacuum shell requirements. 

1 atm radial and axial 

> 2 atm 
> 2 atm 

Radial collapse pressure 
~albucklingload 

Allowable stress Based on ASME press. vessel code 

Material 
Construction 

Aluminum alloy 
Welded joints 

Table 5-7 
Comparison of solid, isogrid, and honeycomb outer vacuum shells. 

Aluminum alloy 
Total thickness (mm) 
Skin thickness (mm) 
Skin layers 
Node configuration 
Effective thickness (mm) 
Weight reduction ratio 
Radiation thickness (Xo) 
Maximum size of plate (m x m) 
Units to be welded 

Solid 

5083 
27 

...lL 
1 

0.303 

ua} ~,9.4 
8 (= 2 x 4) 

Isogrid 

5083-H32 
46 
4.0 

single 
triangle 
.JL 
1/2.5 
0.123 

2.2 x 4.3 
12(=3x4) 

Brz. honeycomb 

6951/4045-T6 
46 

3.0 + 3.0 
double 

hexagon 
_7_ 
1/3.9 
0.079 

1.2 x 4 
21 (= 3 x 7) 



THE.RMA\" LOAI) ANI) COOL'NE\ CHA1tAc.\E~\S\\CS 

Table 5-9 
An estimate of steady state thermal loads for the SDC solenoid. 

Component 300 to 77 K 77 to 4.2 K 300 to 4.2 K 

Thermal radiation 300 30 
Conduction 

Coil support rods (n = 24-36) 24 2.5 
Shield support rods (n = 12) 3 
Chimney and service port 36 4.5 

Current leads (8 kA pair) 30 
Total thermal load 363 W 37W 30 L/hr 

WTT'" CoN'T1 N Ei!~NCY Or 2.c. '/. 

Table 5-12 
Cooling parameters in excitation and after quench. 

Exci tation of the coil 
Static heat-in-leakage 
Eddy current loss in support cylinder 
Quality of two phase helium 

He mass flow into cooling pass required 
He mass flow into current leads 

Quench recovery in coil 
Energy dumped into coil 
Recovery time assumed 
Cooling power required 
Cooling efficiency assumed 
Liquid (two phase) helium flow required 
Total liquid helium for recovering 

(@ 1 mT/s) 
Inlet 

Outlet 

(2 x 8,000 A) 

37W 
88W 
0.8 
0.5 
23 gls 
1 gls 

88 MJ 
4hr 
6.2kW 
0.8 
~(830L/hr) 
3,300 L 

Radiation Length V.S. Pseudorapidity 
comparison for solid shell, Isogrid shell and honeycomb shell 

0.7 J I V - Solid shell 
I-• ... Isogrid shen / 

•• I Honeycomb shell / 
/' 

/ 
V 

l---~ -
~ 

,........, , - , 
~ ~ V' -,' ) .... --. .. -.,.- - --- • 
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0- 0.5 
~ 
s:. 
0. 0.4 c .. 
-' 
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0 
;; 
0 0.2 

'" 
0.1 , , 
0.0 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Pseudorapidlly 

Radiation Length V.S. Pseudorapidity 
comparison for solid sheU. Isogrld .h.n and honeycomb shell (with coil package together) 

l.5 "'---~""'-I-"'-I-"'TI--"I"--'----'--""""'--'-'" 
- Solid shell + coil package 

J.O t-- _. Isogrid shell + coil packoge 

~ • •• Honeycomb sheU + coil packoge ./ ~ :' 

~ 2.5 +---I---I---+---+---t---l"7"~--Ir~-\-1---I 
I ./ ... ,:~' 

.r. v . .-;:-.-go 2.0 -I---I---I----\---4-~..f';----,cr:1~-+-+1---I 
~ v: ~:.-: .. 
c V ... ~:., 

.Q l'~11 ____ ..... .". ::-•• 
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:u ::t '-.0::''-. :-.-.'1 :.-. 
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'" 
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SDC CRYOGENIC SYSTEM 

MINIMUM 4.35 K COOLING POWER REQUIREMENT 
FOR THE REFRIGERATOR/LIQUEFIER 

I. STEADY ST ATE: 304 WATTS PLUS 1.2 GIS 
RETURNING AT 300 K -) 425 WAITS 

2. CHARGING: .J!.!l + 425 " 513 WAITS 
(35 MINUTES) 

3. J:QOl.DJll'll!: 
(14 DAYS) 

700 WATTS 

4. QU£MC1iB.E.c.oVER}': 2500 WATTS AT 4.5 K 
(4 HOURS} 

SDC CRYOGENIC SYSTEM 

SOLENOID QUENCH RECOVERY 

1. 3300 LITERS OF LIQUID HELIUM REQUIRED. 

2. 10,000 LITER STORAGE DEWAR - ENOUGH LIQUID IS 
AVAILABLE TO RECOVER FROM 2 BACK-TO-BACK 
QUENCHES. 

3. COMPRESS AND STORE THE GAS. RELIQUEFY DURING 
STEADY STATE OPERATION -> 12 HOURS/QUENCH WITH 
1 500_WATT REFRIGERATOR/LIQUEFIER. 

4. A PRESSURE OF 0.31 MPa (45 PSIG) IS NEEDED IN THE 
LIQUID HELIUM SUPPLY DEWAR AT THE START OF QUENCH 
RECOVERY TO DELIVER THE REQUIRED FLOW RATE OF 
28.5 GRAMS/SEC (3300 LITERS IN 4 HOURS). DEWAR 
NORMAL OPERATING PRESSURE IS 0.07 MPa (10 PSIG). 

Table 5-14 
General requirements on the cryogenics for the SDC solenoid. 

Typical refrigeration capacity 
Liquid helium transfer rate 
Liquid helium storage capacity 
Cold gas helium mass Bow at 60 K 

1,500 W at 4.4 K 
750 L/hr (after quench) 
5,000-10,000 L 
12 g/s 

SDC CRYOGEN I C SYSTEM 

STEADY STATE 4.35 K LIQUID HELIUM REFRIGERATION LOADS 

I. SOLI~O ID SYSTEM 

2. CONTROL DEWAR 

3. TRANSFER LlNJ 

4. 10,000 LITER LHe DEWAR 

5. VLPC SYSTEM - DISTRIBUTION 

TOTAL 

ESTIMATED 

37 WATTS 

13 

50 

4 

200 <BUDGET -7) 

304 WATTS 
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Table 5-16 
Design parameters of the prototype R&:D solenoid. 

Dimeosions 
Cryostat 

Coil 

Conductor 
Outer cylinder 

Transparency 

Electrical parameters 
Central field 
Nominal current 
Inductance 
Stored energy 
ElM 

Mechanical parameters 
Effective cold mass 
TOtal weight 
Radial mag. pressure (0. =0) 
Axial compressive force 
Maximum hoop· stress 
Maximum axial stress 
Maximum shear stress 

Peak field in coil 
Load line ratio 

Inner radius 
Outer radius 
Half length 
Effective radius 
Half length 
Thickness 
Thickness 
Radiation thickness 
Interaction length 

1.70 m 
2.06 m 
1.17 m 
1.85 m 
0.95 m 

44= 
33 = 
1.23 Xo 
0.26 >.0 

1.54 
11,250 A 
0.68 H 
48 MJ 
10 kJ/kg 

4.5 tons 
8 tons 
1.73 MPa 
16.7 MN 
43 MPa 
-19 MPa 
62 MPa 
3.8 T 
70% 

1-12 

DEVELOPMENT OF 

HIGH STRENGTH AL STABILIZED SUPERCONDUCTOR 

WHY IS IT NECESSARy? 

Present superconductors used In CDF, TOPAZ etc, 
are mechanically too weak to sustain electromagnetic 
force at B = 2 T, 

Mechanical design under elastice boundary condition 
Is desired In the SOC thin solenoid to be loaded with 
combined stress In terms of hOOp and axial 
components (2 ~. = S. - 5.) 

GOAL OF DEVELOPMENT 

- Yield Strength (0.2%) at 4.2 K > 60 MPa (min) 
> 70 MPa (desired) 

HOW TO IMpRove MECHANICAL STRENGTH? 

Specially Additional Impurity 

- Mechanical Cold Work 

Zn (200 ppm) 

Drawing andlor 
Rolling (10 - 20 %) 
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Table 3. Hechanical strength and RRR of aluminum matrix on production stages 

Step at RT (kgf /11112) 
<TB <TO. 2 

1. 5N (based IIa ter i a 1) 
2. Alloyed (200PPIIZn) 
3. Extruded 5. 2 
4. Co Id-vorked(I2X) 6.6 
5. Curred 6. 3-6. 6 
6. Aged at RT (a fter 6aonths) 

2.3 

2.3 
6.5 

5.3-5.6 

at 77K (kgf /11112) 
uB <TO. 2 

13. 6-15. 5 
15.7 

15.9-17 
15.6-16.1 

-3 
2.6-3. 6 

2.9 
7.5-8.9 
6.5-7.3 

same as above 

RRR 

2.500 
680 
630 
490 
530 

..... ... 
'" 
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nl 
MECHANICAL CHARACTERISTICS OF SDC 

SUPERCONDUCTOR 

TEST RESuLT 
ITEM 1WO before Curine .Rer Curine 

5 C Stnnd RT 17K UK RT 77K 4.1K 

T.5. (klll.n." I.., 111.1 150.3 
(11.7) (111.0) (155.7) 
(IU) (lILt) (144.9) 
(11.6) (UI.I) 

Y.S.(O.I") 40.1 47.4 7'-9 
(kill ....... ) (41.9) (44.7) (7'-9) 

(38.'> (45.0) (76.1) 
(39.0) (50.4) 

E1apllon (") 3.0 1.5 1.6 
( 3.0) 1.5) ( 1.6) 
( 3.0) 
( 3.0) 

1.5) 
1.5) 

( 1.6) 

liiIiiiliii:tAL) ItT 17K 402K RT 77K UK 

T.5. (killmm') U 14.7 38.4 U 14.5 30.1 
( U) (14.1) (38.6) (6.0) (1404) (38.1) 
( 6.4) (14.7) (30.1) (6.0) (14.5) (30.1) 

Y.S.(O.I") 6.0 1.0 9.7 5.1 ...6.1. ...2.L 
(kIU ....... ) 1a! ( 5.8) ( 1.0) (10.0) (5.4) ( 6.6) ( 7.0) 

(U) ( 7.9) ( 9.3) (409) ( '-1) ( 7.7) 

E1apllon (") 11.4 53.9 SS.o 33.4 6U 54.7 
(13.0) (SS.4) (55.0) (31.8) (64.1) (58.6) 
(lLI) (51.4) (34.0) (51.6) (51.7) 

~ RT 17K dK RT JliS: 4.1K 

T.5. (killmm') 11.1' 17.' 10.7 16.1 30.1 
(lU) (17.8) (10.7) (16.7) ( ) 
(11.1) (17.9) (10.7) (16.8) ( ) 

Y.S.(0.1") 10.3 IU 7.9 []J] 
IkIU .... n') (10.1) (11.0) (1.0) (7.7) ( 

(10.3) (1U) (7.8) (1.4) ( 

E1opllon (") 10.8 15.6 11.9 16.1 
(11.0) (15.3) (1!.9) (16.8) 
(10.5) (l5.8) (11.9) (16.7) 

Sh •• rinl(AI/Cu) RT 17K UK RT 17K 4.1K 
IItlllmml ) 3.9 5.8 4.5 3.7 5.7 1.7 

( 3.9) ( 5.4) (4.5) (3.9) (6.6) 18.7) 



CHARACTERISTICS OFSDCSUPERCONDUCTOR 

ITEM !l)lE~ belore ~urlnl aner l::urlnc 

blamension(mm) 
Strand Dia. 1.277 1.273 
Cable 

thleaes. ·2.5 2.34 
width ·6.4 6.14 

Conductor 
thleknt •• (L) (4.42) 4.42 

(S) (4.32 4.35 
width 43.8 43.8 
coraer SO.5 0.4 

Aill::UJNbTI Ltlo 37."111 27."0."1 
TWISt plteh(mm) 27 

I~(A)OI 
at 3.OT 23950 24580 -2 
at 4.0 T 1t750 20250 
a' 5.0 T :'16000 16025 16475 
at 6.0 T 12600 13075 
at 7.0 T t22.5 9500 
at 8.0 T 5890 6120 
4.2k,10·llncm 

mr AI ~u AI ~u AI ~u 

at OT ·600,100 497 §5 JllO§7 
at 1.0 T 215 79 243 81 
at 2.0 T 

162 " 198 67 
at 3.0 T 140 55 184 56 
at 4.0 T 127 47 178 48 
at 5.0 T 118 41 176 42 
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Plan: 

The outer vacuum shell thickness for a solid shell is 
determined by elastic stability criterion for a cylindrical shell 
under external pressure. 

The SOC magnet group evaluated various fabrication 
techniques Intended to achieve the equivalent stiffness of a 
solid plate but with much less material. 

We chose to pursue R&D on two techniques that we Judged 
most likely to lead to a practical shell that would meet the 
requirements of SOC: 

1) Brazed Aluminum Honeycomb 

2) Aluminum ISO grid 

R&D is in progress at this time on both techniques. I will 
discuss our progress and plans; 

Purpose: 

SOC Solenoid 
Outer Vacuum Shell R&D 

The SOC solenoid is required to be thin in terms of 
radiation lengths. If this shell were made with conventional 
techniques (e.Q. Welded shell of solid aluminum) then it 
would be a major contributor to the overall thickness of the 
coil in terms of radiation lengths. (.3 ).,) For this reason the 
SOC magnet group began a program to develop an 
improved teclinique to labricate this shell. 

Outer Vacuum Shell Specifications: 

outer radius 

total length 

High Reliability 

Radiation tolerant 

Safe - predictable 

Option 1) Honeycomb 

2.0Sm 

B.72m 

metallic - welded 

> 6 megarads 
(10 yrs @ 1034 cm-2 S-1) 

built to ASMElCGA codes 

Characteristics of Brazed Aluminum 
Honeycomb Panels 

• Near optimal use of material for high stiffness 

• High Thermal Resistance - => Weld able 

• High Reliability (no epoxy adhesives) 



Honeycomb Vacuum Shell 
Design Specifications 

Honeycomb Outer Vacuum Shell 

Aluminum alloy A6951/A4045 

Total thickness 45 min 

Skin thickness 3.0 mm + 3.0 mm 

Skin layers double 

Node configuration hexagon 

Effective thickness 7.1 mm (AI) 

Weight reduction ratio 1/3.83 

Radiation thickness 0.08 Xo 

3 POINT BENDING 

!"iO 

with Bending Roller 4 POINT BENDING 

Concept 

~ ~ 

Shearing Fore. mm !Ill 
Distribution lllW [!II 

~II!IIIII!!~ Bending Moment ~ 
Dlllribution 

POlllblllty 01 
e.pecwd None Co... CoD.pald , 

POllibllity 01 Expecwd None 
Shearing CelonnaUon 

Bending Siu Long Umltad 
.. 

HONEYCOMB VACUUM STRUCTURE 

RESEARCH AND DEVELOPMENT 

(3RD EFFORT) 

4 POINT PNAEL BENDING WITH CONSTRAINT FIXTURES 

~ i i ~ 
\ I T "\ I 
I I i I ! 

'A""" 

I 
I 

RESULTS 

I. BENDING SUCESSFUL DOWN TO RIT RATIO OF 46 WITHOUT 
BUCKLING, 

2. RADIAL SPRING BACK OF 10 110 OBSERVED AFTER 
RELEASING, 

(S"~I1I.I) 
3. !leas!> B' eli- SAGITA OF 15 MM , 

(IT COULD BE ELIMINATED WITH ANOTHER CONSTRAINT 
FIXTURE). 

16H 

171. 



Option 2) ISO grid Shell 

, 
'.~ 

Characteristics of Aluminum 
ISO grid construction 

A lattice of Intersecting ribs forming an array of 
equilateral triangles. 

17:! 

174 

Isotropic (no directions of Instability or weakness) 

Efficient use of material for either compression 
and/or bending 

Lightweight 

Proven analysis techniques 

Can be optimized for wide range of loading 
Intensities 

Readily reinforced for concentrated loads 
and cutouts 

Regular pattern of nodes provides attach 
points for other structures . 

Easily fabricated from solid AI plate with NC 
machine tools yielding a very reliable material 
of known costs. 

• 

173 

175 

Large experience base: 

In use on major space programs, extensively 
investigated by NASA, military, and industry. 

Fermilab has received structural analysis and 
engineering design assistance from P.S. 
Associates 

Companies with ISO grid construction 
experience are available for R&D and for 
production of final shell. (e.g. machining, 
welding, bending) 



R&D on Machining and Bending 
ISO grid Panels 

Machining 

Panel size - 0.63 m x 1.1 m (two panels) 

Panel thickness - 46 mm 

Sin thickness - 4 mm 

Bending RESULTS 

Radius Formed To: Thickness: 

Plate 1 2.05 m 

Plate 2 2.05 m 

46mm 

46mm 

CONCLUSIONS 

1. No significant problems in brake forming plates if skin Is 
on outside radius. No buckling or web crippling 
observed. 

2. Small deformatiorls observed near edge 
nodes ... understood and easily fixed =-=> no problems 

Conclusions of ISO grid R&D 
and Plans 

• Technique is likely to be successful but somewhat 
less efficient than Aluminum honeycomb. 

• SOC magnet group decided to fabric.ate prototype 
shell using this technique. (3 AI plates 2.5 m x 5 m 
are on order from Alcoa) 

• We will fabricate a large test panel from 5083-H321. 
This will have exact circumferential and longitudinal 
weld configurations as Prototype shell. Test panel 
will be formed to 2.05 m radius. 

• More weld joint tests will be done with 5083-H321 

• Decision for final shell will depend on outcome of 
Honeycomb R&D effort. 

iiI) 

178 

ISO grid Vacuum Shell 
Design Specifications 

ISO grid Outer Vacuum Shell 

Aluminum alloy 5083· 

Total thickness 46mm 

Skin thickness 4.0mm 

Skin layers single 

Node configuration triangle 

Effective thickness 11 mm (AI) 

Weight reduction ratio 1/2.5 

Radiation thickness 0.12 Xo 

177 

179 



SUMMARY 

DESIGN STUDY 

- THE LATEST DESIGN BOUNDARY CONDITION OF 
b2JlI. AT X-l 2Xo WITH Z(Fe-END)=4.783 m , 

4ZeFe-COIL)= 0.62m AND Fz(COIL)=1300 tonnes 
WITHIN ACCEPTABLE FORCE LEVEL. 

lWl 

- THE SUPERCONDUCTING COIL MAY BE SUPPORTED 
WITH 2 x &-FOLD RADIAL SUPPORTS AT BOTH AXIAL 
ENDS AND WITH 14 (=12+2) AXIAL SUPPORTS AT THE 
CHIMNEY END. THE AXIAL SUPPORTS REQUIRE 

Xmax =3.6Xo AROUND 11=1.5 WITH IN A REGION OF 6% 
OF CIRCUMFERENCE. -

CRYOSTAT MAY BE SUPPORTED WITH B-EOLD 
SUPPORT-BAR FROM THE BARREL CALORIMETER 
ALTHOUGH 16 FOLD SUPPORT WAS PREFERRED. • 
STIFFNESS OF THE SUPPORT-BAR AGAINST 

4Fz = 40 tonnes AND 4F/4Za15 ton/em SHOULD BE 
IMPORTANT. 

HH 

Table 5-11 
Overall schedule Cor the prototype solenoid and the production 
solenoid. The Japanese fiscal year begins AprU 1 of the rear 
iDdieated. 

JFY1991 I 
JFY1992 

JFY1993 

JFY1994 

JFY1995 

JFY1996 

JFY1997 

Prototype Magnet Development 
-Superconductor fabrication (.." ~ ) 'u 
-WindiIlg machine development (~~"") 
-Outer support cylinder fabrleation 
-Isogrid vacuum wall development 
-Coil winding l So"" - _) 
-Cryostat element fabrication 
-Assembly of the magnet 
-Cool-down and excitation ill air 

Production Mapet Fabrication 
-Superconductor fabrication 
-Cryostat element fabrication 
-Coll winding 
-Mapet assembly 
-Mapet assembly continued 
-Cool-down and excitation test ill air 
-Transportation to SSCL 
-Cool-down and excitation ill iron 
-Field mapping 

PROGRESS ON PROTOTYPE R&D 

- SUPERCONDUCTOR OF !!1m..HAS BEEN NEARY 
COMPLETED. IT MAY SATISFY TO HAVE oO.2=67MPa 
AT 4.2K 

- COIL WINDING MACHINE IS BEING DEVELOPED. THE 
PROTOTYPE COIL IS TO BE Wo'UND BY THE END·OF 
THIS YEAR. 

EpOXY BOUNDING SHEAR-STRENGTH MEASURED 
USING SAMPLES TAKEN FROM THE FIRST WINDING 
TEST WAS UMfl AND LARGER BY A FACTOR 10 
.II::IAtL EXPECTING IN FEM ANALYSIS 

- VACUUM VESSEL WITH ISOGRID IS IN PROGRESS 
BRAZED HONEYCOMB CYLINDER IS BEING • 
DEVELOPED IN PARALLEL. 

- PROTOTYPE MAGNET ASSEMBLY IS TO BE CARRIED 
OUT IN 1993. 



Report from Tracking Group 

1. Silicon 

Y. Unno 
Physics, KEK 

Abstract 
The Silicon Tracking group had the meeting 

focused on Detector R&D, Mechanical System, and 
Beam test at KEK. Capacitance measurements of p
and n-side structures assured the R&D direction and 
Full size prototype DSSS's were produced. A full 
signal simulation program was developed and basic 
characteristics of the Silicon tracking system was 
checked. Strong design progress were made for the 
wedge DSSS as well as the mechanical systems 
including the ladder assembling at KEK. A beam test 
is being planned to start in the fall of 1992. 

soc CoIIUro,.,. .. Melfi", ., UK 
.~ to- T_., G..., I. SU .... 

Focuses 

IoUy ZH'. I"Z 
Y.u... 

of the Silicon Group Meeting 

1) Detector R&D 

Capacitance measurements 
Radiation damage 
Signal simulation 

Double-sided sensor prototype production 
Wedge detector development 

2) Mechanical System 

Mechanical design status 
Mechanical design study at KEK 

Alignment requirement 
Detector electronics design 
Ladder assembling at KEI< 

3) Beam Test at KEK 

Plan for the beam test at KEK 
Beam lines at KEK 
Amp-comparators 

Update on Tek amp-comparator 
VME-UNIX DAQ for the beam test 

1 'it 

Silicon .~roup ... Un; 1n the SOC ... tinv U UK, May u-n, un 

13:30 Openin; aClclr ... 
13 :$0 Capacit.ance ,...sur .... nt. 1 
14:10 Capacitanca ..... ul' ... nt. 11 
14: 30 ltad..Lu.lon <1&_9_ 
14: 50 Pula. saul.tion 
U:la Bruk 
U:JO Plans for t.au of "9. field effect 
15:50 Double sided •• nsor ,1.rnUD!lk) 
1':10 Co.aent on Pl'ocSuctlon of OS SO 
11: 30 D1scu •• ion on Oua11t.y ••• urano. 
11:00 Adjoum 

I. ~ndol1.CCh.h) 

A. Seiden 
K. Kirsts 
K. S.droaiAaki 
N. TaauES 
Y. Unno 

K. liock 
T. Ohau9i 
JC. YaaaIftOt.o 
H. ,.dcoaiAaki CCh.1r1 

11:30 S111con 9&'ouP dinn.&' .. lus1 r •• taucant ·Nan1".-

MAy 2' INed) Hol'n1n9 .. Mechanical Iyu ... 
lulldl3"'3F 1325 

• t:OO K4!chanlca1 esea19n at.at.u. 
.:40 K41ch.nlc.l de.19n atudy at UI\: 

10 :00 Au'9NM1nt requh' ... nta 
10: 20 Dl.cuaalon 
10:$0 Ir .. k 
11: 10 Det.ect.oc .aduie ded·9n 
11:30 Ladder .... IItIbUn9 .t. UK 
11:S0 Dlacua.lon on double-.lded bond1n9 
12:20 UD .nd con.t.l'llct.10n achedul. 
12:40 Mjoucn 

"ft.e~oon - Tr.ckin9/Inte9ntlon .,)'01nt ae.alon 
1U1n au11d. Lect.uEe Mall 

Even1n9 .. SOC 9rouP dlnner 

lUy 2. CThul HoEftln9 ...... t.eat. at. IItEIt 
.u11dU .. .., lollS 

,:00 nan fOr t.h. be .. teat. at. UK 
.:20 .... line U UI. 
.:40 AIIIp-Co.-p.utor for t.he be •• t.en 

10:00 Updat.e on Tek .-pUUer-cOlllPAr&t.or chip 
10:20 YHE-UNIX DAQ fOE t.he be .. t.e.t 
10: 40 DiacuaaJ.on 
11:20 Adjourn 

lUy 2. CThul Afternoon - work1n9 houn 
auUI3-3r 132$ 

Lea AlalllOa .. UK ... tift9. et.c ••• 

A. leldenCCh.lrl 

W. Killer 
T. JCohdki/Y.Unno 
H. 110ck 
A. Seiden (Cb. hi 

K. Spieler 
T. KohEik1/Y.Unno 
Y. Unno CCh.1rl 
A. 01'1110 

Y. Vnno 
A. MYrakaa1 
II. Ipi.ler 
K. S.droainaki 
N. N~chi/Y. Y •• u 
H. Ssdrodnaki CCh&1rl 

Capacitance Measurements 

• p- and n-side capacitance measurement samples 
are produced and measured 

soc ColWo ....... M.u., a' ax 
~ to- T-., G..., I. Salco. 

IoUy Z'-29. I"Z 
Y.U_ 
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detail structure of both surfaces 

p-njunction side 

- Si02 
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Figure 15: AC In,ers'rlp capacl,ance 
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Simulation steps 

1) E- field calculation - Poisson eq. on meshed space 

2) Particle trajectory 

3) Energy dep~si~2P according to the 
Lanaau+Atonucinding exilation.nuctuation.n a 
step of 15 ~ depth 

4) Drift of electrons and holes in E &: B 
and induced currents -

5) Charge integration and CR-RC shaping 

6) Discrimination with noise to set timinf 

soc c ........... 114 .. , •• , ur "'Ml"" ....... " ... _ ..... _ NorJWI.rm 
Y.U-
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Signal Simulations of 
the Silicon Strip Detector 

Y. Unno 
Physics, KEK 

J. Leslie, R. Sonnenblick 
SCIPP, UC Santa Cruz 

Abstract 

Signals from the double-sided Silicon strip detector 
are simulated including the effect of 2 Tesla magnetic 
field. Induced currents of holes (p-side) and 
electrons (n-side) created by the charged particle are 
integrated, shaped, and discriminated with electronic 
noises, as expected for the SSe. Efficiencies, 
resolutions, and means are evaluated as a function of 
the threshold. A set of optimum is being searched. 

soc c.n ... ,., ... 114_1", ., rlr 
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Conclusions 

(The results presented are preliminary . .) 

• Evaluation of efficiency, resolution, and mean 
indicates ... 

• SIN = 12-20 does not affect very much. 

• Faster shaping is better to have the timing in the 
bucket. "t'p.:a.b~ 

• Threshold at 25% of the most probable charge is a 
good choice ... 

• Threshold variation (±10%) has very little effect. 

• Resolutions: 

p·side 12 J.lml single hit, 7 J.lml double hits 
n·side 10 J.lm/single hit, 9 J.lm/double hits 

(due to effective sensitive regions in the strip pitch?) 

SOC C."."'.''-II "elfia, ., XfX 
Si,NI $;lit ..... , .... ., ... SiJi~ ... S'n, Dd«1_ . 

Production of 
Full-size Prototype 

Double-sided Silicon Strip Sensor 
for the SDC 

• DSSS for the Barrel is produced!! 
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Ladder Assembling at KEK 

T. Kohriki and Y. Unno 
Physics, KEK 

together with 

Hamamatsu Photonics Co. Ltd 

Abstract 

Tools for assembling the Barrel ladder are being 
prepared. Using the tools, a ladder with mechanical 
detectors and Polycyanate-CFRP ribs is assembled. 
Wire-bondings are under investigation jointly with 
Hamamatsu Photonics Co. Ltd. 

SOC C""",.,;." .,di", ., KfIC 
1A44" AUf.Will, ., UK 

M<y2f.2J.IH2 
r.u,... 

:!O1 

2()6 

00000 
00000 
00000 
00000 

-.. .. 
~ 

; 



Beam Test at KEK 
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Beam Test of the SDC Double-sided 
Silicon Strip Detector 

Y. Unno 
Physics, KEK 

for 

The SDC Silicon Tracking Group 

Abstract 

The beam test of the DSSD for the SOC Silicon 
tracking system(STSl is being planned to check-out 
the prototype DSSD, and eventually at the end, the 
full signal stream from the sensor to the data 
acquisition provisioned in the SOC. The first beam 
test will be held in the fall of 1992 at a test beam line 
at KEK. A plan for the setup and job sharing is being 
discussed. New components, effect of magnetic field, 
etc. will be tested in the later stages utilizing the 
setup. 

lOC C.II."""HII M.Ii"1 ., «'" ... I., -J loW DSSD 

Detector Module - PC board 

6 em o."(,.,." • ..,I.,,C "It" 

IDe eeI .... ,.,_ IrA.",., ., "IC 
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soc c." ... ,..,~" Mu'i",.t ~,r 
.... I_' If 1M DSSD 

Setup 

Summary 

• Capacitance measurements 

UNIX computer Mq'W,.,,,, 
Y.U..,.. 

- p-side capacitance: Cp -1.0 pF/cm@w=10 ~m 
- n-side capacitance: p+ isolation method works and 
a wider p+ isolation width reduces the capacitance. 
C./Cp -1.8@ w=10 ~ &: w(p+)=24 ~ 
- Frequency dependences are reproduced with SPICE 

• A Full signal simulation program is in hand 
- SIN = 12 - 20 does not affect very much 
- ±10% Threshold variation has little effect 
- Tek Bipolar chip has shown S ±10 % variation! 

• Full-size Prototype DSSS's are produced!! 

• Design progress for the Wedge OSSS. 

• Mechanical design is detailing and strong progress 
is being made for the ladder assembling at KEK. 

• Beam test of the DSSD is being planned to start in 
the fall of this year, 1992 ( to be the first user of the 
SOC portable DAQ). 

SOC Col ...... ,.. Medi., ., ~£« "-',... T_,~, /. 5_ 
,., :U-U. '''2 

Y.1buoo 

2 t '! 
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Milestones 

• Place orders for AT&T and Tek chips May-June 

• Place order for Digital chip May 29 

• Receive AT&T and Tek chips Sep 15 

• Assemble & test one module Sep 30 

• TEM by W. Smith Sep(?) 

• Ship partial modules to Japan Oct 15 

• Complete the mechanical system Oct 1 

• All modules assembled and tested Nov 1 

• Complete the trigger counters, logic, DAQ 
and ready for the beam Nov 15 

• KEK PS operation 
1992 Oct - Dec(Tl) 
1993 Feb - March(T1) 

May-July(7t2) 
Oct - Dec(lt2) 

soc ,.u ...... ,_ Melfi" • • , ~£~ 
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REPORT FROM TRACKING GROUP 

OurER TRACKER T.K.OHSKA 

May 26 

Afternoon session ; 

Overall Discussion on organization on electronics : A. Lankford 

Straw plans for '93 Straw group 

May 27 

Momina session : 

Ioint TracldnaJElectronics Meelins : T.K. Ohska 

Afternoon session: 

Outer TrackinS Meetins· Stapna I DescopinS : W. Ford 

Outer Tracldn, Meetina' Intearalion: T. Thumston 

I. Pilos , R. Swensrud 

May 28 

Morning ",,,ion : H.H. Williams 

Activities in Iapan : T.K. Ohska 
Chamber test aetup at TMU : K. Yamauchi 
Readout on Chamber Tests: S. Oh 
4 m Module Tosti: D.RuS! 
Colorado works for .traW : W. Ford 
Chamber Resolulion Calculation: H. Osren 
Space Constraints for Electronic. : R, Swensrud 
Design of frontend board : S. Odaka 
Electronics layout: R. Van BerS 

Discussion 

Afternoon session : Straw group workshop 
Chamber testiConnecton!Frontend board .... 

21;' 

217 

HV system requirement for .traWi : D. Rust (Indiana) 

Activitios In Iapan : T.K. Ohsks (KBK) 
Straw FEB/Heat 

Chamber telt setup at TMU : K. YlIJIIIIChi (TMU) 
Chamber test .tatu. for ItraW' 

Readout on Chamber Tosti: S. Oh (Duke) 
Auembly/cOimic ray lCIt/hiab rate on .traWI 

4 m Module Tosu : D.Rust (Indiana) 
Test results on strawl·attenuaton etc. 

Colorado works for straw : W. Ford (Colorado) 
Cosmic ray toIt on straws with Mark II chamer 

Chamber Rosolulion Calculalion : H. Oaron (Indiana) 
Analysis on Intearatcd charse on Itraw. 

Space Conltraintl for Electronic. : R. Swenarud 
(Wealin,bouse) 

. Drawinli'pace availability 

Dosian of frontend board : S. Odlka (lCBK) 
FEB deai .. for Itrawl • Microcrate/coolinS 

BIoctronicl layout: R. Van Bera (Penn) 
Placement of FEB for ItraW' 

Discussion 

512 CHANNEL CASSETTE 

216 

21~ 
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~ '"~Corpcntion 

»70 .... 1IIOrftII~ 
Po.Box3105 

"'*-' CMtomI aeow105 

031-BCllS 

Prot. M. Atae 
Cepart •• nt of Physice 

Rockwell 
Internat10nal 

univerei ty of Calitornia - Los Anerel •• 
Lo. Angel... CalJ.fornia 90024 

The purpO •• of this letter ie to update you on the atatuB of Lot 
HISTE -III Visible Light photon Count.,.. (VLPce). 

VLPCe exhibiting very good performance have b.en obtained tro. lot 
HlSTE-lII. Water fabrication ot this lot ot devic •• wa. coaplated 
recently on. the HISTE tH..igh-Rate .§S:intillat1ng ri~r %Tacking 
I2Cpari •• nt) contract tro. uCLA. 

Th. lot included three groupe ot water. with cU.ft.rent variation. 
at _ted.l par ... ter.: all thr •• groupe yielded operating VLPC •. 
OetaUed evaluation ot the b •• t perfora1ng group has been carried 
out uelng dl •• ot an I-al ••• nt line array tro ••• ch ot the thr •• 
wat.r. in that group. R •• ult. to date ar. very po.itiv. and are 
su_.rlz.d b.low. 

QUantua .tficiency in the visible and intrar.d spectral r.gion ..... 
•••• ur.d on th... d.vic.. and concurr.ntly on a SoUd St.t. 
Photo.ultipU.r (SSPM) t.bric.t.d .arlier in lot DC tor ch.ckout 
ot a HISTE ••• k •• t. T.bl. 1 .~I'iz.. the device quantua 
.ttici.ncie. e.ti_t.d tro. th ••• data. Th ••• tl_ted accuracy ot 
th ••••••• ur ••• nt. i. +!Ui' to -1&*. 

WaveleDgtb (pa) 
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TABLE I 
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1. Prototype construction. 
2.7 meter 64 channel 
3.0 meter 100 channel 
4.0 meter 159 channel 

2. Resolution Measurement. 
as a function of distance 
as a function of high voltage 
as a function of rate 
as a function of amplifier 
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A Plan of Cosmic-ray Test of Straw Readout 

at 

Tokyo Metropolitan Univ. 

Kazuo YAMAUCHI 

1. purposes : 
• To test the newly fabricated TMC or ASD using 

the signals from the Straw Chamber. 
* To measure the spatial resolution to compare with the 

previous results of the other experiments. 

2. Straw Chamber: 
Made by Indiana Univ. and has 64 straws. 

3. Electronics: 
*ASD 

*TMCor 

TDC and ADC 

4. Gas supplying system: 
* CF. (80%) + Isobutane (20%) 

* Ar (80%) + Isobutane (20%) 

~n 

10' 

1111 

1.6 1.8 '.0 2.2 
Tub. VoIla". kilovolts 

2.' 2.6 

f~,. m.3. The lain curve of I 4 mm ID"IW drift Nbc with Cf4 ·isobutane 8();20 
lIS. The absolulc e&libradon of lhc CUI"Y'e is ICClUatc 10 abOt1l1S" but &he 

shape of the curve reflects the true dependence. of lhc ,ain on voltaIC. 

45' 

ax: 
Program Advisory Committee Meeting 

May 5, 1992 

Signal. Attenuation In a Straw Chamber 

.4 meter straw 

.Copper coated Kapton (150 nm) 90 ohms . 

• 37 ~ diameter wire, Gold plated tungsten 

• Oi IInc:tOIF," source I m,asuremlnl nl mel,r, 

T U. /1' rro-!o~,.e. 
( ... .(."cl. .......... le~t.l c:l1\ir-;'t.4,·o,<s "' ,' ... ,....,t d 
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S) Conclusions: 
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Fib,r Routing Geometry 

PMl Layout 
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Choose PMT 
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Fiber Routing Geometry 
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Fib,r lengths 
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Optic 2 
Wrap Material 
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SOC CoUabontion Moodnl II 
KEK. May 2~29. 1992 

S. Tenda: KEK 

Muon Subgroup Summary 
(Incl. MuonlInteg. Muon/Elec. Joint) 

I. Discussions on Detector Arrangement: 

1) Layer ordering of BW1 ~y,.e~c" 'lfq..8l.f 
- Confusion volume (Muon I.D. perfonnance); J. Wiss 
- Mechanical rigidity; C. H. Dary 

Recommend 4$49 with e tubes at outer radius. 

2) BW-IW interface 
-Continuous e coverage, Realizable support scheme for 
IWs'; F. Feyzi, D. Carlsmith 
Recommend extension of BW3 with JW3 inside. 

Need detailed engineering and evaluation to the access 
space between BW2 and BW3. 

3) Place of barrel scintillator; 
in BW2 or BW3 

Access, Perfonnance, Cost 
We. S'''-I~ stA'I't "$'f;v.CiI,cs. 

4) Interference between bottom BW1 octant 
and calorimeter support must be studied. 

L. Bartoszek 

2'37 

C. H. t)Q.V'1 

Deflections for Supports Moved in From Comers 

Effect of Tube Order In BWI Modules 

Tube Layout Maximum Deflection (mm) 

4- Theta, 4- Phi 

~ 4- Phi, 4- Theta 

2 Theta, 4- Phi, 2 Theta 
.. 2 Phi, 4- Theta, 2 Phi 

2 Theta, 2 Phi, 2 Theta, 2 Phi 

2 Phi, 2 Theta, 2 Phi, 2 Theta 

0.797 
0.797 
0.963 

.Q.2ft 
1.066 
1.066 

"t. "t (or .... 48) _layout 
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5) Tube sparsification issue 

" . C,-, w...l\ 
('-l ... loJ...,.,.....) 

C)o.ve 2.2."; 0+ BA.YYe~~e. dIullel CDluIt 
S. willis, V. Siroten!to, ~tz,. 

N. Kanematsu 

Y.Asano 

- Trigger efficiency, Number of effective layers 

- Effect of EM debris 

Recommend that BWI and BW3 remain sparsified 

according to the baseline design. 

Recommend that BW2 be only Partially sparsjfied to obtain 

<Dhir> - S instead of 4. ( BW2 has worst H.M. debris) 
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Number of Muon Hits ~ 3 in BW1 
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Pt ~ \ "lev/c. 
0.95 

4S" "'t Spo..r.lifcl 
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0.75 t 
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~ Two-Track Resolution (cm) 
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Trigger Efficiency at Pt = 1 TeV/c 
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n. Discussions on Descope/Staging Options 

I) Barrel; 
-Toroid thickness 
-Fewer chamber layers 

Recommend to keep present desi~ 

2) Intermediate; 
Stageable except for octants trapped by cables (3/8 

octants) 
Saving;~ 

3) Forward; 
Two possible scenarios; 
a) Keep both ends but limit to one toroid and mini mal 

tracking (no trigger). 
b )Leave off one of the forward arms 
Saving; ~$12M for either a) or b) 

Majority of muon group felt b) was better than a). 
Note, Russian group not present during discussion. 

4) Miscellaneous; 
Cheaper toroid Support 
Delay gas recirculation 
Optimize alignment system 

-$2M 
-S2M 

::IDx1 
""SSM Total 

Saving; .... $20M Grand Total 

Sl>c. Muo .... ~v" 
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i) S. Amendoria; RPC solution for the SOC muon trigger 
counters 

ii) W. H. Smith; Muon trigger rate 

iii) A. Skuja; Forward system design by Russian group 

iv) A. Kulik; Neutron Rate in the SOC Muon System 

v) S. Moo; Tube production in lapan 

vi) G. Feldman; Phi crack filler chamber 

vii) C. Grinnel; WBS, Z-boundaries of BWs' 

viii) S. Errede.l. Wiss; Physics Impact of Phi Crack in the 
Barrel Muon System 

ix) Mourad Oaoudi, Uriel Nauenberg, Victor Sionim; Study 

of Loss due to Missed Coverage in the Barrel Muon 
Detector 

x) Zholobov G. V.; A background computations for SOC 

set-up at 40 TeV IHEP, Protvino, 19/05/1992 Meeting 
report 
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IV. Presentations at Muon/Elec. Joint meeting 

i) S. Terada; Muon Electronics Overview and Development 
Plan in Japan 

it) Y. Asano; ASD development 

iii) Y. Arai; Design ofTMC for muon readout 

vi) H. Sakamoto; Muon trigger electronics 

v) I. Chapman; Muon detector trigger 

vi) M. Ikeno; Status of TMC module 

vii) T. Zhao; Level-! muon trigger using Xilinx FPGA 
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Minitower Project at KEK Test Beam 

Purpose: 
a) Provide test bench for the development of a chamber 

miier electronics. 

b) Provide a mini-station for testing an oYeraJJ read-put 

~ 

Chamber Setup: Two sets of 4 x 4 tube arrays (32 ch.) 

simulating BW28 and BW38 

Test Beam at KEK PS: 

a)TI beam line; pion 0.5 - 2 GeV/c. 5 x lQ4 ppp at 1 GeV/c 

b)1t2 beam line; pion I - 4 GeV/c. 2 x 10' ppp at 3 GeV/c 

Schedule: Beam Test at _. 1993 
'"-b. 
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ASD - Summary of Measurements 

* Gain 75% of expected value, 
uniform chip to chip, 
channel to ch. (few %) 

* Peaking time 7ns observed, 
6 ns expected 

* Threshold Var. < 0.5 fC ch. to ch. 
< 1 rc chip to chip 

* Input impedance 125 +/- 10 ohms meas. 
110 ohms expected 

* Crosstalk None observed for < 10fC 
with threshold at 0.5 rc 

* Threshold Temp Var. < 0.2 rc for 40 C 

* Time Walk 4.5 ns for 1 - 15 rc 
(in agreement with SPICE) 

* Yield 80% of chips 

312 

I. 1 ns x 4096 bit x 4 ch (Straw mode) 

TMCCell 

-------1nsx32-32nsi---------

II. 2 ns x 2048 bit x 8 ch (Mu mode) 

!·i·i!llii!ll~i~ii1:~i]iiiii!ili!~!) ·!:i:~ijij:i~:~~J:l:~:ri:~!i::!:::i 
',' Dual Port :::::: :: Dual Port .' 

•••••••••• ~-~ ••••••••••••••••••••••• ~~~!~ ••.••••••••• 
- 2ns x 16 -= 32ns

,.l...L...LT--M-"""C""'C""'e""II.....L..J., 

- 2nsx16 = 32ns-

TMC4004!8 Memory Block 
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Introduction 

The straw tube Dee design Is eonstralned by 

• Noise on analogue FE caused by digital activity 

• Space and power considerations 

• Rad-hard requirements 

Several groups Involved In Dee architectural design 
and simulation 

• SSCL group has been working on 

- High-level simulations of buffering strategies 

- Noise Issues on the Front End Board (FEB) 

- Data transmission technologies from FEB 

• Toronto/McGill group has been studying 

- Detailed Simulations of a "straw man" design 

- Buffering from Ll _ Crate Interface Card (CIC) 

- Design of prototype ASIC's for DCC on FEB 

2 

Leyel 2 Buffer 

• Receive TMC output when L 1 accept is asserted. 
• Encode/Format Input Data. 
• Buffer the data for L2 decision time (- 50 I-Is). 
• Transmit data to DCC. 
• Combined with TMC if possible. 

""""""""""""""""""", ... , 
, L2B : 

TMC 

CHO 

CH1 
DCC 

CH2 

CH3 

Row 
Address 

a16 

1 
I 

.......... Ivr:rr1il:l:1 
................................................................................................................................. 

L 1 Trig. L2 Trig. 

317 

O ~ "'0' 4-- ~ ~ 



0.5 

.r 0.4 

"" :P 0.3 

~ 
,,;:. 0.2 

0.1 

318 

Alternatively, have TMC generate "end-of-trlgger" hit 

This control Information also has modest Impact 

0.45 \,0)11" e.-r 
0.4 . (~) 

0.35'."- /·~11\'.·:.· ' ........ ~f; •• 

0.3 

0.25 

0.2 
0.15 L. " ".'Jk.i; 

0.1 ".,) l~"·L.f. "'. / -··.I~" 
0.05 "1.,:,,,'.te,,,, ,." 

o ~--1.~"8~,L:-O -:l, 2-=-f14,.-,1:, 6:-,.I,8--,JJ20 0 2 4 6 8 10 12 14 16 18 20 

~;;. (r.lit'lf .f ... ---L.!I·w..".c\ "TOle. 
~·j,u,. 2: FMUX OC(.UpJIIIC), (in Lenn.oI hi\.l) ror OR' roUr·C ..... ba '!'VC/AMU without 
(a) or wUII (b) elle 'In~~y bi~ {or .. eI, .y.n~. 'l'b. occupauc)' 1. allow. tor t.h, .. clllI'.,..,,1 
}·MUX·FE'l"X·CIC b:un]widU •• of 2 (duued)," ("uboc.l) a.llclS Mb),L4/. (lOUd bl.~osra.III). 

. -., 
Prefer having control Information : :: 

; ~ 
• Inherently more robust (error detection easier) ..... :: 

• More flexibility 

"ll'S55 
I c.01' I gt I "T I lI.tf I (Of 1 .. 1' I 'It I SIt I 

D.,J ... wt.{ 'f"''' 
.. fHr' \.L 

Summary 

* Understand Straw Signals 

--. 
7 

* Amp/Shaper/Disc satisfies specifications 

* TMC provides full capability for time meas. 

* L2B chip under design 

* Dee - block schematic & high level simul. 

* Radiation Hardness not a problem 

* Primary emphasis now on 

- full system test 
- substrate & mounting 
- cooling 

''''~lI: Ownber 

Si'.:!... 

( Water-cooled Micro Crate) 

Micro Board 32 chlnnels/bOlRl 
(16 channcW.lde) 

soc CDlI._ MeeIin. II 
leEK. May 26-29. 1992 

S. Tend&; KElt 

Muon Electronics 
Overview and Development plan 

r- ---- ---, 
l "fMC I T.I m.1IC. 
I ~: .1-_1'-.. ~1ls 0" 11., I L1. TY'I~Y' I 

boo.rcl I ~1lY'fc.ce 
1 
r 
I 
I 

~--~,~I I 
I 
I 1-________ -.J 

~1oMI Crca.t~ 

Development of Amp. Shaper Discri. (ASD) 

Shon term: 

-For BNL Beam Test (June. 1992): -4 ch. 

a) Hybrid ASD used for the VENUS forward chamber 

b) Penn. straw ASD chip 

-For Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

a) Penn. straw ASD chip? 

319 

:321 



Long tenn: 

- For the Supertower prototype (May 1993): -1,000 ch. 

a) Muon ASD chip based on the straw ASD chip? 

b) New preamp chip + New SD chip? 

- For the Final Muon system (April 1994?): 100,000 ch. 

a) Muon ASD chip based on the straw ASD chip? 

b) New preamp chip + New SD chip? 

Deyelopment of the TMC Board 

-For the Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

CAMAC-TMC module; 32 chJboard • 1)1.$ St.~( 
- For the Supertower prototype (May 1993): -SOO ch. 

322 

VME (9U)-TMC module; 64ch./board, 1."10 Sto"11!. 

Deyelopment oftbe L1 Chamber Triner Board 

-For the Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

First Prototype; 16 ch./board use FPGA's 

- For the Supertower prototype (May 1993); -SOO ch. 

Prototypes; 64 ch./board use FPGA's 

andlor Michigan wire trigger chips? 

JSD Working Group on Muon Chamber ASD 

M.Abe 

Y. Asano 

K. Mltsuhashi 

H.IIceda 

Graduate student. Unlv. of Tsukuba 

Institute of Applied PhYSics, Unlv. of Tsukuba 

Graduate student, Univ. of Tsukuba 

KEK 

VME TMC MODULE 

9U Single-width module 

32-channel or 64-channel 

l29usec Full Scale 

Common stop or Common start operation 

DSPS6001 for Data Formatting 

j .................. --- ...... -_ .... _--_ ... - .... ------ .......... -- ... _--_ ..... -----_ ... _---_ ...... ----j 
RS232C -r---t • .,.. DriwtAItuN,r I i 

CHI 
CHI! 

Com. 81M M .. 11+X1'f I 

Com. $lop -:.-1...-==--_ . 
1_ ........... ---_ ....... - ............................. _- ............ __ .. - ............ --_ ........ ---_ .. -_ ........ _ ...... __ ....... 1 

TMc-YME Module 
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COMPUTING REPORT 

KEK Collaboration Meeting 

L. E. Price 
May 29,1992 

EVENT SIZE AND PROCESSING 

Assumptions 

Trigger Rate 

Event Size 

Processing for reconstruction 

DST Event Size 

100 Hz 

1MB 

1000 SSCUPS 
sec/event 

100 KB 

310 

3-12 

Processing for analysis/histo. 10 SSCUPS sec/event 

Hardware Requirements 

Data recording rate 

Annual storage 

Production processing 

Master DST at SSCL 

Working DST 

Analysis Processing (distrib.) 

100 MB/sec 

2 PB 

lO'SSCUPS 

100 TB 

10M events, 1-10 TB 

10' SSCUPS total 
3 TB fast storage 
30 TB med. sp. stor. 

3U 

Summary of PAC Presentation 



Production System Example 

Data Reconstruction Ranch 
Compute servers (20 x 200 SSCUPS) 

Cabinet. bus. power supply 
CPU Boards (4 CPUs w. 512 MB/ board) 
Disk (S GB) 
Network interface 
Basic software 
Control/management workstations 
Tape drives 

Raw data tape library 
Data servers 
Recorders 
Tape robot 
Control/management worlestation 
Internal networle 

Analysis Tape Library 
Recorders 
Tape robot 
Control/management worlestations 
Internal Network 
Data Servers to analysis system 

Simulation Facility 
Compute servers 
Disle Arrays 
Control/management worlestation 
Tape drive 
Internal networle 

Express-line cluster 

25 
I 
5 
4 
2 

5 
5 

3 
3 
I 
1 

20 
1 
S 

20 

2S 
1.6 TB 
1 
1 

[J C6np vr;'AI~ 
f'( is 6 /DI'oJ I'r~ 

C; 1'J"T-612.r 

3"4 

3·16 

Software Requirements 

"Open" operating system: UNIXlPOSIX 

Portability 

Modularity 

Graphical User Interface 

Analysis "without programming" largely 

Programming languages 

Fortran 90 (including Fortran 77) 

C++ (including C) 

e.rc._ . 
~ystem with basic system provided by computing 

Detector·oriented software provided by subsystem 
.u.!!.!UU... 

Hierarchy of engineering and documentation standards 

Review and certification process for all production code 

Database organization of data 

Metadata: leeys and index files widely accessible 

Hierarchical storage 

Ability to read selected portions of event 

Fiscal Year 

91 92 93 94 95 96 97 

Conceptual design -P-

Des9I. code. and test SOC kernel -P-
_. sottware !of a.t>ovst .... 

Relilew and test SOC toIIwOre ~ 

Des9I SOC computing hordwore 

Acquire and kwlcl hardware 

Slmulatton IUboystem 

98 

~ 

317 

99 



PAC comments 

Note that none of the offline computing costs are in the 
baseline budget 

3'18 

The offline group has identified the correct set of issues and is 
attacking them in a reasonable way. 

The schedule for acquiring hardware and producing software 
is reasonable. 

The core software is to be written by professional 
programmers through the SSCL. the sub-committee applauds 
this approach. However, sufficient manpower resources are 
not yet available at SSCL but must be made so if the core 
software is to be written by the scheduled date of the end of 
1994. 

The group is contemplating regional offline centers which will 
be funded outside of the SSC budget. The sub-comrnittee 
supports regional center concept for foreign collaborators and 
notes that for this to work the associated networking will need 
strong DOE support. 

Urgent Computing Issues 

Core software definition 

Task Force: S. Frederiksen (chairman), B. Traversat, U. 
Nixdorf, J. Huang, S. Kunori, O. Kubena, C. Day, B. Hubbard, 
D. Adams, Y. Morita, K. Amako 

Define software that will be centrally provided to support all 
aspects of SDC offline computing 

Report: September, 1992 

Data modeling and data structures 

Task Force: B. Scipioni (Chairman), C. Day, R. Ennis, I. 
Gaines, E. May, U. Nixdorf, F. Rouse, Y. Takaiwa, S. Youssef 

Design document: August, 1992 

Prototype: June, 1993 

Interaction with subsystems? 

3t!J 

3!)l 

J)RTJ1? }-?oPG'Z-IN '0 ./O~~ ~-rl?vt::rf.)/:,.c3 
-r. ie . 

Event-based Requirements 

• Analysis-time 
Those data modelling activities which involve the logical dcfiDitions and 
associations amoDg the data as is done in Entity Relationship modelling. 
for example. 

• Coding-time 
Those data modelling activities which occur in diIect support of, and dur
ing the time of, the physicist writing code. 

• Run-time 
Those features of the data modelling package which execute while tile 
physics application is running. 
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2.1.3 Run-time 

2.1.3.1 Schema must be available to application at DID time 
2.1.3.2 Enor reporting during ron-time. 

2.1.3.3 Interactive data query !anguage. 
2.1.3.4 Report geueration capability for physics data. 

2.1.3.5 Interactive as well u programmatic inleIflCC to tool 
2.1.3.6 No significant performance penalty for using tile tool, repnIless of tile 

amount of data. 

2.1.3.7 The Data Repository should keep database of data access psttaDS to support 
future design and optimization efforts. 

2.1.3.8 Data access method independent of media, 
2.1.3.9 Data interface to OO-DBMS or R-DBMS. 
2.1.3.10 Application and machine independent data struc:tun:s. 
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2.1 Implementation Independent Requirements 

2.1.1 Analysis-time 

2.1.1.1 User defmed data types. 

2.1.1.2 Plain data stnJctures. 

2.1.1.3 Tbcre should be user-defined lifetimes for types of data. 

2.1.1.4 Certain classes should, be built-in. 
2.1.1.5 Event type and cross-event type lIe built-in types. 
2.1.1.6 Data modelling operations on objects or collections of objects (classes). 

2.1.1.7 St:bema available to application at analysis-time 
2.1.1.8 Edit or browse cJuses and djctionarv interactively, 
2.1.1.9 Schema evolution bistory/Versi.oning ICCCSSible from repository. 

2.1.1.10 Report generation capability for meta-data, e.g .. schema, data dictionary 
from tile browser. 

2.1,1.11 Stand,rd data """'e!!jnl methodology, 

2.1,1.12 The tool must support an object-orienfcd approach. 

2.1.1,13 Cardinality between objects must be defined in relationships. 

2.1.1.14 Error Jm>Jting during analysis. 

2.1.l.lS Must hive a Graphical User lnterflCC (GU1) u well u text interface. 
2.1.1.16 Same look and feel from tile browser u from tile rest of tile tooL Must hive 

tile ability for multi-user presentations. 
2.1.1.17 The modelling tool must have a generic levelling capability. 
2.1.1.18 Dir.:ct manipulation of graphical objects. 

2.1.2 Coding-time 

2.1.2.1 Simple access to complex data types. 
2.1.2.2 Must be able to ~ to objects or types via relationships (pointers). 
2.1.2.3 ArgAS to data by n'R enot pointers) at codinl-time 
2.1.2.4 Generate machine independent code for objects, templates, include files. 
2.1.2.5 Package must include a make-lile facility. 

2.1.2.6 Accessible from '6 !inCFORTRAN program. 

2.1.2.7 Full functionality from FORTRAN 90, C. and C++. 
2.1.2.8 Error mlO!ting during coding. 
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Urgent Computing Issues 

Cost and Schedule 

New Task Force 

Report: September, 1992 

Organization at SSCL 

Relation to GEM and PR Computing group 

Relation to HEPLIB 

a.)'i' 

Urgent Computing Issues 

Software development system 

Task Force: A. White (Chairman), F. Abe, T. Watts, L. 
Roberts 

Software development methodology 

Choice of tools 

Development manager environments ("Process enactlpent") 

Report: October, 1992 

Simulation requirements and transition 

New Task Force: S. Kunori (Chairman) 

Report: January, 1993 

Collaboration with Japan 

Monthly meeting 

Task forces 

Ongoing Japanese work on computing 

Talks at this meeting: 

Distributed computing sys. using shell script 

Application of MACH to SSC Computing 

Massively parallel computing system 

Distributed computing system at Tokyo 
Metropolitan University 

SDC SHELL in Japan 

Y. Morita 

H Yoshida 

K. Hasegawa 

S.Kitamura 

MAsai 



Computing reviews 

Establish committee from SDC outside of 
computing group to comment on computing 
plans periodically. 

3H() 

Propose first review for August collaboration 
meeting 

Action plan 

Hire at least 5 people at SSCL 

3G~ 

Define core software for design phase in fall 

Define data modeling process and SDC data 
structures 

Plan software development process and tools 

Plan SDC simulation system 

Detailed cost and schedule 

Define computing organization, particularly at 
SSCL 

Integrate software planning with subsystems 

Workshop in Boulder July 20-22 

Simulation update 

Tabl.1G-T 
SDC comp.nlDc coots. 
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Table 11)..8 
SSCL manpower required for SDC computing. 

Task 

SDC Computing Support group 4(1992} • 10(1999} 
Rard .. -are . 

Require:lOl1t analysis 
System clesign 
System modeling 
Procure",e"t 
kst&llatio" 
Testing 

Software 
Core system (productio" .... d anaJ;ysis) 

Requirements analysis 
Design 
Coding 
Testing 
Revi ..... 
Documentatio" 

PhysicsfDetector Syste_ 
(additioDal80 FTE-yr provided by the SDC) 

Simulatio" software 
(additioD&l40 FTE-yr provided b)' the SDC} 

FTE-yr. 

25 

3 
6 
2 
2 
5 
5 

5 
10 
5 
5 
2 
3 

20 
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• Measurements of capacitance in silicon 
microstrip detectors show pronounced 
frequency dependence. 

• We can explain these measurements as the 
effect of a network of distributed frequency 
independent resistors and capacitors. 

• We simulate these networks with SPICE to 
extract the true distributed capacitances 
(pF /cm) and resistances (O/cm). 
Include grounds! 

• The SPICE model of these network have to 
be included in the simulation of the 
frontend response to signals originating 
in the bulk. 
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Figure 6. HamamalSu detector cross-section 6. 
SPICE Imolemented cepI!cilences 

Figure 7: Convergence 01 SPICE deck 
(sample coupling capacllanee cltcuh) 
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MEASUREMENTS: Use HP 4284 LCR 
meter 100 Hz-1 MHz. 

Coupling capacitance ('" strip width) 
determines signal. 

Body capacitance ('" strip pitch) gives 
depletion voltage, stores energy. 

DC interstrip capacitance ('" width/pitch). 

AC interstrip capacitance ('" width/pitch) 
determines noise 

DC-to-AC interstrip capacitance determines 
crosstalk (5%). 

Next: 
Irradiations with 60Co. 
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figure 6: Simullted detector using discrete comronentl 

(Coupling port10n only) 



We use the capacitance test chips 
manufactured by Hamamatsu Photonics. 

Length=5.88cm, pitch=50JUXl, AC-coupled, 
both junction and ohmic side samples. 

Junction side: p strip width 6,10,20,30 JUXl 
Ohmic side: n strip width 6,10,20 I'm and 
p isolation implant width 5,10,20,24 I'm. 
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Figure 9: Coupling capacllance (SPICE & measured) 
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Figure 10: Body capacitance (SPICE) 
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Table 3: Extra resistance suggested by DC interstrip capacitance measure
ments 

Slrip R(hTI) Clem (pF/em) 
10pm 270 0.94 
20pm 60 1.36 
30pm 33 1.62 
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Table 2: 3dD frequencies for body capacitance measurements 

$Irip R(h·n) C(pF) F(fJd8) Clem (pF/cm) 
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Radiation Damage of the SSD 

Okayama Univ. N. Tamura 

Irradiation of 65Me V protons on Photo-diodes and eilicon strip detectors 
in March, 1992. 

Radlation test ofPhotodiode 

Biaeing during the irradiation 
Cold/Warm detectors 
Keeping detectors always biased 

II Radlation test ofSi1iconStripocletecton 

Paseivation 
Polyimide, Si~, SiN 

IsolatiQn 
Al(Electrode)/Poly-siJicon/Si02lSi(Substrate) 
Al(Elp.ctrode)lSiN/si~i(Substrate) 

<11 L 

I Radlation testofPhotodiode 

1. Effects of biasing during the irradiation 

Vblu(=30V) was applied during the irradiation. 
~ 

Slightly steeper rise oflloak at Semi-breakdown region. 
No other significant effects, so far. 

2. Cold/W arm detector - L...s: A \ a._ 11 

410 

Kept 112 of detectors at Jl..!Q and another 112 at room temperature. 
~ 

1) Decrease of Leakage Current (Annealing) 
• I ••• W •• 

Cold: Slow . 
Warm : Fast 

2) Depletion voltage ("Break-point" of Capacitance @10kHz) 
• S J C 

Cold: SIow~e(Constanto.rsmalldec:rease) 
Warm : IDcreaae 

( .... fir ... 4A ,1- "'~Q-<cti ~(p) I-I/Nl... 

3. Effects ofkeeping detectors biased 

Some detectors were kept biased aJJ the tims between the 
succeseive measurements. 

~ 
1) Iitak increases in Semi-breakdown region. 

No.change below the region I 
2) Iltak decreases in both regions. by annea1ing. 

412 

II Radlation test of Silicon Strlpocletectors Summary 

Noises of a strip was measured for various cases. 

1. Radiation effects of paseivation 
Polyimide, Si~, SiN 

A sharp rise (xlO) of:loise in aU cases 
1t 

Surface effect I Charge-up? 

Rising point (Bias Voltage) _ Leakage current . 
1: SiN 2: Si~ 3: Polyimide (Low-+High) 

Noise decreases by charactsristic tims constant 

't < 10 hours 
1t 

Resrrsgement oflons ? 

1: Polyimide 2: Si~ 3: SiN 

Note: 

(Fast-+Slow) 

I»crease of leakage current is much slower .... Photo Diode data 
~ 

Tw) sources of the noise? 

2. Radiation effects ofIn1sulator 
Al(Electrode)/Poly-eiliconlSi02lSi(Substrate) 
Al(Electrode)lSiNlSi~i(Su}N.trate) 

Almost same as for Paseivstion 

Noise decreases by characteristic tims constant 

1: Poly-eilicon 2: SiN (Fast-+Slow) 

1. Bltuin~ causes an increase ofLea1tage-current 
. in Semi-Breakdown region 

2. By keeping detectors cold 
~ 

Slow decrease of Leakage-current 
- No rise of Depletion-voltage 

3. Irradiation causes sharp rise of Noise at high bias voltage 
1t 

Strongly depens on Passivstor!InsuJator 

Probably charge-up/diacharge effects 

1) SiN causes a large effect on the noise 
easy increase .. hard decrease 

2) Time constant is < 10 houre even for SiN 
~ 

Effects in the Real caee wi11 DOt be too larp 11 



Leakage Current vs. Elapsed Time Leakagd Current vs. Bias Voltage 
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Depletion Voltage vs. Dose Leakag~ Current vs. Bias, Voltage 
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Signal Simulations of 
the Silicon Strip Detector 

Y. Unno 
Physics, KEK 

J. Leslie, R. Sonnenblick 
SCIPP, UC Santa Cruz 

Abstract 

Signals from the double-sided Silicon strip detector 
are simulated including the effect of 2 Tesla magnetic 
field. Induced currents of holes (p-side) and 
electrons (n-side) created by the charged particle are 
integrated, shaped, and discriminated with electronic 
noises, as expected for the sse. Efficiencies, 
resolutions, and means are evaluated as a function of 
the threshold. A set of optimum is being searched. 

soc ~ "'-'" ICEIC 51p!1 S/OO ..... _ of"" _ s,"" _ 

Simulation steps 

1) E- field calculation - Poisson eq. on meshed space 

2) Particle trajectory 

3) Energy deposition according to the 
Landau+Atomic binding exitation fluctuation in a 
step of 15 I1U\ depth 

4) Drift of electrons and holes in E &: B 
and induced currents 

5) Charge integration and CR-RC shaping 

6) Discrimination with noise to get timing 

soc c.IIoN __ .., ., ICEIC 
SiJMI S/oo .. _ of Me _ 51",,_ 

12G 

Introduction 

• Why signal simulations? 

- better understanding on what we get '" 
through our particular readout scheme 

- then, optimization of the scheme ... 
specification of the frontend electronics 

• What is the detector and the environment? 

- Double-sided Silicon Strip Sensor 
- 2 Tesla magnetic field 

• What is the scheme? 

- charge integrating preamplifier 
- unipolar shaper 

-+ SIN 
-+ shaping time or 

- comparator -+ threshold Vr 
- 16 ns beam crossing -+ bucket identification 
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Landau+ fluctuation simulation 

Y.Unno 
Physics, KEK 

& 
SCIPP, UCSC 

Abstract 

Energy deposition in a thin Silicon detector is simulated • 
la O. Hall including both the Landau distribution and the 
excitation of the atomic binding energy levels. The 
excitation of atomic levels is important to have correct 
width of the energy deposition. The method is applicable for 
the thickness of as thin .s 1 S microns which corresponds to 
1-2 ns time bin. 
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Conclusions 

(The results presented are preliminary . .) 

• Evaluation of efficiency, resolution, and mean 
indicates ... 

• SIN = 12 - 20 does not affect very much. 

• Faster shaping is better to have the timing in the 
bucket. "t'p.2.D~ 

• Threshold at 25% of the most probable charge is a 
good choice ... 

• Threshold variation (±10%) has very little effect. 

• Resolutions: 

p-side 12 ~m/sing1e hit, 7 ~/double hits 
n-side 10 ~m/sing1e hit, 9 ~/double hits 

(due to effective sensitive regions in the strip pitcl{t) 

SDC ~_ MMiq.I UP; 
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1.2 Silicon (Si) 
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• electrode (h collected) 

+ electrode (e collected) 

particle track 

lorentz force: F-q(vxB) 

assume B is inIo the page. then 
for holes (qa+c. v ilaloog +y) and Ibus F ilto the left. 
for electrons (q-e. v Is aloog .y) and Ibus F iI.lilIlo the left 

The magnitude of the angle the electrons and holes make with respeclto Ibe 
direction of the electric field Is given by Jan 8e - IJHB 

IJH is the Hall mobililY (NOTE ihat il is not equal to the drift mobilily) 
...... - 0.1650mA2tVsec lID< -0.1350 mA2tVsec 
IJHh -0.0310mA2tV... J.IDh -0.0450 mA2 t V ... 

thus for a 2 Tesla rleld. 300lUIllbick delector 
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tan8l.h = 0.062 -> 8l.h = 3.SS· => max dilplacemenl = - 18.61UIl 
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Equipment needed 

• Lasers 
• 1064 nm, -lnsec rise & fall, - 2mm absorption length UCSC 
• - 800 nm, -lnsec rise & fall, - 20J.Lm absorption length ???? 

• Fiber to guide laser light 
• small spot 
• small divergence 

I 
I 
i 

• Precision stage 
• preferably nonmagnetic 

, 

I 
• - 1 Jlm accuracy 
• hardware to mount it, the fiber, and get fiber close to detector 

1 , 

c.. ... <> ••• ~.q-'-'-'-"---l LANLII------/ 

More Equipment needed " " 
• LANL Magnet & power supply, Field uniform to - 1 part in 104

\ 

• 3" gap, 6.3" diameter pole pieces - 19.0 kG 
·2" gap, 8.0" diameter pole pieces - 21.5 kG 

• Detectors 
• Both n strip & p strip ~ 50 Jlm pitch 
• rad damaged detectors 
• side opposite strips should not be aluminized 
• bonded out strips 

• Electronics 
• Tek 602 digitizing scope, at least 2 channels, preferably 4 
• fast low noise amplifiers 
• slower electronics, analog readout system 

• Miscellaneous Hardware j" 
, .... ~.~ ....... -.~---i 'LANL ~---.• -.,-..~ 

1 

I 

~",~q---~ .. _ ....... _, ,"""., '~"" 
What to Measure 

• JlHe and IlHh 

• Time difference on adjacent strips 

• Pulse shape on adjacent strips 

• Position resolution as function 
• of discrimination level 
·of angle of detector 

Dependencies on: 
• B field value 
• Temperature 
• Radiation damage 

(both sides) 

(both sides) 

(both sides) 

'" 



Proposed Time Frame 

• Begin real measurements - August 

• Measurements will take several months 

• Radiation damage run interference 

• Magnet 
• setup - mid June 
• mapping end of June 

• Begin procuring equipment - June -> August 

" \ 
\ 

I 

I 
I 
I 



-. 

______ 1 
~.': .. ~.j ... ;--.-~ r~~ 
I ", .' .; 

: 1 i: 
.,i I i . I 

I:: : 
"' . ..... 

I!. 

Double Sided Sensor 
(Barrel & Disk) 

Takashi Ohsugi 
(Hiroshima University) 

4!'i7 

f>~~pe 
.foI(Dw~" loy ~\~ <;f- Co. 

Specifi"ati)!l0fDouble-Sided Silicon Sensor 
(far Barrel Section) 

1) ~ibstrate 
Type: 
Resistivity: 
Thickness: 

2) S:ze 
Overall dimension: 
Eifective Area: 
Dead Area: 

3) S~p 

n-type 
5-6 leO . em 
300± 10 JIm 

60 mm x 34.1 mm 
58.8 mm x 82.0 mm 
600 JIm from edge 

Pitch: 50 JIm on both surfaces 
Strip Isolation of Ohmic Side: 
- p+ blocking line method 

Pattern Accuracy 
Position: ± 1 JIm 
Size: ± 1 JIm 
Relative Position of both sides: g; JIm 

4) Bias Resistor 
Polycrystalline Silicon on both sides 
3esistance Value: 250 ± 50 leO 

5) Electric Properties 
bitial L9akage Current: ~ 1 pA (overall) 

S 100 nA f cbannel 
Bias Voltage To1erance: S 150 V 
Decoupling Capacitance of Strip 

Breakdown Voltage: ~ 100 V 
Capacitance: ~~ pF f em 

Ra~dout Capacitance: ~.2 pFfcm (junction side) 
~ 1.8 pFfem (ohmic side) 

6) Fiducial Mark for Intagrstion 
(Patterns and position are defined by figure.) 
Position Accuracy Relative to Strips: ± 1 J.U>i 

7) Dicing 
Full Cutting by Dtsmond Saw. 
Cutting Zone: ± 80 JIm 
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Comments on Production of DSSD 

K. Yamamoto 
(Hamamatau Photonics) 
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Wedge ciimpetlSlltJOn ben.:-; 

" the two masks Is achieved. 
Lowar mask Is aligne<! to the uppar. 

Wafer Is placed on th~ lower maSk. 
The transpotflllO\'8$ aWay. ",c'Y " 
The upper mask Il1O\'8$ dowii to ihe 
selected pro>dmlty gap. 
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SUSS MA25- The Economical Solution 
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EQOIPIERT IIYESTIEIT LIST FOR OS-SSO 

[QUIPIEIT o S E 
RESIST COlTER & OEHLOPER SfSYEI BOTHSIOE 11m PROCESS 11TH BlClSIOE PROTECTIOI 
BOTH-sm IASI HIGHR BOTHsm 11m PROCESS FOR Hlmo PATTEIR 
lOR I1PLHTER iECORsmCTIOI Dorm PROCESS 
SPOTUlm slsm RECOISTiOCTIOI HOIIIIOI DEPOSITIOI FOR FOLL SIZE 
PLASII-CfD Sfsm mOlsmCTIOI PASSIHTIOI FILl OEPOSITIOR FOR BOTHSIDE PROCESS 
SOG com IG srsTU 2 LAYE~ IETALLlZATIBI 
Hums TESTIlG Sfsm CDIP ImAGE EmOATIOI 
FTII SPECTlmTEI PASSIHTIOR FILl nALOATIOR 
PROBIIG & mSBIEIEIT Sfsm mCTlIClL CHIP TEST 
rIlE80IDIIGlACBIIE cm ASSEmf 
Tom 

~~~~~~~~~-S;O,,(=I,..... ... ) 
.I\!<e;~-M (::::: 1.2)-0"1) 

~~~~~~~n+~~ 

~?$~~M~~~iii£;-POI~.:....~(~ soooA) 
pi Si3 NtC "'500 ") 

i P (N) : 

Si02 LOIAI-U"IF SOG 

At: SLLfu:t:teYl tn&-

Po\~-Si : Low-t'~essu:re C V D 

Si5~: PlasmCl CV D 

Si 02: 11iel"I01I.' Oxld,d:iO'll 

P CN); ~O'" l.'"i'a.t>lta.i:lll",· 

Si02(~:<'000A) 

FILE 920S2S8.JS¥ 
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QA TESTS (Prototypes, samples) 

QA Bipolar Chips (all channels on a die) 

Threshold curves for 3 inputs (1,2,4 fC) 

Temperature cycles 

Butane 

Irradiation (Gamma) 

Input Protection 

Power consumption 

QA CMOS Chips (full functional chip) 

Functionality 

Voltage quantity 

Irradiation 

Butane 

Thermal cycling 

:." .v 
.:;) 

f , 
ar ~ 

s= 
~~ ~ 
It. "it ~ 
~~ ~ 
~f III 

"II a I i- G' 
i~ It 
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QUALITY ASSURANCE (QA) 

• Design 

• Thorough test of many parameters under many operational 
conditions. 

Prototypes before manufacturing. 

Samples during manufactuiing (Le., take -1 sample 
of production - N = 100?) 

QUALITY CONTROL (QC) 

• Test of crucial parameters on every channel. 
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QC TESTS (All channels) 

Bipolar Chips (every chip with probecard) 

Power 

Count rate at 1 fC input with 0.5 and 2 fC 
threshold 

CMOS Chips (every chip with probecard at factory?) 

Power. 

Test vectors. 

Detectors (every detector on probecard) 

Leakage on guard, bias, 

Leakage through every coupling cap. 

Value of bias resistor. 

Modules (every module) 

Guard ring current. 

Bias current. 

Readout laser pulsar signal on every channel. 
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Barrel 

8 layers 
Inner radius = 9 em 
Outer radius = 36 em 
Half length = 30 em 
Number of detectors = 3,600 

Forward and Backward System 

13 disks on each side 
On average about 7 layers hit for each track 
Inner radius = 15 cm 
Outer radius = 46.5 em 
Half length = 258 em 
Number of detectors = 3,112 

Full System 

Total area = 17 m2 • 

Number of channels = 6.5 million (2 x 50,000 chips) 
Power per channel = 1 m W 

All detectors are double-sided. 
t/> measurement on one side, 
10 mrad small angle stereo on other side. 



STS detector arrays (pictorial view). 
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STS Top Level Requirements 

• ~z maIaIIIU, uItnIIghtweIghI 
IIruc:tInI, 1ow_1IecIrIcII 
CIbIeIIconnecIo 

• UIIrIIstIbIe, ......... suppoIt 
lIrUc:IInIend IIIIIIIrIaIa 

• KInemaIIc mounting 01....,..... 
• System IIoIhennIIIIy 

MEE-121WM-103 

ElectronIc cooling 13 leW. 2 mWIdlannel ..... • EvapondIve -'lng IJSI8m (p/IaM 
change. consIant.) 

Alignment 

IIsslpeIion 

OOC silicon IIItp detector operation 
II _111mOsphe1e 

10 1Irad,IIvoughout 10 years 
unIce"" 

AccessIbIIIIy end deIacIar rep1ace
ment 

• NorHxInoaIve tIukI campIIIbIIty with 
eIecIronIc dn:uIts Ind IIrIp detector 

• Hy«-bon evaponIIve cooing fluid 
(Butane) 

• SeIad I1Id-hInI mIIIriIIs 

• Maintainable lIIIcon module 8IJb. 
atrudInS 

Los Alamos 

MEE-12MM411 

STS Top Level Requirements 

• Maximum local misalignment (resolution of alignment measuring 
equipment) 

Silicon 

Global 

51lf11 
250 IlfII 
801lfII 

10l1rad'S 

15 IlfII 
40 11m 

Circumferential 
Z (barrels) or R (disks) 
R (barrels) or Z (disks) 
AzImuthal rotation of silicon vs straws 

or gas mlcrostrlps 
Common centering silicon vs straw 
Common centering silicon vs gas 

mlcrostrlps 
Centering of tracker on beam 

• Maximum placement error (complete STS) 

Silicon 25 IlfII Circumferential 
250 IlfII Z (barrels) or R (disks) 

80 IlfII R (barrels) or Z (disks) 
:.n ... 

Los Alamos 0) 

MEE·I2rWM.e:le 

Silicon Tracking System (STS) 

Mechanical Design Review 

I' 

KEKMeeting 
May 27.1992 

W. Miller 
Los Alamos National Laboratory 

STS Mechanical Design 

Topics 

• Design Requirements 

• Construction Description 

• Material Considerations 

• R&D Accomplishments 

• Future Work 

Los Alamos 
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SEAL, GRAPHITE/EPOXY WITH 
CARBON FOAM INTERIOR 

~~~--------------------~~5.69M----------------~--~ 

CONCENTRIC 

FLEXIBLE 
SUPPORT 

SILVG'OOS'GEJ 
va SCALE • .045 Los Alamos 



~ _______ SH_E_L_L_S_T_R_UC_T_U_R_E_S ________ __ 

Graphite/Epoxy Sandwich Panel 
Core Stud 

17.78 mm Thick Core (H) 

00 2 4 6 8 10 12 14 16 18 20 22 24 2628 
Shear Modulus-Gxz (MPa) 

UEE·' 2/WM.c602 Los Alamos 

wee·12/WM·571 

Silicon Detector 
Description and Quantities 

Component Cenlll!l B~12n FOlJ!!!l!r~ R~gl2n 
lli!Illl 

Silicon Wafers 3600 3112 

Electronics Modules 1800 1632 

50 !J.ITI Strips 2,304,000 4,1n,920 

Silicon Layers 8 26 

Silicon Subassemblies 12 26 

Silicon Detector Modules 1080" 1632 

12-cm-long modules total, 1440 of which are structurally 
joined to form 720, 24-cm-long assemblies 

Silicon Detector 
Module Specifications 

Centra! Region 

Shape: Rectangular 
Active Detector Width: 3.2 cm 

Number of Channels: 1280 (640 per side) 
Heat Dissipation: 1 mW per channel· 

Module Heat Load: 1.28 W 
Thermal Conductive Area: 0.8 cm x 3.3 cm 

(at cooling surface) 
Module Heat Flux: 0.5 W/cm2 

(at cooling ring surface) 
Operational Temperature: O°C 

(at silicon detector surface) 
Cant angle: ·7.4° 

Los Alamos 

Forward Region 

Trapezoidal 
-6.4cm 

MEE·12JWM·511 

2560 (1280 per side) 
1 mW per channel· 
2.56W 
-0.8 cm x 6.5 cm 

0.5W/cm2 

• Cooling system design point 2mW/channel 

Los Alamos 



Silicon Shell Support Results 
(preliminary) 

Gravity Effects - Cooling Rlnglwlth Silicon Weight Included 

Maximum Sag 1 
Rm =19.5cm 

5 

FEM 

" / 

" 

I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

I 
/ 

/ 

o L---L_-'-___ '--~ o 4C-L-....L_L-....L ___ 

o 30 60 90 120 
8 - DEPENDENCY 

Ring Materlal- P7511939 QuasJ-Jaotroplc 
E-109.2GPa 

o 15 20 25 30 35 
Rm - DEPENDENCY 

Los Alamos 

Silicon Tracking System 

,r----AT Across Super Layer 2"C 

36 em Diameter Silicon Shell 

Los Alamos 

em 

STS Silicon Shell (Gravity Loading) 

DISI';_:'S:'; 
. o.Olaaoo ........ 

0._150 
0 .... 1. 
...... 70 
0.004130 
0.0027110 
0.001'" 
0.000103 

Maximum Radial 
Displacement 
Mid-Span on 
Silicon Module -121Jm 

Los Alamos 

Silicon Shell Support Results 

Gravity Effects - Silicon Detector ModulellM6 Graphite Strips 

Simple Beam Module (FEM) 

Sag
Microns 

Rm -19.5 12.40 

Rm - 34.5 21.22 

ModuieSag 

A sag" micron 

11.59 

13.89 

"Removing ring 
deflection 

Module sag Is virtually Independent of cylinder radius 

For L = 20 cm vs 24 cm A sag = 8.0 microns max @ R = 34.5 cm 

QuasJ-Isotroplc IM6, E = 78.3 GPa 

Los Alamos 



Silicon Tracking System 

Cooling Ring NOT Evaluation 
(Ultrasonic) 

MEE-121WM-cS81 

Top Cooling Ring Surface 

Los Alamos 

Silicon Tracking System 

COOLING RING kT TEST SUMMARY 
Yendor/Beporls Data 

Chopped FlbenPhenolic ResIn 
(!IX 49251101d1ng Compound 43157 VIO) 

GetwIc lmnInaIa (SAMPE/1985) 

UIIII GrIphIIoJEpoIJ 6C/4O VIO 

Emorlnwnta! DaIio 0 SIS fIroqram 

=c=~X4925 
~Yv~ 
CoolIng RIng (Sir Segment) 
P75195+31A1li43l4Sl12 VIO 

~Yv~ 

(1) 10 pm_ Length 
l2l4OHOOpm_Length 

Transverse Thermal Conductivity 
W/m-OC 

Phase I 
KToGoai 

I 
I 

I 
! 

r--T-+----+----4----~--~8 
AT Across Cooling Ring 

61> 

4~ 
2° 

o~~~~:::r2====~3====~4====~50 
kTW/mooc; 

MEE·12NRU21 

Los Alamos 

Central Region Support Study 

Interim Results 

Module Sag - Localized effect, upper and lower modules 

• Contribution from module is virtually independent of shell 
radius, but dependent upon graphite strip geometry and 
material properties 

- For span between cooling < 24 cm sag contribu
tion diminishes as L 3 

• Ring contribution increases with shell radius to 4th power 

- Linearly dependent upon ring material properties 
- Analysis must be revised after cooling riOg mate-

rial investigation is complete 

Los Alamos 



~~ _____ S_il_ic_o_n_T_r_a_Ck_i_n __ gS_y_~_e_m __________ _ 

TV HOLOGRAPHY INSPECTION TECHNIQUE 

OPTICAL BEAM PATH FRINGE PATTERN 

MEE·12/WM·c:591 Los Alamos 

~~ ______ S_i_lic_o_n_T __ ra_c_k_in_g_S_y_s_t_e_m __________ __ 

Coolina Ring/Wick Test 

Segment Test 

CooUng Ring Test Chamber 

MEE·t:11W1k511 Los Alamos 

Silicon Tracking System 

Wick Development 

~ 
... -

~ 
3iJo Segmenlllllchlned 

PalyslyrMe WIde 

MEE·1:bW1k511 

l'~' ~)~: 
r 

.~ I 

;. 1 Molded Wick Specimen 

I.:. ' I (~ ~m thick Polystyrene) 

t\ IIIfl 

WIck SIrucIure 
PhoIomk:rognph 

til 
DelrinMold 

Los Alamos 



KEY STS MAJOR MILESTONES 

• Conceptual STS design and preliminary structural studies completed 
• Materials for all major components have baan selected 
• Butane evaporative COOling proof-of-prlnclple tests, with machined polysty

rene wick completed 

• Demonstrated moidability of polystyrene wicks to desired microstructure 

• Compression molded ultra-thln (450 JUII) high thermal conductivity cooling 
ring segments (P751cyanate ester - 30" arc segments) 

• Developed mold process steps for graphite/polymeric composite cooling ring 
• Demonstrated durability and fabricability of 24 em long edga-bonded silicon 

detector module 

• Established construction techniques for ultra-llght walght (1.2 kglm2) graphlte/ 
composite sandwich shell 

• Demonstrated 5 JUII stability of truss core panel after exposure to 1x1015 nlcm2 

• Verified butane and composite material compatibility In radiation environment 
• Preliminary assessment of strip detector compatibility with butane, adhesives, 

and graphite composite materiels complete 

• Developed alignment methods for achieving 25 JUII placement accuracy (R,) 

Los Alamos 

• KEY STS NEAR TERM GOALS 

• Complete mold development process steps for full 360" cooling ring 
- Dimensional quality 
- Material property uniformity 
- High transversa thermal conductivity 

~~·1~11 

• Successful performance demonstration of a fully Integrated cooling ring/molded 
polystyrene wick 

- Artery feed integration 
- Performance boundaries 

• Silicon shall (central raglon) stability demonstration test (DOC) 
- 5 JUII stability 

• Complete demonstration of assembly/alignment of large silicon shell structures 
- Reasonable construction 
- Maintainable 
- 25 JUII placement 

• ComplaHon of material compatibility tests In radiation environment 
-Detector 
- Graphltelcyanate aster 
- Electronic chips 

• Demonstrations of kinematic mount performance for silicon substructures 

Los Alamos c 

~ 

CoolIng and 
SIructunII Rings 

CooIng RIng 
WIck 

Support CylInders 
(_l1'li Ngion) 

Component 

Enclosure 

cable 

Space Frame 

STS Materials Summary 

P75 Chopped Graphite 
Flber~te Esler resin 

UHM Graphite FIberI 
CyanaI8 Ester resin 

25 lUll P"P"9 

• Moldable material for fabricating complex ring geometry 
• Low CoeIIIcIent 01 ThennII EspMsion (CTE) 
• Low CoefIIcIenI 0I1IoIstIn ExpansIon (CUE) 
• Minimize IIIr\ICtUrII dIstortiona from thermal gradlenll 

• RsdIItIon IHIstant, zem CIeep atrucIIn 
• High radlltlon length (25 em) 

• Moldable material for ,..,rlcatlng CGqJIex geometry 
.lIctostruclunl taIIorable (4 jlIII, pore radius) to achieve 

optimum wieting behavior 

• High radiation length 

• RadiItIon IHIstant 

• Ultra thin prepreg, tess susceptible to fracture 
• Sandwich shell construction with ullnliow areal densky, 

1.2kgrMn2 

• Quast.IsoIropic lacing sheet construcdon for maxI
mum liability 

Los Alamos 

STS Materials Summary (cont) 

MJ.teJiftI 

UHM Graphite Fiber/ 
Cyanate Ester 25 j1I1I 
preprag 

laminated Beryllium 

Metal Matrix Composite 
(Mg-graphlte) 

Key Criteria 

• Construction same as support 
cylinders 

• Part of STS support concept 
requires maximum stiffness 
and stability 

• Low voltage power transmission 
for electronics 

• Require high radiation length 
(35cm) 

• Solderable 

• Maximum stiffness and stability 
to limit potential distortion 
from 5 meter truss "metro
logy"frame 

• Stiffness 50% > Glcyanate ester 
e Near zero CTE and zero CME 
e Zero creep 
e Impervious to butane and 

radiation 

Los Alamos 



Mechanical Design Study at KEK 

T. Kohriki and Y.Unno 
P!:,ysics, KEK 

Abstract 

Mechanical design of the Barrel section of the 
Silicon tracking system of tile SOC is being studied at 
KEK. The design of support ring is approached from 
a different point of view to the CDR of the srS. One 
end-plate for 8 layers of ladders has advantages of 
precision machining and alignment. An epoxy-CFRP 
plate was machined and evaluated for mechanical 
stability against moisture. A structure with cyanate
CFRP skin and porous-Carbon core is being 
investigated to have much better stability. A wick 
which has higher permeability is also being 
investigated. 

SDC c",. .... u... _dOl .. UK 
,.,...., Dalp SlUr .f UK 

A Different Approach 

• One end-plate 

- Precision press forming (sandwich, e.g.) 
- Precision machining 

• This has advantages of 

Moy2H'.1ff2 
Y.u... 

- Easy machining, higher freedom in design 
- High strength 
- High precision with machining 
- High mechanical stability 

due to no split-joint for layers 
- High precision ladder placement 

by placing ladder on high precision surface 
- Alignment markers on outer edge 

determines all the layers 

• Disadvantages? 
(Many of advantages of the CDR-might become ... ) 

- Must insert the ladders and align middle ladder in 
case of fixing - might be solved by careful thought 
- Integration of the wick 
- Lateral motion stability near the center 

- plate is strong 
- Box structure of 
plate-8 layers of Silicon ladders - plate 

S7t 

Introduction 

• Barrel in the CDR 

- Four Silicon ladder cylinders 

- Two Silicon cylinders kinematically supported from 
one support cylinder 
- Two support cylinders supported from the space 
frame 

- Many split- joints 
to fix the position of a Silicon cylinder 

- Independent Silicon cylinders 
has various advantages but ... 

- Other concerns: 

- Molded cooling ring/thin-wall glue-jOint to form box 
structure 

No trade-off for accuracy - strength? 
- Kinematical mounts to be glued on a ladder 

SDC Col __ dOl" UK 
__ Dalp SIUr.f UK 
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Epoxy-CFRP end plate 

• First try for machining 

- Used in space programs but '" 
- Not a sandwich plate 
- Not a polycyanate resin 

• Material specification 

- Fiber: 
- Resin: 
- Ply orientation: 

M40 (PAN class) 
Bisphenol A (Epoxy resin) 
00 /90° /±450 

- Plate thickness: 0.75mm 
-Ply: 8 plies 
-v(. 58% 
- Elastic modulus: 79 GPal 

_ CI'E2: 

- Moisture absorption: 
. 1.12 ppmjOC 

-1.2wt% 

• Process: 

- Press forming 
- Milling machine cutting 

Ira. N/m2: kgf/mm2. 9.1xlo' ra 
2CTJi • Coefficient of Temperatvnt IiJcpansion 

soc Col .......... _HOI .f ax .w.du..., DcI/p s ... , .f ax ,.,.,Zf.lJ.lm 
y.u... 

Moisture Absorption and 
Dimensional Stability 

• Epoxy-CFRP 

• Cycle: 

-Initial state -+ Drying (Vac. & BOOe) -+ Moisture 
absorption (Water bath &: BODO -+ Drying 

- Distorted near 1 wt'JI. 
- Much smaller distortion with polycyanate resin 

Note: 
• No moisture distortion on Carbon fiber 
- Only resin is affected by moisture 
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A New Sandwich Plate 

• Thin skin &: Porous core sandwich 

• Skin: 

-G~ XNSOA/RS-3 

- Manufacturer: Nippon Petrochemicals Co. Ltd. 
- Carbon fiber: Granoc XN-SOA 
- Resin: Polyeyanate 
- Ply orientation: . O/fJO/f:A.5 
- Number of plieS: 8 plies 
- Thickens: 0.22 mm 
- Vf WI' 
- Elastic modulus: 101 GPa 
- CTE: -0.2 ppm/OC 
- Moisture absorption:. o.49wt% 
- CME': 28.8 ppm/wt% 
(- Radiation length: -28 em) 

!)7fl !)s:Jn 
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CFRP Study 

• Polycyanate-CFRP (calculation@VF60%) 

bOIljiIiliOll cayer E1ulie MOCiUiIl.l ctii Moiitur. CMIi 
Structure CPa m;o:/'C At.o;r. wt1lo ppm/wt1lo 

Typel: 10'7w Y\>e2: 1O'7w7+4O'A5')iII 
"'aIIture abtorptiOll: at a relati .. humidity ~110 a..d the room IImperature 
OdE: distortion from the moisture aboorptiOll to the aboolulI cIrynau 
"(40): PAN-high .... tidty ..... on llber 

• Possible application areas: 

- Support Ring/Plate: 
CTE -Oppm/"C 

-lppm/"C 

- Ladder Rib: 
CTE - 0 ppm/oC 

-lppm/"C 

soc CoIWDNf'" ..,..., ., XEX 
__ Dooip s~, .. ax 

XN40/RS-3/Type2 
XNSOAlRS-3/Type2 
M40J/RS-3/Type2 

XN40/RS-3/Typel 
XNSOAlRS-3/Typel 
M40J /RS-3/Typel 

• Porous Core: 

- Porous Carbon PC5565 

- Porous diameter: 
- Porosity: 
- Density: 
(- Radiation length: 
- Bending modul~s: 
- Thickness: 
-CTE: 

• A comparison ... 

- CDR: 

55 ~(2-1oo ~ possible) 
65 % ( -70% possible) 
0.45g/cm3 

94.6cm) 
4GPa 
2 = (1-15= possible) 
0.6ppm/oC 

2x (2 x 450 ~ Graphite/Epoxy Cooling ring) 
+ two G/E support cylillders (effective 670 ~) 
= - 0.72 + 0.27 %XD= -1.0 %XD 

- Polycyanate-CFRP /Porous carbon core sandwieh: 
2 x (2 x 220 ~ Skin + 2 = Core, e.g.) 
= -2x(032% +0.21%) XD 
=-1.1 %XD 

- Two-plate connecting frame adds some mass 
- Same order; can be thinned more ... 

soc CoI __ ., .. "" 
'1 __ Dooip S~1 If ate 

- Space Frame: 

CTE - -0.5 ppm/"C XN70AlRS-3 

- When super-high elastic PAN-Carbon fiber 
orientation is used with Polycyanate resin RS-3, 
Polycyanate-CFRP has about the same . 
(Radiation length x Elasticity) value as Mg-MMC. 

- CFRP is much easier to process than MMC. 

soc ~ -., If "" __ Dooip sw, If ate 
N6ju-a. _ 

y.u... 



Wick Study 

• A wick made by dissolving binders 

- very good control on the size of pores 
0.1-10 lUll 

- very good connection of neighboring pores 
- high permeability 

- has been used fol various filter elements 

• Samples: 

- Polyvinylalchole (PV A) 

- Polysulfone 

r,-51Ull 

r,-o.I-11Ull 

- Polystyrene will be possible after R&D 

• Wick location - outer on the plate 

- easy maintenance 

soc CoIWofoHoo _"'" .. /CIIC __ o./p , .... , .. ICE/C 

Summary 

• KEK has been investigating the mechanical design 
of the Silicon Tracking System of the SOC, so far 
independently from Los Alamos. 

• A different approach is taken to design the aupport 
of the barrel silicon cylinder, i.e. one end-plate for 8 
layers, whose advantage is easUy obtainable high 
precision and easy alignment of the whole set of 
cylinders. 

• Study on mechanical stability has been started, 
machining an Epoxy-CFRP plate, against moisture 
absorption. This showed a CME of -120 ppm/wt~. 

• A CFRP based on Polycyanate resin has much 
better characteristics for moisture absorption. e.g. -20 
ppm/wt~, and a sandwich plate will be manufactured 
with Polycyanate-CFRP skin and a porous carbon 
core. 

• A wick material study shows there is .. good 
candidate using a manufacturing process of 
dissolving binders which has good control on 
diameter of pores and continuity. 

• In future, we would like to go along with Los Alamos 
for the mechanical system realization. 

SDC~-.,,/CIIC 

--.,.,.. ,w, .. /CIIC 
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Track Sagitta as a function of Pt 
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'00000 ----- Rin .. 15 em, Roul .. 46.S em 

.0000 

E .-~ 

~ 
'00 .. 
U) 

.00 

'0 

.. 10 100 1000 10000 

PI (GeV/c) 

Concentrate on placement tolerances 

Given the measured coordinates and orientations of the detectors one 
I can in principle always translate from the local dctcctor coordinate 
. system to the global coordinate system 

In practice 
• Involves complicated math 

I • 6 constants/detector 

I · 3-D hit information 

Questions 
I · Is there enough time for the calculations? 
, • Are all the constants known all the time? 
\.. • Is true 3-D information for a hit available? 

ALIGNMENT: 
PLACEMENT TOLERANCES 

Hans Ziock 

KEKmeeting 
May 1992 

TWO QUESTIONS: 

1) How accurately must the positions and orientations of 
the detectors be known at all times relative to some 
externally defined global reference system, and 

2) How accurately must detector components be placed, 
regardless of how well their positions and 
orientations are later determined? 
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PRECISION DESIRED 

'~r~ = 50J.UIl/m = 14.43 J.UIl 

l Would like to be dominated by intrinsic detector resolution, 
! not knowledge of detector locations 

! :. Would like to know positions in r$ to 1/3 of that value - 5 J..ltn i ~ Total error = 15.3 J..lID 

rSimilar considerations apply for other variables: 
i O'K = 2,81 x 10-5 m- l from inherent resolution of barrel Si - Straw system 

\:. Would like" other contributions to O'K to be _10-5 m- l 

\ 

,~""-- IT~NLJ-. "_~~H " 

LEVEL II TRIGGER CONSIDERA TONS 

> • LevellI O'plp/ = 5 (TeV/c)"1 ~ O'plpt = ,005Pt [Pt in (GeV/c)] 

I . O'p/p/= 0,005 (GeV/crl =20'K/.3B~O'K= 0,0015m- 1 (B=2Tesla) 
I · Level II decision time ~ 50 J..lsec 
~ • All local ~ global transformations 
I • Involve only adds & mUltiplies using constants 

I · Will use adds & mUltiplies 
• Detector does not measure 3-D point 

• Instead provides two independent 2-D measurements 
• Must correlate those to get 3-D point l · Not always possible 

\ • No reliance on stereo information to correct r$ information 
,vel II resolution for forward region comes mainly from Si 

'\'--~~L~'''' 

:.n 
<;) 

:.n 
<;) 
':'1 



For a high momentum track from the origin 

K is the curvature 
410 is the initial track azimuth 
$ is the azimuth. and 
r is the radius 

where 

Fitting a track corresponds to minimizing the squared deviations between the curve 
described by the preceding equation. and the measured circumferential distances d. 

The sum is camed out over the m layers. Differentiating Xl with r~spect to $0 or K 
and setting the result to 0 yields the following equations 

which have as solutions 

$0 I:!i£i 
( ) = M ( r";~) 

K I~ 

where 

(1) 

6tH) 

For the combined silicon· straw barrel system. the values of the coefficients Qi for the 
13 layers are given below. I have usumed 

" z 12 I!Ill for the silicon layers and 
" - SO I!Ill for the straw superlayers. 

Silicon Layer 1/ Radius ai 
(em) (m-2) 

I 
2 
3 
4 
5 
6 
7 
8 

As before, 

SK= ~a,&I, 
i=1 

9 
12 
18 
21 
24 
27 
33 
36 

The table indicates that: 

-0.257 
-0.323 
-0.425 
-0.461 
-0.487 
-0.504 
-0.507 
-0.494 

I Straw Superlayer 1/ Radius 
I (em) 

1 S1.6 
2 llO.3 
3 135.1 
4 14S.8 
5 163.6 

0.021 
0.067 
0.124 
0.161 
0.206 

a) All the silicon layers except the inner two make an approximately equal contribution 
to the curvature and therefore the momentum measurement. The inner two layers 
however contribute significantly to the impact paracter measurement. and would 
contribute more to the momentum measurement if one were not assuming venex 
constraint. 

b)The inner few Straw superlayers are only important for pattern recognition, and 
c) The outer few straw layers have a large impact on the momentum measurement. 

Using the values given above for Qj and the a values of lhe individual layers as the Sdj 
in the following equation 

13 "K = La,'Sd.' 
;., 

we find OK = 2.81 x lo-S m- 1. or 

~ l!!K. p,' = 0.38 = 0.09 (Te Vle)·1 @ I TeV/e, 8 = 2 Tesla 

Writing the matrix M as C~ t) we have 

K = C I:!i£i - 8 I:~ Oil Oil 

m 
, r·l r' m 

K= L-(C ~ - 8~ d, = .La,d, 
i=1 ,=1 

which will have an error 

m 
SK= La,Sd, 

i=1 

(2) 

(3) 

For the statistical error in the curvature measurement due to the resolution of the 
individual r$ measurements (i .•. d, = pr/T2). from the above we have 

m 
"K' = La,'Sd,. 

i=1 
(4) 

Using 25 I!Ill for &I, (the nominal placement error), 6 layers for m, and the values of 
rj in the forward silicon system for a track with n = 2.5, we find using eq I .... ':\ 

layer Z(m) rem) a (m") 

1 1.0200 0.1686 -7.6298 
2 1.2200 0.2016 -7.3376 
3 1.4600 0.2413 -6.2131 
4 1.8200 0.3008 -2.9434 
5 2.1800 0.3603 2.2260 
6 2.5SOO 0.4264 10.1976 

and then from eq. 4) "K = 4.0947 x 10'" 01'1.. Comparing this to the level II trigger 
requiren"lent Opt/PEl = 5 [reV/c)' I @ I TeV/c. or OK = 1.5 x. 10.3 m· I , we see again tha( 
the 25 J,Lm placement requirement accuracy in nP leads to an error in OK which is 
approximately 1/3 lhe tOlal resolution value we arc trying to achieve (just as desired). 
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Radial Displacement 

I 
I 

l>.y-r============
y-I 

Consider a detector whose center is a radial distance r from the origin. Again assume 
that the detector center is at x-r, y-o. z-o. and that the strips are parallel to the z-axis. 
At a position y on the detector, the angle of a ray from the origin to that point is given 
~ . 

tan$ a y/r. (5) 

At a radial position r + dr, the new y position is (r+dr)tan, and the error in y (dy) is 
then dnan$. or using (5) 

dy = 6ry1r 

Averaging 6yl over the entire width (w) of the detector gives: 

1 I:(;YdY 
" = =~:;;-'---

J"" dy 
-wn 

. (o/)H[, (w6r)' 

a = w - 12rl 

"r/T2 M=-;--

Taking the worst case (r = 9 cm, w = 3.2 em). and again assuming that the systematic 
error should be limited to -5 I'm, and one finds that 

r(em) 
9 

12 
IS 
21 

dr (I'm) 
4S.7 
65.0 
97.4 

113.7 

r (cm) 
24 
27 
33 
36 

dr<l'm) 
129.9 
146.1 
17S.6 
194.9 



Conclusions 
'\ 

. ( SILICON SYSTEM ALONE 

: • rcjl placement tolerance of 25Jl.I1l is well matched to system resolution 
I · Rotation of strip 
, • Level II trigger resolution requirements for forward section 

• r placement tolerance of 80Jl.m is well matched to system resolution 
• Could be slightly better for inner layers (50 Jl.I1l) 

SILICON / OUTER SYSTEM 
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Common Mode Coupling 

Cross-coupllng through shared signal paths 

Typically addressed by 

a) reducing common Impedances 
('copper braid syndrome, 

b) decoupllng networks 
(series resistors/Inductors, bypass capacitors, etc.) 

Both Incur excessive ma .. 

AlternaUve.: 

a) Break common paths through 
proper signal and power routing 

(AboliSh 'Ground Connectlons'l) 
electronic design 

b) Eliminate decoupllng networks by 
SUbdividing critical and 'dirty' lines 
electronic design 
cable design 

SINGLE-5IDED DETECTORS: 
COMMON MODE COUPUNG VIA DETECTOR BIAS UNE 

dQ-dVCdet 

! 
VIer) 

dV------+!·1 

VOLTAGE DROP DUE TO TRANSIENT 
CURRENTS IN ELECTRONIC READOUT -

IN SERIES WITH V(de!) I 

1 
V(de!) 

j 

IDEAL CONFIGURATON: ONLY LOCAL SIGNAL LOOPS 

SINGLE-SIDED DETECTORS: 
COMMON MODE COUPUNG VIA DETECTOR BIAS UNE 

ISOLATE DETECTOR BIAS UNE FROM ELECTRONICS 

l V(elee) 

T 

1 
VIde!) 

I 
ADD RESISTIVE DIVIDER TO REFERENCE BIAS VOLTAGE 
TO ELECTRONICS AND PREVENT CAPACITOR BREAKDOWN 

~¥6§?& ++ 
r 

VERY HIGH RESISTANCE 
(ONE SET PER DETECTOR) 

~IIPII!LER 

010N0V .. ' 

fH)8 

RIO 



DETECTOR ARRAYS: SECONDARY LOOPS 

I ll __ ~ANALOG==:IC;:::=:D:IG:IT;AL=IC==CAB=L:E:::;-_ 
n 

HEl1.IUTH SPIElER 
01-NOV.fl1 

INPUT CURRENT LOOP IN SIMPUSTIC DOUBLE-5IDED DETECTOR 

t~+j 
n ANALOG IC DIGITAL IC CABLE VIde!) 

NOT RECOMMENDED 

HEUNTII SP1ElER 
01-NO\1.f11 

611 

DETECTOR ARRAYS: BREA~NG SECONDARY LOOPS 

ANALOGIC DIGITALIC 

L: Local Signal Loop 
One ConnectIon per Channel, 
but Only One Convnon Return per Chip. 
Local Loop haa High Impedance 
\0 DIgital Power Supply Unea. 

CABLE 

HELMUTH SPIELER 
01-NOV.fl1,..,. 

CONNECTION SCHEME FOR DOUBLE·SIDED DETECTORS 

ON DETECTOR 

L : Local SIgnal Loop 
One Connection per Channel, 
but only One Common Return per ChIp. 
Local Loop haa High Impedance 
10 Digital Po_ Supply Unea. 

HEU.IUTH SPIELER 
01-NO\1.f11 ,..,. 

IH2 

fiJ '.I 



Module ConnecUons (Cable Traces) 

I. DC voltages/currenla 

1. Detector bias Positive Bias 
Negative Bias 
ground ref. 

2. Analog PowerVcc • 3.5V 
Preamplfier Current Set 
Analog ground 

3. Comparator threshold (dlfferenUal) 
use analog ground for reference 

4. Calibration level (differential) 
(also 2 pulse lines, see below) 
use analog ground for reference 

5. Digital PowerVdd. 5V 
logic + Drivers 
Digital Ground 

Pulsed Signals (aU dlfferenUal) 

2 + 1 

2+ 1 

2 

2 

2 + 1 

Total DC Unes: 10 + 3 

1. Calibration (off + 3 comblnaUons) 2 x 2 

2. Master Reset 1 x 2 

3. Chip Control (send, receive + 2 other modes) 2 x 2 

4. 60 MHz clock 1 x 2 

5. I/O Bus 12x2 

Total Data Unes: 18 x 2 

SOC5'"-T_F_-ENI~MIl_N_ 
'ACRIIMw 
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SCHEMATIC CABLE LAYOUT 

==== 
DAT" BUS 
IPMTIFl.1 

__ OG PO>£R 

I 
__ OG 5U'PL IES 

fi.tS 

>£LMUTH SP I ELER 
Z8-OCT-91 

GOAl: 

Status of Module Design 

Simplified modula operational In Nov. 1992 
to verify module design concept. 

Settla design concept In early 1993 

1. Analog IC (BJT1 
clrcuH at AT&T (issy KIpnis) 
Layout complete 
1 Chip with 64 complete channels 
1 test chip with 16 preamplifier array + circuit blocke 
Run shared with Penn 

Submissions to Tektronix + Westinghouse this summer 

2. DlgitailC (CMOS) 
Three ICs In preparation: 

1. Test time stamping + buffarlng (UCSC) - beam test 
time stamping, data buffer, 
slow MUX tor readout, differential outputs 

2. Fast readout (LBL) - to last fast readout of module 
time stamping, alngle stage buffer 
sparslflcation tor fast readout, dlfferenUai outputs 
(uses existing clrculta + SVX2 aparslflcaUon) 

3. Final design (UCSC+RAL) 
time stamping, full buffering 
sparslficetlon tor fast readout, differential outputs 

3. Prototype Cable 
Multlconductor cabla as shown In CDR 
Copper cable received (trial run) 
Aluminum cable In fabrication (w. connection pads) 

61R 
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Bus Interface 0 
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4. Cross-Talk Measurements 
Bruce Schumm, Hiro Alhara 

use exlstfng strip detectors and hybrid preamps with 
external shapar + MCA 
interference sources: 

1. Dig. [C with 60 MHz counter 
2. Cable (slngle-ended or differential) 

Change spacing from detector and Insert shielding 
materials of varying thickness 

View OSCllloscopa traces, measure charge pick-up 
VB. shaping time, measure frequency spectrum 

First Results: Thin shielding adequate (Be plate) 

5. Substrate for test Readout Interface Hybrid 

AS 
Add[4J 
OS 
0[4J 

Minimal shielding, but careful differential layout required 
Connecting lines from cable to 5 [Cs 

Radiation length of metal on substrate 
'smeared' over 3.2 cm x 12 cm detector 

AI: 0.04% (1.6% of silicon) e ~~ 
Cu: 0.25% (10% of silicon) 

Proposal: use Cu for hybrfd to allow atendard technology 11 
AI for [ocal cables, Be for outer cables 
low mass connectors compatible with 

Cu and AI traces 

Will draw up layout when [ get back to LBL 

f:i22 



Ladder Assembling at KEK 

T. Kohriki and Y. Unno 
Physics, KEK 

together with 

Hamamatsu Photonics Co. Ltd 

Abstract 

Tools for assembling the Barrel ladder are being 
prepared. Using the tools, a ladder with mechanical 
detectors and Polycyanate-CFRP ribs is assembled. 
Wire-bondings are under investigation jointly with 
Hamamatsu Photonics Co. Ltd. 

Tools & Jigs 

• Wafer aligner 

• Ladder assembling jigs 

• Precisions of the tools/jigs 

- Parallelness, Flatness, ... 

62:; 

Introduction 

• It is important to establish the technology of 
assembling the ladder of the Silicon Tracking System 
before the production starts. 

• Major differences from the past experience are 

- Double-sided sensor 
- Frontend electronics on the sensor 

• Many factors have to be addressed during the 
process ... 

- assembly precision 
- strength 
- electro-mechanical interplay including bonding 
- distortion against thermal cycle etc. 
- Butane compatibility 

SDC~-"oIUIC 
lMUr-.,oIUIC 
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Ladder 

• Rib: 

- Polycyanate-CFRP 
XNSOA/~3/[0" /900]4s 

-lowCIE' 
( Silicon CIE 

- low moisture absorption 
-loweME' 

O.22mm 

-O.2ppm/OC 
2.6ppm/°C) 
O.5wt% 

19ppm/wt% 

• Several types of glue are under Investigation 

- Room temperature cure Epoxy glue W /filler 
- Heat cure Epoxy glue W /filler 
- Room temperature curing UV cure glue WO/filler 

• An assembled ladder W /UV cure glue 

- Precision 

lCTE • CoeffIcIent 01 'lberm.I1 Expansion 
2CME • Coofftclont 01 MoIItu .. ExpoNIon 
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Assembling Process 
with Wire bonding 

• Electro-mechanical system 
where we need help from Hamamatsu 

• Proposed steps ... 
need further improvement in situ 

- Check the frontend carrier 
- Check the detector itself 
- Glue the carrier on a detector and wire-bond 
- Check electrical continuity and short circuits 
- Butt-glue another detector to form half of the ladder 
- Wire-bond the detectors 
- Check electrical continuity Ill!d short circuits 
- Butt-glue two half-ladder to form full-ladder 
- Glue the ribs on side 
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Wire Bonding 

• Detector - Frontend Analog chip 

- Elevation difference 
- Pad pitch difference 

Detector 
Chip 

-+ non parallel wire-bonding 

Imm 

5O.0~ 
-48~ 

Max. 6° (=(50 J.l.m+60 ~)/1mm)? 

- Bonding pads on chip carrier near the analog chip 
for the voltage reference 
for the power etc. of the chip 

• Alternative method being looked into ... 

- 50 ~ pitch trace mountable carrier 
- hopefully Be substrate (instead of Silicon) 

-+ very desirable because of 

- parallel wire-bonding 
- flip-chip mounting eliminating wire-bonding 
between analog and digital chips ... 

Any company who can make the carrier? 

SOC CoIIdoNt1cM _H"I ., UK 
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Summary 

• We have been making progresses on the ladder 
assembling. 

• Tools and jigs are prepared . 

• A ladder is assembled and accuracy is evaluated. 

• Wire-bonding is yet to come but work is underway . 

• Be substrate, 50 mm trace mountable chip carrier is 
highly desirable . 
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Silicon Tracker 
Cost & Schedule Review 
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Estimating Process 

Principal Authors: 

rANL: 
William Miller 
T. Thompson 
C. Grastataro 
R. Reid 

LBL: 
Roger Stone 
Helmuth Spieler 
Bob Barney 

Project has been broken down to WBS level 5 elements 

There are over 600 activities Inciuded In the project design 

A cost and time estimate has been made for each activity 

Engineering estimates 
Vendor quotes 
Based upon engineering drawings & specifications 

Major Cost Drivers 

Unit 
Item Cost, k Unit Number Totai,k 

Barrel detector SO.750 each 3600 S2,700 
Frwd detector S1.500 each 3112 S4,668 
Barrel readout SO.053 each 18000 S954 
Frwd readout SO.053 each 32640 Sl,730 
Optical trans/rec SO.500 set 1236 S618 
FEE Design/test S3,008 effort 1 S3,OOll 
Labor 
Enclosure/suppa S881.0 each 1 S881 
res 
Space S501.0 each 1 S501 
frame/mounts 
Disc cooling ring S11.3 each 48 S542 
Heat rejection S516.0 each 1 S516 
sys 
Trker assy/test S879.0 each 1 S879 
Mech Intlexp S2,254.3 effert 1 S2,254 
In-situ S511.3 sys 1 S511 
alignment 
Program $848 effort 1 $848 
Management 

Silicon Tracker Totals 

Base Cost: S32,472 K 
Con tingency: 26.9% 
Total Cost: S41,204K 
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Where We Are with FEE 

Bipolar Preamps: 

Tek Chip Fully Functional in House 
2 mW fchannel but could be used with LANL's 
cooling margin 

AT&T Chip on Order 
Power usage corrected 

Plans: 
Run improved cliip on Tek & Westinghouse 
Compare performance & yield (cost) 

CMOS Digital: 

604 Channel Chip to be Received End of May 
RAL designed and wlll test 
Non-rad hard process 
Want to improve output protocol 

16 Channel Prototype to be Received End of May 
Test speed and performance in 
UTMC Rad Hard technology 

Plans: 
Non-rad hard chip with improved protocol 

- This year 

Rad hard Version early next year 

()J7 
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1 
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Major Activities/Milestones for FY 93 

Mechanical: 

Build Central Region Prototype Cooling Ring 
Central Region Prototype (Stablllty) Tests 
Central Region PDR Sep '93 
Build Forward Region Prototype Cooling Ring 
Forward Prototype Ready tor Test Sep '93 

Internal Electronics/Detectors: 

Build Final Prototype Central Detectors 
Build Final Prototype Forward Detectors 
Build Final Prototype FEE 
Beam Tests at KEK 
Detector FOR Sep '93 
FEE FDR Nov '93 

DAT/DAQ; 

Build Prototype DAT System 
DAT FOR Jun '93 

(JIB 
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Beam Test of the SDC Double-sided 
Silicon Strip Detector 

Y. Unno 
Physics, KEK 

for 

The SOC Silicon Tracking Group 

Abstract 

The beam test of the DSSD for the SOC Silicon 
tracking system(STS) is being planned to check-out 
the prototype DSSD, and eventually at the end, the 
full signal stream from the sensor to the data 
acquisition provisioned in the SOC. The first beam 
test will be held in the fall of 1992 at a test beam line 
at KEK. A plan for the setup and job sharing is being 
discussed. New components, effect of magnetic field, 
etc. will be tested in the later stages utilizing the 
setup. 
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Introduction 

• The Silicon tracking system (STS) of the SOC 

- Position resolution 
- Beam crossing at 16 ns 
- High radiation environment 

- Tracks hits in angles 
along the strip 
perpendicular to the strip 

- In the magnetic field of 2 Tesla 

Sl~/side 
Bucket ident. 

6SfU 
,S 14° (~1 GeV /c) 

Barrel along the strip 
Disk perpendicular to the strip 

• Detector module - Readout scheme 

- 501UI1 strip pitch 
- 6cm+6cm = 12cm strip len~ 
- 300ILm thick (25,000 e MPC ) 
- Digital readout scheme: 

- Amp (ENC-l,500 e's) 
- Shaper(Tp-20ns) 
- Comparator(VT-l/4MPC) 

SOC Colla ..... io" Mm;lI, ., XEX 
... ,. -t"" DSSO 

eWe will check-out ... 

- 6cm, and 12cm (bonded) detectors 
- By moving the detector 

- 6 and, directions 
- 0 - 50 J.Un perpendicular to the beam 
(to check systematics relative to the defining 
DSSD's) 

- With/Without magnetic field 
- Irradiated detectors 
- Final test ladders/Electronics on the detector 

Measurements: 
- Analog pulse shape (do we need this?) 
- Pulse height distribution 
- Time distribution 
- Threshold variatIon 

- Hit multiplitity (0, 1, 2, ••• ) 
- Resolutions 
- Efficiency in the time window 

• The beam test will span a year or more, to be done 
in stages when new components are available . 

soc ~ M-," 0:1: 
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Beam line 

• Two test beam lines at the KEK Proton Synchrotron 

-T1: 
- Flexible scheduling 
-rrt 
- 0.5 - 2.0 GeV Ic ~ low momentum 
- 6p/p - 5% 
- 5 x lOZ-3@1 GeV Ie 

-7t2: 
- Rather crowded; advanced proposal required 
-rrt 
-1.0 - 4.0 GeV Ic ~ higher momentum 
- 6p/p -1% 
-5xlQ3-4@3GeV/e 

- At the accumulating ring of the TRISTAN 
-IT4: 

- Re-modeling, 4-5 GeV Ic 
- electrons!, low intensity 

• Obviously 7t2'is desirable but ... We can move to the 
line once we have completed the initial run and have 
confidence on the system. A magnet is in n2, too. 

• Low momentum -+ multiple scattering 

SDC c:./WoMHoo AI....., •• ux 
_ ... "lkDSSD 

Multiple Scattering 

• Scattering angle: 

8M =~%fF.(1 + 0.038 In(I;)] 

• Silicon: 
-lXo = 21.82 g/em2 or 9.36 em 
- 300 J.I.ID Si = 0.32 %Xo 
- ""x/Xo[l+0.038ln(x/x..)] = 0.04422 

.n±: 

p [GeV/c] e,.. [mrad] y [mm]@(h=5J.I.ID 

0.5 1.25 4.0 
1.0 0.607 8.2 
2.0 0.301 16.6 
4.0 0.151 33.1 

• Butt the position defining detector telescope (POD; 
downstream) with the device under test (DUT) 

SDC CMWond/ooo AI....., .. UK 
_ ... " .. DSSD 
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Double-sided Silicon Strip Sensor 
Hiroshima/KEK/Hamamatsu 

• 1st prototype under production ... 

• Specification: 
- Substrate: 
-Size: 

n-type, 4-8 len, 300±10 ~ 
60.0 mm x 34.1 mm 
58.8 mm x 32.0 mm (active) 

- Strip: 50 ~ pitch, double-sided 
- Stereo angle: 10 mrad. 
- Ohmic side isolation: p+ isolation strip 
- Bias resistor: 250±50 kn Poly-silicon 

soc ColWa,.,..,. "'cdi.., ., UJ: 
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Detector module for the beam test 
LBL/KEK 

• Two kinds of detectors: 

- Position defining detectors (POD) 
- Detector under test (OUT) 

• Detector and chip carrier 

- POD's PC board, 6 em OSSS 
-OUT PC board, 6 em & 2x6 em DSSS 

ladder in a follow-up test 

• PC board design and production 

• DSSS mounting and bonding 
-two at LBL 
- rest are at KEK/Hamama,tsu 

LBL 

• OUT with "Frontend on detector with Kapton cable" 
should be developed to be tested in a follow-up test 

- Frontend chip carrier with Kapton cable LBL 
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Frontend Analog and Digital 
LBL/UCSC 

• Analog: 
Bipolar transistor Amp®Shaper®Comparator 

-AT&T chip H.Spieler/I.Kipnis@LBL 
- Baseline for the SOC 
- 64 channel/chip to have less fan-in/out angle 

- Tek chip N.Spencer/W.Oabrowski@UCSC 
- Under development for ZEUS 

- Both AT&T and Tek chips use common layout for 
input and output for inter-changeability 

• Digital storage: 

- MOSIS CMOS I)TSC2 chip J.OeWitt/UCSC 
- Variation of the chip for ZEUS 

- This will not be test of final digital circuitry 
- Oock at 62.5MHz 

to give time resolution and idea of clock noise 

2DTSC _ 01" .. 1 Time SIlc» ChIp 

SOC c.IWoNlIM _ .... , /CEJ: 

_"'of"'OSSD 

Detector Module - PC board 

6 em Ott.ctor MOdUI./PC bOard 
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• Supports ... 

Mechanical System 
KEK/Univ. of New Mexico 

- Two POO's, one OUT, two POO's 

• Rotation mechanism for 9 and , directions 
-9S6O"-+ 3OO-+600~~xl.4 
-;S 14° 

• Unear motion of OUT by O-SO JUn relative to POO 

• Distance between OUT and POO's to be S 10 mm 
- 5 mm e.g. only for connector height 
~ stack of 20 mm for five planes 

• Vibration-free optical bench 

• tight and electric shielding box 

• A special container when OOC cooling required 

• Overall height < 40 em 
to fit in an opening of a magnet: 
40 em height x 100 em width x 70 em depth 
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Cables and Digital Controller 
UCSC 

• Cables: 

- 5 detector modules - Daisy chained 
- Connection at the shielding box 
- Shielding box to the Digital Controller /VME 

• Digital Controller in the VME crate 

• 6205 MHz clock generator 

SOC CoIWo .. ,lM Mfidu., ., ICE" 
...... .,""0$$0 

Milestones 

• Place orders for AT&T and Tek chips May-June 

• Place order for Digital chip May 29 

• Receive AT&T and Tek chips Sep 15 

• Assemble & test one module Sep 30 

• TEM by Wo Smith Sep(?) 

• Ship partial modules to Japan Oct 15 

• Complete the mechanical system Oct 1 

• All modules assembled and tested Nov 1 

• Complete the trigger counters, logie, DAQ 
and ready for the beam Nov 15 

• KEI< PS operation 
1992 Oct - Dee(T1) 
1993 Feb - March(T1) 

MaY-July(K2) 
Oct - Dee(K2) 

SDC CoIIoIMHoo .w..u.. .. III _ ... .,""DSSO ..., u.n. If" 
you.. 
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Trigger and DAQ 
KEK 

• Trigger - Scintillator planes 

- Timing into TDC-VME card 

·DAQ 

- VME-UNIX: the portable DAQ of the SDC 
- Data transfer rate? 
- Interupt speed? 

Trigger 

~ 
~ 
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KEK SEAM LINES 

FOR 

THE SEAMTEST 

SOC Ccllaborati .. _iac 

""y 28. 1992, III 

Akirl Murakami. Sas. UniversitJ' 

I. Availabl. beam lin.s at KEK 

1. oIR-1H (TRISTAN Ac ..... I.tor Rin,) 

2. PS- .. 2 (12 GoY Proton Synchrotron) w\...:,~ ~~ 
3. PS-Tl (12 GoY Proton Synchrotron) ,,=\.c. ~e,t 1 

Fi~ 

Contact person T.OhIhi. PS-.. 2, PS-Tl 

NHT4 F. Talcuoki (. 'l ) 

Contra I 9t the bt ... 

b •• on/off 
h, ... ot .. 

be .. Diu, 

bendi, ... net 

Pllition of the internal tar,et 

_ •• be .. lizi Is not chan,.abl, 

The 'Irioua probl_ wr. found in the 114...,._ in "-Y of 1991. 

e by the I-factorY "'GUll ) 

-3-

the gU,.,ntu. btckfreund erticles. i.l. the continuoul i __ -.nttll 

."ctr\ll in the the .,... &DeCtr1.ll. 

rM pry 'P' 'poly g 5 Hz pc I,U Ur ee) bee inten,ity. 

_y be due to bad shield in! alonl the be. liM. 

.iul i..-oS of the be. line .I_ntl, 

ItC. 

.... nad to be fixed. 

6i:J 

II. AR-IT4 beam in. 

1. baY9Yt of the be .. I in. 

.w.s.i£Le 
IIQllllntUIII clnee 

1II00000ntUII bite 

spectrUIII 

intensity 

repetition cycle 

sDili 

life ti .. 

~ 

3. Facilities 

~ 
l- 5 5 G.yle 

- ±51 
not Muured, probably I Plak at around 2 

- 20 co. / (2 c. x 2 co) at 2 GoY/c 

( •• ,urld in March of 1991) 

1.3 ... 
0.06 n. 
200 -.. 350 .in 

1 CO x 1 CO (in AHI) 

A _~~abl. ( -1. Lx-50 CO W) i. av.ilabl. in the .. oeri __ 

IIOvin, rani' "'" ± 15 CIt horizontal direction 

IY±5co vertical dir.ction 

-2-

0-, 
" I.) 

-4-

hpl.cWOt of thl jntornal tarltt and its drjvjnc nit. 

The 1T4 int~rntl t.r"l and jts drjyiDf IXltIP ar •• childuled to be [,laced 

durin. th, COIIina lhutt down period of TRISTAN. 

Aft.r this r.plac.-nt. the internal tarlet can be driven with a JO N.t,P. 

HoWv.r, the lif, ti. of the II. beD will be decrH'ed when the i ...... tar,eS 
ia inaerted deeply. 

Ther.for •• we caM't expect to increase the be_ inttn'jty by cont,"'", the 

position of the int.rnal tar'lt. 

,,,1 isnent 9' the sbield 

and 

study of the be. prOPerties 

wi II be _ by the I-fact ... , ,ro,", and UI(?). 

MilnPower for thi. 1IIark il r.wired. 

7, Po"jbl, User. and thl achtdul. 

.. in users I-factory "OUP 

UN'S of the IT4 have to ,.t an .. , ..... t with the SCII,rQUD about ... ,.,.ition 
of th, int.rnal tarpt. 



III. PS-lC2 B.am Lin. 

La.t 9f tM hIM ! in. 

2. h- plfMttlra 

p.rticle 

.-.nt .. ranee 

~nt .. bit. 

~ 

int.nsity 

~Gov/e) 
repetition cycl. 

...!!l!L 
~ 
..l!!!....!.i!. 

~ (14N\$Q. fo..rD<i.t...l ) 
1 - 4 GoYle 

- ±1 S 
• .. ak .t •• ound 2 GaYle 

"."ta{UM .put_ .. -
5- 2 Q I 10' ptrtjclll IpMI.. .101.' ppp 

",- 1.0 110' 
..l.1..!!s... (lIt .. t ... Iao .,do) 

..!!.:.!..!!=..(ahort ... 110 .. do) 

~ 
1 CII x 1 til (in FlIII4) 

.t noain.1 OPer.tion of PS ( 3-4 ) .. 101
• ppp 
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Fit. 

1(-+/p 
'H.? ~ rc. t,." 
_TO~ 

t.oieal bo .. intonai t. (1- 2) I 10' epo/er 

faci I iti" 

4 Contro I pf the bt .. 

b, .... nt~. ~. ~ can be ·control led. 

5:....12u.ibl. USIr' ,nd thl "hMu!. 

.. in Ulerl B-f.ctory ,rouo il continuoullr ulinc • 

tho otho. "OUO wi II tako 40 lItifta (3 wooka). 

N. PS-T1 B.am Lin. 

la...J.ugut ot thl bt. lin. 

h- p,r.t.r. 

~ 
~t .. rant. 

~t .. bitt 
,peetr .. 

intensity 

lC·/Z· 

o:s-:::-2 GaY Ie 
- ±5 S 
... ak at around 7 
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Analog Readout ICs 

Helmuth Spieler 
LBL 

SOC Silicon Tracker Meeting at KEK 
May 28, 1992 

Vendor Selection for Analog IC: 

Crllerla: 1. Adequate speed 
2. Radiation resistance 
3. Circuit density (Circuit on pitch <45 pm) 

3 vandor. with .ullebla proca .... IdanUD.d 

1. AT&T 
2. Tektronix 
3. Westinghouse 

Soma tachnlcaliaaua.: 

1. AT&T 
Well characterized (also radlaUon effects) 
Currentlyavallable process (CBIC-U2) 

relaUvety slow with large featura size. 
High-denslty process with Improved speed 

to be released In late summer 
2. Tektronix 

Well charactarlzed (also redlatlon effects) 
High speed and circuit density 
Lateral PNP transistors 

(low current galn after Irradiation) 
Vertical PNPs In preparation 

3. Westinghouse 
Need more data on rediatlon effects 

(have obtalned test devices) 
Good speed and circuit density 

Expect that all three vendors will have comparable proc:essBII 

(speed, density, radiation resistance) by end of 1992. 

Note that for equivalent clrcuHs (same functions for aach) 
the currently evallable proc:essBII differ In power onty by -100 pW. 

H!)I 

Requirements 

Noise an < 1200 el (SIN> 20) 
Time Resolution 
Power Dissipation 
Dead Time 

6t< 16 ns for 1 fCSa.S8 fC 
P- 1 mW/channel for 12 em strips 
~50 ns goal (for operation at L-1Q34) 

Radiation resistance 

(two successive 4 fC pulses) 

ol>c+ol>n-l014 em-2 

(limited by type Inversion in detector) 
Dose> 5 Mrad 

Demonstrated for both detectors 
and electronics (analog + digital). 

Readout within 10 jJ.S after receipt of level 1 trigger 
(also for high-denslty jets) 

Calibration Inputs 
Externally adjustable thresholds (differential inputs) 
Chip disable 

To allow valid comparison between vendors, specifically to assess 

circuit trade-offs 
radiation resistance of speclftc circuit 
die size ($$$) 
yield ($$$) 

we need to fabricate test ICe through all three vendors. 

Circuits to be designed to same speclftcaUons with same basic circuit, 
but details tailored to specific proc.s. 

Choice for flratrun: AT&T 

Circuit and preliminary layout submitted (LBL) 
PO Issued (UCSC) 
ICe expected In September 

At least twc different ICe: 
1. Individual circuit blocks 
2. Complete 64 channel front-and 

+ perhaps 
3. Array of preamplifiers 

Goal Is still to have 128 channels/IC In final design, but we selected 
64 ch. for this run to obtain better yield data. 

Extensive pre-qualification of multiple vendors Is 
designed to reduce risk in final mass production run. 

SDe.sux.. T,.... F"",,-EM ~.wI DIMc:for IIodMJa 
"AC/t-.w 



Silicon Tracker (SSC) 
Front-End Bipolar IC 

Preliminary Tarret Specifications 

l SI ........ -nOl-l 1!.i.~""",,") 

~ 
Strip Length 12 cm 
Strip Capacitance (1.2pF/cm) 14.4 pF 
Leakage Current (100 nAlcm) 1.2 ~ 
Bias Resistor 200 kn 
Blocking Capacitance 144 pF 

I ntegrator Peaking Time '" 55 naec 
Output Noise Volta,e 

~f5 
mVrms 

Transfer Gain mVlfC 
Equivalent Input Noise Charle 1225 erms 
Peak Output Current 500 ~ 
Comparator Threshold (40) 165 mV 
Time Walk (lfC-4fC) 14 noec 
Supply Voltage 3.5 V 
Power Consumption 620 )1W 

>\ 1>1l.OI> .. o.A-nO\ol ~~ ~ ~" <.DI.I.£c;n()>\ 
CA1,,-u..c.SAA~ 1oJ.,;-1O"" 

D 

luyKipni. 
Lawrence B.rkelt" Laboratory 

26 October 1991 

I 
-"--'--"""-"--r---r---r--r--'M'l~ 

! I ! ! j ~ 
--+--+---J' l-----t--l~ 

--i---i---!-----i:! 
i i ! 

--+---J-J-i---i---1' 
--1-J, i---~~+_~~~~=-_+--+---+I ' ' 

i----+--+-'< :"';-_+--_+--"'-.-i---1>i --Li~ 

Ij!) I 

D 
r---r---'---~----~---r-_T--,1 

,- I 1)' --, 

J I 1.., 
I I i~ 
! I~-I 

;;j .... _--', - - I I 

I ; I i 

1 -- ---
~ 

I 
I , 



D 
-,-----:---,.---------,-----------,----------,------------1. ! r ! 
L ;r---~---~-----T--------+-------+-----II L _\\ __ \ ____ + ____ 11 _______ + _______ -+ ___ 11 

1\ 
I 

Assumptions and goals 

Strip capacitance 
Bias resistor 
Strip leakage current 
Judy's input current pulse 

Comparator threshold 
Time walk (HC • Sf C) 
Power comsumption 

14.4 pF 
200 kC 

1 J1A 

40' 
< 16 ns 
< ImW 

Radiation effects on electronics 
(no pnp transistors) 

Other issus 
matching 
dead time 
area (money) budget 

Compatibility with AT&T design 
high impedance output 
control and power lines structure 

Silicon Tracker Bipolar Front-End 
(Tektronix) 

Wladyslaw Dabrowski 
INFN, Turin 

(IPNT, Krakow) 

Some simulation results 

gain 
output noise 
equivalent input noise 
comparator threshold 
time walk (HC • SfC) 

(I.SfC • Sf C) 
power consumption 

+ digital receiver 
dead time (for two 4fC pulses) 

140 mV/fC 
30 mV 

1340 el 
120 mV 

14.S ns 
9.S ns 

S20 J1W 
60 J1W 
100 ns 

After SMrad and 1014 n cm-2 

gain 
output noise 
equivalent input noise 
comparator threshold 
power consumption 

130 mV/fC 
31.4 mV 
IS00 el 
117 mV 
S60 J1W 

7tl() 
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Silicon Tracker (SSC) 
Front-End Bipolar IC (AT&T) 

~ 

Strip Lensth 12 em 
Strip Capacitance (1.2 pF/cm) 14.4 pF 
Leaka,' Current (100 nAlcm, 4>.1014 cm,2, T.O·C) 1.2 IlA 
Biu Resiltor 200 kl'I 
Blockini Capacitance 144 pF 

!iWa 

Equivalent Input Noile Cha1'ie 1250 enns 
Differential Comparator Threshold 40 
Time Walk [1 fC· 8·fCl 16 nsee 

Power Consumption 1 mW 
Hiih Impedance Output 

~[llimiDIO: aiu:udltiQQ BIIWt.1 'ii·,bIDDllll 

Ou tput Noise Volta,e 39 mVrms 
Transfer Gain 180 mVIfC 
Equivalent Input No;'e Ch&1'Jo 1350 erms 
Peak Output Current 400 IlA 
Comparator Threshold (4(1) 155 mV 
Time Walk [1 fC· 8 fCl 12 nne 
Supply Voltare 3.5 V 
Power Consumption 950 I1W 
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SUicon Tracker (SSC) 
Front-End Bipolar IC <AT"T) 

Noiaa Powar Contributiona 

xlO"N'l ')10 

Total 1683 100 

QI 1211 4U 
·Ie -800 ·19.6 
.Jb -800 .19.6 
·rb -1211 -8.1 

Detector Shot Noiaa 269 17.6 

Rr 181 11.8 
Q. oIacijacont channel 93 6.1 
Q. oIacijacont channal 93 6.1 
Detector Biu Rellator 1i8 3.8 

~ :u' 1.4 
Other « 1')10 aach) 93 6.1 

Note •. 

. Acl,jactnt chaDMl. oontrilNta _ .,. .. the out.p\l&. DOl.. nha,. 
Imen ... \lie oqulyolonl til,.., DOl .. eIlorp "" - '1') . 

. Ro_n, d._ aoIoo, Q. _tribu,"" "I' of \lie oInl1. cbonnol 
Oyt.p"L noall yol ... ,.. 

ir)~ 

luyKipnl. Lo_-"'~ 11 riltlNa.", 1.12 



Analog Readout Design Strategy 

1. AT&T CBIC.U2 submission 

Primary obJective: 
Proof of Principle to verify 

1. electronic design concept 
2. module design 
3. demonstrate system operation 
4. radiation resistance 

Compromises: 
1. die size (W- 3.1 mm, l- 6.85 mm) 
2. 'slow' process 

- added gain stege and longer peaking time 
3. dead time (due to longer peaking time) 

Advantages: 
1. earliest delivery date of the 3 candidate vendors 
2. radiation resistance 
3. simple layout changes for smaller device sizes 

(AT&TCBIC.V2, Westinghouse, Tek) 

Circuit at AT&T (cell laid out by Issy Kipnis, W-40 pm) 
Ole layout complete (AT&T) 

1 p-slde chip with 64 complete channels 
1 n-slde chip with 64 complete channels 
1 test chip with 16 preamplifier array + circuit blocks 

Run shared with Penn 

A T& T submission contains all elements of future designs 
Note that walk compensation Is an 'add on',I.e. 

H can be disabled by setting Hs threshold high 
H can be physically removed wHhout changing the 
rest of the circuit. 

SDC SilkM TItld6I1H1inf 
XEJ( 

3. N.xt round of d •• lgne and fabrication runa 

Same basic clrcuH with minor modifications tailored to vendor 

1. Tektronix 
utilize JFET for preamp current mirror, 
lateral PNP loads where possible, 
resistors (especially high values) only when 

necessary 

layout start (UCSC: Nad Spencer) 800n 

2. Westinghouse 
lateral NPNs and PNPs 
small devices 
smaller die (l- 5 mm) 

layout start (LBL: Issy Kipnis): June 1 

3. AT&T CBIC.V2 
similar to Westinghouse 

submR late 1992 

-~ 

'T'l!) 

itt 

2. Goals for subsaquenl designs 

• raduce dead time 
• minimize die size 

Method: 
raduce peaking time and 
eliminate walk-compensation circuitry (If possible) 

Comments: 

Current data are for for p-slde charge collection and 
n-side capacitance (. worst case). 

Raductlon of peaking time below 20 ns leads to significant 
ballistic deficH on p-slde, but capacitance Is lower so 
effective SIN can be preserved. 

CapacHance on n-slde Is higher (current design value), 
but collection time about 112 of p-slde, 80 shorter peaking 
time does not Incur reduction of SIN. 

Reduced peaking time Improves timing (possibly allOWing 
us to do without the walk compensation clrcuHry). 

BUT: we will retain walk compensation clrcuHry In next 
round of designs until we have measured overall 
dispersion In system (Incl. detector, dig. clrcuHry, etc.) 

i10 
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TESTING OF A 64-CHANNEL BIPOLAR 
AMPLIFIER-COMPARATOR CHIP 

... 
". 
••• 

! ... 

l ••• ... 
, .. 
I. 

David Dorfan 
Ned Spencer 
Max Wilder 

Bill Rowe 
Nicolo Cartiglia 

David Hutchinson 
Wladislaw Dabrowski 

Hartmut F.-W. Sadrozinski 

May 26,1992 
SDC Collaboration Meeting 

KEK, Tsukuba, Japan 

~1.,"J\.. .., .... '-Ilf: 
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• The chip was produced in Tektronix SHPi. 
64 Channels, 70 j.£m pitch, gain about 
170mV /fC. Common threshold, calibration 
inputs common to every 4th channel. 

- Simulations agree with measurements. 
Large resistors/capacitors result in large 
stray capacitances. 

- Test philosophy: use threshold/discriminator 
output to find gain, noise, walk, risetime, 
propagation delay. 

- With lOpF load, risetime is 30ns, 
noise is 1100e (expect 600 + 40 x C), 
propagation delay is 26hS 

71.1 

power consumption is 133 m W = 2m W / channel, 
Walk (Vth = HC) is 1l.5ns for 2-8fC input 
(min.ion. = 4fC) 

~ TEK PDT tJnd WALK HetJsurement 
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We can use a probe card to supply the power 
and input test pulses (through 25 iF 
calibration cap) and read the digital outputs. 
A hand-scan of 30 channels (5 chips) revealed 
good uniformity of gain and excellent yield. 

The next step is the expansion of the probecard
based testing to a fully programmable system 
capable to do the sse production testing. 
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Pushbutton Reset. TEM FRONTPANEL 
Clears Busy. Counters. RESET LED. 
FIFO. Status F'legister. '",0'" Jon during reset or when TEM 
Interrupts. and Restarts I=~ disabled by DAO processor 
Clock VME 110 LED. 
3usy LED. ~ AI.., "-;./ Blinks for each \tME bus cycle 
Lit when card status is .;::' M:::= serviced by card 
Busy due to External 
Busy Input. DAO --->~ a IUSY INT CLK SEL LED. 
Servicing of 11 Accept. a b't1< -<E-- Lit to indicate Internal 60 MHz 
or DAO not online. lEe timebase selected as clock 

• ~ source. 
CLK ON LED. 
Lit when detecting 
active transitions on 
selected clock source. 

Counter Clear I~put. 
For reset of Event 
Counters in "burst 
mode" operation. Uses 
TIL levels and Lemo 00 
Connector. 

Test Trigger Output. 
Bit 6 of Control Output 
as TIL logic level to 
Lemo 00 Connector. 

Tn 
IUiYIH 

o 
Tn 

1UiY0UT 

o 

Busy Input and'Output. 
-<E-- For external control and daisy 

chaining. Uses TIL logic levels 
~ and Lemo 00 Connectors 

Counter Enable Input • 
Enables Event Counters and 
Busy Timer for use with external 
"Beam On" signals. Uses TIL 

~ Logic Levels and Lrmo 00 
Connectors. ' 

Clock and Control Inputs. 
Includes L 1 Accept, L 1 Reset, 
L2 Accept, Clock Stop and other 

~ control signals. Uses differential 
ECL logic levels. 

t 
Clock end Control ~': Internal Programmable F:FO 
Outputs. Includes : : Delay 
FIFO pipeline delay of ----"l>~1 ;,'1, ~ ./. ........... : 
programmed length, and "'" 
L 1 Sync On every 256th 
A 1 Accept. Uses 
differential ECL logic 
levels. 
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Activities in Japan 

Tokio K Ohska 
(KEK) 

"Now just hold your hones, everyone. '" Let's lei it run for. 
minute or 10 and lee if it getl any cold"," 

JSD Straw-Tube Readout Group (total 12 ) as of April I, 1992 

Tokio K. OHSKA : co·Coordinator/electronics in general 
Yasuo ARAI: Rad-hard process, Next generation TMC design, 

Electronics design 
Shigeru ODAKA : Electronics fablication, coupling to tubes, 

structural design 
Masahiro IKENO : Circuit design, High density Packaging, 

PC layout 
Yoshiyuki W ATASE ; electronics in general 

@Tokyo University of Agriculture and Technology, 
Main responsibility : L2B Circuit design 

Tsuneo EMURA 
Fumio SUDO 

@Tokyo Metropolitan UniverSity, Fuculty of Science, 
Main responsibility : Chamber test of electronics, Radiation tcst 

Masami CHIBA 
Tatsushige HIROSE 
Ryosuke HAMATSU 

KoujiKONDO 
Kazuo YAMAUCHI 

-"".c;m. ..... '"'7 &. 

",. 
1991 

Another great moment in evolution 

1'31 



1. Rad-hard CMOS gate array 

Started to work with Toshiba. 
Schedule looks OK. 

Need to workout on budget/cost. 
.. ----Y. Arai will live a talk later on this subject 

2. Electronics packaging 

Making mock-ups to get the feeling of available space. 
Cooling study: Produetion of test set-up with heat modules. 

Ordering thcmperature sensors, soft wares. 
Collecting information. 

Connectors : Daiichi Denshi Corp. (former OEM supplier to 
Amphenol) is working with us. 
We may custom make the connectors. 

------S. Odaka will give a talk later on this subject 

3. Designing Level 2 Burrer 

In a stage to learn to run the Toshiba program on work stations. 

4. Chamber test, radiation test of electronics 

Preparing the chamber test set-up at the TMU. 
Radiation test facility is also available from the TMU. 

-----K.yamauchi will report on this. 

5. Produce electronics usina TMC so that other people can aet 
themselves familialized with the TMC chips. 

CAMAC TMC module version I: 10 modules are available. 
CAMACN ME TMC module with intelliaence : desianing stage 

We plan to provide VME units (or muon tcst. 
------M.lkeno will aive a talk later on this subject 

(4) To get some idea, let me compare this number with a high 
power FASTBUS. According to the FASTBUS specification, inside of 
the FASTBUS crate is; 

43.09c", wide x 36.7cm high x 42.6 cm depth. 
Removing the depth for the rear-end connector (0.9cm) from the 
426cm depth, total volume inside the fastbus crate is; 

43.09 x 36.7 x 41.7 = 65945 cubic cm. 

A rather high power FASTBUS crate produces 2kW, hence its 
power density is; 

2000 W /65945 cc = 0.0303 W/cc = 30mW/cc 

Therefore, te power density for the straw FEB power aeneratina 
section will be twice as much as that of the high power FASTBUS 
crate. 

(5) Assuming thc thickness of the FEB to be 1.6mm(l/16") and the 
average component height per side to be l.Smm. One may argue 
that the thickness of a IC wafer is far Ie .. than I.Smm and also 
there will be areas where only patterns on the FEB. However, I 
consider this l.Smm to be reasonable for such boards from various 
consldereations. 

4.6mm per FEB and 4 layers = 18.4mm thickness out of 
24.43mm height. This leaves 6mm gap for airflow (1.5mm space 
per gap.). 

Average width ,(9.024+11.713)12=10.37 em, times 0.6cm lap. 
6.2sq.cm. This is the opennina for the air to flow throuah. 

Density of air at 20 deg.C = 0.0012 glcc 
Specific Heat of air (20 to 440 dea.C) = 0.237 cal/(g.deg.C) 

= 0.28 mcai/(cc.dea.C) 
=1.19mJ/(cc.dea·C) 

Since V (cm/sec) x 11.9mJ x 6.2 sq.cm = 9.54W, (for Idea.C rise), 
the cooling air velocity, V must bel293cm/sec if only I deg.C air 
temperature rise is alowed. 

At this point, we do not know how many degrees centigrade the air 
temperature risc is acceptable. (Local lain chanle in straw tubes). 

If 10 dea.C rise is acceptable, 129cm/sec air flow is needed. 
This translates to 4.6km/hr or 2.9 mph air velOCity. 

TKO MEMO 920420-2 

Straw Tube Readout Front-End·Board Heat Consideration Basics 

April 20,1992 KEK T.K.OHSKA 

Basic Facts (for 8-layer units) 

(1) Assume that the available cross-secttonal area for the 
electronics is the trapezoidal area defined by the 4 outermost straw 
tube centers. According to the conceptual desia" report, this 
trapezoid has dimentions of 9.024cm and 11.713cm for top and 
bottom sides. 2.443cm hight for an 8-layer unit. 

This area is 25.33 sq.cm. 

. (2) According to the drawing presented at the Indiana Meeting on 
8th of April '92, total available depth for the readout front-end
board is 12cm including space for straw tube end cap, connectors, 
HV resistors/capacitors. clearance for installation/removal. 

To reduce unwanted stress to be applied to the straw tubes during 
FEB installation/removal work, I consider flexible joint mechanism 
to be essential bet ween the endcap and FEB or between the endcap 
(with HV distribution part) and the rest of the FEB. This will easily 
take up 3 to 6 cm depth out of the available 120m. If the flexible 
joint is not included here, we would need 2 to 4 em clearance (or 
installation/removal of board (mainly for repair work) in addition 
to depth needed for the endcap. 

Depth available (or tbe heat generating eleclronics would be 
6cm out of the available 12cm total depth. 

This brings the total volume (or heat generating section o( 
the FEB to be; 

25.33 x 6 = 152 cubic centimeters. 

(3) Assume the power consumption per channel is 45mW as 
mentioned by someone at the April meeting at Fermilab. 

4SmW x 212channels = 9.54 watts. 

Hence the power density for that section is; 
9.54 / 152 = 63mW/cc 

TKO MEMO 920420-1 

This is about a slow walking speed so that one might think it is not 
very fast. However, in such a clamped area, where air flow path is 
not a simple one, I expect it very hard to provide such air flow 
speed. 

(6) Should we add heat exchangers between FEBs in a radial way 
so that we can flow the cooling air in a circular (ashion, we must 
provide enclosed air duct so that the COOing air does not 10 away 
from the FEB gaps to the support frame area. This will not be easy 
either. We must also provide approx imatelylcm gap between FEBs 
for the heat eXChanger. 

(7) At this point, I would say that conduction cooling through the 
FEB boards to a cooled supportina frame section will be a better 
choice. (This justifies thick PC boards). One could add water pipe 
alona the supporting frame structure to brina the heat to outside 
world. 

4SmW per channel x 129,744 total number of channels RS.8kW 
can be brought outside via water pipe. 

(8) If we can bring the power per channel down to 30m W, it would 
help. But it would not Significantly change the situation. 

SUGGESTIONS: 

(1) We will need heat exchangers. 
(2) We should consider conduction cooling. 
(3) ·This requires that PC boards for FEBs ean not be ultra-thin. 
(4) We should require more space for the FEBs. 120m does not look 

sufficient to me. Another 4 to 6 cm will provide space for the 
cooling fixtures. We should not have built-in impossibles. 

(5) Reducing the mass of FED will not be the top priority. 

TKO MEMO 920420-3 (last pale) 



Front-end Electronics Volume: IOcm x 2.5cm x 8cm = 200 cc 

Considering air space. average dcnsilY would be approximately 1. 
Specific heat would average about 0.3 calfg deg.C = 1.3 J/gdeg.C 

Even at 6w power consumption total per unit. 

6/(1.3 x 200) = 0.02 deg.C/sec 

I deg.C/50 seconds 

7:ri' 

1982 

"You idiots! ... We'll never get that thing down the hole'" 



Straw R&D at Duke 

Seog Oh. 

1. Prototype construction. 
2.7 meter 64 channel 
3.0 meter 100 channel 
4.0 meter 159 channel 

2. Resolution Measurement. 
as a function of distance 
as a function of high voltage 
as a function of rate 
as a function of amplifier 

ill 
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We have accumulated a great deal 
of experience from prototypes. The 
success of the prototypes shows 
that the chamber is stable, rugged 
and not difficult to construct. 
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Prepared by Y. Alai 
KEK, National Laboratory for High Energy PhYSics 
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H. Ogren 
SDC Collaboration Meeting 

KEK 
May 26,1992 

Resolution studies of 4 mm straws 

This is a recalculation of the resolution studies of Iwasaki (KEK 89-158). 
These were carried out in order to understand what the limitations of the 
spatial resolution measurements are with a fast gas and 4mm straws. 

1) TDC Resolution 

1ne most straight forward limitation to the spatial resolution is the 
time resolution of the TOe. The TMC will have an effective time 
resolution of dt= 0.5 ns. The effective drift velocity of CF4· isobutane in a 
2T field is about 70 microns/ns. So the resulting spatial resolution is 

da= 35 microns. 

2) Time walk 

At any fixed triggering threshold, there will be • time walk due to 
the statistical variation of the pulse height. The amount of time walk will 
depend on the slope of the charge vs time distribution. This slope is also 
a function of the distance of the track from the wire and the dir!t veloclity. 
Fig. 1 shows the charge vS time curves for three tracks. one passing 0.01 
mm from the wire, a second at 1.0 mm , and the third a 1.95 mm (just 50 
microns inside the wall). The signal assumed a gain of 2'104 , an 
ionization of 100 electronsl em, a wire size of 19 microns. a straw radius 
of 2mm, and a voltage of 2150 V. The drift velocity was taken to be 70 
microns!ns as in Section 1 , which would correspond to B=2 T.). 

The current versus time is plotted in Fig.2. It is the slope of the total 
charge curve and for each of these tracks. I have not considered the effects 
of electronics shaping. since the front edge triggering is insensitive to the 
shaping for low thresholds. 

5) Conclusions: 

It appears we may need run our chambers at a somewhat higher gain 
than 20000. A gain of 40000 with a threshold of about 15000e is shown in 
Fig. 5. It will give us the following contribution to the resolution for a 1 
mm track: 

do= 35}.l time resolution 

dcr = 5211 time slewing 

dcr= 2211 time jitter 

do= 100 1..1. intrinsic (difusion and clustering) 

The total resolution is then about do= 120 ~ 

A direct detennination of the slewing requires a realistic value for the 
ionization fluctuations. Iwasaki has used Qlow= 0.5 Q nOllllnal. and 
Qhigh= 1.6 Q nominal. This was detennined from al} extrnpolation of pulse 
height variation seen on the Topaz chamber. The fact that we will try to 
trigger on the first arriving cluster complicates this detemlination, 
however. previous measurements have indicated that there are 2-3 
electrons for each cluster. so the poisson statistics for such clusters would 
give about the same number. This needs to be measured in our chamber. 

Fig. 3 shows the charge distribution for a track passing at a distance of I 
mm from the wire, for several different gains. This plot can be directly 
used to estimate the slewing (time walk) as well as the time jitter due to 
electronic noise. Assuming the threshold setting is 1O.OOOe and the 
nominal gain is 20000, the Q low fluctuation corresponds to the 10000 gain 
curve and the Qhigh fluctuation corresponds to a gain of 32000. Once the 
intercepts are found the time variation can turned into a distance variation 
by using the drift velocity. 

3) Time Jitter 

For this note I will use the number from Iwasaki's paper for the 
serial noise on a 4 meter Straw: 

ENC= 3000 electrons. 

This effeclS the threshold directly, the effective time jitter is just 
the intersection on the +- 3000 e band about the threshold with the 
nominal gain curve. The effect can be seen in Fig. 3. 

4) Comparison with zero magnetic field. cosmic ray tests. 

The charge versus time distribution were generated using a nominal 
velocity of 110 microns. This is shown in Fig. 4. The present threshold 
setting are about 30000 electrons or 4.8 fC. As can be seen the time walk is 
expected to dominate the measurements at a gain of 40000. 
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Fig. I The charge distribution as a fuction of time for three tracks. 
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Fig. 2 The current distribution for three tracks. 
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StrawASD 

Mitchell Newcomer 
(University of Pennsylvania) 

Design Goals 
Signal Processing Electronics 

SENSOR/SYSTEM DRIVEN 
Measurement Time - 5-6ns 

Double Pulse Res. - (25ns 

Inherent Noise - (?OOOe 

Timing Resolution - (lns 

Power - (20mW/ch ~'5'D) 

Threshold - 0 - 10fC minimum 

Size - At least 8ch/chip 
.5" sq. 8 ch.chip Is OK 

Goals are driven by both. sensor characteristics 
and Technology tradeoffs. 

IMPLEMENTATION 

Differential Design where Possible 

Low Level outputs 250mV 

Good separation of Analog and Digital Functions 

STRAW ASD 
Amplifier IShaper IDiscriminator - 8ch 

Dual inputs (prototyping version) 

Differential Outputs Programmable i out 

Disc, Analog (on prototype) 

Detector Tail Cancellation to· 1ns 

Threshold 0 - 10 fC I Disable 

Technology Tektronix SHPi(Quicktile) 

Die Size 

Supplies 

4.7 x 2.B mm 

+/- 3V (+/- 20%) 

Power 
Preamp / Shaper 
Discriminator 
Drivers 

7mW 

BmW 

3mW (min) 

Technology 

Tektronix SHPi process 

NPN Transistors 

Unity gain bandwidth, it 
it 

Current gain, (3 
Base resistance, rb 

Collector base cap., Ccb 

Collector sub. cap., Ccs 

Base emitter matching 

8GHz @ic = ImA 
3GHz @ic = lOOj.tA 
100 
2500 

- 39fF 
24fF 
ImV 

Sl)fi 
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Input Protection test 
(ZAP TEST) 

Ideal - 2kV Spark Gap 
150pF Cap, 100hms series 
Energy • 1/2GV • O.SmJ 
Test Damage .vs. # discharges 

Available -
SOOV Avalanche Discharge 
Good Selection of Caps 

ZAP TEST-
100Hz x SOsec • .6000 discharges 
Charge Cap - Avalanche Discharge 
Ramp Cap value until damage Is 
observed. 

RESULT -
DC offset Increased 10mV at 2000pF 
AC rise time Increased, Gain OK 
Similar results with 2 channels 

Energy •. 1mJ 
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Preliminary Measurement Summary 
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• Yield 80% 33 packaged chips tested 

1 - no discriminators 
3 - one channel bad 
.2 - two channels bad 

6 - Total bad chips 

• Overall Performance 

Gain - 75% of eXpected SPICE value (preliminary) 
Uniform (5%) channel to channel 

Meas. Time - 7ns (SPICE prediction 6ns) 

Threshold Variation - 0.5fC channel to channel 
Chip to Chip 1fC (worst case) 

Input Impedance - 1250hms+/-10% (1150hms SPICE) 

Cross Talk - No cross talk observed for 
Impulse Inputs up to 10fC 

Threshold Temp Dependence - •. 01fC/Co 

Time Slew - 1 to 15fC (impulse Input) 4.5ns 
maps pulse shape weli 
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Radiation Tests Tektronix SHPi Process 
NPN TYPE, Neutron Radiation 

Hie va IE 
MPH Typo IX 

HIe va IE 
HPH Typo 4X .- , ..... MI" , : : :: :.:: :; : : :::; : 1 -~., ... " . " " " . , " '1 ... ' • -. : -.,.: ••••••• ! ••• ! ••• . . - .. . . - .. - . . 

I, ~ _ _ '.~-=':-:---::u:---;';u:--~-~ • 
• ~ _CMI 

Change ., HIe va R&d Level 
MPH IX, 4X. IE • 100. 400 __ 

Change ., Hie va Rad Level 
MPH IX, 4X. IE· 100. 2000 __ r- I ro

-

• ML....,... _"'. _",._~._-:.:---!. ,.L -~. -"".--:.-",.c--.~-: 
... ~1II .. 1I........,_.. .... ~I ••• --"".'. 

Low current anomalies are due to measurement aet-up. 

ASD STATUS 

• ASI;>-8 continued testing (now) 
Noise Measurements 
Fault Investigation 
Refined gain measurements 

• Board Tests-
Colorado ASD Board ( .. 2, weeks) 

Prototype module readout board 
2 ASD-8 chips (68pln PLCC) 
ready for board manufacture 

ORNL full density board (summer) 
Straw Interface and ASD chips 
Chip on Board or Mini Package 

• Cross Talk Measurements (Spring and Summer) 
Straws, Connectors, ASD boards .. 
Then Ensemble 

• ATT (CBIC-U) version of ASD-8 chip (fall) 
Probable Enhancements-

Mask Programmable Shaping Time 
Programmable Gain 
COopo.~itillC Gwt-\I'O -To l>isc. 
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S.Odaka 
SDC Collab. Meeting at KEK. May 1992 

Conceptual Studies on FEB 
of the straw chamber 

Spacing of the signal lines 

212 channels 
x 2 lines/channel 

straw module width .. 10 cm 

~ ~ 250 Ilm spacing if drawn on a single plane 

What is more: 

Chamber 
Signal --. 

a branch to TMC and Trigger-chip; 
thru-holes are necessary there. 

~ Need more space or width 
> several x 10 cm 

( Water-cooled Micro Crate) 

MjcroBoard 32 channcls/boanl 
(16 channels/side) 

Cooling 

Air-cooling is not efficient 
in a widely distributed system. 

( water (liquid) cooling) 

mechanically 
and thennally 

I 
loose connection 

• • ... 1 _FE-:-B-I 
'-----;------' 

straw module 

~ a flexible connection 
between the straw module 
and the FEB 

r -, 
I I 
I 

I 
L _ J 

r -, 
I 

I I 
L _ J 
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To the Straw modules 

~ 
u 
:2.9-
i56 

jg 

Micro Crate 

Micro 
Board 

Signal Connection Board 

o.)~ "'" .. ) 

§fEEl 1 1111111 I 
Outside Inside 

Surface-mount fme pitch connectors 
Multi-layer PC board 

merged 
4x 53 

basic unit 
of trigger 

adjacent 
crate 

Micro 
Crate 

16 x 13 
+4 

What we are going to do: 

adjacent 
crate 

look for suitable connectors; 

specify the feasibility of 
using a multi-layer board 
for the signal connection; 

build a mock-up of Micro 
Crate to test the cooling 
efficiency. 
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Toshiba Mega Cell Library 

*RAM-I : Dual Port Memory 
• 15.5 k Gates needed for 32 b x 128 w (4k bits) 
Memory. 

( 4 k x 4 ch = 62 k gates) 
• Address Access Time: 

*FIFO: 

Read = 7.1 ns (5V) [-12 ns (3V)] . 
Write = 11.8 ns (5V) r -20 ns (3V) ] 

• 2 k Gates needed for 8 b x 32 w FIFO. 
• Cycle Time: 

Read = 12.8 ns (5V) [-21.6 ns (3V)] 
Write = 21 .8 ns (5V) [ -36.8 ns (3V) ] 

(we may need circuit modification.) 

1 - ------------ ---- ----
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New TMC Design with Toshi'ba Gate Array 

SDC Collab. Meet. @KEK 
1992.5.27 Y. Arai 

• Toshiba Gate Array (TC140G), Library 

• Toshiba CAD Software (VLCAD) 

• New Cell Design (Differential Input Buffer) 

• ~\'115 C~4,""e I 

TC140G Series Gate Array 

• 1.0 ,..m HC2MOS Single Poly, Double Metal. 

• 2.3 k -172 k Gates (14 Sizes). 

• Delay = 0.4 ns (2 input NAND, FO=2, L=2 mm) . 

• Sea-of-Gate Technology. 

• Macro CelljFunction, Meg~ CelljFunction 
(RAM, ROM, ALU, Multiplier ... ). 
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Rambus Channel 

• High-Speed Data Transfer Standard between High 
Performance CPU and Dynamic RAM. 

• Rambus Inc.(USA) + Toshiba, NEC, Fujitsu. 

• 9 bit bus + 250 MHz clock (both edges), - 500 MB/sec 

• Vref = 2.2 V, tN = 600 mV. . 
• 64 pins, Vertical Surface Mount Package . 
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Radiation Damage Test of Time Memory Cell 

Masami Chiba and Katsuji Nakamura 

Tokyo Metropolitan University 

YasuoArai 

KEK 

May26-29, 1992 
SDC Collaboration Meeting at KEK 

from outside to introduce cables from upper part of the 

irradiation chamber which enablas to tast TMC in active. 

[Fig. 11 

lliustration of the irradiation in the NMOS FET in saturation is 

shown in fig.2. 

[Fig. 21 

The irradiation conditions of the TMCPG1 are as follows. 

1. TMCPG1 power-off, all the pins are in short circuit 

2. TMCPG1 power· on 

MOSFET 

Saturation:P1, N1 

Cut-off :P2, N2 

The saturation and cut-off states in the irradiation are 

explained in fig.3. 

[Fig. 31 

In these conditions, threshold voltagas and mutual conductance 

are measured. The definitions are shown in fig.4. 

[Fig. 41 

Results of the measurements are shown in fig. Ii. 

[Fig.1i1 

The threshold-voltage change against the dose is shown in fig.6. 

[Fig. 61 

The results of "power-off' irradiated at Tohoku University 

(91.1) is consistent with those at TMU (91.7). The maximum 

change was 4Vt=-0.16V (2791\) for lMrad. There was not large 

change in GM. 

For "power-on", PMOS FET shows the same tendency as 

"power-off' with saturation of 4 Vt=-0.074Vand cut-off of 4 Vt=

O.11SV for 1Mrad. 

3 

Time Memory Cell (TMC) is considered to be the best chip for 

readout of the straw chamber. It will be set at 70-170 cm from 

the beam line and subjected several 10krael/year so that the 

radiation resistance is crucial for the application. 

The TMC 1004 includes over105 MOS FETs which is made at 

NTT ........ radiation hard process and the specifications are: 
1\0n. ' 

TMC1004 

Process 

Gata oxide 

Clock 

:O.SI1Ul N-well C-MOS 

:11nm 

:31.25MHz 

Channel :4ch 

Power consumption:7mW/ch 

Chip size :5.0mm x 5.6mm. 

For the sake of the radiation-damage test we used a special chip 

named TMC-PGl which is made by the same process of 

TMC1004. It includes NMOS FET 2 ch, PMOS FET 2ch, ring 

oscillators with and without feedback circuits. We report here 

the test results of the two types of MOS FET which is the 

building block ofTMC. 

"f-ray irradiation was done at the 60Co "f-ray irradiation facility 

at Tokyo Metropolitan University. It has 12,OOOCi 60Co in total. 

The radioactive isotope rods surround an irradiation cavity and 

irradiate about 1Mradlh. We used a field flattaner made of a 

lead cylinder to make uniform irradiation field and the 

irradiation rata reduced to a half. This system has a access tube 

On the other hand, NMOS saturation shows large threshold

voltage change from the dose of 50krad. In addition GM curve 

has two peaks from the dose of 200krad. It seems that NMOS 

cut-off is not so different from "power-off' in the threshold

voltage ci),ange 4Vta.0.1l9V for lMrad but the GM curves show 

two peaks as NMOS saturation. 

In fig. 7 Id-Vg curve of NMOS saturation is shown. From the 

irradiation dose of 50kred, Id increased at the low Vg. On the 

other hend NMOS cut-off and PMOS do not show such behavior. 

[Fig. 71 

Annealing on the threshold voltage and the leak current Id at 

Vg=Vsub=O is shown in fig S. The large threshold-voltage 

chenge at NMOS saturation is seen. The annealing in a room 

temperature is elso shown in the threshold and the leakage 

current. 

[Fig. S] 

The cause of the irradiatio;' effect on MOS FET is divided into 

interfacetrap and trapped-oxide charge with a method of 

P.S.McWhortar and P.s.Winokur [11 as in fig.2. They influence 

different behevior On Id-Vg curve as shown in fig. 9. 

[Fig. 9] 

The threshold-voltage shift 4 Vth is splitted into a contribution 

due to interface traps 4 VNit and a contribution due to trapped

oxide charge 4VNot as 4Vth=4VNit+4VNot. The analyzed data 

is shown in fig.10. 

[Fig. 101 

In conclusion there were differences in the irradiation effects 

between power-on and -off during the irradiation. It showed that 

power-on was needed for the test. The threshold change was -

4 

8:)4 



O.IV in PMOS at IMrad but it was -O.07V even at 50krad and 

increased -O.17Vat 200krad in NMOS. Although annealing was 

observed, it is needed to improve the radiation resistance for use 

in the straw readout. 

We would like to thank Prof. T.Hirose and members of the 

high-energy physics laboratory (TMU) for extending their 

hospitality in the radiation-damage test. At the irradiation we 

were indebted to Prof. M.Katada and Dr. KYamauchi at the RI

research facility at TMU for use the irradiation facility. 
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A Plan of Cosmic-ray Test of Straw Readout 

at 

Tokyo Metropolitan Univ. 

Kazuo YAMAUCHI 

1. Purposes : 
* To test the newly fabricated TMC or ASD using 

the signals from the Straw Chamber. 

* To measure the spatial resolution to compare with the 

previous results of the other experiments. 

2. Straw Chamber: 
Made by Indiana Univ. and has 64 straws. 

3. Electronics : 
*ASD 

* TMC or 

TDC andADC 

4. Gas supplying system: 
* CF4 (80%) + Isobutane (20%) 

* Ar (80%) + Isobutane (20%) 

Cosmic· Ray 

Plastic 
Scintillator 

Hit 

64 Channels 

The Set-Up of Cosmic-ray Test 

The Gas supplying system 

Gas Cylinder Gas Cylinder Gas Cylinder 

CF4 (80%) + Isobutane(20%) 
Ar (80%) + Isobutane(20%) 
Precision of flow rate: :!: 1 % 
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Dec Design for the 

SDC Straw Tube Tracker 

• Introduction 

• Models and Simulation Results 

• Preliminary ASIC Development 

• Goals and Schedule 
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Straw Dee Architectural Studies 

Design of the Dee system has assumed 

• Each FEB will Instrument ~ 160 ·channels 

• TMC will read out either 4 or 8 channels 

• Crate Interface Card will handle 16-32 FEB 

System Level Assumptions 

• L1 accept rate::; 10-3 

• L2 trigger rate::; 10 kHz 

• occupancy/crossing/channel::; 0.05 

• ::; 3 crossings read out per trigger 

Dee design avoids microprocessor on FEB 

• Minimizes digital activity on FEB 

• Consists of multiplexor (FMUX) and transmitter (FETX) 

• Buffers and processors located on CIC 

3 
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Introduction 

The straw tube Dee design Is constrained by 

• Noise on analogue FE caused by digital activity 

• Space and power considerations 

• Rad-hard requirements 

Several groups involved In Dee architectural design 
and simulation 

• SSCL group has been working on 

High-level simulations of buffering strategies 

Noise Issues On the Front End Board (FEB) 

Data transmission technologies from FEB 

• Toronto/McGill group has been studying 

Detailed simulations of a "straw man" design 

Buffering from L1 _ Crate Interface Card (CIC) 

Design of prototype ASIC's for DCC on FEB 

2 

t ('. 

" . 8-;-
.. 

• ~5 
~ 

u- I .... 
'1:; ~'; • M~~u I 

-=-~- !" l 1 

Hi8 

( 

I 
;1 

" jl 

>< 1 
"' 

>< '" .0 
::J 

II) E-

>< 
~ ., 
!:: .. Vl 

... 
.£ 

~ 8 
2 
"' 

~ '" II> 
.0 

• ::J • Vl • 'll t:: 
0 

'0 :;: 
u 

" .!! • .., '0 e u , 
• ~ e ., , 0 

.~ · e 



r- 800 

1700 
1 i 600 

..!, ~OO 

I' 400 

l300 

-1i 200 

"" 

~ 
-0 

100 

.: 600 

1500 

~ 
-' 400 

~.300 

:: 200 

$ 100 

a 

fl79 

Simulation Studies 

VERILOG simulation studies have been performed 

• Evaluate FE chip buffer requirements 

• Buffer and bandwidth requirements on FMUX/FETX 

•. Requirements on CIC 

Simulations have considered various Issues 

• Considered "event overlap" 

• Physics correlations (min-bias and high Pt collisions) 

• Ordering of data by channel and trigger ID 

• Latencies In Ll and L2 trigger 
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Overlap and Data Correlations 

Probability of 2 L2 triggers sharing hits is small 
-- ------
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Considered 

• Estimated using hits from full SDCSIM (Carleton U.) 

• Considered different physical layout 
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Data Ordering and L2 Latencies 

Data moves off FEB in channel and event order 

Considered several strategies 

Spacing L2 accepts to ensure readout completes 

FE chip provides control information 

• L2 accept spacing as large as SOl'S tolerable 

"L2 Latency" has modest impact on buffering 

l1.- 1'Lb \0.\\\ 4000 
1..1.: 1," \o.\h 3~00 

3000 

2500 

2000 

1500 

1000 

500 

4 
0 

< b<,,~~~) ~~lo,., \t: ~ .... 1 (L.IJP03.t'I.c.:1 ~.'. l.'!.. =,,. ~!.t::r' 
Figure 3: L2 uufTcr occupancy for.) LI=O.002 ant! {.2 =0.02 Md u) Ll=O.OO3 alld L2""O.05, 
The \hree c::r.s~ • .,. = 1,32,&11" are sUi,erilll)lOIed 011 ea.ch oliler . 

. '.:"+ 

6 



."., 

---~ 
oS 

~ 

HS3 

Alternatively. have TMC generate "end-of-trigger" hit 
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CIC Input bufrer requirements Is afrected by 

• CIC latency 

• Bandwidth of CIC - DAQ system 
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CIC Buffering Studies 

Have performed preliminary buffering studies on CIC 

• Data from each FEB Is pushed to CIC 

• FEB-CIC bandwidth :5 4 Mbytes/s 

CIC coalesces event data Into a single packet 

CIC Input Bufrer Occupancies 
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Summary of Simulation Results 

Results of simulation studies 
Data buffering prior to L1 trigger 
Data buffering prior to L2 trigger 

TMC readout rate 
FMUX Buffer size (4 channel TMC) 
FMUX_CIC bandwidth 

CIC Input buffer size 
CIC Output bufrer size 
CIC Output bandwidth 

Other Observations 

• Data correlations have modest Impact 

• L2 Accept latency ca n be 30 - SOl'S 

:5 18 hits 
S hits 

4 Mblt/s 
15 hits 
4 Mbyte/s 

400 hits 
1000 hits 
40 Mbyte/s 
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FMUX Prototype Development 

Noise on FEB is significant technical risk 

• Minimize digital activity on FEB 

• Avoid high speed digital transmission 

• Controlled risetime of signals 

• Employ low-level d",trerential signals (±lOOmV?) 

• Decouple analogue and digital components 

Develop Dee design with minimal functionality on FEB 

• Designing low-level differential receivers and drivers 

• Simulated circuit designed by J" Van Der Spiegel 
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ASIC Development Schedule 

First fabrication run of receiver will take place In July 
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• Use Northern Telecom 1.2 I-' double-poly process 

• Expect to use FPGA's to Implement prototype FMUX 

• More complete FMUX prototype ASIC by end of the year 

Also designing test board for prototype FMUX 

• Employ Trigger Emulation Module for trigger, clock signals 

• Mezzanine architecture to allow tests of several circuits 

• Confronting Issues of clock distribution, slow control 
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• Preliminary simulation work on FEB now complete 

• Design of prototype .ASIC's In Initial phase 

• Prototype receivers / drivers September 92 

• Prototype FMUX available by November 92 
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SDC Straw and Muon Triggers 
J. Chapman 

University of Michigan 
5 May 92 

for the SDC Collaboration Review 

Requirements 

Requirement .................................. Motivation 

Identify "stiff" track ......................... High P t physics 

Determine crossing ........................... Assemble event 

!-.Iatch with calorimeter/showermax .............. Electron ID 

Match with muon ................................ Improve Pt 

Associate with silicon ..................... Reject conversions 

Basic Plan has all of the above. 

Options: 
• Early vrS Late in the Levell +-+ Level 2 tradeoff 

• Precision/granularity 

Straw Tracker Trigger 

Requirements 

• Electron ID 
• Muon P t resolution 

Design feat utes 

Options 

Simulation studies 

Circuit development 

Test results 

Future tasks 

• Packaging - storage,trigger,DAQ 
• Radiation hard implementation 

• Integrated testing - noise 

-\ 
10 

-, 
10 

Background Rejection 

oeD 2-Jet(20-200 GeV) Rote 

Electron Trigger 11)1 < 3.0 

em Tower only - solid 

+ had/em < 0.05 - dashes 

+ track Pt > 10GeV - dots ' .. 
' .. 

f\: 
' .. ~ ,., X 6 :".~ .. 

'·'''L __ t,.. ..; ... ; .. 
'.", 

'-", 
" '.~ 

,._.;.., ..... 
" . . . ~. -. .......... , .. : .... 

. . 
~' .. ·-·~·······"···:··1·· ': 

: ... ' 
~" . , . 

1 oJ~-'-........ ........,,:-'--'--'----''--L-'--'--'----'--,L-'-..i;-'-.. -' .. '-.. .l.·_·· ..:. .. :.1 .. -'--'-
10 20 30 40 50 

Calorimeter Energy Threshold GeV 



Superlayer 
Straw 

Trigger 

Trigger Unit 

~I:OR 

8!>9 

901 

Pattern 
Trigger 

Drift Time Cell 

10ns Pt 

OR 

Straw Trigger Simulation 

• Simulation work: (SDCSIM) 

- 450 H -+ WW events 
- 450 e and J1. alone 
- 450 e and J1. with min-bias 
- 450 min-bias at 1, 2, 3 x 1033 

• Trigger Options: (2 of 3 coincidence) 
- 64 overlapping wedges 
- ±3 straws (10GeV) 

• Summary: 

- Efficient trigger with low "false" rate 
- CMOS ASIC implementation 
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Crossing Determination 

Loyer 3 Synchronizer Timing 
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Single Layer Trigger 

Pt Threshold Loyer 3 

( 6 tube trigger) 

Eft obove 20GeV = 0.94 
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Pt (GeV) 
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Single Layer Trigger 

Pt Threshold Loyer 1 

( 6 tube trigger) 
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Single Layer Trigger 

Pt Threshold Loyer 5 

( 6 tube trigger) 
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;:>: 7hreshold Loyer 1 (or' X designed L";Minosity 
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::; ThresnOld Loyer:; for 2 X oesigned _JminQsity 

( 8 tubes each Suoerloyer ) 

U I 

Eff ooove 20GeV = 0.95 

10 15 20 25 30 35 40 

Pt (GeV) 

9.1<1 

Pt Threshold Loyer 3 for 3 X designed Luminosity 

( 8 tubes eoch Super,oyer ) 

Eff obove 20GoV = 0.96 
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Pt (GeV) 
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Wedge Trigger Option 
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10 
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I 
CalOrimeter trigger unit 

Straw 
Trigger 
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Linking Trigger 

Wedge Trigger 
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, /(54 wedges Trigger for 2 X oesigned Ll.~inosi:y 
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2 x Design Luminosity 

2 of 3 (± 3) Trigger 
( 6 tubes each layer) 
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- -3 Trigger for 3 X designed Lur,incsi~y 

( 8 tubes each SUilerleyer ) 

Eff above 20GeV = 0.99 
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Pt (GeV) 
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N ate Dots indicate presence of output at fixed 
time. Circuit test was done with a Tek
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SDC Central Tracker Trigger 

Performance Summary 

• Level I 

Single Layer Pt > 6 GeV 

False rate "" I /5csx at 1033 

2 of 3 superlayers ± 3 straws Pt > IOGeV 

False rate 1/225csx from minimum bias Pt < IOGeV 

2 of 3 superlayers, wedge ORs 
False rate 1/12csx mostly 5GeV < Pt < IOGeV 

• Level 2 

"stiff'l track "hits" 

500,um - 2000,um bins 

Data Summarv 

• Level I 

2 of 3 (±3 straws) 3-bits PI/track 

- 2 of 3 wedge ORs (calorimeter wedges) I-bit/wedge 

• Level 2 

- Layer/module/trigger unit "hit" address 

g:q 



SenUhvity Orh.t Probe 
Chenn.l Z z.ea ",V/div -7.S00 ~V 1.000 " 

Trigger ",ode : Edge 
On Neget 1 ve Edg. Of Chan2 
Trigger Level 

Chon2 • -2.750 ",V (n01l. reject OFF) 
Holdofl • 40.000 n. 

r:e. •• ~Cdt'6' 

~ • I{.w, 

-ot.l.- .2,:' 

~II\ I~ 

Coupling 
dc (50 oh",,) 

6 

':D. 'k'ust 
s;x;' 

Program Advisory Committee MeeUng 
May 5. 1992 

Mechanical Measurements on 4 mater Prototype 

• Measurements of deviation from straight line for the 
completed module 

• The module was unconstrained In "phi". 

• Meaurement with an "optical micrometer" 

• On the detector the module Is constrained by hold 
down attachments. 

•. S 

r' o 

i 2,5 

~ 2.0 

1.5 

s;x; , 
Program AdvlIory Commlltee MeeUng 

May 5, 1992 

Signal Attenuation In e Straw Chamber 

·4 meter straw 

·Copper coated Kapton (150 nm) 90 ohms . 

• 37 I! diameter wire, Gold plated tungsten 

.. Atlenu.don pIol lor ... meier module ( 
with 1.5 mil wire, j. 
Lo_ '.30 m.t.", ~ 

2 • 8 
Dilt.~ '01 FO" oourco 10 meuu"",,nl oolnl mel.,.1 
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SOC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 

3. MECHANICAL ENGINEERING 

_u 
IU <-

3.3 Straw Tube System 

3.3.1 Detail Definition of Module Geometry 

o Module Superlayer Geometry Defined for All Trigger" C2 

Stereo Layer 

o Stereo Superlayer C4 Is Near Completion 

Q Westinghouse 
\.SI Science &t T echnoioo Center J 

I KIL:;L:;I:J< MUUULl I cliR SUPERLAYER 1 
AS PER CENT23C OATEO 1,.-1\..-92 

I I 

•

•• R8l090 .~ 
612\.52 

-. ·T ----- i R 78.2S0 

R 78.525 
\ '[~:~~-~~'-:~~~~=====i~--I------~ 

~------------~~------------~ 

_. 
IU 
<....." 

MECHANICAL CONSIDERATIONS FOR A 

SOC OUTER STRAW TRACKER 

FOR THE SSCl 

SOC COLLABORATION MEETING 

AT KEK JAPAN 

MAY 251992 

WESTINGHOUSE ELECTRIC CORPORATION 

(W)STC 

PITTSBURGH, PA 

R. L. SWENSRUD (ROGER) 

~ Westinghouse 
\.;;J Science &t T echnoioc Center 

SOC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 

-' IU --..." 

TABLE OF CONTENTS 

1. Introduction 
2. OVen/iew of Outer Tracker 
3. Mechanical Engineering 

3.1 Common Straw and Sifi Tracker Support Requirements 
3.2 Testing" Prototype Program 

3.2.1 Goals and Issues 
3.2.2 Requirements and Resolution 

3.3 Straw Tube System 
3.3.1 Detail Defmition of Geometry 

o Modules [ rAIGGC~ 
o Support Structure S>'''/l£L:) C 2, cA-

3.3.2 Analysis 
3.4 Scintillating Fiber System 

3.4.1 Detail Definition of Geometry 
3.4.2 Analysis 

~ Westinghouse 
\0..1 Science &t Technology Center 
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STEREO MODULES SUPERLAYER 2 AFTER ROTATION 
AS PER CENTa: OOTED 5-\9-92 
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, ,7929(t '-7-92 111 
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SUPER LAYER 2 STEREO· MODULES BEFORE AND AFTER ROTATION 

OOTTED LJI£S fNl LRAGE IJIMENSJ()/ TEXT SIZE RlJ'RESENT 
/Oll.ES BEFOOl: RlTRTJ()/, SIUI LJI£S fNl SItU TEXT 
REPRESENT tmJ..ES AFTER RlTRTI()I 

R tt2.G22 

R 1l9.~02 

R 111.729 

R 107.081 
R Il8.W 

i 
i 
i 
i 
i 

i- /Oll.E RlTRTIIJI AXIS -i 
i i 
i i 

R tt2.G22 

" " 

R 1)7.08t 

tm1.E OlflGlRRTJ()I 
3t STRRIIS Will: 
G LRYERS HIGH 
STRAW 0Il\'1 • 0.,()I. 

R ll8.t}' 

ILl OlrDISl!Jf.i III D1 ~ 
St692Stt 111 



SOC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 

3. MECHANICAL ENGINEERING 

_u 
"" <lJ..2S.-t2> 

3.3 Straw Tube System 

3.3.1 Detailed Definition of Geometry Continued 

Support Structure 

o Support Structure Geometry is Being Developed 

o Outer It Intennediate Appear CompatJ"ble EEiCiijitiCij(";-w-t;fa=t;:::atJIriiililiiS 

~ Westinghouse 
\C) Science It. Technology Center J.;) 

13 

STEREO MODULE SECTlO~~ - SUPER LAYER 2 

Z = 0.5 

Z = 161..8 
tmJ..£ t«J POINT 

Z = 329 

Fl1.L LENGTH t1I!JJ..E PAIR ROTRTED 3.0 IlNIl 2.8 OCGREES 
ILL O1MENSIONS CII 
51892Sl:1 

STEREO MODULES SUPERLRYER 2 BEFORE ROTATION 

N£RN RRJIUS 
ISTRRWSI 
R 110271 

IW '6.. 

f!5 PER CENT23E OOTED 5-19-92 

1 

i 

J~ ~- -------- ----
--~=----\---------- \ / i i 

R 109;631. \ i R ,387 R 107.963 i 
Cl)/TRCT RflOIUS : i ~--,.,--___ ....ll----< • ..;-. __ """, ______ " 

\ -.1' 5.8_30_------1---3-.09'l--~ 
~'l6t9 

519'l2S<1 ;c. 
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SUPERLRYERS 1 2 SECTION 
AS PER C£NT23E IJlT£O 5-19-92 

C'n.tOOI 3 

I I 
15.930 

r8:~~~_ I -~-
I1R£ 

!U'DI.AYIR 2 5.~ -t-----------r 8.lXXJ 
C'II.HER 2 ---

22L 
____ ~.lriJ 

2L ~ _ .. -.- --J g/ --;;; ~.oo. 

~.~~3 _------------- FIR£ 

.-d----- . -' 
I- 5.908 

Iftll!'!£R ,.-- 28.365-'---
-- -'ClIJIIlI' 

I--- ll.lXXJ 

zL l8.lXXJJ -, 
STRAW OIMTER O.~(J.37 
III OIMENSI()15 IN CM 
52292St 1 S£CTlON 

ELECTRONICS VOLUME SUPERLRYER 2 

tflXlI1J1 SLPERlRYER RRlIUS 

IU DlMENSI()15 IN CM 
5229251:2 

r:;::= 
~~., 

Il.lXXJ" 

IJ9: 2 

~I 

TRRCKEFI SECTION 
AS PER a:NT2.lE mTm 5-19-92 

~Ut-'t.HLHYt.H~ j - . - ~ ~t.L IIUN 
AS PER CENT2.lE mTm 5-19-92 

R MAX 167.5 

STRAW OJf\"1[TER D. ~(JI. J7 
IU OIf'OlSIONS IN CM d/) 
5229251:' 

. ____________________________________ l _______________ j __________________________________ _ 

looo TYP 

T.-\ 

_ ._. -.-----------y--..------I~ 

SUPRlYR 5 - TRIG(;ER -

2.00 TYP 

+ 

SUPRl YR , STEREO 

SlJ'RL YR 3 TRIGGDl 

0.125 

I.OOTYP 

«l.05'l 

8.000 I--- '.O() 

STRAW DIAMETER 0.~(JI.J7 
ALL DIMENSIONS IN CM 
52292SK' SECTION 

t--lO.OOO-

DIS!: J 



SPACE FRAME 2 

tflX IRl1US • 129.237 
ItN RRlIUS • 0..762 
t; SECTDIS • 12 W1tmWS 
OITIllIS ~ X 22 t; PlCS 
TlIlE SECTDI 2 X a 

III IJI/'£NSIONS IN CI1 

SPACE FRAME 3 
flX RfUUS • t58.~~ 
lIN RRlIUS • t29.3B1 
6 SECTIONS • 12 W1tmWS 
ITIlITIY QITOJTS ~ X ~ t; PlCS 
Ul[ SEC lION 2 X a 
: LOGTH • a.1X! 

U 'IItt:NS1D1S IN CI1 

R 0..162 
I d~ 

~2992SI(t 
~·29-92 IJ1 

ti 
i i 

! t 
i i 
i i T 

MODULE LOCATION POINTS 

If R PATTERN IF POINTS IS OISP1.1lC£1) !JT C£NT£R ~ A I'OUE 
WIOI A LIKE I'UU.£ IS ROTATED ABIlJT Z • O. fU POINTS OR 
/"EllSIJlEI'EN BIUS mE VISIIU FOO i"£ASlJlEI£HT. 

1.2]925[2 
r..-23-92 (11 

SPACE FRAME 1 

. tfIX IRl1US • 0..612 
111M RfDUS • 1S.~62 
t; SECTIONS • 12 WIIOJWS 
OITllJTH X t; t; PlCS 
TlIlE SECT ... 2 X B 

III IJIrOSIOIS IN CI1 

)j32.1XXl a.1XXl 

~.1XXl .. _. __ ~~ 
B.1XXl 

_R llXXl 

R 1S.~6 

~m2SI:t 
~'Jl-92 IJ1 

,,, 

I~ 



9iO 

9_·, 
, I~ 

!)il 

I, I' I-I'll i' I: II i I· 1-I-liJI"I-1 +I-II'I-I'~'I' : I '1 
! ~ ('.. 'l ~·).,A~rw I~ 't,t!.{1; , irl,~a, ~-t;lli 1~!JjkHl W J~ ~ I kt:: f 

1
'1 ~I "~IIIII'II:",KlII 11''''1;'''1111.11/#11, I .. -0iL!~~ ~t· I -.- IY ~:!I 

-~,II,-111/1, 1 II ,ltmJltfWIl' ~"I.IJ : 
I I I i I I, ' 1 ; 1'ffr1€1 If I I I ,~jLFlI 'kl, 

" " '1rPL:..;~ I ¥ 'f:i",,'t/},.),~~t;t171. til; : - _. ~~,-i-I' .~(J 1::-])) .1- JJ:.. - =.:::~ tI-t-i._ II:::I_!,._, ',,'_' 
.::: -- -:L.JI~' ,;s-::--11LJ:--:~_ +~:::.:::-~.-~_:~~.::: 
- - ... 1 ~'/1~1.1 r,-'-d~kl)-----'-'-:'I':~' . -I:r) I! 11,1 -I'I~""I---I-I-r-' :..,-'ll'~'''·I'''':::··- -. --. "" -'1 =i~ -'f,-:- J~TI~t:-l-.r-r-I--- -tt·~ -: -U"~·- ,.-_ -.~ , ,II I .- (J t" c.sD, . 

- - .- #*I·-t I m~+tffi"" ~~ ~~"I'=I=I-'-'I~'l'=I,j~lf:lll=,I:L_:1 ---~ ·--~~'14-1-41iJJ-t1-}~JI~JliJ,~. ~hW-·I-I#t+- -1 
j .. ----tB~,I3f~-J 51

-. A1-I-t~1-1 QJ$,"I ~ j~UillI' 1 I' -- - w- 1- - ~.:~ +I~f'::=-·~ ,-\ -:'~l·:- :·:1·-, I~I _. -.I·CW H:-~':~b$-tli;~~~f~ti;.~' . d-', ", 

1"1- -llr'I-' '~"L;'I-mJ L~iJ:-Tl/n ~m41nTI'X'~I'III' 
I , 

'1' f ' ,1fl.1 'I : I' H'I·Q- -m,-I··-·L \SI __ I ___ - "f, . II', I ,: 
1 r A J!/:-ffil.-., .. ,' .1.- '-/' .. -1-·1- -1- I ' , 

, I. .. ~ IT m~.1t. t/t4<U., ,I 1 I I 
: i,- -II I i ;;-1 ~LU.;...l"," I ,-1 1,1 1 I i I ;·.i ,. - ~:f, tnII4I. ,. I! 

=~=:-~= ::~: il:I:~~ :===:~~:>OO': ,:~,-: -I~ :-1,1 • 
.~:: "'1-' :~' - - !-: --1: 1- ~ ~ -- .. ~ - ',-- - ~.- - i ' \-

-: ': : ~I, !, 1 I', ' , :. < ~:--1 I 
- ...... '~ ._ .. ~ .. '. ... -~ . - - - .~ ". " ... -. 

. - .. - .... .- ..... " _. . . ... '- ~. - - -_. . -.. :.:. J:::IJ·J:::c:::: .. :c:::LJI.11 I 

!),3 



1)71 i" III Ill' 44 Hll 12.11.1'" 11'44 HO. I I. I 

,r "paci'III'" .u, "'w"" '0 .. 1 •• 07 I., ,0. ftm ... """ ...... ~o ... ~"' , ... r ,., ••• Ib' •• 
~ ~~ ""loa. n. dirrtrmee bee.«" 1M ltd and "l1l\I'''' .. Iua 11 wVJDld WI be dut &0 end 

': ,«ceu. "",d or lM I&Ytr rcct1* Ita blp, vol",.. &II panIkI ~I'" • diad, 
; • dt&IA. lad II coueclcd to IN uod. OUtpUl lead via 110., eapadlor 10 mla wlih an 11 0 rul". 

J&Gh p&Ir 01 wlrCl r_v .. blab vol",. via • 'UM. bt Ib."Ul or. win brulda •• lb, 'fuM ca. be 

~~ WOWG by • hIIh-cumDc. low·volLa •• ,ulM .ppUed &0 IU llSPovoka •• iIIl"n. 1_ ~ way lb. Iou I. 
'" ttd~d (ro •• wholl plu.IO 'wo wka. Tb,dreuh dlalfUilil IIto.JlII Pia.IV.ll 

~ 
f, 
'r 

,; 
~: 

q. 
~ .. 

""' 

,_, 

.M, 

Wir.P~ ... .... 

. ~ ...... 
'.l' 

~~ tNI~ • ~ .",., y.t/~ .".!, t1,1 If".""", f v 
1iI~A:/ ~"",I .. 

~,." #'Y III 
Z,1IAItI UtI ~lth 

.... JV.U NV ....... 
I """,,11 ,.,~/""'" 

IN"" " 'K""" . "MII'I) 

n.._" ........ " ... _ .. __ ~I .. __ wtn_ ....... 
.u.u.. .. UId I ............... " ... Ai_ n. ......... d .. Ia ... _ .. ,. 

,. ,' ...... by J _ ..... Horri win IUpporq ...... IrdtOfOUI &0 11M wk ... n.n iI • win 

.~ ~ ::=ot~~::::-":.:'!"':':·=r::.·=::=tlrtcU 
• f~ I" . 'It'' J.J,J lMIIlqtn 

~'. 1aU' .. la)'Cfb ....... t.col2 ...... h."""' ......... apIIhe,udl ...... PCI •• kltlb, 
,.,,' ~~ ... IPU&ttII ........... IDd&rKkl .. tMrev.M. n.,.,IIZ_ * SOpatbick I.,II,.,s210U 
II' .~.,Ikh&ai". tad" _ • JO_torll,..J.4 .. OU ........ 'orll)'tl' 1. u pnvIou.aIJlllttd .... Pb 11 ..... i'holoc<4b,z ........ n.pIuoIa." .... W .. _otM ........ ' .......... 'IO .. lIokk 

ftnI :;'t,~ Tblcoppa' UIJcUaI ... PCllI",., ....... ~ .. plUl',aoldallcad 
... ~~-:.»IaU.I. A crou-MCU_ UM" ... P. p~ II,.. It ..... II. ",. lV.I'. A dc&aIW "", 1MIudill, 0.. 

• • I ••• --....... hloofY.IJ. .. I11 ..... .J. 

97:; 

i!1 H1~tft~.;" I! WJflltiJliIJJiWJll~ljl~ 
i '. 1 : : , . ~. , ;J:b;r1,I/J \ 1" '~Itf.1d1 I '~: Ii; -1-.' li ... :.!.//. .' 

; 1 I :"1'rP .& _'~ "'~' 4 l ..... ''''~ 
,I ' ~,' I, ~'.'! I I .I I ! ! I • I '! ~ ; : ' 

'i-I"---'-i~ jJI.l,~ ····--·1-1· :I!: ·h ... ,.I-FIJ.~,·U-~~t~l; ·ll·k~; 1 ! i: : 
• ' : ' I l7>ro~~~ :~It IffV:' Ut~' ~ II':'~I~'~ I. 

, . ' 11. I 1 I . , ,. 

':!." . iM.'~ !.,,!I ~~f;!;:~. 
, . , -:-'T[i tf; , . I I I , • , ' , ' ; . 

; i 'I' i ; i : • .,.ocJt ~ 40rP/t'i f 1,0+ "r ~~;~l~ : , ; 
L=.~ill·~vruu,a, . liJ:~,J j::~'-!-I tl~·-I-·-1.11 1:'..[: tl: JI" I·:· L-L 1'-J:I..1J * ~ -. -:~ ..J:t~ --~: -- -I~ -.-" i-. I'." ;. 
-1- - - '-tJ '1' !: I -\-I -.-. - .. . _. - -. -. . .. ! I 1- I 
---.- i-f·: ''1'1-' --G'-- - -'--'- --.- --- 1 

- - -tp~ef'f1'r~~ _~ .. _ - -_~:>II-~~;~ 
. .' 7.1.tJ.~, '(cHI""'. , ..., I " --__ -.-,-! 1-~~tU~ ~ . 1- I ~ -1- Ca)OiJsp~'rf'{) Ii,' 

-1+1·II·lTn.~i~-I~·:: l'l~-, -811~": I, 1'1 

~r~·~i I: ~~':r-m:L''''' :' ~I .. I ._.I:'I~U.~I~~lll: 
I. --'I: : :'~'-I.I·I·-I i: -- .-. -.-.. -- _.1 --.1-'1 '-1 1-1-I . 1 j : I ,. I' f . 11- .. - .. - .-. -... 1- . - ! I I ' 
''',' 'T":"I'-"::'!-"'-"- .' -.------... . I I!:' 

~f:'::f·1i~-I~~.~I<,:!.~:~E;.<. ~ :'. iIi :~. ·l:::~(Tr'-f~mt· .. r::.- .. =-:-...-.' - I!:' . --'r---III f'rQIIU-Lj .. -- Iii: 
- - - • - - - ,. I '!,:!' -- .. '1- -J 1 '1 I' . -1- , ' I ' . . 1 .' I _. _" . I I I I I • _ I J 

I-h' ""1'::::: 1 i· - - - - - - . I I \1 I ·t·1 r "", I': I : I' -- .-._-- . . Ii ",111-1,1,-11, i I-~ll tflLLlllllll1 



976 

~
.--

, . .L. II .L. 
I .scr..n· .. r . .. e, .. <n.~ 

__ D:..,.._l<o:..:'_fi_" k_' ___ MR~ 'J ICf 9 z. 

::!. st .... tu5 

:xc. 

978 

.... 7·1<-

• rio!: T'CI.~<.1.~ 

• 5t).,!,_!~ C..L, ~i.1C.!".'·:;; 
F'~' .i} ":1:.. '-,~ ~ b b~,·\ t;/~, .. ~· t:. ~.~ r:' 

-::'L~;h:.· ~'J·1t".r" '1 r~",=J.'!:::.[.: .. ,.: 

YlCA.-M ~~t / ,f ... d 7JAMY' d~'e,$'. 

• T- f5' ,l/lt! /;"'!1~/1! 

E.'n yir", rl Il!!/),(·",I. € n~",-!-.~ 

• +,-,).. .... <. ?;~.o. r>, ~e"J ~~. 

~ 
.I.)N31)1.:I.:I3 rfn1N'1no 

H 

'2 

n-·· :] I { 

9i9 
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1IIecIo ..... ~c:..,-. ...... 

3370 ........ --. 
".0."3105 

.......... eawor-G8OW105 

031-BCII 

Prot. M. Atac 

Rockwell 
International 

Depar1: •• nt ot Phy.lc;. 
Unlve .. aJty at Cal1'tornia - Loa Angel •• 
Loa Angel ••• California 8002. 

The purpo •• ot tnl. latter 1. to uJKiata you on the atatu. ot Lot 
HIST! -III V181bh Light Photon counter. (VLPCa). 

vLPCa auia! tlng very good. pertor •• nc. have been obtained troa lot 
HilTZ-III. watar fabrication ot tnt a lot ot davic •• w •• eoaplated 
recently on the BIITE (Jlj.gh-Kate .JplntillaUng ,.iber v_eking 
llCPerl .. nt) contract fro. UCLA. . 

The lot included thr •• group. ot ... t.r. with cUtt.rant variation. 
ot _'tar!.l p.r ... tara; .11 thr •• SJrou~ yield.ed. operating VLPC •. 
cetail.d avaluatloA ot the b •• t partoraing group hae bean c:arrled 
out uaing di •• ot an a-el ••• n:t l1n. array tro& •• ch ot the thr •• 
watara 1n that group. R •• ult. to da't. ar. very poaitiva ana are 
• ~riz.d below. 

Quantu. .ftici.ncy in 'the vi.ibl. and. infrar.a apectral r.gion. wa. 
•••• ur.d on 'the.. d.vic.. .ncI concurr.ntly on a Solia State 
PhotoaulUpli.r (SSP") fabricat.d •• rli.r in lat HMC tor checkout 
ot • HISTE ... k •• 't. Tabl. I .uaaariz: •• the device quantua 
.ftici.nci •••• ti .. 't.d froa th •• e data. Th •• ati_'t.d .ccuracy ot 
th ••••• _ur ••• nt. i. +0. to -10 •. 

wavel.ngth (pa) 

Vieibl. - 0.60 

Intrared -1.0 to 2.0 

'.2 
10 
20 

TABU I 
Quant1la .tticiency· (tu 

HMC Devic. BlaTZ-III Device 

I. 80 

1 < 0.12 

• < 0.20 
31 < 1.3 
30 < 0.' 

t!! ...... ~~ •• ~C! !lQ.t b..~. the anti-refl.ctian coatin:g O~.!!!!.!~ 
~.!2~.~~ __ !.~~t_~u.. 

9,,0 
Prot. M. At.c 
M.rch 2 •. 1"2 
•• p. 2 

Rockwell 
International 

It i. cle.r th.t th ••• KISTa-III d.vic •• ca.bine hiQ'h quantua 
.tfici.ncy in the vi.ible apectrua with negligible quantua 
etticiency in the intrar.d. It .hould alao b. not.d that th ••• 
KISTI-III a.vic •• a •• onatr.t ••• ub.tantial p.rtar_nce i.prov •• ent 
ov.r the KISTE-II a.vice. r.l •••• d far be .. t •• t. in D.e •• b.r 1881 
which had • viaibl •• peetru. quantu. effici.ney approaching 401. 
TllLJUSTr-IJ I d-vl ctl . ..AH-Via.1.bl. _L1.g.b.~.JIAotan _Caun~.r._tu~~~l.~ 
ti!La&riLA.W l_~M •. _mr. .au. _~It~t!' e.n4...atb.e&:J.valu t~!!8~.-! ~.~~~. _t..l:l. 
~~~t.1.ou _ ••• QtP.1'~~_'!.l1.l:L!~~~.· 

The d.rk. count ~.t • .ncI bi_il\1l c:urr."t ot ... 'CAaU..JUI'rI.-=lll_aev.lc •• 

;fii~~=-~.:~~.{~-2-~~O·'-:~C!~n;:~yt,ha~j.l~~~~~~=_::~!:~:i 
~_ ... 't.r.. a.ln ~iln.~.R.el'.ion __ hav._b •• n __ Qb.~rved 

~t~,g~iV~!i&~t~:~:::tn.::~~~!d~.lM..rL~l..!IM~ 
alaTE-III VLPC. op.rat. ov.r • fairly wid. t •• p.ratur. rang. (IS to 
•. OX) with bi •• b.'twe.n '.0 &Del •• ev. Op'ti.u. p.rto .... nc. i. 
obtained at a t •• peratur. betwe.n e. 0 and. 7K .ncI at • bi_ ot •. 2V. 
which i. vary eoafortably below the br.akdown voltage af '.0 to 
10.OV. 

Wa plan to taka dat. on addi tional d.vic:... I'rca pe.t .xperience 
on i.purity band. conduction devic:... ... do not exp.c:t the 
variatioNt tro. d.vic. to device on a wat.r to be .igniticant. 

Th. VLPC r.tine •• nt .ffort propoe.d tor I'Y"2 funding will addr ••• 
adjua~.ent. betw •• n the varioue d.vic. pertor_nc. c:Urac;teri.tic • 
(quantua .ffici.ncy. dark count. la'tchup. etc.) .ncI _t.rial/ 
proc ••• per ... t.r. (doping conc;.ntra~ion •• lay.r thicltn •••••• AR 
coa'ting) to provia_ aptiai.a'tion of the devic. p.rtor_nc. and 
.tabil1ty rang. tor SSC r.quir_ent •. 

ROCKWILL INTONATIONAL CORPORATION 
SC IENCI CENTER - ANAHEIM 

P. 3 .••••• r 
Manag.r 
Silicon progra •• 

PJB:DC 

951 



OUTPUT 
LEAD 

VLPC 

EIght Channel VLPC Mount 

Fla· I AD 8 ciwme1 VLPC array. wire bounded and placed unto 
a Kovar Mount. New mountl wUl be made of lovar. The new 
pixel. will be 1 mm LA diameter. round to eliminate crOIS 
coupllDl· Thea. have been ,\ICC_fully operated. 

111111I 
111111I 
1111111 

Schematic or T-S39 Bxperiment 

1"'-'" 

vlDe 
ICtntlll ..... , ... 

_'A~' ... "'"'It 

951 95;) 

Scn.mollttC or SetYa for Te!l9 bgenment .no 

I"'lovibl. toll:)l. 
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512 CHANNEL CASSETTE 

12t-CHANNIL NIA orne COUft.lM 
' .... UCAU.n.) 

... PIN SIGNAL CONNICTOAI 
UI'",CAUlnl, 

Fia. 4 Conceptual deat of 
Iundina reque.t i. aim:: at b~~2 channel VLPC CUlene. The 
operatina them by the end of 1992 ~ ~o)' 0: 9~3~e CUlettes aDd 

9!)O 

128 CHANNEL VLPC MODULE 

Fli. 3 Pre.ent prellmlnU')' dullo of a 121 chaonel VLPC 
lIIodule. There .... lD&Dy upectl of thil deataD that need 
detailed &Daly.l. aDd critical review before prototype 
prod\lCdOD can proceed. 

8.192 CHANNEL CRYOSTAT 
BASELINE DESIGN 

.........,.. .... DIA. ..... HIGIt 
..... CllDIA. .... CllltDq 

111oCt ..... lCAQ.n. 

tI"" CllYO&'.' 

~""----~~~----~~IIW 
llUlAU81' -

F11. S Cooceptua1 deal.,. of • 16 CUM"" ~"L ne fundlna req_' propoHl ODly '0 bulle! • (I)l0l1&1 capable or boIc11n& cwo 
CUM..... 1b!. wID be adeq ..... for vcrlfy\nl !he c1ulpl. 

!)!)I 
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SDC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 

3. MECHANICAL ENGINEERING 

3.3 Straw Tube System 

3.3.1 Detail DeFmition of Module Geometry 

o Module Superlayer Geometry Defined for AI Trigger" C2 

Stereo layer 

o Stereo Superlayer C4 Is Near Completion 

Q Westinghouse 
\3.1 Science " Technology Center 

TRIGGER MODULE I 111R SUPER LAYER 1 
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MECHANICAL CONSIDERATIONS FOR A 

SOC OUTER STRAW TRACKER 

FOR THE SSCL 

SDC COLLABORATION MEETING 

AT KEK JAPAN 

MAY 25 1992 

WESTINGHOUSE ElECTRIC CORPORATION 

(W)STC 

PITTSBURGH, PA 

R. L SWENSRUD (ROGER) 

fW\ Westinghouse 
\B) Science It Technology Center 

SDC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 
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2_ Overview of Outer Tracker 
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3.2.1 Goals and Issues 
3.2.2 Requirements and Resolution 

3.3 Straw Tube System 
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3.3.2 Analysis 
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SOC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 

3. MECHANICAL ENGINEERING 

_u .. --

-OM ....... 

3.3 Straw Tube System 

3.3.2 Analysis of the System 

ANALYSIS OVERVIEW: 

o The finite Element Model 

o Material Variation Sensitivity 

o Analysis Results 

~W"li""""'se 
I:£Y Science " T echnolocY Center I 

COMPOSITE TABLES 

STRUCTURAL COMPOSITE PROPERTIES, (0 +/-60)SYM 
MATERIAL: (P75/ERL 193t-3) ASSUMPTION: LOW STRAIN APPLICATION 

Wrap AncIes: [0 +/-60) 
Molot ... ~ 9:lli 
Column No. g 10 

EX. MSI i 14.700 14.600 
EY. MSJ 14.700 14.600 
EZ. MSJ 0.982 0.957 
GXY. MSI 5.570 5.530 
GYZ. MSJ 0.498 0.498 
GXZ. MSI 0.499 0.499 
MUXY 0.318 0.318 
MUYX 0.318 0.318 
MUYZ 0.232 0.231 
MUZY 0.016 0.015 
MUXZ 0.232 0.231 
MUZX 0.016 0.015 

ALPHA·X· -0.155 -0.164 
ALPHA-Y -0.155 -0.164 
ALPHA·Z 20.500 20.600 
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Step Frame Support (Module Wt Scaled *1.341 

Step Frame Support * Box Tube 2x8 em {Module Wt Scaled .1. JJlI 

ANSYS 4.U. 
MAY 23 1992 
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PLOT NO. 1 
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POSTl MODES 
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ANSYS 4.0 
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PLOT NO. 1 
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·DSCA-1000 
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SOC OUTER TRACKER CYLINDER SPACEFRAME ENGINEERING GROUP 
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3. MECHANICAL ENGINEERING 

Finite Element Model Properties 

Step Fra.e Support * Box Tube 2x8 CII (Module wt. Scaled ·1.34) 
12.2110 MAY 22~ 1992 0'- 2113.330 

••••• CEJrTROm. HASS. AND MASS HOHEII1'S OF IllEl\TIA ....... 

CALCVLATIOIIS ASS1ME ELDtEII"'I' MASS AT ELDa:MT CElft'ItOIO 

110M. OF llIEIttIA 
AIIO<n ORICDI 

xc.. 106.04 
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Ie" 2351.& 
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IIX -
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* •• MASS SQMMAIly BY ELDCEII'! TYPE ... 

TYPE HASS (Kg) 
1 2'.2120 .trots (2") 
2 6.3UIS anv1. dDt8 • 
3 212.5U ebia rings v/ .odDl. 1ft. 
5 11.4530 cable vt. 
I 80.6313 endcaps etc. 
9 19.6313 support cyl10ders 

10 13.1245 endfra.e ey11nders 
12 40.0000 dl1eon 

TOTAL 410.96 OUarter-model 
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""' Westinghouse 
\BJ Science &: Technology Center IY 

ANSYS 4. 4A1 
HAY 22 1992 
13:01:21 
PLOT NO. 1 
POST1 OISPL. 
STEP.,l 
ITER-l 
OK}{ "0.194135 

·DSCA-100 
XV -1 

·DIST.,226l 
·xr -181.355 
.ZF -2055 

POST! NODES 
T01S 

XV -1 
·DIST-2261 
·xr -181.355 
·ZF -2055 

Step Frame Support * Box Tube 2x8 (Module wt Scaled *1.341 



Step Fraane Support * Box Tube 2x8 Cat (Module Wt Scaled *1. 34) 

ANSlS 4.4A 
HAY 23 1992 
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XV --1 
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SDC Calorimetry . 
Status and Near Future 

Daniel P. Green 
(Fermilab) 

101;J 10~lfl 

soc. C.ALOM"~''''~-

''T ,,"' u.S AHO NElIA. '''T~ 

"" • , .... ~ ~, ,'" :11 ~~ 
(e.-,f'" ... "o,IH) 

./q", -4-__ -_. _i tlt/fe 

TOil. 

fl\C,. 

"t ',a. 
&, .... 

rAe 11'''' 
O. E "II a. 

• , "'O'T 0' ., r E .. , (0,'1 ~ 

I SQC CAlORIMETER SYSTEM I 
REQUIREMENTS 

1. Measure the energy, interaction time and dIt9c1Ion of quarks (jets), 
eieclrons, neutrinos and photons. Provide triggers based on these 
properties. 

2. Provide identification capabilities for eiecIrons ( EMIHAO compar1ments ) 
and photons. Tag muons as nonInteracting particles deep in the system. 

1.. Provide hermetic coverage to allow far neUlrino identification. Provide for 
tau identification with sufficient EM and HAD granularity. 

,;, 
\LJ 3. Granularity must be sufficient to avoid pileup errors. Depth in EM must 
~ bt> sufficient to preserve J)l8Cision of the energy me8Surement. Depth 
? of HAD must be sufficient to contain 10 TeV dijet masses. Transv81S8 
tl scales are set by EM and hadronic shower sizes. 

~ 4. Angular coverage must be sufficient to avoid spurious mssing Et 
UJ generation. Precise electron energy measurement must extend over 
U a sufficient angular range to be efficlant for 2 gauge boson final states 

decaying into leptons. (!-nl <, ,1""1.0: 3) 
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A) Continue to develop a photomultiplier tube suitable for the 

, SDC barrel calorimeter --- !;I.~!!~ 
ltl :a 
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0 6 B 2 4 

Dose (Mrad) 
+ ~t;O"'c..~ 0,.,,(.1\1,.. ,,,"1\ ~EtJt;"tH 
+ ~I'-I~'" \oI\.S t:V 

Yipn 17, c_,..... of , .... Iioo u.u... .f ,ciIIIill&liq IiIeo wilo ... ...aifIiDI fiben; 
SCSIIII/YT, SCSIIII/BCygIA, SCSIl3l/YT. SCSII8IYT/02, u<l3BF/02. n... ,,,,,pia 
wen upoeed. ~o lOCO ..,.,ay. &ad ~ hy mcuurial 10lR.U·iad.ced. nne .... The .IUD
bor ill ' .... 10_ iIlmeal" a ,oIalin!iP1 yiol<l of each \lIe/ibc _pie __ <I b1 "'"" 
B&ID&ZIl&UU uso. na .. ia jotud toc.,aer by • toiid CUI'ft for coaftDiace. 

lOG!. 

• B) Cockcroft-Walton base of mold type --- Matsusada ~1"tv~O 

YIII NOISe 

C) More compact Cockcroft-Walton base using surface mount Or "if lAS 

technology m Rln-ei seikj. 61\S E 

So far the plan. 

Data will be presented in the May SDC meeting at KEK. 

SIX CALORIMETER SYSTEM 
SUMMARY 

10G2 

,. SOC Calorimetry Is defined by 'SOC Calorimeter Conceptual Design Report" 
and the TOR. Details wiN appear In the parallel sessions. 

, 2. The calorimetry for SOC has been optimized for the p~ using both 
Monte Carlo simulations and an exteriSlViprograrn-Ofiiiiiiil testing. Tests 
of EM. SM. and HADl8stmoduiaawere performed at FNAlln 1991. 

3. In general. SOC has eVQ/ved to emphasize EM resolution. which has 
precise scales such as Z widthImass rather than HAD resclution where the 
basic quarks require a less accurate energy measlI"ement ciIe to Inherent 
difficulties in Jet definition. .• 

4. Steel absorber and scinUiIator sampling are chosen on the basis of data 
The resulting need for radiation damage studies and exlensive calibration 
systems is being addressed. Ar1 exlstence proof for the barrel has been 
made. £!!Q. for the encicap is In progress. RepI_ment plans exist 

• 5. The next step for the calorimeter group of SOC is to build and test a full size 
'pre~uction prototy/Z" of a banal wedge. This must be done in ~ 
if the ~ SOC '" to be met 

6. The forward calorimeter options have been reduced to 2 and the geometry 
has been chosen (backstop). Final technology choice is in progress. 
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SOC Preoroductlon PrOIOlype 
Dlcilion 1IIIIIIonli 

S. Gourlay 
April 29. 11192 
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Final Dimenlion • 
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Begin Preliminary Engi"Hnng O •• ign 
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• Tooling o.,Ign/Fab,ication 
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Update on Baseline Barrel EM 
. Mechanical and Optical 

David Underwood 
(Argonne National Laboratory) 
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Argonne HEP Design Group Development 
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Update on Baseline Barrel EM 
. Mechanical and Optical 

David Underwood 
(Argonne National Laboratory) 
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121 (32") ... a11 .Iablo 

120 ("") ... a11 .,.ble 
IU (1") 

0 
21 b lid 

124 (U") ... a11 tlable 

123 (0") COb IIUd 

122 (2.1") 10 b .'able 
&1 Antw0A1 124 (0") ... a11 IOd 

123 (43!') 1()().500 b .,.ble 
122 (0") .mall 2.Id 

121 (n") 1()()'500 b .l&ble 

&0 Ti. 124 (6") ... a11 ttable 

122 (''') _all .labIe 

120 (23") _all .lable 

118 (1.1") ... a11 Had 

III (24") ... a11 ".'Jle 
111 (I") lib 13.6 d 

116 (14") IUb .1abIe 

20 C&lcium 40 ('1,,) ... a11 .,.ble 
44 (2") ... a11 .'.We 
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UPORTE ON ... 

BARREL EM CALORIMETER OPTIONS 

MA~ 

GW Foster ~I '92 

The current base line EM c.a I or imeter 
is a Cast Lead + Stainless structure 
with 4mm Lead PI~tes, 

We are investigating two significant 
design variations: 

I, A 'High Resolution Qetion' using ~ Lead Plates, and 

THIS 
rilL!$.. 

--------'II, A "Compress i o~ Stack· - a~ . 
a:ternate assemb1y technique whIch 
minimizes the cracks between tower$ 
and provides greater flexibi liy 
for Shower-Max detectors. 

~ L. 6R~1l>2E.~ 1'Ht..~ 

1115 

WHAT ARE WE DOING ABOUT IT? 

Module for BNL Test Beam 

. 
- Two modules of 3x2 towers each 

- Rectangular Geometry 

- Compression Sta,ck - e ""'" Pb, '(...... Sc,"" 

- Mega-Ti les - Tu,£ CItJlCI< ~ O.olo" Ib~i-,,,,I 
\i;I~) 'j 

- Sigma Tile Design ~ s/ .. ,/e ~Of.,(:f {','be,. 

- Mirrored Fiber, in $ui61 i,'f. +;1., Clf~'I:' st.c ,..,. 
- Realistic Fiber Routing 

==> Phi Crack Scan 

- SM Detector? 

- Ready by end 

XI'IO ii .... ~ 
of ~I. 'Sh;p~ + .. 61JL. 

41-f/t'j 1,"57 F~'0.4~ 

1111 

I. HIGH RESOLUTION OPTION 

WHY? (,'" ,clO&~ .. Cf 1";~k i+~ tte,,,,,.,,,, 
,*1 .•. ) 

1) Equals the GEM' accordion design f'o~I'Vi 
::> STOPS Tltt/( OF 'toM'U"IEAJ7I/IC'''' DETecToR CIIM,f(/7tE 

2) Smaller Constant Term: 

- Longitudinal sampling fluctuations 
d i I uted by SQRT ( • Samp I es) GO vs, ~ 

- Transverse nonuniformities 
diluted due to' increased 
shower spreading 

3) Higher Plastic:Pb Ratio 
==> more PE's 
==> more margin on rad-damage 

4) Plastic:Pb of up to 2:1 in EM 
does not compromise Hadronic 
Resolution (hanging-fi Ie), 

OVERACt, ''''S OESII~ .S M'~" Ust I1A."1IA1 
0'" "tNIIVIN" PH'4$H"S C04l,,_ EM C"'t~,,..,. 
IS 1)0' TtI£ '&.ME To (011'_14", I'f"'~ 

1U!) 

L 



II. COMPRESSION STACK DESIGN 

WHY? 

1. Minimize Cracks Between 
Towers in Eta ~ Phi 

Why? I/'p i ano Wi res" represent 
less projective material 
than support bulkheads: 
(tensile structures are more 
efficient use of material 
than structures in-torsion) 

2. Cracks do not get worse 
towards end of barrel. 

3. Mega-Tile Cost Savings 

4. Fr~edom to segment Shower
Ma~ detector arbitrarily 
i'lside-4x8 array of towers. 

11.t7 lttR 

111D 1.130 
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WHAT HAVE WE I..EAIUJfO r 
1. ""E(!~·l·n!:· A~~E:"MBI.~ W"'U~$ H:1~~ l';E:"" .. . ., ~.' -,-,.-". 

- STMI( GoES Tot;£THE"1t Ql.(rckl.~ /lAll> /It:{"~T~(':J 

- FI6Et{S IAJSEQ.T MSII.~ JAJ'T"O T/L.£s "FTE~ S7i9C~/N 

- No P/lo8LEM W,TI{ PIfM/lGID FI8E~S C~ MIU~It.: 

~ WE WILe. H"VE l.II'DA7&S Tl:I (.,"0Il CDIT/TI(.£, 
/III" loll! cXPca THE PR.IC.)r"6 7(1 Go DDw~ • 

\ TILE 

PHI6!>IC. 1fT~ c.olJ<ffT 

::;18" MESS 

. 
~ '2. 5"" M. THI(,I( "j':~.~ 

~ 

TECH~I"N'J (!ONC£PT': 

~ wous flJJE 
¢NO M~SS 
~ SMIIL<. Ell HCXWE /lOSS/ME 

.. 'AH''''( e ~('J\C. EPo~~, ,.#)I!. l'~IE "~.,,tt 
IAI Ri~~At~£ m' l~U. ~f_Ai'M"'~ f$ ~?fiAi. 
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IF II brlll!l tion 0 f Til e S lind IF i 'ber s 1. NUMBER OF TILES (ave. tile size) AND GROOVE LENGTH 

presented by K. Hara (University of Tsukuba) 

CONTENTS: 

1. Number of Scintillator Tiles and Groove Length 

2. ~oovin~ 

Laser Milling 

Injection Molding 

CNC Machining 

3. Tj!e E~ge_Cut!!!J.g_lII!ci.~ainting 

4. Fiber 1:fi!roring 

Aluminum sputtering / evaporation 

painting white 

5. ~hifting Fiber and_qear_Fiber_$plic:;ing 

heat splicing 

splicing using glue 

small connector 

6. Summary 

Lo.ser \lli\lin~ 

PS r~II\Wlt' , . ! . rs "remnant II n-----_-... -.y .. ~- is few 

I\, , 'Ij 

EM 

HACs 

Barrel 

184, 000 ( 12 cm sq) 

70km 

5 9, 0 0 0 ( 33 cm sq) 

60km 

Endcap 

83,000 (llcmsq) 

27km 

1 8, 0 0 0 (32 cm sq) 

l7km 

All tiles are 4 mm thick => 48 tons 344.000 pi<:c.e.s 
1=14 krll 

Scintillators could be produced in 6 months. 
, ---

Small quantity for the prototype modules can be made within 

a month. 

2. GROOVING 

Methods for Cutting Grooves: 

(I) Laser Milling method 

.......... Not as fast as we expected 

(2) Injection Molding method 
........... Response is NOT uniform 

(3) Conventional Machjng method 

........... Most Promising 

1156 

R~$pa71se uni:fq.mity was YllWlurcJ bY-'Ru S~fl 
tor -!-he +hree qtwVitlg )n('.fhcds .... 
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o Laser Millin~ using COl Laser 

We adjusted the laser power and scanning speed, 

At the best conditions, 

11:'57 

{

laser power: 300 W 

scanning.speed : 25 cm/min 

sucking in polystyrene vapor instead of blowing off, 

though, 

groove is gaussian reflecting the distribution of beam 

some ~olystyrene remainds around the groove 

=> light yield is about 20% smaller 

scanning speed could be raised to"'l 00 cm/min, 

but not more 

laser equippment is not cheap 

OInjection Molding. the Tiles with Groove 

light yield is about 50% 

response is not uniform (response is high near groove) 

The groove is made smooth. 

=> most of lights are reflected at the groove surface and 

not absorbed by the fiber. 

ll'Hl 

Groove. ~.h.ape / Mi1ling~~ed and Light Yield 

questions: Can we increase the milling speed without losing 

the "performance" ? 

How precise should the aroove s~~ be ? 
"performance" :.light yield, uniformity, any mechanical damage 

For O.S3W1""c#> fiber O~ 

0.45 1 "1l~J:r t77/j~r;J 1~~~ 
_.~, o.q ~ f"U o.4SR - , '7 \. 'l 

groove shape : U O. 9xO. 9 O. 9xO. 9 O. 9xl. 9 

speed(mm/min) 300 300 1700 1700+ 1700 
t 

o light yield at the center of tiles ( 5 samples, each) 

average #PEs 4.53 4.46 4.21 

( ratio 1 V· 0.98: 0.93* 

r.m.s #PEs 0.13 . 0.17 V. 0.08 

(rms/average 3%~'r. 4% <'<1%2% . ..... 

2~eS 

4.25 

0.94 

0.08 

2% ) 

"Light Yield of single-pass U is lower by 10% than 4-pass U 

o Response uniformity around the groove compared to that 

around F300 (mm/sec) square groove, 

Response on U-shaped groove is the smae within 2% 

Response on F1700 square groove is the same within 1 % 

Response on 1.9 mm deep groove is about 40% lower 

1158 
+-

U 1... _ .} 

(A) U shaped grooves were used to be machined by scanning 

with the endmill i!!!!!g => tiles for Raddam tests 

(B) U or square shaped grooves of 1 mm deep can be made by 

single SC8f\ning at 300 mm/min (7000 rpm) 

Ball groove can be made by additional pass at 700 mm/min 

(C) Using a Thermwood machine, 1 mm deep square groove 

can be made at 1700 mm/min (16000 rpm) 

~m.~~~P .. ~!?~(~t.~al..L~~~y"e2E~~~..!9_~~~'!!~_<:~!~eg· 
by 2 scannin~ , 
' .... '.. ....... 1 ['" deep,£ 2"'~d.c-'P +bo.l! hd_ 

To machine 180 km of U/square (ball) groove, It takes 

option (A) : 40,000 hrs (80,000 hrs*) = 4.6 years (9.1 years") 

option (B) : 10,000 hrs (14,000 hrs*) = 1.2 years (1.6 years") 

option (C): 1,800 hrs ( 5,300 hrs") = 0.2 year (0.6 year* ) 

* loss time for exchanging endmil1/ballhead mill not included. 

Realistically option (B) using 5 (7 for ball groove) machineS or 

oEtion eC) using 1 (2-3 for· ball groove) machines.. 

can be adopted to finish ~ 2 ~ears (1 day = 8 hrs) 

Need to investigate the most efficient procedure for (automatic) 

setting of tiles on the stage, exchanging the mills, etc. 

<. S~u.ar() 
F 3,,0. r::-

.... 1It",O 

... 
I 

o 
II) 

S 

< U ~~et! > 
F300 

a 

•• 

• • 

111i0 

"-- \ 

1.10 

'.00 

IlJiiI 
•. 10 .... ~ 

0.15 0 6 10 16 20 

t ilor~i ai by fCS~C. .d- ccn\d" • 
F300; square • 

.ao 

source posiUon (mm) 

1.10 

•• 00 • •• .... •• • ••••• ~ 

•. 10 • 
0." 

•• 0& 
0 '0 1. ao ~ 

~ 

F300; U shaped • .. 40 eo •• ,00 ,ao 

source poslUon (mm) 
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l.Y. c.auld be ,J;jj.rt"t 
by 6" bct~n U'" U 

I 

In order to achieve response uniformity beller than 2%_. J' : .'/:, by 91-

."R" of the endmill head be precise to < 0.1 mm (light Yiel.YJ ~_n 

II speed (rouglmess of groove surface) < ':SOO" mm{min (L. Y.) F!oo/I'IoO 

-> The rouglmess may depend on durability of the mill. 

Need to machine many tiles and measure light yield. 

o groove depth be precise to < 60 ILI11 (uniformity) 

<;- ~espons .on the groove is approximately proponional 10 the 
Sc,,,foIl .. 1or IItsS t t __ ...... ~.I",,,,: 2.1 ..... = I: o.(,~ ~ I : 0,6 * The requirement could be relaxed because of ~.s~ 
spre~. May be possible to groove several pam,s al once on a 

motherboard using a multi-axis milling machine. (tile thickness 

can vary 200 ILI11 al maximum ... ) Need a simulation. ~ 

o Residual strain is nol recognized even for the grooves 

machined al the highest speed. 

/(""'" mo.y assist i ... ClUfe developing 
~ measured with an apparatus using Babinet's compensator: 

Desired optical path difference 

is generaled by changing the «<ij1.Llt 
path lengths in quartz wedges I ! 
with specific n. Measure I" $(UIlp Co '1l .. ( 

d~sPlace~enllo get non~ ,:'.::: '1\ r}V- I 
tted/dlstorled lIlterference fringes .::::.~ .. ' . ,'. I "t •••• 

F A (" .. ) :. . ... : =-- ,,: .. ' 
Cl..J(,.) ) ~ 1 i~,*t 

-\ ~ . 
.... ,-+~ C rs z: sS' (ks/e",~) 6::: 'XI (" ,-lIa,) + x~ ('l\~-'l\,) 

• • 1 •• 1 ---!Io. _L.~ .... \.·f~ 

3. TILE EDGE CUTIING and PAINTING 

Tile edge cOlild be cut at 1700 mm/min using Thermwoog (we 

havn't tried yet) 

• It would take 2,300 hrs (0.8 year at 8 hrs/day). 

Using a st~l endm~l, tile edge can be cut at 600 mm/min and 

8·10 tiles at once (7000 rpm). AI a higher speed, tile edge is 

chiped . 

• II would take 820 hrs (~.3 year at 8 hrs/day). Loss time 

in machining procedure is not included. 

116t/ 

questions: Can we increase the cutting speed without losing the 

performance? 

Can we make "Mega· tile"? -> no answer yel 

o Response Uniformity near the edge 

(a) edge cut by steel mill at 600 mm/min + painted while 

(b) edge cut by steel mill at 300 mm/min + painted while 

(c) edge cut and polished (diamond) + lJainted white 

(d) edge cut and polished + white paper 

T;le I.\IrDfr~cI. ,'", 1IJ\';~t. refer 
.> (a) = (b) within 3%, (a) = (c) = (d) within 2% 

Response uniformity is barely sensitive to edge surface, 

polished or painted white. 
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o ~_ strengtbLRl!.diation.hardnesa of the white paint 

white paint : BC-620 & NES60 

• Adhesive strengfu after 1000 hrs at 60°C will be measured 

next month. (test uM.u W4AI ) 
• NES60 was radiation tested up to 7 Mrad and was OK. 

BC-620 was also measured by Fennilab/FSU and was OK. 

Painting procedure is under consideration. 

(Robot, or Man with a brushlrol1er) 
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The necessary quanitity of waveshifting and clear fibers could 

be prodHCed in 10 months. 

Mirroring the fibCr end: 

(A) aluminum .$putteriI)g for 75 em Y7 (1 mm~, 250 ppm) 

(B) Aluminum evaporati09 + topcoat (acrylic paint), and 

(C) Paint- wlU~ for 6S em Y7 (0.83 mm+, 180 ppm) 

-Surface is expected to be stabl9compared to aluminum . 
, . (o.~4i"st o)(ibtio'" 

We measured (I) Increase of light when illuminated near end 

(2) Attenuation curve 

(3) Light yield when embedded in a tile 

(I) In aluminum sPuttering the reflectivity depends On surface 

flatness. Best result ( 89% more light with a variation of 3.2% 

compared to typical fibers with blacJced end) was obtained when 

the ends are polished "chemicallY" 

By aluminum evaporation or painting white, the light yield 

increases by 82% (4.2% rms variation). 
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o Attenuation curve ---.----
The attenuation curve of 65 cm long Y7 fibers (180 ppm) was 

measured by scanning with a blue (A=470nm) LED. 

Light yield increases certainly for mirrored fiber. 

Light reflected by white paint shows short attenuation length 

1172 

and "disappears" after 30 cm. 

00. 
+-__ 1_~ _cm __ ......111 Mirrored fiber was embedded 

in the tile without damaging 

the end. The light yield was 

compared with the case the end 
was cut. 

Al evaporation: 40% increase If 

painted white : 22% increase'" 

N .. sp'.lHl.f(.J. 

,~;,.~d IJI.;.t{. C(!/\ 
1 

(' 

\ "._-
I +f.lf (.!.;tJ}J~+-M. (; w!.(O(·iJ.J.J. J 

k b.1)~IJP.d d;A, .. :'lJ t'"rah't:!l? 

* Ac.:f..'a/ 'IA/w. is tkrenJent D71 fiber 1Q1,Ht I dre 
CtmCPItrJim (= dtllu.td'icm len fill ) 



5. WAVESHIFTING FIBER and CLEAR FIBER~PLICING. 

(A) heat splicing, as established for CDF plug upgrade 

(B) splicing using glue for better mechanical rigidity 

(C) connector for mechanical rigidity and _e~~r. '=.a!i!>r.a~i~~_ 

(A) Heat splicinS -

We have an experience of splicing about 200 fibers for the 

Raddam modUles, using a glass tube and a Nichrome wire. 

-> The light transmissi~n was 90% with 5% rms variation. 

-> Mechanically the joint is fragile 

We started to investigate a method using a teflon* tube that 

{

adjusts the fiber axes, 

conducts heat to the joint, 

supports the joint mechanically 

*materiaJ be selected, since teflon becomes breakable due to radiation 

0.8mm~ teflon {_f.'r. < . .,~.t 
t5",,,,+ 

after 

The fllst 3 samples showed 91.7%, 95.9%, 93.5% light 
" 'all v tranSmission and mechanical strength increased substanti y 

*** Automatic splicer is under consideration. *** 

Hi:> 

o Fiber-ta-fiber connector is extremely useful in system 

integration (e.g. in endcaps), and quality control of tilelfibers 

is made pOssible using the components as they will be. 

• Splicing with a connector is mechanically strong. 

o For 1 mme!> fibers 

(a) 8 ch disconnectable connector 

(b) single ch disconriectable connector: by-product of (b) 
(c) single ch Splicer 

(a) ~ connector (b) .!:£h.connector (c) Splicer 

size 5 x 21 x 26 mm' 5 x 7 x 26 mm' 3 x 5 x 10 mm' 

T(%)* 83.5 (2.0) 84.0 (3.3) 88.9 (2.6) 
durability 5% max 

cross talk 0.1% max 
< 1% 2.5% max 

* Matching oil (silicon grease) was used, which increases the 

transmission by about 7%. Matching oil was radiation tested. 

[ 

3 clear fibers w/o M.O. - > T = 55.2% after 9 Mrad ] 
3 clear fibers w/ M.O. - > T = 41.1 % after 9 Mrad 

M.O. loses 14% of initial light after 9 Mrad. Probably a few% 

at 1 Mrad, which is much smaller than the damage of tile/fiber. 
-> wavelength dependence? 

1 mme!> fibers were glued together in teflOn/stainless tubes. 

The glue (epoxy) was not used on the fiber end surface. 

transmission: 68 - 76% for teflon tubes 

73 - 80 % for stainless tubes 

• stainless one is mechanically strong enough (up to 5 kgw) 

but teflon one is not (below 1 kgw). 

• We worry about deterioration of glue due to radiation: < Only specific glue is warrantable to use for long time. > 
The samples were irradiated to 6OCO '( rays. 

11.7 J 

-> The glue (EP330) after SMrad gets colored. 

-> Mechanical strength is OK after 9 Mrad. .f ~Lu.R.. 
P .... --... = .. -" P.,: 

Clear fiber light loss due to radiation after 5 Mrad : 

1 m fiber 3 m fiber 

75.1 % "' "3.iY,J· 65.5% J O.1J) .~ 
71.3% \I- i.'l1. 65.4% \I- i·V" 
66.4% . • 63.4% ~. 

no glue 

2 cm along 

20 em along 

Effect by glue 2 em along the clear fiber is 4% for 1 m fiber 

and lifetime is shortened by 13%. Effect is larger for shorter 

fibers. Effect for 30 em Y7 fiber is estimated to be about the 

same, since the lifetime of Y7 fiber is .shorter than clear fiber. 

~ HIlS -10 !Ie ca4ir",ed. 

Problems: 

o Worse durability (reproducibility) of 8-ch one compared to 

I-ch one is due to too thin latch thickness. 

o Found weakness against heat 

o Seems difficult to find space for Splicers 

- > change material (ABS resin) to 3-3PA(nylon) 

- > slightly thicker latchs for 8-ch connector 0" tn m. 
- > smaller size Splicer 

-? ~ 1.'1",,.,, o For 0.83 mme!> fibers. 

• fiber'J in.fhR SClII'It axi S I 
• baIofrlers k pol;shecl =[ ~'.::'" 
=85r-I- -'--

( .. 
type - I type _ II 10 IO\W\ 

T(%) 94.5 (1.8) * 94.6(2.2) 
*matching oil used 

New 8-ch connector shows T = 79.3% (4.4) w/o M.O. and 

T = 89.2% (3.4) with M.O. and latching works (too) fine. 

Transmission changes by 2% at 60·C and by 5% at 7S·C. 
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6. SUMMARY 

I) Tile grooves can be made optically best by CNC machining. 

In order to finish all grooving in 2 years, 5(7) conventional 

CNC machines, or 1(3) high revolution! speed Thermwood 

machines are .. needed for U/square (ball) shaped grooves. 

Groove depth be precise to 60 j.Lm (7) 

Groove roughness be controlled -> need to investigate how 

much light yield changes when the same cutter is used. 

2) ~ could be cut iI! reasonably short time (4-10 months) 

either by a conventional machine or by a Thermwood. 

The surface roughness is not much important when painted 

white. (Tests using Thermwood need to be done) 

3) Fiber mirroring 

The light yield increases by 80-90% by aluminizing/painting 

white the fiber end. Light yield increases by about' 40% when 

the aluminized fiber is embedded in the tile, but increases by 

about 22% for the painted fiber. Evaporated aluminum with 

topcoat and sputtered aluminum are damaged during insertion . 

Light yield variation of 3.8% (rms) was Obtained for the best 

sample including mirroring and fiber individual difference. 

11~O 
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4) Splicing 

Heat splicing seems to work through a (flexible) tube, which 

helps align the fiber axes and support the joint afterwards. More 

investigation and apparatus development are under way. 

Small amount of glue seems possible to use at the joint 

without deteriorate much the transmission up to 5 Mrad. More 

detailed tests are required. 

Small connector (1.9 mm~ 10 mm long) provides light trans-

mission of_ .... *_ 94.6% and an rms spread of 1.8%. 

5) Tiles and Fibers can be fabricated. 

Procedure (including calibration) for making tile/fiber 

assemblies (or Mega tiles) has to be established. 

Our Raddam tile/fiber sample showed an rms light yield 

variation of 5.7% (max. deviation 13%), although fiber end 

polishing may have been premature ...... 

8 
• U-shaped Groove) 

40.83 *-2.34 

• Ball-Groove 

. RMS - 5.'1% 
J -mo,x.dell :II 1'3% 

o ~TTmmnTTTTnmmnTTTTnmrft' 
o 10 20 30 40 50 80 

Light yield (nA) 
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o Ultrasonic welding for fIXing fiber in the groove 

UV curing epoxy is considered to fIX the fiber in the groove. 

If this epoxy turns out to be radiation soft, 
we need alternative method or ball groove, or insen fibers 
in the tiles that are already positioned in the "structure". 

-> A ultrsonic welder can cramp plastics. but not the tile itself 
which is cross-linked. (Cross-linked one becomes flaky) 

-> Prepare pieces of non-cross-linked plastics (e.g. fiber) and 
be positioned through a kind of maslting sheet 

\I t 
Me!lo.. t; Ie. .... ? 

Two vers"OllsC/f H€.,!t. +;1(. l.!i€.fE'. pRdl).c'£d. {(.T· 

CDF plv·.1 uf~rw ...... 

(j) Cut; .,nIt> pieces and tl1cu h t~-thtr 
... l'fIecMni ~'Y IIdt s~ ~nolljh. 

~ milltli throu~h. qJId tltL r'-rs -=== ~ 
t',IIet wak white F,¢ :---/ ........ 

••• mecNttiad. rlr~ is::o-R~ 
Test em. X -t~!.< 'S";I. 

Q) S'Ullil4r ta ~ hut tke 34fs ti"~ wal Iol~te 
PS plait (lUifil. ~ q\, Loth Sides). p.s plci( ~ 
ultrASnlic. weldetl.. -t" 
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May 27.1992 

Y.Miyamoto 

Ageing Test of Bent Fibers 
Plastic fibers in the SDC Tile/Fiber calori-

meter are used in some curves. In this case 

the "Bending Loss" and the "Static Fatigue" 

are expected to be, caused. 

This time we measured the light loss of bent 

fibers and performed a few ageing tests: 

in normal condition and after heat cycle. 

We also followed up the signals from Tile/ 

Fibers after assembly. 

List of Contents 

l.Light Loss Caused by Fiber Bending 

2.Signal Variation with Time of Curved Fibers 

3.Heat Cycle Test of Curved fibers 

4.Signal Variation with Time of TilelFibers 

5.Summary & Future Plan 
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Summary 
1. Bending loss was found at 

R < 1.5 cm for Y7 (Normal, S.type) 

R < 3.0'cm for BCF91A 

2. & 3. signal variation with time of bent fiber 

In the range of R = 1 - 5 (cm) 

Y7 S.type fibers ru:e stable within the error 

. during first 700 hours in normal condition. 

. after 4 times of heat cycle. 

4. signal variation with time of TiletFiber 

For the Tile/Fiber with a fiber path radius of 

3 cm, no decrease of signal was recognized 

during first 400 hours in normal condition. 

Future Plan 
1. More accurate measurement 

1un 

2. Test of some other fibers ~. ~o.25 .... _ .40. ,t-
3. Heat cycle test of Tile/Fibers 
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Optics Design of Prototype 

EM Tile / Fiber 
~asakazu Okabe 

We have been investigating the groove 

path and shape to achieve good transverse 

uniformity and high light yield. 

CONTENTS 

1. Samples 

2. Setup for ~easurement 

3. Groove Path 

4. Groove Shape 

5. Conclusions 

Reference 
Tile/Fiber 

~Tie; e iber 

Fibers 

Light Mixer 

PMT 
Hamamatsu 

R·580-

1.1 !)() 
4 

,!~~~'~~~ig~na~I~==~I~~~ 
High Voltage 

1. Samples 
Tiles are 111 mm by 111 mm and 4 mm thick SCSN81 

with s:dges pQlished. (Some tiles are painted white.) 

Tiles are wrapped in white paper. or aluminized mylar. 

Fibers are 150 ppm II with a diameter of .l.I!!m: 
. --PLed, 

H!J7 
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Conclusions 
0) We have started optimizing EM Tile optics. 

So far, the data shows that 

I) Uniformity becomes better as the groove path is brought 

closer to the corner and to the edge. 

2) For a 1.1 mm square groove, the response near the groove 

is high by about 5% to 15%. 

For a deep groove ( l.lmm by 2.5mm), the response is 

observed to drop sharply on the fiber by approximately 40%. 
For a ball groove, the response on the fiber drops by 

about 15%. 

Of the three groove, the ball groove is the best in terms 

of uniformity. 

3) We will study 

I> Masking near the groove for l.lmm square groove 

2> Effect of mirrored fiber end 

3> Effect of white painting of edge 

4> Effect of aluminized mylar wrapping 

5> Uniformity of mega - tile 

14-



New Information: 

The Tile - Fiber System 
For SDC Calrimetry 

Vasken Hagopian 
Florida State UnIVersity 

1. "Sigma" shaped tile-fiber 
10emx10em and 25cmx25cm 

2. K27 nuor concentrations in WLS fibers 

3. Fiber diameters 

4. KurarayY11 versus Bicron BCF91A 

Excitation by: 

1) 30 KeV X-rays - Similar to Charged Particles 

2) Blue Ught - Produced by small scintilator 

Measured by: 

1) Bi-alkalai phototube - Hamamatsu R-329 

2) Extended Phototube - Eprom III RCA 8852 

Radiation damage by: 

3 MeV electrons 

2 em Diameter 

200 Hz horizontal Sweep of 25 cm 

2 namp to 1 mamp current 

Recovery: Less than 10 days 

1210 

RADIATION DAMAGE STUDIES OF SCINTILLATORS 

FLORIDS STATE UNIVERSITY 

E. Bartosz Undergraduate Student 

M. Bertoldi Engineer 

E. Hernandez Graduate Student 

V. Hagopian Physicist 

K. Hu Engineer 

K. Immer Undergraduate Student 

K. Johnson PhYSicist 

C. Shafer Graduate Student· 

J. Thomaston Engineer 

H. Wahl Physicist 

H. Whitaker Undergraduate Student 

Past Collaborators: M. Goforth, P. Rulon, 
J. Xu, A. Young 

~ ... 
;; 
o 

~ .. 
:::; 

SCSN81, Y7, and 3HF Comparison 
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Conclusions 

1 . Plate Scintillators 

No big variation in radiation hardness 

SCSNS 1 is better by 10% 

Light output variation of about 20% 

Kuraray SCSNSl is SO% of Bicron 499-27 

2. Fiber (WlS) 

K27 Better than Y7 

BCF91 A is 20% brighter than Yl 1 

Light output« (Diameter)1.2 from 0.7 mm to 1 mm 

K27 Concentration 

BCF91 A is best, x3, xS more radiation soft 

Light output - independents of concentration 

3. Multigroove vs. Single Groove 

Reduce rad-damage by a factor of 2,. 
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SPECS 

Di4.,u.w 0.63 ! 0.02 ...... 
E IliptiC.ity , C6.-hJ/cIHb) S O.OJ 

Core Po/y,tyr."f . r\" I. ~q 

Clli.ddj/l~ PMMA I'\r 1.4Q 

C 11i.4J""J TkickJIW 3 % of ~i.",~tc,. 

Y1' 

Mirl'6rillJ 

Rcfle'tivity > 0.1'4 .t 0.03 
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F"IIS6.lIpla.Tes-t TF1 

'(iLl" I.t « f .. 1V roh,t.s 

'IIA / .. p.4!. 
2·dimensional Scanner ( -r S II bL ba.) 

Fibers 

Mixer 

PM'!' 
Hamamatsu 

Undor .. ;ty (TF.2.J 

.. A / -t"'. 

Specification of HPMC·1.8N·11<u3 

CCockcro[t'Wal!on type Base [or 9/8" 6·stage PMT) 

1. output voltage 

2. monitor voltage 

C!> monitor accuracy 
reproducibility 

4. dynode voltage ratio 

voltage accuracy 

5. ripple 

6. anode ripple 

(no PMT connected) 

~ stability 

8. stability against 

magnetic field 

9. protection 

10. protection resistor 

11. power consumption 

12.1ize 

13. weight 

14. cables 

·1800V (max) 

= 75 x input voltage (0 to 24V) 

I: 1000 

0.2% on cathode voltage 

0.05% (under constant temperature) 

Cathode 5:1:1:2:3:3:3 Anode 

l00V+/·2V @ 1800V 

0.2V peak.to·peak @ 1800V 

0.5 mVp.p (@1400V into 1Mn) 

0.04"'/hr@1800V after 4br warming up· 

(under constant temperature and input voltage) 

0.1'" typ @ 100 gauss 

against reserve ~on and short at input line 

IOMn • 
12 mA (max) x 24V, 10 mA (typ) x 24V 

30tI x 65 L (mm) 

1 109 (app'rox) 

input 

ground 

: brown 

: red 

monitor : orange 
case groUnd : black 

signal : son coax 

Fic. 2. Spedliulio .. or CW b .... made by M.lluad. thot fill to Rt591 PMT. 

12liO 

l~u-induced current 

1.00 

0.75 

>. ..., 
.~ 
,80.50 ..... 
s:: 

::> 

0.25 

0.00 
10 15 20 

X (em) 

Co'k",oft -WAlto", ty,e PMT bAse 

C 
A 
B 
L 
E 

~L-~~~ 

~ 

SET "PUT 10 VOlTS IN •• 2 ICY 

2 VOlTS OUT •• 2 IN 

RETURN OUTPUT 

. /IIO'llitol" VoltG~e ~s Tilile. 

. S~o(.k Tert 

~ .. rly f"i 1 ... t'C!. 

. T .. O\t"-rd ... , .. ... ~_J4 ... c..c. 

Test 

121j 1 

2f 



Mecha.aical 
Diamder 
Leacth 
Eod .uw:sow 
Lo&d> 

Photocatbocle 
tJoefulAlu 
QuutWZl e8icialq 

Pw.ed pbot.oewftDt 
A ...... pho ........... 
L ...... ~ 
tJoiIonoi\y 

MulUpUer 
OG ... 

Lmuz PulMd c....... 

lIloe .... (~) 
P&Il .... (80"-~) 
pw.. width (PWIIlol) 
W"ad'b .. -.. (5") 
PulIO shape .. bicb ......... 

A_.....w ........ 
Lifetime aDOdc ctIInDt AIIOde .. _ 

Iod ....... or uodo aod 
Iaat~. 

Vol..,. divider 

Nobe 
-Sir&cle-P~D· 
AItupulsioc 
P"'pllbiq 

Stabllity 
o Loacterm 
o PIIbe........,. (torr.) 

19 mm (3/'") to '0 mm (1.25") 
-7Smm 
Flat face 
Bare pW, aolder leads, Of IOCktt type. 

1 cm,2 a:W:Wa.UIIl cooci ana 
(Intqral QE S,r dism"butioD. cmterec! -520 IUD) 12" lor 

EM--=tioa aDd 7.5""'" the BadroDk ~ 
MaizltaiQ -5" 1iDearitr 1M 10' p ... iA. 10 III pulse 
O~ oJ. (uoiIo ... W .......... 13 mm cirde) 
l .. CIOrSO!IipiD .... 

l~(j I 

=15" cmr 13 mm diame\er cUcle, silvend.1Dah OD pbot~ 
cathode OK 

axlo'.....u.aI 
25 loA lOr 10 .. wiIll<3!Ii ......u...zIty.l00 loA _10 .. 

willa <5"_", <' .. (101oA .... __ ) 

d .. 

<12 .. 
PulM width (FWlIM) chupo'" - ~ "" .... p •• 

pIIbee ""- 1 loA aod SO loA 

1"" 100 C _8O!IipiDloa 
<10 pi' to all .... _ c:omIrioocI 
<hB 

Simple ....... ratios of ovl_ allow COC1aOA-Wa1tO. 
~pw:Dp. t71M but. T)'pical aample: 0 200 .fOG 
100 eoo 700 14000 V lor ADode. Del DS, Dt. D2j Dl, K. 

<100 lOb at o.s or 1 p.e. peak 
< 0.1"1 p. .. "" afterpulses >10 p. •• 
ArriYll1 < 5 DO _Iy ..... pli.ude < 0.5" of IIpal &0 .. 

pbotoeatbod. . 

<l"I ..... b 
< 1" pill Jog 100 III after pw. or 10 mA )( 10 .as 

F 10111 So.rttplt Tlst PS 1 
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CEM 

. Li~41;ty 
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FLORIOA STATE UNIVERSITY 
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INTERNATIONA~ CONFERENCE ON RADIATION 

TOLERANT SCINTILLATORS and DETECTORS 

BY 

VASKEN HAGOPIAN 

Florida State University 

RADDA:\I ',2 

April 28 • May 2. 1992 
Aoridl SI:ltc t:nivcrsil)' 
Tall.masSt:C. FL 3'2306 

This progr.un is p~lj~ as 10 CX!lCt ames. The rust d.:ty is SCL 
Grouping reflectS both sUbject rm.Ucr 3nd rcqueSIS by spe3kers 

as 10 pre{crn:d rimes due 10 U':lvcl restrictions. 

Tuescby. April1S, 1992 

9-" B<:im;Wgn in Ll'L 101 

10:00 Words ofWclcome • Robert ~. Johnson, Vice President for R.ese3t:h (FSC) 

10,20 TIIIOri>l on Cllorimetry· D"" Green (FNALiSDCl 

11:10 TlXkin,Tu~ . Sieve R.eucroft(Non~3Jtc:n l"nivenity-) 

12:00pm l.wlm in Kee:l building. 7th floor 

1:40 Briefing on the Rtse:arch 3nd EdUC:1aon Prov.uns ofthc: Tc~s N3CorW 
Rese:uch Labor::lIory Commission. Dr. Lynne Jonbn Bowcrs (TXRLC) 

2:10 Principles 3nd Prxtice ofPl3Stic Scinrilbtor DesiJ!" Wayne Mosc:
(Bicron Corp"",.on) 

2,50 ~ 

3: 10 Users View of R3di3D0n D:un:lF 10 Plude Scintiibaor • C3rl Zorn 
(CEBAF) 

l 4000 Polymer R>cIQUon Chemistry • Ro&<r Ooogh (Sandi. N .. ioIW ubor:ltory) 

SoOO B<!:wign 

Wednesd3y. April 19. 1992 

Scionlbring EiPea 

9:00am Rtsull$ &om Fibre Irr.:&diarion Under Air. N2. 0,., Ar 3nd Vacuum· 
Agostinho Gomez (UP) 

9:30 NeuIron/P'nxon Daamge Assessment of Commerei:1l Pbstic Scintilbting 
Fibers - William Dunn (QU3ruUl1l Rcse:uch Services. Inc.) 

9:50 M~t ofDee:lyTUDCS ofFut ScinOU3Dng Fiben· John Flournoy 
(EG&G) 

1()o20 ~ 
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RADDAM '92 .... 

INTERNATIONAL CONFERENCE 
ON RADIATION-TOLERANT 

SCINTILLATORS AND DETECTORS 

FLORIDA STATE UNIVERSITY 
TALLAHASSEE, FLORIDA 
APRIL 2S TO MAy 2ND, 1992 

CONf'PIEHCI!: OItGANIZIEMI 

ftOGIE .. CLOUGH KUttTts F • .JoHNSON 
FLORIDA ST ... TIE UNIV&II"1"I' 
OEP'T. ~ ~HT.IC. 

~«TnI SONoC"IECGP 
<:£AN 
CH·1Zll.GIEMEV'" 
SWITZE ....... ND 

.... NOIANAT"""""
LAaoIIIATCNllIIE. 
OIllGANIZATION 1.11 
ALauaulEltaulE,NM 
USA.7IH ..... csos ........ Z 
FAX:(!S0f5 ........ -MZA 

T ... LLAH .... ~.I"'L 
USA S230f5 
.... :(904teAA· •• 3 
P'AJ(,(9O&teAA4735 
E·IoII ... "" 
FfJUH£P: • .u.ooAM.Z 

~H=(UI7.7 ... 70 
FAJ(.(ZZ)7ea .... 7 
E ....... LI 
ftAOOA,..Wa.cERNVM 

TH" ",,,P'C)S,,U" • IHTIENOIED TO .ltrNG TOGETHIEIt MA.IOIII .&.IEAAC;H walta •• IHYOLVIED IN 
TH& Ot;VIELOP'''I:NT 01'" ADV"'NCED, IUt.DIATION ItI:SI.·T"'NT .c:INTIl..L.ATOR:. OR: ....... TICLK PMY.ICS 

DII!'T&cTORS. ~1II1E.IENT"'TION. ~ IIIOILUlClH llllE.UL.T. WILL.IE MADE IN THE ..... u. uaT&1) NLOW. 
AND DI.c:U •• 1ON a"ION. WILL .& .c:HI:DULED ON KeY I •• UO WHICH _MAtH TO .1: IIII:IIQLVU). 
SINC&: AN awPOfllT ... NTCOHCI:ltN" COM"UNICATION .~N flACMATION CHe ... " ANO OIETEC'J'OIIt 
DCSIGNI:RS. TVTOR:IAL SIESSION. w.u, elE OItGAHIZED POfII eOTW PHV.1CIftS: AND CHIE .. ..,... 

THE NlClCUOINO. Of" THIS CONI"EltIENCI: W1L.L. .1: "U.USIotI:'O .... A ... £CIAL ... UI: 01'" THE 
..K)UltN"",: RA~TION PHYSiCS AND CHEWISTRT. 

11000 

&intill3lion DeC3V Times in V:uious Scintilbton Bc(D~ :and After 
In:uii:ltion ~ AgDSiinho GDmez (UP) 

Intrinsic Speed of Tile:'Fibtr c:llorimetry: 11'Ie Need for :I F3St GlUn \\ l...S • 
G. W. Foster (FNAL) 

Fibtr Composition 3nd SD"UClure in Rel:ltion 10 Rxii:ation Resist3l1te • AI3n 
Ricturdson (N3JlOptics. Inc.) 

11:30 EffeclS of lbdi3don on the TQnsmission SpeCtt:1 of Strcssed Fluorescent 
Fibers· Justin G:lYnor (t;nivcnEry of Florida) 

12,00pm l.JIW in Keen building. 7111 r.oor 

1:00 FlUCftsteftCC Oaddinls on Silia Fibers for Rxi·H3td W3vcshifting 
R.exlout of ~orimc::ers • O. W.FoslCr (FNAL) 

1:30 R.adi31ion ECfcc(s on \V3vclcnph SMiling Aben Used with Liquid 
Sdntill3tOl"5~ • K3lhy Young (Oak RidJC N~iomll L3bor:uory) 

1:SO lUdi;uion HardnessoiLiquid ScintilbEin,Fiben· JQmCs "''bite 
(TclUS A&:M Univcrsiry) 

2:10 Low Dose R:llC 1rr.ldi3aonsof ScinD.U~inl Fibers· Carl Zorn (CEBAF) 

2:30 SD'UCbJ~ 3nd Dose R:lte EffeCtS on Optic:1l R..adi:llion tbn1ncss in 
Scinrilbtor Polymers· Anne T:lylor (Univcnity of Florida) 

3:00 Approaches 10 Optimizing Scintillator Polymers (or Optic:tl ~bon 
Hvdncss . Julie Hmnon (Univcnhy Df Florida) 

3:4S Le ... fcc WlIk ..... Springs .... Banquet 
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ThursdlY. April 30. 1992 

8.30:un "Resuhs from a Low Dose-Rlre IIT.:adil[ion Study on SCSN23. SCS:\81, 
SCSN81+Y7. SCSN81+Y8 lnd 3HF ScintillatonH - Nlkos Giokaris 
(Rockefdkr University) 

8:55 

9;:!0 

9:'5 

10:10 

10:33 

10:55 

11:30 

12:00pm 

1:00 

1:23 

1:50 

2:40 

3:05 

3:20 

3:45 

.:05 

4:30 

5:00 

s:lr 
5:30 

HAmbien[ and Above Ambie:lt Temper Ble~hing of Polyst)-~ne in Vacuum 
and Air Environment" - Shield W:11I:ace (Profession:11 An.:alysis Inc.) 

"Effect of Dose R.:a[e on R3d.i:ltion-Induced Optic:11 Absorbance of 
Polystyrene" - Ken Gillen. (Sandll) .. 

"Probl~ms in Application of Pbsric Sc:inti1l:uors in Intense Radi:ltion FieldS" 
- Serg~i Cherny (SSCL) 

"DeteCtor Simul.:alion Studies Reb.tin! 10 ~on 
Damage Studies" ,,- Tony <iJ.briel (OR-'lL) 

"Dosimetry: X'ew ApprtXlChc:s" - Bill McL.:aughlin (NlST) 

"Optic:.:al Scinrill.:aror Properties of Compositions with L..:arge Stokes Shift 
Dyes" .. J:llr::ob Tymi.:uu:Jci (University of Florid.:a) 

~ in Ke:n building. 7th floor 

"Prelimin.:ary Irr.ld.i:u:ion Tests of E.~. Fibre-Pb Calorimeter Modules:u 
LURE" - Semotdo Tome' (LIP) 

"Effects of Jbdi:l.[ion D:umge on ScintiU:uing Fibre Calorimeoy" -~ 
Henriques - (CERN) -

"R..:adi3tion D:umge Me:asuremem in u3dlScintill.:ating Fiber Calorimeters" 
-Ri=rdo Dcs:llvo (CERN) 

"Sn..ICAL: A Very Radiation &.rd and Very Fast Calorimter" - Philippe 
GorodcrzkY - (Center for Nucle:ar Rese:uch. France) 

"lbdiation Damage of Tile-Fiber Systems" - Vasken Hagopian (FSU) 

"IUdWion Dantlge Studies for SDC B<IlTCI D.1orimeter" - AU F:azelv 
(Southern University) . 

"Radi:uion Damage ofTlleIFibcr Scintil13tor Modules for the SOC 
a.Jorimctcr" - Huishun Moo (lHEP-Beijing) 

"Summ:uy of Radiation Hardness Test ~s for SOC CalorimeterH -
Aesook Syon-w.gner (FNAL) 

HCbanges of End Cap C:I.lorimeter's Parameters After Imdi:arion" - Vitaliy 
Semenov (IHEP, Protvino) 
=:fo~.sSessi:~ .1.'-.... C L; ,.+-• .,. 7 ....I ... -I-r ,.~ 

Tile/Fiber Central Calorimeter 
(Quadrant Cron Section) 

33 a~ 
10 -+- S- '11"6 ..:t 10 

Friday. ~lJ.y 1. 1992 

8:3O:un 

C 9:20 

4) 9:45 

10;10 

(. 10:30 

C 10:55 

C. 11:20 

I 2:00pm 

C. 1:00 

1:25 

1:50 

C. 2:15 

C 2:40 

3:05 

3;30 

4:15 

4:40 

5;05 

5:20 

5:30 

7:45 

"Innuenc:e ofVV Absorb:mts on Rldi:tnon Silbiliry of \\".:a\'c-ungm 
Shifters" :md wAuorcsc:ence Quenching of Pllsric Scintillltors in O,.yg~n" 
- L"\I.·e Holm (Umversity of Hlmburg) 

wR.:ad1J.tion D:unlgt 10 2-2'-Hydroxyphenylbenzothuzoles~ - Ann.:a Pil 
(FNAL) 

HRldi3tion Dlm3.ge on Silicon Micro Saip from Hi,h Energy Procons" -
Anhur McManus (University of Virgini.:a) 

"A ?\ew Polymer- Bound 3 HF-B.:ased Scintill.:alor~ - Joseph Sch1enoff 
(FSU) 

wRed Emitting dyes" - flul Cahill (S:mdi.:a) 

"Specaoscopic Criteri.:a for WavelenJth Shifting. FlSt. :md Red.lnfr:ared 
Scintill.:atorsw - Mich:lel K.:tsha (FSU) 

l..wlkh in Keen building. 7th Ooor 

"Prelinlilmrv Results of the Development of R3dj:ation ~sist:mt ScintilL1tor 
Based on POlyc:ubonate. Polysulfone :and Epo:typolymer" - Nikol:li 
BOU":lshkov (K.:arpov Inst of Physic:11 ChemiS[ry) 

"Development of'lbdiation H:an1 Scinlilbtors" - Finley ~13rldey (FNALJ 

"Recovery ofR¥lia.tion D.:arrmged Ught Pipe Materi3ls" • Shah Jah:an 
(Memphis Sene University) 

,empe:r:uure Dependence on the Recovery of R3djadon • Induc:ed Color 
Centers in Poly (Vinyl Toluene)" TIm Herod (FSt:) 

-UV-Vis Ch:lr3aerization of Rooi:l[ion-induced. Color Centers in 
Polyvinyltoluene" - PhUip Trimmer (FSU) 

"Pre-lrradi:arion Environmenw Effects on Rxlia.don 03m3ge 0( P1asric: 
Scintillator Bases" • He.:ather Whit:tker (FSU) 

"E:uiy Events in Hydrocarbon R..:tdiolysis" - D.:avid Werst (Argonne 
N:uionol Ubocutory) 

.. 0ptic:lI Transd~ for Scinrill.:ating Fiber Re:adoul" - Howard Fenker 
(SSCL) 

"Fiber Sputtering and Painting" - Erick Hem:andez (FSU) 

"Machining of Scintillator Tile for the SDC C31orimeter" • Maurizio BertOldi 
(FSU) 
"Conference Sul1ll1l3l')''' - J.:atneS Proudfoot (ANL) 

End of Session 

TO 
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C HEh1ISTRY 

N ElIJ PO L Y'" " ~ S - _~ ~ .. ~ .. .'d ... : .. 
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". ::::.·-~_"t;*G"- ():'",r,. .. ~- .I • .:~.) 
;r. s ... V ...... ".,. (r=~ s..b.b.. ~ _ 

AJJ.,';' '!> 5 ... ~ ~4...... 1;>"; ~ -to s~ 
.a. ... ;ssioO\ _ to ~,jJ. ..... _~~.s 

M.J.. ... F"Jucr PoJ)''''~''''s .. 1.I4L V,"I"- 3HF 

m. J.<<>.sR ... (FSU) 
By c:.G.r~f .. , -/- .... : .. J ~f wo"J ... " ... /.e:s D "<t 

co." ct.J..J ... si r-.... ~ .. ~.I.N!. posif,o", 0 It 
S;,.~I..t ~. T ...... ,,./~i ~+ ... +~ 
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ME.o\SURE!\tE~T OF OECA Y TIMES OF FAST SCIl\i1LLATISQ FIBERS 

J. M. Flournoy 

EG&G EntfJ'Y Mwurements. Inc., 130 Jlobin Hill Jlo.ad 
Goleta. Califomi:s9)117 

ABSTRACT 

A method is dac:ribed for me determination of the decay times of scindUatinl fibt'rs subjeaed 10 
ionizin, radiation. Excitation is by beta radiation from I custOm·made tosrJ9OY source. Pulse shapes 
are detenD.iAed usin, time c:orreJaud sinale phalon countinl (rCPe) teChniques. 

KEYWORDS 

SCUlliUatOrs; scintillatin, ftben; dec:l~ time; photon coumina; lue:' nuorace:te:. 

INTRODUCTION 

Wbea a scintillatOr is excited by I pulse of ionizinl radiation, the decay time of the emitted pulse of 
lilhl usually appars to bt' loftier than Ibe fluorescucc lifelime of me lilhl-emiltiol solute. Tbis is 
because. iD most orlanic scintillators. excitatioo of me solute uDdu die influence of ioaiziDl radiltioa 
ts by resoftaDt eaetl)' truster from ucited solvcot molecules, rather thaa by the direct Ibsorptioa of 
• photon, as is the case with fluore:seeP«. III cues where die fluoreICeDCe Ufc:ime of the solute is only 
• few IWJOSCconds. Ibe rate of Ibis quI)' ttansfer often bas • scroD, effect OD the overall sci.ruiJ1acioD 
pulse shape. Ao example of Ibis phcnorllCftOQ appears in Fia. I. which shows pulse shapes for Ibe 
plastic scUlwlalOr BC-411, Cllciled by Cas, JOO-mn lase: pulsa (the rwrower pulse shlpc) and by "co 
aamma rays. These dIU. were obcained in Ibis I&boratory. 
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2000 

. "''''' 
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Fig. I. Fluorescence and scinli11uion pulse shapes for BC-C22. 
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been mcuun:d with a 90Sr source and with cosm.ic rays after bein, exposed to 2 -> 4 Kr3d (lower 

limit) radiation, It was found that its attenuation Ien,th is , times shoner and. its li,ht yield 409(, 
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SDC Calorimeter Rad-Hard Scintillator R&D 

SCINTILLATOR TILES 

Requirements Un~er Radiation 

• Maintain Adequate Light Yield 

• Maintain Adequate Uniformity 

• Maintain Mechanical Integrity 

The Direct Radiation-Induced Drop In th, 

Scintillation Light Yield Is Small 

• <- 20% for a 50-MRad Dose (for most fiuors) 
• Major Effects are Due to Light Attenuation in Base Plastic 

GW Foster 5/5/92 
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SDC Calorimeter Rad-Hard Scintillator R&D 

Radiation Hardness and the SOC 
Calorimeter 

The SDC Calorimeter is Specified to Survive 
"1 00 years" at Design Luminosity. 

• Realistically, 10 years at 1033, then 10 years at 1034• 

• Standard scintillators and fibers are adequate for the Barrel, 
which sees a lifetime dose of < 0.6 MRad. 

The Baseline Design allows for periodic replacement of the 
scintillator assemblies in the Endcap EM, whicb see lifetime 
doses of up to 60 MRad. 
If Economically Justified, it would be Tremendously 
Convenient if Rad-hard Materials could be found 
which avoid this Periodic Replacement. 

GW Foster 5/5192 

SDC Calorimeter Rad-Hard Scintillator R&D 

PROPERTIES OF TILEIFIBER CALORIMETRY 

Separated Function of Optical Components: 

• Scintillator Plate 

• Waveshifting Fiber 

• Clear Readout Fiber 

Each Component Sees Different Stress from 
Radiation Damage at Different Regions of Eta. 

Separation of Function allows each component 
. to be optimized to handle Radiation Damage. 

GW Foster 5/5192 



SDC Calorimeter Rad-Hard Scintillator R&D 

Strategies to Prevent light Drop 

from Scintillator Tiles (cont'd) 
3.Keep The Plastic From Turning Brown 

• Understand the Chemical Pathways ... recent progress 

• Obstruct them. or React Away the Radiolysis Products 

4. Switch to a New Plastic Base Material 

• Many Aromatic Polymers commercially available. 
• Most of these will Scintillate. 
• Light Yield and Optical Quality are Negotiable for the small 

region of high radiation damage. 

GW Fosler 5/5/92 
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SOC Calorimeter Rad-Hard Scintillator R&D 

LIGHT YIELD & PHOTOSTATISTICS 
SOC Baseline Design Maintains ET Resolution 

• -400 PEfGeV In Barrel... ............... Safety Factor .... 4 

• -4000 PE/Gev ET at Eta=3 ........... Safety Factor -40 

Photostatistics Will Not Limit Er Resolution 

In Region of Highest Radiation Damage 

• Optical Masking at PMT will ensure Uniformity in Depth 

• Rad-Damage Limit will come from Transverse Uniformity 

GW Fosler 5/5/92 

SDC Calorimeter Rad-Hard Scintillator R&D 

Strategies to Prevent light Drop 

from Scintillator Tiles 
1.Reduce Optical Pathlengths 

• 10cm in the Barrel 

• 1-2cm (if necessary) near Eta = 3 

2. Change Optical Wavelengths 
to Region of less Absorbtlon 

• Green PlatejYeliow Fiber 
• Requires Fast. Efficient. new Fluors & PMT 

-----
GW Fosler 5/5/92 



SUMMARY AND CONCLUSIONS 
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SOC Calorimeter Rad-Hard Scintillator R&D 

Mirrored 

End 

I 
lmm 1 

snlca 
Flber 

WAVESHIFTING END OF SILICA FIBER 

Waveshlftlng Protective Buffer 

Fluorescent 

Plastic Coating Cladding 

-100m 

GW Foster 5/5/92 

SDC Calorimeter Rad-Hard Scintillator R&D 

FAST GREEN WAVESHIFTERS 

PULSEWIDTH OF EM CALORIMETER 

IS LIMITED BY FALL TIME OF WLS FLUOR 

• Back to Baseline in 3 Crossings (no shaping) 

• Back to Baseline In 2 Crossings (Clipline Shaping) 

• Tests indicate we can achieve 6-8ns FWHM with fast dye 

Evaluation & Test of Faster. Green Shifter Fluors 

• Candidates from NE Technology, Bicron, & laser dyes 

• Dye must have Established Track Record of Stability by '94 

GW Foster 5/5/92 
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SOC Calorimeter Rad-Hard Scintillator R&D 

WAVESHIFTER READOUT 

SHORT OPTICAL PATH 

• -30cm in Barrel EM 

• -1 Ocm (if necessary) in End Plug 

• High-quality Optical Fiber Not Required 

Does Not Have To Scintillate 

• Non-Aromatic Vinyl Polymers & Siloxanes OK 

• Does not have to carry Primary & Secol']dary Shifter Fluors 

• Fluorescent Coating on Silica Fiber Candidate at High Eta 

GW Foster 5/5192 
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RADIATION HARDNESS OF CLEAR 
READOUT FIBER 

Longest Optical Path 

• 2m In Barrel Tower, 30cm In radiation field 

• 3-Sm in Endwall, 0.1 m-2.0m in radiation field 

Large Variation In Total Dose Along Fiber 

r • 0.1 MRad-Meters worst case 100-yr dose in barrel 
• 27 MRad-Meters Integrated dose for readout fiber from Eta=3.0 

In "pizza-pie" geometry at EM shower-max 

Aging of Readout Fibers Can be Corrected at PMT 

RADIATION HARDNESS OF CLEAR 
READOUT FIBER (cont'd) 

PS corWPMMA clad Fiber OK In Barrel 

• Useable to total doses of -1 MRad-meter 

• Useful for majority of channels in Endcap 

Silica Fiber Probably Necessary Near Eta=3 

• Useable to total doses of GigaRad 
. • Total Cost'for using Silica on Entire ECEM -$300k 

In between. maybe room for new candidates ... 

• e.g. polylsobutylmethacrylate (modified acrylic) cored fiber 

GW Foster 5J5I92 
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DEVELOPMENT OF MA PMTS 
AND GREEN EXTENDED PMTS 

HAMAMATSU PHOTONICS K.K. 
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I. LOW CROSS- TALK MULTI- ANODE PMTS 
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LOW CROSS-TALK MULTI-ANODE PMTS 

FOR SHOWER MAXIMUM DETECTOR 

1) SPECIFICATIONS &: DEVELOPMENT STATUS 

FOR SOC SHOWER MAX. DETECTOR 

2) BASIC CONFIGURATION OF MULTI- ANODE 
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3) CROSS-TALK CHARACTERISTICS OF 
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Explanation of Resolution 

INCIDENT 
LIGHT 

( N ) 
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.. .)1.) 
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PMT Resolution (Rp) 

Rp = 2. 3 5 ~ X 1.) 
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N : Number of Photons 
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Conclusion 

HPK wi II continuously 

make every effort to 

achieve following items; 

l. Extended Green Photocathode 

2. Good Pulse Linearity 

3. Goo d S tab iii t y 

4. Low Cost 

5. Stable Supply 

1-1 () 1 
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DIGITALPMT 

ADVANTAGES OF IMMEDIATE DIGITIZATtON 

• No External Analog Signal Transmission 

• Fewer Crosstalk Problems 

• Simpler System Integration: Well-Defined Interface 

• Small Anode Capacitance (no Cable from PMT) 

• FI~\TE TMPIIL.$£ Rt.Sfl'(J~E 

.f\rn~ OI6ITlcKTI'~ J TI1E Er.JTJU 'f~I"U/PRG. S~STFM IS 

:1.0010 TESrAaLE I~ P,EIIM,DPF ~1J&IT'1JtJS. 

-
FNAL/SDC ~, 

t:::J ... 
lIS. 
£ 
~ 
0 
~ 

~ a 
;:;j~ ~ ~ i ... 

'tS :::;9 =: .. 'zJ 
~2 tD 

'1 
S-

~ 
... 

tD 

~ 
rc 
Clo 
0 
s:: .... 

r , r " ,DIGITAL PMT, I U U U U '" 
, I 

DIGITAL PHOTOMULTIPLIER TUBE READOUT 

• Immediate Digitization at Base of Photomultiplier Tube 

• Floating Point Digital Output - 20-bit Dynamic Range 

• Gated Integrator Front End' I 
• DC coupled for High Rate Operation 

• Single Package Contains Base/HV and Digitizer 

• Single Flat Cable Connection to PMT Base 

• Same Digitized Output used for ~ and DAQ 

• Built-in Cockroft-Walton Base - No Exposed HV 
• Up~r~de. (l~a"ai+l~ of Oi~itJ Tr;~~~t'/Ot, 

FNAL/SDC -- - --'" -._----

~ 
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DIG/T~L ~O'OTU8E READ~T 

I.i lhlltlpt. 
from 

lei.liII,IO' 

26000 PMT. 

-?> Two (o~PolJe/J1S =:> 

Il Mlrdller". 
'" crawl) 

llf)(i 

To data &cq1Ji.litioo 
.y .. e. back,I, .. 

$mo.{( <!"':'le9· .... S # 
~ t= IU:b/(. M~~,h :;) S;"'pie "' ...... f,'.., ." (0..(01'. 

.-, S'NHE Flo4'r c,,8LE To E'''CI( PM'T" 

~ ". ~r ... ..t loo,s, e.'f.c. 

A LL RtJI\LO~ p,-OC£SS IN" TI'lft,ES 
IN THE IN"f'EIUOR DF A L IrrLE 

PUleE 
MET~L CIfN! 

.; 

Fi,. ',).~.1· DIGITAL PMT R.EADOUT SYSTEM BLOCK DIAGR.AM. Tau. ore two 
compo",.t, i. lh. ')'Item, Tla. fint campOlieat illk. PMT B .. o/DipLihf u.cmbly .. lUck 
con,Ai .. \hl Pilotot.b. HV, Diptiution, Current Monitorin, and CAlU .. ralioa circuit,y. 
Tbl" &II coaudcd .i .. Aat cablet '0 the ,ecoad componlnt, • card .. hicb contaiD' the 
clip,a! ASIC. wbidl perlarm DAQ, Trinef. &Ad calibration/mollitoria, CIIDcdon •. In the 
bue1iu trill" deti,. j)[ thi. cud aeel,t, flat cabl •• from a 'e.lf. of calorim.,ry .. Ad 
u&U..u" .... rl1 .IIJIlI for 'wo "hiner tow.,." 0.'0 optical fiben to ,h. triller. 

110H 

T bl & C 1: D' 0 al R d S 'Ii al° "r;lt e& out )pca catlODJ or C onmeter aD d Sh ower- ax 
I Olptal Calorimetry Readout Olptal Show.r-Max 

Ch ..... d Co .... t I -26.000 -47,000 
Cb ..... els/Moclul. I I (oi..p. PMT Auy) 64 (MaJli-&Ilocle PMT) 

Loc&tiOD of DiF tizcr I PMTbue PMTBue 
LocatiOD of Readout Crate PMT Base 

Ll/L2 Ston.se (OA Deledor) 
DT1lamic Rus. 20 bitl 13 bi .. 

LeutCO .... t 10 M.V IfC .0 MeYJ4 fC) 
Fall Scale 10 TeV!.lAC) 110 GeV (11Opc) 
Accvacy tr < 0.2% of Iladiac, ,,< 1.5% of Iladiac, 

(or 1 Leut Couat) (or 1 Leut COlUlt) 
C.-talk I < 10- < 10-

Peak PMT C...",.t 1_ IOma 
Sipalllile T ..... -5-8 ... ("~-$~) -5-8u 

Gat. TIIDiDc +/- u .. Pzosrammable +/- U .. Propammable 
Adjulmct .... lindually Per Tube ladindually Per Strip 

Power/clwmd -IW -100mW 
FiuhADC Commercial 8-10 bit $obit; ialcmallo ASIC 

Output 10 Ll 'I'riger 12-bit Floati", Point Siacle Bit/Cllo.Ju>eI 
disital Sat cable dlsital Bat cable 

Output Format lZ-bit panlld Serial Data 
IoDAQ Diptal Floatiac Point Disital Floatia& Point 

(8H)bit III&IlIiaa, (SH)bit ..... Iiaa, 
4 bit _ ... t. "bit_ ... t. 

I 
! 

I , 
I 
I 
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i 
i , 

Hip Vol. Supply Cocbaft-Walloa OIl Bue Cocbvft·Waltoa Oil B_1 
C ....... tMoailor I/PMl' (011 Bue) I/PMT (011 B_) i 

<.oek ... {t- Wl1LlV' 

PMT IIIt!.E 
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elite-to( 1''' 0,116/1./11>-1 
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CIRCUIT -P[R-(HflN~EL ON ~ ~ CIIM EH.OTOTUBE DI6ITI2.!=R. ASIc ~ DI1I6R.4,.... 

'LAT 
RIB.". 
CAlli 

TO tAO< IC-''''---+''-' 
PHT 

f---r----H.;.. 

r". 1..J.3.4 - CIR.CUIT.'EIl-CBAI'fNEL ON READOUT BOARD '- DipLal PMT 
5,-.. A Iiqlc Iat cUte carries dock, 4ata., .. d c..Lrol 1ipaLt. to eadt. PMT. one 
LI/L2/CalibraUoa ASIC lOA tile a.....IHt 8o&nl ~ tile diFu..d cl&I& from .. dauacl, 
..... ,.... i& '1arcMtP .. pipeliaed calibra"" &.AlL ne cUibA_ "'y. u pipeWtocl _I. 

&0 lIM 'riga' -rv 11UD. adders, uuI is also .&OIed. locally for -2M cnui .... ia lkc Ll 
ala,. 1MIDOtJ. Upoa recicpt of .. Ll accept, t.1le nt.put. of tile Ll delay u lo.ded iD&o tile 
LneI2 F1FO •• 1r,ere it u.toted.,eadia& a}em 2 decilioa. Tile Ml.pat or t.II.e L2 fifo is citacr 
di.carded..or louled imo. DAQ FiFO forwbMqaeat readout by t.be local procesotiaeacb. 
CI'-'C. TU ASIC also proricia propadUIlable t.imiq for tile ADC ,ate aad tat palMi. 
Abo ,J.owa 11ft tile ciraULafor pnmdiq DC power aad BV moDitor/coo'rol 'fOlt.qa._1Uch 
11ft coastnackd uRlll It. .... dud DAC •• muhiplexon. aad ADC •. 

111 :! 

~L_-_-_"'_'>--'" 

1. RESET CAPIICITOL 

2.. INTEG-lATE PI'IT (.lfIUI.'E 

3. OETEtl'll~E ~1It)'£/Selll£ 

Y. 0 lLTPu.T 111 Flloc.. 

rll 1.3.1.J •• MT DIGmZER BLOCK DIAGRAM. Maia ciraD& deaMattI an: ~!) 
Cureat. SpiU_, _Wda ,pUts tke P~.be carnat ia&o _10 • ...., ....iPted ~ (u) 
Ia&epa&oI'/Swi~ .Wda iat.epa\a lbe dt.up &oat eacI!..we OR OM 01 lou capaaton ~ • 
pipolloed ........... ·_(ili)Coepomo</La&d> •• _d_il .. ~ ... 
c..tau _ '"i.t.ereat.ia," _Up (betweU 1/2 uuI (all .we). (i't') Eaco4a, .. Iai~ aiel 

tu OINIlpuUor _tp.b &0 ~ tile "bi' scale coc!c ( ...... t-.·). &ad. ('t') A.aa&os 
M.ttipleatr/B.&r. _laich Klect. t.1ie -latereat.iq;" capacitor 't'Oh. &lid n'p.U It t.II.c 

FADe OR ..u qde. 
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Detailed strategy for testing 1 
sp itter/integrator 

chip, including milestones for ASIC 
development. 

Version 1 - October '91 .., ~ .. "'" I ~ 
-----____ .) CO",p C;(e ... W"'n .... p 

- SPlitter Design (10 Output) ~,~ I~ 
- rise time OK 
- stability OK 
- DC Accuracy OK 

Noise OK 
- Dynamic Range OK 

Temp Drift OK 
- Run-Run reproduc. OK 

Gated Integrator (2-way) 
- Integrator Reset 
- Analog Output Mux 
- Analog Output Buffer 

Works 
Works 
Works 
Works 

Version la F b ' 92 .L J I I __________ e "'" "Srt"9 eo ...... Ie/e) MQ,< 31 i.._ 
r ""t._-y 

- More SenSitive Integrator ~ (.1~ 
Measure Noise ~loor <2000 e1 :,?,1.tlo, 
Measure Linear1ty of Int ~' 
Test of current amp to e:f~~d or "1"~'" 
low range of Splitter -->20 bit I.IJOIt,S 

s F'~E 
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PUT Gated Integrator linearity 
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Fit RegIon 
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Table 3: Disi-tal PMT Readout; Gated Intcsrator/Diptizcr Performance Summary 
I Specification I Measurement 

Least Count 10 MeV (1 Cc) < 0.6 Cc ped .. tal RMS 

I (-noise leYd) = O.I"A X 10 ... ror sate times <SOns 
current pulJe from PMT 00. 1st TeRiOD or Curren t 

I Splitter/Gated Intes,ato, 
T .. IChip 

Full ScaJe _ 10 TeV (1 aC) Cuneal Splitter 
= lOOma x 10,.. pabe meuum! li_ for 

= 10" leut C01IIlU (20 biu) pm- ap to 100 .... 

ACC1UOCJ 1-2% before calibratioa Ca ...... Splittiq Accar&cy 
MeuaJcd < 0."" 
_maltiple_ 

up 10 lUOma 
Rise Tame -5-8 .. <4D.I Ofti' eatire dJ1l&lllic 

(ruler than acini ri .. time) nap 0_100m. 

T ..... SIewiDs « 16 .. PMT Gale Width -lna cWference in 
n. Pa.belteisht splitter _pacal;"" delay 

- for pm- of _0 _ l00ma 

Gated Iatepator FIUlctioaal 
Capacilor Raet FIUlctioaal 

Outp1lt Maltiplexor FIUlctioaal 
aad Bafter 

Settli", T ..... of <16 .. to.a:nracy II,.. .. tllin, 
AuIos Outpat reqaUed by FADC 10 -8 bit accaracy Tcmp __ 

<0.25% <IOU 10 depees CC <0.5% ch_ ia 
Stabilily operati", temperalure n.ace C ....... t Splitter Accaracy 

for 30 ~ C cbaa",. 
Immaaity to < 1" before calibration Correat Splitti", Absolule 
Ran-to-Ran Accuracy Meuum! < 0.7% 

P- fo, .... 1 chips £rom 
Variation two sepat .. e ORBIT ran. 

System Noise , S 1 lcast COWlt tT - SOOOo-1O.8fC) 
6,0000- RMS m .. ured on 60 MH. test 

board iaducliac FADC noi .. , 
disa:ete amplifier noise, 

I digital aoi .. £rom clock" 
Une driven. etc. 



Version 2 April , 92 -') 8.'!Ct he ... F .. M 

T~-!-,\.~ 5'ir.u.~.~~ ~·cUJ 
- ......... ~~y,<.. 

Design complete 
layout -3/4 complete 
4 stage timing/control logic 
Takes data synchronously 
with FADC 
Low-Level Differential Clock 
No Auto-ranging logic: 
can switch low-->hi scales 
via changing jumpers 
This version should be usable 
for 1st pass PMT digitizer. 

Version 3 -July' 92 s .... ".Hv{ 
--------::-::--- _/7 -1911t~tl n 

c:"-1g11;-omatic ~g.!.~ 6"",~ ~ ,a_~ 
nF~nal Spl~ttern for 
-20-bit dynamic range. 
This version should be fully 
functional for PMT Dig Assy. 

fllOC. TEST GlOP 

BIt.sEO ON CDHPAR.oH'DIt PE.SWJ Felt. Iff. 

S· \,,'f J 30""w FIIOC. f,.,. sl."w~ >'\<Q.,{ 

(O'~I'+) 2-~~e. pi,eli-'.1 '&>I"'tW F,40, 

~6r c..J,,: ... efe;- rea) • ..f. 

2. FLOATING POINT ADDER FOR TRIGGER SUM OUTPUTS. 

Two versions have been produced in 1.2u CMOS. 

1st version (Sept 91) was fully functional 

in fall-through mode at 66KHz. 

2nd version (Jan '92) contained: 

improvements in the clocking structure, 

- logic changes due to a redefinition of our 

floating-point format, 

--> Functio~ in synchronous pipe lined mode 

at -100KHz. 

Design is essentially complete. 

Seven copies of this subcircuit will be 

laid out and fabricated on a single die 

to form the 8:1 adder tree 

required for Trigger Tower Energy sums 

in the Baaeline Trigger design. 

Should have a working VME test board 

by this fall. 

.... --::,.; 
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Fi,. 1.3.3.3· DIGITAL PMT llEADOUT BOARD BLOCK DlACRAM.(Ba.neI Caloriaac
let' VcnioA). Lela boud .... coaaecu to apt calorimeter towen (11 Pltototaba). BY 
Coatrol. "_tar, Power, Calibratioa _d DAQ £uctiou are perionaed OIl. pcr-cll.aaacI. 
basil Hie.ticaU, for .J.I PM ,.bes. Trigcr sipals (rom .. tcnren of calorimetry ate .UIIlIDOd. 
i.co EM &Ad HAC IUUI lor t.wo &riger lowen. Triger '.l1li ate formed dipt&llJ uiq 
&be ioWDI'"pola& adUr described. ia Sec&ioa 12, &Ad &r ... miued to UIC Uigcr bJ optical 
fiben OD &0..& paad. 
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Present Status of the CDF Plug 
Upgrade EM Calorimeter 

presented by S.Kim (University of Tsukuba) 
at SOC collaboration meeting 

on May 28, 1992 

Contents 

1. Design Criteria 

2. R&D status 
(a) Comparison of Scintillating Plates 
(b) Comparison of WLS fibers 
(c) Light Yields vs. Fiber Diameter 
(d) Mega-tile 

1 1'~:-\ 

3. Production of Tile/Fiber Sub-assembly 
(a) Structure of Tile/Fiber Sub-assembly ( Pizza-pan) 
(b) Quality Control of tiles, fibers and tilelfiber 

4. Collaborators and Time Schedule 

Design Criteria of the CDF Plug 
Upgrade EM calorimeter 

1. Energy Resolution: 
<17%/..JE(GeV) e <1 % 

2. Non-Linearity: 
< 1% (10GeV < E < 400 GeV) 

Light Yield Requirement 

Energy Resolution Stochastic Term 

(1 )Sampling Ructuation with 5 mm Lead = 14%/iE 
(2)Photostatistics 

the number of photoelectrons per tile per MIP = 2 (1) . J-
contribution of photostatistics = 7.4%/iE ( 10.4%/iE) 

Energy Resolution = {"( 1 )2 + Of (2)2 

= 16.0%lTE (17.5%/.,fE) 

2 photoelectro,[ll> per tile per MIP is 
enough for 17%NE. 

Mar 20, I"':!: 
Oral!. V3.:! 

Plug Upgude EM calorimeter 

Introd uctiOD 

The dcsip plan of the plug upgrade EM e&lorimcter is reported. The duip aiteria is 
desaihcd in Section 2. The specifications and dlC quality control procedures fen tile, fiber 
a.nd tile/fiber subassembly are desaibed in Section 3, " and 5, respectively. In Section 6, 
energy calibration of the c.alorimeter is daaibed.. Time schedule is outllned in Section 7. 
COlt estimate is shoW'll in Section 8. Section 9 shows. list of the ca11.boraton work.in& on 
the pluS upp'.de EM c.alorimeter. 

2 Design criteria 

The pluS upgrade EM calorimeters is required to have the CUIJ' resolution of:$ 17% 
/.fE + S. 1% as desai'bcd in Pbrsic.s Chapter. r. /~ 
Pllil!h;u:~:i:7 :=~s = ~ :=:Cl!;.tU;t:~: :!~:: :~:;::~:~:~~.:~ 
per MIP is 2 (1), tbe contrihution of pbotostati.tics il 1.'%/../E ( 10.4%/../E ) since tbe 
c.alorimeter fuponse fOf electron is '.0 MIP /GeV. This dcpades the resolution dowu to 
16%/v'E ( 11.5%/v'E). Tbus 2pe/MlP/tile is cnoup to I&tisfy tbe cuu resoluliou ai· 
tona. 

Tbe luond term coma from tbe non·UDi£orm response over tbe surface of the tower. 
Such a non·UDi£ormity C&Q be attributed to the 1lOD·1IIlif'oro= HSpODIe at clif£erent depths 
in a tower, tbe non·uniform I'CIipoDH in clif£U'UI.t towers and the ILOn·UDi£OI'm rupOUM in 
a tile. The llOD.'UDi£GrID. response of the calorimeter clue to tile ,ain IlOn-DDilormity was 
estimated usin, CDFSI!d sbower UmulatioL The tile ,ain was assumecllLOt: to baft aD.y 
systematie nOll·willormity depcndins OD the trUUl'tU'le polition. 2% n::DJ nOll'willormity 
of the Ule lain in different towen IPTeS a 0.5% DOll-uniformity of tbe calorimeter response. 
2% n::DJ !101l·wW'ormlty in a tile IPns a 0.5% llOD·wWormily of the c.alorimetu response &I 

well. 20% rms DOIl-unifolmhy of tbe tile pin at dlJI'erent deptb in a tower IPTeS a 0.5% 
nOll·uniformity of the c.alorimeter rapoaH. Since the toW'V-to-lower ,ain .nation C&D. be 
redueed 'by .ettiq aclequate photomultiplier hip TOltqes, we cODtrol tb. towu·to-tO'ftl' 
Sain ...nation down to 2.5% which corresponcls to 10% rms li1e-to-lUe Sain .nation. Thus 
2% rms non-wW'onD. ICS'pOAH in a til. and 10% tilc--to-tile SaiD. 'nriatioll arc cnoup. to 
.atbf,. the cnuu raolutioa. aiteria. 

Anotber reqWremal.t on tbe plq uppde EM calorimeter is Don-linearity tmaller than 
1% in tbe cnercr fUlle betwem 10 GeV and 400 GeV. Tbe DOD-wW'Ormity oBhe tile Sain 
in a tower caUHJ the llOD-linearity. The !101l·UJu:arity of the calorimeter clue lo the lile Sain 

Plug EM upgrade 
23 layers, 22.5 r.I. 
1 layer = 4.0 mm Scintillator ( 0.010 r.1. ) 

. + 5.0 mm Lead ( 0.893 r.i.) 
(ref. CDF1172) 
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1 l'!'i' 

Uniformity Requirement 

Transverse Uniformity 

Shower longitudinal development is obtained by a CDF 
standard shower simulation which was tuned so as to 
reproduce 1985 testbeam data. 

F(t) = E tlle-l3t . 
t : depth in a unit of radiation length 
a = 1.91 + 0.484 LOQe(E) E in GeV 
13= 0.582- 0.014 LOQe(E) E in GeV 

(ref. CDF892) 
Shower fluctuation is simulated with fluctuations of a 
and 13 taking into account their correlation: 

a' = acose-l3sine 
13' = a sine + 13 cose 

a' and 13' are uncorrelated. 

Longitudinal Uniformity 

l12!l 

At e = 20° , by giving the gain difference of 10% between 
layer~ arti~icially. 1000 showers are generated and the 
no~-hnearity and the energy resolutioin are obtained. 100 
gain sets of 1000 events are tested. 

20 c-----------nr-----_m 

10 

RESOLUTION 

........ ...... ---, 
0.02 

lo~V -e,.-

We obtained the following energy resolution degradation 
at the five energy points: 

electron energy energy resolution degradation 

10GeV 026 ± 0.02'%. 
60GeV 022±0.01% 

100GeV 0.22 ± 0.01% 
200GeV 0.23±0.01% 
400GeV 0.24±0.01% 

!h~~ 1 0% longit~dinal non-uniformity does not cause any 
Significant resolution degradation. 

1 1'~" 

At e = 20° , by giving the gain f1uctuation'of 2% around 
the average gain at each depth artificially, we obtained the 
foll.owing energy resolution degradation at the five energy 
pomts: 

electron energy energy resolution degradation 

10GeV 0.61 ±0.01% 
60GeV 0.54 ± 0.01% 

100GeV 0.53 ± 0.01% 
200GeV 0.52 ± 0.01% 
400GeV 0.48±0.01% 

From this, 2% non-uniformity 01 tilelfiber gain is 
enou h to achieve the energy resolution offset less than 
1%. r rse uniform' in a tile should be controlled to 
be less than 20 o. 

Non-linearity was estimated as follows: As we 
calibrate the calorimeter with 100 Ge V electron beam we 
calculate ~he rat.io.of EJP at a certain .energy to ElP at 100 
GeV. Th!s deYlatlon from 1. was defined as non-linearity. 
The non-hneanty has a maximum at either 10 GeV or 400 
GeV. The maximum non-linearity is plotted for 100 gain 
sets. 
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Thus 1 0% longitudinal non-uniformity causes 1 % 
non-linearity ( 0.99± 0.08%). This gives the limit to the 
tile-to-tile gain variation. 



photon energy energy resolution degradation 
_ ......... -_ ... _--_ ... _-_ ... _---------... _----_ ......... _--------- ... _------... 

10GeV 0.56±0.05% 
60GeV 0.45 ± 0.03% 

100GeV 0.40±0.03% 
200GeV 0.39 ± Q.03% 
400GeV 0.37±0.02% 

Thus 10% longitudinal non-uniformity causes 1 % 
(1.05 ± 0.10% ) non-linearity. This give the limit to the 
tile-to-tile gain variation. 
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Number of Error Ca.Luminous III.OfP.E. 
Photoelectrons Sensitivily Ca.L.sensitivit 

3.80 0.14 129.0 0.0295 

3.78 0.14 135.0 0.0280 

3.79 0.10 0.0287 

R329(H1l61) 

I RC3947 12.79 10.10 95.8 1 0.0291 

XP2081B 

014316 14.32 0.16 180 0.0240 

014330 3.60 0.13 169 0.0213 

014388 3.00 0.11 116 0.0259 

Average 3.49 0.07 0.0237 

Cathode Luminous Number of 

Sensitivity PhotoelectJOns 

R580_17 (16 cubes) 

Average = 131.1 3.76 (1.30) 

R.M.S = 3.5 0.10 (2.791» 

R329 (25 cubes) 

Aven.ge = 99.7 2.90 (1.00) 

R.M.S = 11.9 0.35 (1291» 

XP208IB (10 cubes) 

Average = 156.8 3.72 (1.28) 

R.M.s = 17.0 0.40 (1191» 
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'Strnc..tl-tr.e ti 0.. libl""F;J:>.ev 
4u.blt~$~ (.41' = 15 D

) 

O.B mm thick aluminum plate 

4 mm thick scintilating 
tiles with circular grooves --....-....,........,..".....,-

M2 screw 

,,'" 
1.7 mm thick 

0.1 mm thick 
white paper 

. AI foil 

1 paper 

ttr"-
/ls'l plate 

white polystyrene 

Enlarged groove 

/
______ ~O:~~~~~:: 

-- ..,-/ 

tile circular groove . ~ .... II 
slit 20 mm x 3 mm \ / / 

, 
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1 2 3 Point Value 

4 5 6 
Center Value (%) 

- 0.""'''' wi 

7 8 9 ~ o~ ... - ~ck . .... ~ ~:nJ 2. ..... ~ 

1.24 1.39 

± ± 
0.15 0.16 

1.48 

± Center 
0.18 

0.43 0.87 

± ± 
0.1 1 0.13 

~ 

0.053 

± 
0.034 

1.23 

± 
0.16 

0.22 
± 

0.0087 

1" 
l<Ikif-e~ 

~;;"tih 

Mean of 1 ,3,7,9 : 0.15 ± 0.03(%) 

Mean of 2,4,6,8 : 1.20 ± 0.08(%) 
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1! Ii' 

WLS 
fiber 

Spliced here 

White 
Plate 

masS connector 

We know how good the gain uniformity of SCSN81 
tile can be controlled from the experience of producing 
CEM scintillator SCSN38. 

< SCSN38 plate> 

Chemical material 
Thickness 
Attenuation length 

Mean Value 

4.95mm 
92cm 

Variation in R.M.S. 

1.0% 
0.09 mm ( 2.0%) 
13cm( 14%) 

We summarise the above non-uniformities in the 
following tables: 

< Single Plate> 

Gain variation Gain non-uniformity 
at a tile center in a tile 

Chemical material 1.0% 
of tile 

Thickness of tile 2.0"10 
Attenuation length 0.5% 

for 1 Oem long tiles 
Attenuation length 5.0 % 

for 100cm long 
Y7fibers 

Attenuation length 5.0 % 
for 350cm long 
clear fibers 

Overall 7.4% 

0.5% 

1.5% 
0.5% 

none 

none 

1.7% 

1 1I!l 

1 rr, 

3-b Quality Control of tiles, fibers 
and tile/fiber 

Optics 
Light Yields Attenuation Length ~ut:ffood 

tiles 120 p.e. ±2% 90cm± 15% Sq"'Jl.;.~ 
fibers 

WLSfiber 6 p.e. ±2% 1.5m±15% " 
Clear fiber 10m±15% 

Splicing Light Loss 10±2% " 
tilelfiber 2 p.e.±2% AU. 

Radiation Damage for 500 krad dose 
(CDF 10 years dose at 3 degrees ) 

Light Yields Attenuation Length 
tiles > 80% > 70% 
fibers 

WLS fiber > 70% 
Clear fiber > 70% 

Size Tolerance 
Tile thickness 
Aluminum Plate thickness 
White Polystirene thickness 
Rber Diameter 

Hole Position 
Accuracy for Grooving and Cutting 

o 
.-I 

4mm±02mm All 
0.8 mm ±0.1 mm " 
1.7 mm±O.l mm I, 

0.83 mm ± 0.02 mm " 

±O.05rnm 
±0.1 mm 



8 Time schedule 

1992 May 
September 
October 
November 

1993 January 
April 
May 

July 

1994 Febnlary 
March 

July 

Odober 

Complete a prototype of pizza pan. 
Start mass production of tile, fiber and piua pan. 
Start assembling of pizza pan. 
Start cosmic ray test for quality control of sub. assembly 
units at University of Tsukuba. 
Start shipping of sub·assembly units to Ferrrulab. 
Complete shipping of sub·assembly units for a quadrant. 
Start installation of sub· assembly units into the lead 
structure. 
Complete all sub-assembly units pC tne/fiber, Complete 
woping of all sub.assembly un;ts to Ferrn;la,b. 
Start cgsmic [AY test oC the plUg EM s;nlorirnctcrs. 
Start the electron beam calibration of the first plug EM 
calorimeter. 
Complete the electron beam calibration of the first plug 
EM calorimeter. Start the electron beam calibration of 
the .econd plur, EM calorimeter. 
Complete the electron beam calibration of the second 
plug EM calorimeter. 
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I. SOUP-CES /' IJ~ I()"~S ("U~lu..". ....... Io.WofU' •• _.) 

Position senaitlvity '_ u-q. FoL. POSrtIO'-l A'<AJilAc"f ~Gk.,.S' ""'ttL4~ 

8. Relative calibrat.on of multiple sources 

C. How l'Ilany source tub •• and where (Iolhich layers, which tower., 
phi .tld eta coverai"') P&.C\o"''\~6 ~ ~ 

O. Type of source to 1.1 •• 

E. How 10n9 clo •• it take to do a source calib:ation 

F. Current ",onitorinq circuit 

G. C.C. current vs puhe 9&in of PMT 

H. How .... ell do •• the souree re.pon •• predict the shower response 
(for eXaJllpl., what ill the effect of variations in a.baorber 
thickn ... ) 

I. Ka9nitude of current for the 9&1n we will rur. the PHT'. at. 

~~.;~,\' ~yl~':" '''-'\~I...r ,.\,~~f\A--\'~~~j 

"c.~J t!~1.:-- -':1 !..e~ 

I:'~ 'Ja:!. -"~ ~ ~ ~r.-:I.'!l 

",:e'.o'J (,(_Il!.;·j! ~I-?f •.• ~ 

':::c.~~C t~lA---n~~ t;F £<:,.I;t:::·'! .bI2.I.'JI!£ 

~!" ,,"". c-i' M,"V"" " CC<;C.L ~",A M.e . 

.....---p;Lo"" I ,.N .... ~ 

I II. PRODUCTIOU T!:STING 

A. How well do we havoe to co on tile-to-tile unifor~ity 

B. What p!:'oblems should we be lookinq t.or (broken ~ibers, liq!1.t 
leaks, 1) 

C. Do we Cete.rmil'le tower-to-tower relatiVe calibration here? 

D. How long will it take or can it take? 

11:j,<:'; 

. ..':" .:: ~ f 1'-._,; • ~-, . 'f" , ••• J '. 

." C ":0 ., -:" l.: 

.... :. -.- !"":', .... : 
.. ", : - . 

_. ',::," p":: ". 

1 1-,· .. 

I! PEDESTJI-t.S 

The question here is how sensitive is the physics to &!:>normality 
in the pedestals or other low enerqy problems. This includes 
questions ot. pedestal widths; rate depend.ence, coheren~ etfects. 
Physics p:-oc ••• es to c:onsid.:- are tIlissinq Et, jets, e:-.::!. .lectron 
transverse pro!iles. 

--::> 

IV. O!"FLINE COR,..'t!:CTIONS 

A. longitudinal leak_ie 

B. Response ..... ps. cr.cks •• nd edges 

C. Hassles qap correct ion 

O. Optimal method of determining e:1.ergy from multiple bUCket 
information. 

.~ - ' '," 

\"" 

t·t~:·t ·~r.; .-!-.';,,' -~ -:-,.,' ( ~ 

f !.. • : .. -: ''':,'' ~ 'J:. 



TIHING VAJl.IATIONS ~Cc.. S"'tvt>I~ 

A. Wh.t is the pulse shape? /' 
I1HO 1481 

8. Effect ot atraight integration (diqital .cheme) 
integration .. shaping (SeA scheme) . 

C. What are some rea.onable m.ethods for extractinq energy 
from m.ultiple bucket intormation? 

D. What is effect of timing jitter within a single channel 
for various methods in C? 

E. What i. the .ffect of channel-to-channel timing variations? 
F. What are po •• ible qlobal ettects (auch a. eta dependence)? 
C. HOW can be get channel-to-channel relative timing correct 

without beUl? 
H. How can we get .. channel's timing correct with beUl? 
I. How staDla will the timing signals to the electronics be? 

_ ...... A-- .. .' .. :~.'.-=-\.!.- c..H~'''':':-'_ - ;'.~.~"_ 

(' f-:~;':"""'\iJ,)A-:\!,t..~:: 

Charge Inj.cti.on ................ 
. bi"'?lfU F04\ c.\,6f,.A.\,. 

1. p.e1atlon of de.i9n (s) to choice of tront end e1ectronl.C.. F.t- DVl..:i S_ "F ...... 

2. OynlJllic range requirement •. 

:3. Expectatlons tor channel to channel and time variations of front end 
.l.ctronics. 

4. Preci .. ion requirements. 

S. p.equlred tlexlbility for calibration sequ.nce.: 'lJIIe charge repetition vs. 
patterns and scan •. 

5. How otten to run ch.rge injection calibration - hoW much data/nUlllber ot 
p.tterns/time taken? 

,. Nwnb.r of chann.ls to in .. trWllent? Single channel systems va. central 
diatrlbutl.on ot pul ..... 

8. VedUcation of charge injection p.rtorm.nee. 

9. R.quirem.nts for reeording ot bad channels/ bad cod.s/ a.mbiquities. 

10. Front end integration i •• ues. 

1. Do w. il.llJJllinate tiles .nd/or fib.n'? 

2. It w. illlJJllinate tiles: how do we route flber., where/how do we connect 
to the til •• , and which tile. do w. illund.nate? 

3. Fraction ot PHT. to monitor v •. va::iation ot initial PHT eharacteristic. 
and changes with time. 

4. How to illuminate the photocathod. - tran.verse variational fiber placement 
Irelation to fib'ra frOm depth s.qm.nt. 

S. L.s.r staDility r.quirem.nt. loiS. intenalty monitoring. 

,. DynlJllie rang. coveraqe. 

7. Speeification of accuracy, ranges tor the optical attenuatlon sy.tem. 

a. Laser pul.e charaeteristics vs. calorimeter puls •• (pulse shape). 

9. "'equired frequency and duratiOn of laser calibrations? 

10. lUte dependence ot PHT gains ... relation to laser calibration ra. .... urem.nts 

11. Distrlbution of hur l.:I..ght over multiple fibers - tolerable v.riatlOns v •. 
dynlJllic range cove rag •. 

12. How many PHr. illUlllinated by a single la.er; how many independent laser.; 
system. control ot multiple la.ers 

13. Timing require.ent. for flasher pulse: Global reterenee to cro •• ing, 
c:hannel-to-channel time consistency within a slngl. la.er .y.tem and across 
la.er., time jitter. 

14. rraquency ot l.i9ht to be used 
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PS 

MG 

Shower Maximum Detector 

Thomas Muller 
(UCLA) 

ely DETECTORS 

Preshower Detector 
between coil &EMC 

111;:; 

Scint. Fibers 

t,1l x t,<I> = 1.4 x 0.05/160 + stereo 

Rejected in favor of Shower Max. 

Massless Gap 
First EMC tile 

t,1l x t,<I> = 0.05 x 0.05 

Tile I Fiber 

EMC Electromagnetic Calorimeter Pb I Scint 

Al1 xA<I> = 0.05 x 0.05 

SMD Shower Maximum Detector Tile I Fiber 
within EMC 

HAC 

11 strips : Al1 x A<I> = 0.0518 x 0.20 

<I> strips: Al1 x A<I> = 0.20 x 0.0518 

Hadronic Calorimeter Fe I Scint 

t,1l x t,<I> = 0.10 x 0.10 

SHOWER MAXtMUM DETECTOR 

Institutions: 
Northeastern, Rockefeller, Saclay, Tel Aviv, 
UCLA, Yale + Italy, Japan 

Responsabilities : 
Mechanics: 
Photodetectors : 
Electronics: 

Outline of talk: 

France + Japan 
U.S. + Italy 
France + Italy -fo L.~ ..... 

Electron I Gamma Identification 
Shower Max Requirements 
Shower Max and Massless Gap Detectors 
Photodetectors 
Test Results 
Shower Max Detector in Trigger 

1 11; I 

lllj(; 

ely IDENTIFICATION 

e Identification Background Detectors 

----------------------------------------_ .... ------.... ---.... _ .................... ---............ 
EM I HAD 

Isolation 

E=p 

~ Track-Shower match 

>--+ Shower Shape 

- --'> Shower Depth 

Vertex Position 

y Identification 

EM I HAD 
Isolation 

:>-t> Shower Shape 

r 

jets 

r1f!> 

rn;O 

r 

r 

y _+e-

Background 

Jets 
Jets 

1f!>, n;O n;O 

~ Statistical Separation 1f!> 

EMC + HAC 

EMC + HAC 

Trk + EMC 

Trk + SM 

SM 

MG 

Silicon Trk 

Detectors 

EMC + HAC 
EMC + HAC 

SM 

MG 
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SHOWER MAXIMUM GRANULARITY IN BARREL 

., strips P11ysica1 SM s!rips 4> strips 

°95/8 x 095 &'1 X .6cz, 095 x 9OS18 

9 05/8 x Q 29 Electronic channels 920 x 90518 

.. Gang 4 physical SM strips = 1 electronic channel 

Occupation @ L = 1033 : ::: 0.3'" 

"l- Upgrade path: Gang 2 strips = 1 channel 

00518 x 9.19 Electronic channels 910 x 0.95/8 
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FIBER ROUTING 

64 strips per 4-tower slot 

I 
• 

reO / y REJECTION 

. Moliere Radius: Pb / Scint = 3 cm 

Strip Width: 0.05/B = 1.3 cm 

Use narrow core for improved ,,0 rejection? 

xl03 
1200 2800 

1000 
PS 2400 

SM r-
SIrips 
J3mm 

01) 
800 

2000 -'" :l: 1600 

11. 600 
:; 1200 

c. 400 7>Co 800 

200 400 f 1 0 
4 -2 0 10 20 

Dislance from peale fiber SlripNumber 

?!O rejection factor for BO 'Yo elec'i,{n efficiency: 

25 GeV 6.7 B.9 
50 GeV 1.5 2.6 
75 GeV 1.3 1.5 

I rll!i!2-gff : Readout fibers x2 

= ,,0 background x 213. 

1 I ~, 

TJ-strips 

<b-strips 

t 17:..! 

TRANSMISSION vs BENDING RADIUS 

Clear polystyrene fiber 
Diameter 1 mm, length 2 m 
Light signal after 360· turn 

...J 
-< z 
S2 
V1 
W 
~ .... 
-< 
...J 
W 
c: 

1,' 

1,0 or-

"t( 0,' 

0,' 

0,' 

MO ~ ~ ~ ~ ~ ~ ~ ~ 

BENDING RADIUS (mm) 

Conclusion: Minimum radius = 1 inch 

Fiber routing is difficult! 
Easier with 0.7 mm fibers. 

RADIATION DAMAGE 

Co60 irradiation of SM strips + WLS fiber 

1.3 Mrad -> 40% loss 

SM Detector at shower maximum for E = 10 GeV 

Barrel SM Detector @ 7 Xo @ eta =~ A-Y 
25% loss in 100 SSC years 

Endcap SM Detector @ 7 Xo @ eta = 3 

Quartz fiber readout 

50% loss in 4 SSC years 

Move to 10 Xo (shower max for 10 GeV) 

50% loss in 7 sse years 

Retreat to eta = 2.6 ? 

50% loss in 20 sse years 

Factor 4 loss probably O.K. at eta = 3 

1 1'; I 



SHOWER MAX DYNAMIC RANGE 

What can we get with 12 bits? 

Goal: EM shower position a s A I 5 

10 GeV < ET< 1 TeV 

Dynamic Range: 

1 )';:; 

33 @ 6 Xc, 

PHOTODETECTORS 

Shower Max and Massless Gap Detectors 

Baseline 

Philips 64-channel PMT 
Used in Fermilab beam test 
QE = 12% @ 520 nm; crosstalk 5-10% 

MCPMT Development 

1 r:1i 

Energy 10 GeV - 1 TeV 
High tall @ 1 TeV 
Low tall @ 10 GeV 
Center of gravity 
Pedestal separation 
MCPMT gain variation 

x 1.5 
x2 
x 10 
x4 
xl 

/. r v Philips 64- and 96-channel PMT's 
", Hamamatsu 256-channel PMT 

minimall ~ Green-enhanced photocathodes QE 16% 
---+ H .. -· 'f( l-, .. ",j,~J PtfT 

adjusted Avalanche Photodiodes 

Dynamic range 4000 _ 12 bits 

!l.. dependance x 2 barrel 

x 5 ends 

- Limit fJ range covered by one MCPMT 

Adjust overall gain (MCPMT anode voltage) 

I! :"i" 

SHOWER MAX DETECTOR IN TRIGGER 

~: 

Level 2: 

Decision time 4 f.IS 

1 bit per 16 SM cI> strips 

Protection against noisy EMC PMT's 

Decision time 50 f1S 

8 bits per SM cI> strip 

Track - shower match In cI> (1024 bins) 

Shower shape In cI> 

Level 3: Decision time 100 MIPS-sec 
12 bits per SM 1]- and cl>-strlp 

Track - shower match In 1], cI> (0 = 2 mm) 

Shower shape In 1], cI> 

Mini - isolation cuts 

Bremstrahlung cluster at same 1]. different cI> 

Massless gap 

x± rejection 

1[0 I y statistical separation 

EG&G APD with ball lens in beam test 
QE = 60% @ 520 run; no crosstalk 

Arrays @ EG&G, Hughes, Advanced Photonix 

APD-PMT 

APD array in proximity-focussed image tube 
Gain 5 x 105 and large dynamic range 

64-channel prototypes for 1993 prototype 
GaAs photocathode with QE = 34% @ 540 nm 
Hughes Aircraft and Litton Electron Devices 

SUMMARY 

Massless Gap EM energy correction 

1[± rejection 

1[0 I y statistical separation 

10368 channels _ 192 MCPMT's 

Shower Max Track-shower match 

Shower shape 

Trigger Level 1. 2 • .3 
"'"\. 
~ 
~ 

159744 physical SM strips 

47104 electronic channels _ 76~CPMT's 
." 

Upgrade to match trigger segmentatl~ 

94208 channels _ 1472 MCPMT'~ 

t 
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Instrumented SectIons or soc Barrel Prototype 

Hadron EM 

16 Hadron lowtrS 
32 EM Tower. 
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199~ SMD Full scale Prototype test 

System component issue 
test iJlementation & compatibility of components 

> Test hotodetctors (64 Ch minimum per device) 

"> Firs 16 channels signal processing ASIC ===> Charge integrator 
-->256 eIlameis = 16 chips 

Connectivity a cable 
(Driver. outputfllPut buffer, crosstalk •.. ) 

Simple read out ===> 32 channels VME digitizer card: 8 modules 
(as simple as possible) -> no sparcification & data reduction) 
- Receiver 
- Shaper 
- Gain adjustment 
- Comparatorltrigger 
- SCA plpellne 
- DIgitizer chip 

soc ShowedI.ax -

PREPRODUCTION PROTOTYPE ~EDGE 
WHAT IS THE SClltf OF THE plI..ro'T'S'E! 

~
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soc Preproduction Protot YP_8 
1992 

Decision Milestones 

S. Gourlay 

April 29, '992 

Config 1 

Barrel Seomenlation 

Phi Crack Geometry 

Final Dimensions 

Conlig 2 

Instrumented Towers 

Source Tube Grooves 

E~ Absorber 

Fiber Routing Geometry 

PMT laYOut 

Attachment 01 EM to Hadron 

SM Fiber Routingllnleg ... tion 

Optic 1 
Choose PMT 

Scintillator TypefThickness 

Fiber Type/Diameter 

Fibe, Greave Cross Section 
Fiber Routlng Geometry 

Fiber MirtOrinQ Teehniqu. 

F~er lengths 

Masking 

Tile Sizes 
Shower Max Tile specs 

Optic 2 

Wrap Material 

OesignfFabricate Cookies 

Oes;gnlFabricate PMT Assy. 

.... 1 I Jun I Jut I..... Sop Oct I Nov I Doc 

Begin Preliminary Enoin .. r",o Oesign 

• 
• • • • • • • 

Begin F .... Design 

Tooling Designtf.b,iQlion 

QAlAssembly Procedures 

MTlnie Parameters to TsukubalSM 10 Saclay 

• • • • • • • • • • 
Begin Tooing Design and Ftnal Assembly • • • 
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Shower Max Photon Readout 

Priscilla B. Cushman 
<Yale University) 
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Pions Remaining After Cut. on the M ... le •• Gap, Shower-Mex, 
the EM and Hedronlc Calorimeter, Cute epplled Se.,.,.ately, 
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Pions Remaining v Electron Efficiency 
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EL EM twr 2 v. E SL1 1n ceo 

CONClUS IONS 

We haue eutlklated in tI test beam at Fermllab the performence 
of our strip SM detector and the massless gap. This was done in 
conjunction wUh the prototype tiie fiber EM and hadron 
calorimeters 

We haue measured the position resolutjoD of th.e shower maN 
detector to be 2.Smm. 

We haue shown that the shower shape does not change 
significantly between 5 end 7 radiation lengths. 

The degradation to the EM resolution caused by the magnet call 
Is Improued when the weighted signal from the massless gap Is 
added to the EM signal. 

We haue measured the combined EM. Hadron. Masless Gap and 
Shower MtlHimum signals tlnd shown how they prouide a 
powerful method to seperate electrons from charged pions. 
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EM Resolution Versus W.lghtlng of 
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SHOWER MAX DYNAMIC RANGE 

What can we get with 12 bits? 

Go.l, EM show •• po.ltlon 0 .. 15 l;(t: 
10 GeV < ET < 1 Te V::;£ \ Tw 

'O&eA/ 
Dynamic Range: K. 

Energy 10 GeV - 1 TeV ~ @ 6 Xc 
High tail @ 1 TeV x 1.5 
Low tail @ 10 GeV x 2 
Center of gravity x 10 
Pedestal separation 
MCPMT gain variation 

x4 

x 1 
minimal! 
adjusted 

Dynamic range 4000 => 12 bits 

U dependance x 2 barrel 

x 5 ends 

=> Limit TJ range covered by one MCPMT 

Adjust overall gain (MCPMT anode VOltage) 

Data from ·~mcpmt_1400_nopre8mp·· 

,+-------~------~------~----~ 
-5 -4 ·3 -2 -, 

log T 

~ ..... i"" I~\J. 

1:;1\1 

......... .... -

-r---------- ---- -- -------------------
PHOTODETECTORS 

Shower Max and Massless Gap Detectors 

Baseline 

Philips 64-channel PMT 
Used in Fermilab beam test 
QE = 12% @ 520 nm; crosstalk 5-10% 

7 MCPMT Development 

Plt~k. (/0/ Philips 64- and 96-channel PMT's 
E'~i .. lt" Hamamatsu 256-channel PMT 
T (. '1T"'J Green-enhanced photocathodes QE = 16% 
u ....L;~le-. 

'----i... Avalanche Photodiodes 

EG&G APD with ball lens in beam test 
QE = 60% @ 520 nm; no crosstalk 

~ays @ EG&G, Hughes, Advanced Photonix 

~PD-PMT 

"Dt"t.l~ APD array in proximity-focussed image tube 
~ Gain 5 x 105 and large dynamic range 
1~c;L."",fe~t& 64-channel prototypes for 1993 prototype 

GaAs photocathode with QE = 34% @ 540 nm 
Hughes Aircraft and Litton Electron Devices 

Dala Irom "mcpml_'OOO_nopr •• mp" 
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Requirements for the forward calorimeter 

in SDC 

1. High radiation resistance .. 

( Radiation dose is about 10 Mrad / year) 

2. Fine granularity. 

3. Fast time responce. 

4-. 

~ 

:.;1 
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Study of Total Reflection 

between Liquid Scintillator and Glass Resin 

for SDC Forward Calorimeter 
Tue. 26th - Fri. 29th May 1992, SDC collaboration meeting at KEK 

Taro Masumaru Masami Chiba 

Tokyo Metropolitan University 

Norio Tamura 

Okayama University 

AkiraMaki 

National Laboratory for High Energy Physics (KEK) 

Hideyuki Kawai 

. Chiba University 

Abstract 

1. position of F-CAL. 

2. requirments of F-CAL. and 

spaghetti type cal. using liq. scinti. 

3. surface state of material and total reflection. 

4. total reflection test result. 

( SUS plate and SUS tube) 
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1. Test of the total reflection 

by SUS plate coated with Glass Resin 

under 60Co y -ray radiation. 

'1. 

~ ~ lrro.di().tor \' q-A.f'\"\o.cell 220 II o:t n io.Oht~ 
~I\ To~o Mett"Or\~t/U'\ U.,iv. 

2. Test of the total reflection . 

by SUS tube coated with Glass Resin. 

BEAKER SUS PLATE 
-----,£--

LlQ. SINTI. 
NE235 

(n=1.47 

RECORDER 

CRITICAL ANGLE 
arcsin (1.42/1.47) 
75.0/--...:..----

FIG. 2 

INTERACTION POINT 
LEAD 

FIG .1 

GLASS RESIN 
( n = 1.42 ) 

( poly siloxane resin) 

(cf. siloxane = H6S~Ol) 

Showa Denko Co .. Ltd 
imports U GLASS RESIN U 

from Owens-Illinois, Inc .. 

Owens-lliinois,lnc. is in 

One SeaGate Teledo. OH 43666 U.SA 

? SLlYfo.c.e StAte ~ I'I/).teno.l O>\d toto-.I nf lec.:t;oll\. 

MATERIAL Surface of plate TOT AL 

REFLECTION 

LEAD plate not smooth 

( non-polishing) x 

Aluminum plate not smooth 

( little polishing) x 

SUS plate not smooth 

standard : 304 ( non-polishing) 

SUS plate smooth 

standard: 304 ( polishing near mirror) 0 

SuS t .... be not SfllOO'th 
stO"'ldo.rd ?o4 llittle polie,~,V\4, ) f:l 

b, 

.... 
c· 
;.. 



PHOTO 
TUBE 

+ 
AMP 

SUS tube 

liq. scinti. 
NE235 
( n= 1.4 7 ) 

lI. 

glass tube 

He - Ne 
& LASER 

632.8 n m 

RECORDER FIG.3 

{~ 
INCIDENT ANGLE V.S. READOUT LIGHT ! 
THROUGH SUS TUBE.· 

100 ~ 
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o 1 2 3 4 5 67 89101112131415 
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D ;; I i 
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CONFIRWATION OF TOTAL REFLECTION 
(SUS PLATE COATED WITH GLASS RESIN) 
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85 

RADIATION DAMAGE RESULT OF GLASS RESIN COATING ON SUS PLATE 

100 

80 

60 

40 
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1 We found the total reflection 

by SUS plate coated with Glass Resin. 

2 Glass Resin has very good radiation 

resistance up to 100 Mrad. 

3 We did not find the total reflection 

by SUS tube coated with Glass Resin 

this time. This may be due to the tube 

surface. Weare studying this point. 
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HIGH PRESSURE G;\S CA!.ORIMETRY 

DEFINITION 

USEASSAMPL1NOMEDIUMIUGHPRESSUREGAS ( .... 100 ArM) 
DENSITY OF 100 A 1M ARGON • 0.171 "/cml • III DENSrrY OF UQUID A1tOON 

MOTIYATION 

UNJTYOAIN 

VERYRADlATION HARD 

VERYFASr 

GOOD ENEROYRESOLUllON 

VERY EASY 10 RECYCU:: GAS (IF YOU EVER NEED) 

NOlEXAS lOWERS PllOBlB( (ENERGY SAMPLING FRACl10N IS - IlIo) 

NO GLOW MODI! FROBlB( (NO 0IAll0l! AMPUFICA TKlN ON nil! ANODE) 

NO SPAC!! 0IAll0I! PROBlB( 

NOClYOSTAT 

NO IMPURlI1I!S FROBlB( (JIIlb AT1ldP) 

NO GAS OIEMISIRY 

AtII1. VERY COST EFFECTIVE 
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III. RADIATION DAMA{;[ TE"STS 

CONCLUSIONS 

PARALLEL PLATE PROTOTYPE EM 
TEST 

(GAS MIXTURE: 115% Ar + 5% CH4) 

1. SIGNAL SATURATES FOR AN ELECTRIC FIELD E = O.7SkV/mm 

2. SIGNAL VERSUS PRESSURE IS UN EAR IN THE TESTED 
RANGE 20--100 .tm 

3. SIGNAL VERSUS ENERGY IS UNEAR IN THE TESTED 
RANGE 20--125 GeV 

4. ENERGY RESOLUTION AGREES WITH EGS4 MONTE 
CARLO PREDICTION 

5. MEASURED ELECTRON DRIFT VELOCTY = 20 nsec/mm 

6. FAST PREAMPUFIER OUTPUT SIGNAL: RISE TIME IS 
LESS THAN 11 ns, BASE WIDTH IS ABOUT §o ns 

7. CHARGE COLLECTED IS 3.8:0.4 fC/GeV, OR 85% OF 
THE EXPECTED CHARGE IF e/,. = 0.112 

PROTOTYPE [M PROVED TO BE VERY 
E AS'Y 70 OPER.ATE. 

I 
fM CAlo({rM[T~Y AT 100 a.tWl wo~k5: 

,,--" I 
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Conclusions From Radiation Damage Tests: 

• Pure Argon (Ar) gas and 99% Ar + 1 % Ca. gas 
mixture at 100 Atm were exposed to 16 Mrad 
(maybe as high as 50 Mrad) oCe·Co gammas, 

• No significant pulse height (Crom alpha source) 
reduction observed, 

• No need to renew the gas Cor at least one year 
oC sse operation at nominal luminosity. 

Next Radiation DllInage Tests: 

Expose 95% Ar + 5% Ca. and 90% Ar + 10% Ca. 
to '" 1000Mrad oC "Co gamm.as and neutrons with 
anode ; connected to high voltage. 

AL41 I . I • " 
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I'f: Quote '1472 
HadroD,lc Detector Cell 
lockefeller Unlveralt7 
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16/JO Vi""'1III4'1 Aw ....... S_tJ. H(l/i4tt4. lII"tDlJ 60,":-3 
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Transmutation Studies 

hnd Applicability to 
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W. B. Wilson, 
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4.91-5.16i4m 5.1614·5A2<1RII1 5.4248-5.6822111 &.6822-!j.9396m 
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3.886'-5.443' 20.~99 x 10 13.623 x 10' 5.806 x 10' 2.783 x JO 
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Table oC: MCNP Volume nux in neutron./ru)I., ill the 16 FCAL re&ioll •. Statitliral errors 
Oil t.ile.le figures 1'UO (rom 3-6". 
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SOC Collaboration 

Contact person(s) for each package 

CL -- Barrel and endcap Tile/Fiber calorimeter 
with Shower-Max calorimeter 

MakotoAsai 

Cl -- Forward calorimeter 
Mike Wendlillg, MyullgYlln Pang, Makoto Asai 

CF -- EM / Hadron shower shape 
and punchthrough parametrizatioll 

MakotoAsai 

CP -- Detailed (tile level) description 
Marc Turcotte, PK Job 

FL -- Liquid scintilquartz tube forward calorimeter 
Peter Copeland 

CC -- Clustering andjetfinding (available for next release) 
Weimin Wu 

(Calorimeter) p.3 

992 KEK 

SDCCollabor;lIion MeClinc 27/May/1992 KEK 

User parameters for CL and CI packages 

CL/SHOWER_MAX thkb thke 

thkb Thickness of the harrel shower max calorimeter 
thke: Thickness of Ihc cnticap shower_max calorimeler 

CL/OEPTH depb depe 

depb 
depe : 

Dcplh ill XG for barrel shower_max calorimetcr 
Dcpth in XG for el/dcap shower_max calorimctcr 

CL/IRON_PLATE thirb thire 

thi rb Thickness of iron plalc at the end of calorimcter 
thire : Thickness of iron plate allhe end of calorimctrr 

Other geometrical parameters arc described ill 
CLGEOM.OAT and CIGEOM.OAT. 

\of. A~:ti (fIiro<hima I. T.l ~OCSIM (C.;llllrimCICrll" 4 

SDC Cullaoor;ltiulI . I • 27/MOIy/l')lJ2 KLK 

Present Status of SDCSIM 
( Calorimeter Part) 

MakotoAsai 
Hiroshima Institute of Technology 

. . .. ~ 

~Uljrllll~~tUJQ[JL 
~ Ilil III ~II·II-
I~ -- -p I :;:= : : I~ 

SOC Collaboration Mecting 

Calorimeter Packages: 

CL -- Barrel and endcap Tile/Fiber calorimeter 
with Shower-Max calorimeter 

CI -- Forward calorimeter 
CF -- EM / Hadron shower shape 

and punchthrough parametrization 
CP -- Detailed (tile level) description 

M. AS:li (Hiroshima I. T.) SOCSIM (Calorimeter) r.2 

KEK 

c.; 



soc Coll:lborallOll Mcctln~ n/~by/ll)l):'! KEK 

User parameters for CF package 

CF/EMPARAMETER hiecut hiect2 shcute shspoe stepxO 
CF/HD=PARAMETER hihcut hihct2 shcuth shspoh steplO 

hiecut hihcut 
hiect2 hihct2 
shcute shcuth 
shspoe shspoh 
stepxO steplO 

Threshold energy to JIarr poromerrizotioll III 
Threshold energy to storr parametrizatioll 112 
Cl/t-of! energy of parametrized shower 
Energy deposition at each spot 
Step length of parametrized sh"wer 

CF/SWITCHES ltrne lespot ltrnh lhspot 

1 t rne: Transverse shape for EM shower 
lespot : Nllmher of spot prol'otional to EM shOWN energ." 
ltrnh: Tron.n'crse Jhal'e./i)r hadr"" shower 
lhspot Numher of spot "ropotiollal ro hadroll sllOwer Cllerg." 

( I for Tmc ! 0 for Fal.le ) 

'Io.M . A-,,;--'H,,-o,h;-mJ [-n-SD-CS1M-(C-,[o,-"n,,-,,) p-' --Solenoidal·Betector~eollaboration 
SDC Collaboralion 

User parameters for CF package (cont.) 

CF!VOLUME vname [ hiecut hiect2 hihcut hihct2 I 

vname : Volume name to start shower parametrization 
(Only one volume name for each tracking medium) 

CF/THRESHOLD pthr 

pthr : Threshold energy to skip punchthrough parametrization 

Parameters of CF package should be written in 

CFPARA_ CTL and defined with a keyword "CFPARA"_ 

KEK 

""M.-A'.-;CH .... ;"'-sh'-·m.-,. T-.) "'SD"'CS--'M"'CC,-'m-;me-,,,-) ---SA lenoidal·Beteotor~eollar:Jm~I"'Ar:J-

soc Collaboration MCCl1llg 27/May/19I):.! KEK 

Shower parametrization 

EM shower Hadron shower 

~M. ':""'".';":':':"(H,,--:-o'h,~m' [~. T.)~SJ)~CSI\~' (C-,,[m-;mc,-a' p-" --~"'lenoidal·Betector~eoliaborati· 
soc Collahoraflon MCCtlOg 27/~1;\~/i 'N] 1\1:1\ 

Punclzthrough parametrization and EM debris 

Punclztlzrough EM debris 

~M. ~A";~(H;~<o'h-;m"~1. T~.) S ..... DCS ..... ,"~(C"-'m;n-'elC-') P.-, --Solenoidal·Betector~eollaboration 



SOC Collaboration 

Near future developments 

> CP and CC package will be ready for the next version release 

> Fine tuning of shower shape parametrizations 
Tune to GEANTIGHEISHA results with CP package 
Tune to CALOR89 results with CP package 
Tune to results of the beam test 
Optimize user parameter sets for 

- Quick and dirty study 
- Fine and detailed study 

> More 
Let's discuss ... 

M. Asai (Hiroshima I. (Calorimeter) p.11 

KEK 

.'-

(.: 

SOC Collaboration 27/M.yll992 KEK 

Detailed module structures (CP package) 

EM modules 

. I. T.) SDCSIM (Calorimeter) p.9 

SOC Collaboration 

Output banks of CL and CI package 

/RECO/HCAL/CALE 

Header part 

Each hit 

/RECO/HCAL/CASM 

Header part 

Each hit 

, lOI/1I3F' 

10 integer words 

1 integer + 3 floatillg 

(channe/llo., ellergy depositioll, eta, phi) 

, lOI/1IlF' 

10 integer words 

1 inte ge r + 1 floating 
(chanlle/llo., energy deposition) 

For more detail, see data _banks. doc and shell_zebra. doc 

Contact persons for calorimeter data structures 
lohn Marraffillo, Andy Beretvas, Makoto Asai 

M. Asai (Hiroshima I. T.) SDCSIM (Calorimeler) p.IO 

992 KEK 
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Effect of Tube Order in BWI Modules 
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l. Introduction 

Drift tube simulation study 

Khalatyan Nom 

Yerevan Phy.ics In.titute 
May 18,1992 

Thi. draft i. devoted to the .tudy of muoa. drift tubet UsiDC .. CERN drift cha.m.ber 
aimulation p .. ckage 'GARFIELD'. 11t.e maiD Coal. a.re the followiD.g: 

• drift field uniformity 
• capability for "".oluing multihit.s 

The qliDd.rical cellt with field .h .. piDc wirea h .. ve been .tudied. Drift field UDifor
mit,. and the width of the collectiOD rqiou. for dilerent uped r .. tio., a.rt&Dlemeab 
of elecltocI ..... d ..,lIase aetliap are inYellipled aDd oplimised. 

Due to limit.tioJU of the drift claamber amul .. tion pacbp uted here, dectroda 
and tabe', wall for cycle ceDI are aimul .. ted by fOWl 01 wire.. 

2. Cell parameters 

The Inricai paramelen 01 Ihe eeJJo are Ihe foUcnrin,: 

• Ne·. inner Jiomder - 11.5 mm 

• DUconct H'wetn dedl"Ollu· 51 rnrn 

• Eleeh'tHk'. ""ie_eu - D.6 mm 

• EledroJe ' • .. ilIA - 31 mm 

• Serge wi" d'iamder .. 5D pm 

1 i.i.-, I 

7. Three wires cell 

TIle additional wira were.ted to a.chine the field 1lIliformit,. Tbe _tance betWeeD 
6eld da .. pins wira and JeDIe wire was ....ned. In il.7 the drift tuhe let-up with 
drilllia .. (fi,.7a) and x(I)-coneI.IioD. (fi,.7b-d) are .h ...... to. 3-.me. ceO. The 
diatuace betWeeD JeUe wira i. IOmm. The apu AlIlal .. tiOD. of two track. at 
diatuce 1Om.m are shOW'll in fi,.8. A cood two-track raolution caD. be JeeIl for eacb 
wire .eparatly_ To reduce the COlt of cell ... d amplily the claamber operdiou. 'In!: 

.... _the """" .me. 01 sround po .... liol. In fis.9 lhe I-beam Iype ceO. wilhool 
aDd with 6eld Ihapial wires are shcnna. Of cource we lila, conlinet I-beam type 
ceO iuide qllnclrical lube. Thio io illuolraled .. aD aample only. 

8. Five wires cell 

u .... 5-wira oell we C&II reach .. looci capability of rao1...mc multihit. inside .. 
1iasJ.e oell. The iaform .. tioa from the each IeIlM wire ma, he .ted Iep&f .. tly. TBe 
seue 1IriMI are .. t the loIlowiDI pomtions ol,.-coordiD. .. ta: D.Oem, 1.000, -1.Oc:m, 
1.75cm, -1.75cm. In fis.IO lhe drift lube .. I-up wilh drilllia .. (fis.lOa) aDd x(l)
con<laIioDo (fi,.IOI>-I) are ahOWD for ~wi ... coli. The duo .... , eIecI ..... drilllia .. 
and 1_ 01 pooili .... Icm aDd I.Scm are ohowu in fi,.II. The oipol oilllulaliODa 01 
two Uacb .t diatuace 5mm are thowa in ".12. We lee alood two--track resol.tioa 
for eadt. wire tepardl,. The time resoll1tion i ... bout looDS. A. dClCrihed iD preriou 
oecIioD .... CaD ..... I-beam Iype ceO 01 pound poleDliol. It i •• howa in fis.13 f.,. 
~.me. ceO. 

9. Multiwire inftuence on isochrona 

The ialueDce ol3-wire oell OD Uoc.Iuou .... tuclied with di.tance 2mm betWeeD 
..ma. Ja i,.1t tbe I.beam type cell. witboat ... d with tield .b .. pinl wira are 
_. In 1m. fisure boiler lime claaracleriolico CaD be oeeD for 3-wi .. ceO. 

• 7V6e· • • 011 ""icbu:.N - 1.5 mm 

11t.e Iimul .. tioa. set-up orumple drift tube i •• hown in fiC.1 with drift-lina and 
isochroa.. for Yariou poteati ..... Fi,.l .. ,b are for 3.5 kV at electrodes, 4.5 kV .. t 
IeDIe wire and 2.0 kV at dec:trod., 3.8 kV .. t MII_ wile rapecti.I,.. The width 01 
Ihe drill fie\d i. aboul 10 - 20 mm. 

3. Gas 

The mixture of Ar-90% - C02-IO% .... uoed ..... orJDas C", The drill nlocily 
and lonsitudiDal d.if£uic::e of elec.trou lor .. chORD. ,as are .howu in fi,.2ab as a 
functioll of E/p reopecIi.ly. 

t. x( t )-eorrel&tion 

In fiC.3 x(t)-corre1ation is daown for a drift t .. he with ODe IeD.JC wire. 

s. Signal simuIa.tion 

For the .tud,. of two tra.ck JepU'atioa iDaide a drift tabe the lip .... were alllal .. ted 
01 dilroreDl pooitiou of Iracb ... d bolh oipoJ. were added. The eli ..... "" bel_ 
l"" 1_ .... cia ..... 10 DUD, The duo ....... d eIoc:troa c1rifl-ti_ are ahowa 
in fi,.tab. The duhed liaeo rep ...... 1 lhe track. The oipol oimnlatioD wilh Ih. 
JoDsiludiDol clil"uion of lhe eIocl_ oIoq the clrifl-Ii_ and ion-tail are ......... ill 
fie.t. A ,ood I"" lrack oepuaIioG <aD be __ iuide a drift lUbe. Time raoiulion 
i, .boat 200 u. 

s. Space reoolution 

A_e thai lhe rqi.leria, eleclroDieo hu lhe llueahold I eleetron, Ih. 'poe< 
neollltioa w .. esfuDateci "'1 tl.e 'nt eJect.1'OA IIn'iftl time distrib.tioa at YUioua 
x-pooIIioDO. I. ".llhe Inricai arrioallime eIi.ln •• 1iou of 1_ 01 _2.1 elll 
aDel s-3.0 em are Uowa. Tla •• pace resol .. tioa '""111 di.u.ce is ,howu ia 11.8 . 
The _ raoJution lor 0'" hack i •• hool 150 - tOO ,.111. 

2 

10. Concluaions 

Tk one track raolatiou. bas been estimated UDC 1 electroa arrinJ time di.trin
tioa aDd it .... loud \0 Ae about loo..4Oo,a1ll YemU di.tance from IeDM wire. 

Th. drill "";!ormily h .. been achieoed ...u., adelitionol fie\d ahapias .me. (3-wire 
and ~wire eeJJo). 

Mulliwire eeJJo ollow \0 achieoe ,ood capabilily to. .....m..s mnllihil •. 

Th ......... d po .... liol.1 ....... .me. ia I,beam Iype eeJJo may be uoed. 

Good Ii_ claanctaiolieo are achiend uoiq adelilioDal poleDliol .me.. 

11. References 

l. T.Zhao, Trackia, Muoo •• 1 SSC, SDC DOle 91-00003, January IS, 1991 

2. VeenhofR., GAIU'lELD, • Drill Chamber SimnlalioD M ... ool, March,2S,1991 

3. Peioerl A. aDd Sau1i P, Drill and Dift'uoiOD of Elect ...... ia G_: a compilation, 
CERN 84-08 
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ROUGH ESTIM" TE OF FY93 DESIGN BUDGET 

,OF TOTAL' .. OF TOTAL FY93 FY93 
OUARTEAS CF TOTAL DESIGN' DeSIGN DeSIGN 

was DESCRIPTlON FISCAL QUARTERS DeSIGN BUOOET BUDGET BUDGET 
YeAR DeSIGN BUDGET (mid) (mid) (mly) 

3.2 .• Orin Tubls • 5 I ... 11,973 9.571 38 
3.2.2 Suppa" SlNCturl • 7 57 .. 1,475 .. 3 3 
3.2.3 AlIgnmlni • " 36 .. 1,757 631 3 
3.2.4 Handing Fixtures • 5 I ... 718 57. 2 
3.2.5 Local UIIIUII • I 50 .. 237 ." 0 

.2.1 Sclntlilitor • 5 80 .. 1,323 1,051 • 
3.2.7 SupennoO.l1o • 9 .... 7.737 3.439 " 3.2.' Gas SYSllm • 0 n.l. 2,682 • .a. ft.l . 
3.U T11nsporilUon • 0 n.l. .68 n.a. ft.l. 

3.2.'. SpIt .. • 0 n.l. 7 •. L n.l. 
3.2.11 PrOIOI'lD1S • 0 n.l. .223 n.L n.'. 

29.300 11.250 65 

, OF TOTAL' .. OF TOTAL FY93 FY93 
OUARTEAS CF TOTAL DESIGN' DeSIGN OESIGN 

~ DESCRlPT10N FISCAl OUARTERS DeSIGN BUDGET BUDGET BUDGET 
YeAR DESIGN BUDGET (mid) (mid) (mlr) 

A 81"tl Syslem OlsiQn • 5 90 .. '2.937 10,350 " B Intermedl.tl System Dlslon • 9 .... 3,144 1.397 6 
C Forward Syf"m Of'lgn • " 36 .. a.s .. 2.388 .0 
0 AMgnmenl SYSllm DtslQn • " 36 .. 1.75' 6'. 3 
E Trlgglr Systlm DlsiQn • 5 I ... 1,324 1,059 • 
F Servicll • 0 n.l. 2.612 ft.l. ft.'. 
G Support Systems DlliOn • " 36 .. 886 322 • 
H Coordination • " 36 .. 7 3 • 

2'.300 16,156 65 
• Includll .. EN. EA, OR and AD mand.ys, O.lCludiOO TE 
Nolt: AI this timo (92M.y21) the , 01 CUllltrs is .n eslim.1t 10 achit.,. ~~~Ir whh Chat1 lbove. 
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RPC Splution for the SDC 
Muon Trigger Counter 

Salvator R. Amendolia 
(University ofPisa) 
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SOC TRIGGER RATES 

W. Temple, W. H. Smith, S. Dasu. J. Lackey, T. Gorski 

University of Wisconsin 

Philosophy: 
Local: 

SOC TRIGGER PRINCIPLES 

Signatures of e's, is,j.l's, jets 
In 11 x $ regions 
(ex: v's) 

Measurably Efficient: 
Overlapping Programmable Triggers 
Prescaled Lower Thresholds 
Prescaled Triggers wI less conditions 

Efficient Use of DAQ Bandwidth: 
Efficient Lepton and Jet Identification 
Consistency with Offline Cuts 

Benchmarks for Trigger Performance: 
e's,j.l's from inclusive W's, Z's: 

50% efficiency (cut on lepton PT) 
Jets, is at high PT: 

!'i1l0 

1-2 decade overlap with lower""s data 
Missing ET: 

Good efficiency for channels such as: 
H-+ 2f2v 
SUSV particles 

Low PT multileptons: 
BPhyslcs 

SOC TRIGGER LEVELS 

Levell: 
Identify Physics Objects: 

Electrons 
Photons 
Muons 
Taus 
Jets 
Neutrinos 
Combinations of Above 

Level 2: 

Refine Identification of Physics Objects: 
Sharper PT Cuts 
Electrons From Conversions 
Muons from Decay/Punchthrough 
Refine Energy Sums/Clusters 
Displaced Vertices 

Level 3: 
FuJI Physlcs Analysls/Declslons: 

Specialized Algorithms 
Helrarchy of Decisions 
DSHype cuts on Physics 

LEVEL 1 

Electrons" Photons: 
Find (.1 x .1) Cal Towers with Eem > Thr 
Requre EhOc/Eem < .10 - .15 

1 ~'() I 

Option: Pattern of surrounding quiet towers (Isolation) 
"I's: Match wISh ower Max In .211 x .2$ 
e's: Find Outer Track Segments w/PT > 10 GeV/c 

Match Track Segments w IShower Max In $ In 1/64 
Assign ~1'\ = 0.2 from Shower Max to Track 
Match Track w/Cal on ~1'\=0.2, ~$=0.2 

Muons: 
Muon Tracks from Sclnt + &-Iayers w/PT > 10 GeV/c 
Opt/on:flnd Central Tracker Sgmts w/PT > 10 GeV/c 

Jets: 

Match w IMuon +-layer Track Sgmts In 1/64· 
Use Momentum cut on Central Tracker PT cut 
(Use Sclnt to aSSOCiate $ and e tracks) 
Match Track w/Quiet Cal on ~11=0.2, ~$=0.2 

1.6 x 1.6 grids of overlapping towers> Ettv 

Neutrinos: 
SUm Missing ET over.l x.l Towers> Elhr 
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Stt'Vl' Errr.de 

Jim Wiss 

Univ. Illinois 

April 6, 1992 

SOC-92·238 

1 ~·1 1 

Physics Impact of Phi Cracks in the SDC Barrel Muon System 

Abstract 

This note summarizes studies of the physics impact/ramifications a."SOciated 

with phi cracks at the octant boundaries in the SOC barrel muon system for the 

93 mm o.d. 8 and ~ lUbes. 

Detailed Monte Carlo simulations of various pbysics processes bave been car

ried out, simulating the pbi cracks asaociated with the SOC barrel muon system, 

for BWI·BW3 superlayers. The geomet.rical information associated with the phi 

cra.cks in the BW super layers was kindly provided by Colin Daly of the University 

of Wuhington. and are sbown in figs 1 &: 2. 

The input data to the SOC muon Monte Carlo simulation program consisted 

of a.) a random isotropic distribution of Pr = 50 Ge V / c mono-cbromatic muons, 

b.) muons from W - I' lip d«ay from ISAJET, c.) muons from ZO - 1'+ 1'

de<:ay from ISAJET, d.) muons from Z'/DY _1'+1'- de<:ay from ISAJET, for 

muon pair maues of M".;, = 200.500 GeV/c', e.) muons from ZZ - 41' 

decay from ISAJET, f.) muon. from H _ ZZ _ 41' decay from ISAJET, 

for MH = 400 GeV/c' and MH = 800 G.V/c'. The SOC muOD Mool< 

Carlo simulation prosram tben transported the muons throu&h the various B

fi.ld r~oos of lhe SOC dele<lor (solenoid and b .. ,,·.lloroid), and included MCS, 

dE/dX lou in the barrel eiUorimeten, BW lIuperlayerR, the barrel muon toroid, 

as well as the detailed seometriciU aspect. of the SDC muon system. 

Conclusions 

Tbese studies indicate that for the preae:nt desip of the SOC barrel muon 

BW superlayen, there are - 5% acceptance loAes &HOciated with sin&le muons, 

i.e, tbe sin&le muon fiducial acceptance is - 9:i". This result i. relevant for e.g. 

mappins out the induai ... -e sinp muon Pr spectrum, and for e.g. tV - I' II" 

phyoia and e.g. 1- i-II' + X phyoi ... The _ in lhe ~-Iubes are hi&hly 

COrTelaled wilh the 8-tube loues due 10 the dead space repone 01 Ihe oclant 

boundaries of the SDC barrel muon system.. For proceuea 8uch as ZO - #J+IJ-, 

there are - 10% I ...... uaocialed with looiDg ODe, or both muons. The Z "golden" 

di-muOD fiducial ac.cept.anc:e is "" 90". Note t.hat. the Z result. are approximately 

lhat oblained from squaring lhe % _ foe e.g. muons from W de<:ay. We also 

remind the reader that these 10aes not. only impact physics result. at the offline 

dat.a-analysis level, but also at the triger level. Muons from W will come in on 

the sinsle-muon triger, wbe:reu Dl\lODS £rom Z can come in on both the sinpe 

muon and di-muon trigen. However) we do not triger on muons not pusing 

throu&h lhe muon ch .... ber.. Similarly, for Z Z _ 4,., there are - 20% _ 

aNOciated with losins one or more 1IlLICJU. The ZZ "solden1t 4-muon fiducial 

acceptance is ...., 80%. For H - ZZ - 41') for MH = 400 GeV/cl , there are 

again .... 2Q"loues ueociated wit.h Ioe:insone or more muons. The HiW "golden" 

4-muon fiducial acceptance i ..... 80%. Note that to the statistical accuracy of 

the MC input datA. DO more than 2 muons per event are lost in • and/or , 

craclta. FOI' H - ZZ - 41'. for MH = 800 GeV/cl
, there are again .... 20% 

loPeS ueoc:iated with Ic:.ing ODe, 01" more muons. The HiW "golden" 4-muon 

fiducial occepIance is - 80%. A -r onnaII _I"" of 3-muons are Joel in ~ 

and/or' craclu in the sub-..... pIe of C+C + C+C Higgs-to-4 moo .. """"t •. 

Note that. ODe expect. to obeerve lOJDe (Higa) mass dependence on these muon 

crack-acceptance rault. due to the kinematical correiatiOlUl aaaoc:iat.ed with t~ 

H - Z Z - 4,. production/decay proc:eae. Here .pin, 10 good approximalion, 

the 4:-muon loeees are obtained by simpl" aquarins the 2-muon 10lllN'S. 

l'i 1 f) 

Table I summPLrizes thr- % acceptance 1{"11S5 n~ l"alrulatf'd (BlliUytically) for 

infinite momentum tracks. associated with th~ ~ R,nd 8 views for each of the B\-V 

super-layers, and the fiducial acceptance. f for muons passing completely through 

all three BW muon superlayers. Table II aummariz6 the % accept.Ance loss for 

Pr = 50 GeV/c mono-chromatic muons BUOCiated with the ~ and 8 views for 

eaeh of the BW superlayers, and the fiducial acceptance, f for muons passing 

completely through all three BW muon superlayers. Table III summarizes the 

% acceptance loss and overall acceptance for muons from W - I' II" production 

and decay. Table IVa summarizes the % ac~tance lop and fiducial acceptance 

for muons £rom ZO _ 1'+1'- production and decay. Table IVb summarizes the 

% acceptance loss and fiducial acceptance for one and for both muons from 

ZO ~ 1'+1'- production and decay. Table Va summarizes tbe % acceptance 

lou and fiducial acceptance £or muons £rom Z'/ DY - 1'+1'- production and 

decay. Table Vb summarizes the % acceptan('e loss and fiducial acceptance for 

one and for both muons from Z'/ DY - 1'+ 1'- production and decay. The muon 

pair ..... is M .... = 200 GoV/c'. Tabl. Via summarizeetho % acceptance lou 

and fiducial acceptance for muons from Z'/D}~ - 1'+1'- production and decay. 

Table VJb summarizes tbe % acceptance loss and fiducial acceptanee for one and 

for both muons &om Z' / DY _ 1'+1'- production and decay. The muon pair 

mue i. M".., = 500 GeV/c'l. Table VIla summarizes the % acceptance loa 

and fiducial acceptance for muons £rom Z Z - 4" production and decay. Table 

VUb summarizes tbe % acceptance lou and fiducial acceptance for 1-4 muons 

from ZZ _ 41' production and decay. Table VIlla summarizes the % acceptance 

lou and fiducial acceptance for muons £rom H _ Z Z - 41' production and 

decay. Table VIllb summarizes tho % occepIance I ... and fiducial acceptance 

for 1·4 muODl from H - Z Z :.... 4" production and decay. The Riga mass is 

MH = 400 GeV/c'. Table IXa summarizes the % acceptance I~ and fiducial 

_lance for muona from H _ Z Z _ 41' produetion and decay. Table IXb 

8WIlIIlBI'izes the % acceptance lou and fiducial acceptance for 1·4 muons from 

H - ZZ _ 4,. produelion and deay. The HiW ...... io MH = 800 G.V/e'. 

We also remind the reader of the fact that the O'·erl'Lll acreptlUlce due to 

losses in the BW muon superlayen hom ~ (and other) crRCks is II. multiplicative 

factor on the pometrical/kinematical ar.ceptance for muon~ from a partil"ular 

physics proceu, even heinS produced in the central region of t~ detector in the 

first place. These Seometrical/kinematical acceptances bave Moen atudied and 

diseuued in previous SOC noles, see e.g. SOC-92·220 for fulh", details. 

At the ofIIine data-analrai. level, following -r clooely upon the type of 

analy.es that we routinely do on CDF for e.g. ZO - 1'+ 1'- physics, the muons 

that do not pUll throuP the acceptance of tbe BW muon superlayens ean euily be 

recovered, .. long .. t.heir momenta is well-measured in tbe CTD, and placing an 

additional requirement that their be tbe characteristic minimum~ionizing energy 

deposition sipature in t.he calorimeter. On CDF. this "CMIO" requirement 

is sufficient to obtain an extremely clean dimuon sample from Z and/or bigh

mUll Drell-Van muon pairs. The efficiency for the "CMIO" minimum ionizing 

aipature for hi&h~Pr muons e.g. from ZO _ JJ+ 1'- on CDF has been measured 

10 be .... ;. = 98.7% +0.3% -0.4% (COF nole 1301). W. h."" no backgrounda, 

e.S- from QCD in such event samples. Cosmic ray dimuons in the mUll region 

of int.ere.t. can be potentially worn.ome. They are only troublesome for dimuon 

pain produced with X, = 0.0 .AND. Pr(poir) = 0.0. In addilion, if Ihere 

is precise timin, information, e.s. from the BW muon scintillato" and/or £rom 

the barrel calorimeter, .. well as precision track impRCt parameter infnrmation 

e.,. from the inner tracker silicon micro-strips, the cosmic ray bacltsrounds in 

dimuon ..... pIee can be (very) hi&hly",ppreseed. 

For the tetra-muon pbysics proeeues, at the offtine da~analysis level, the 

muons lost in • and/or 8 cracks can be reeoverrd as "CMIO" muons with w:ry 

hiSh efficiency. The efficiency for triuennS on e.g. 2 out or 4 muom: with a 

di-muon triger" is also hi&h (fT > 90"), so these event. should at least make 

it 10 tape ":ith reuonably high probability. 

1";1;-, 



It is ruso useful to compare the present dt'Sign for the SDC barrel muon system 

with c.t;. the eDF c~ntral muon 5ystem, which has cracks every 15 degrees in " 

and in the 90 degree "blue. sky" ret;ion in e. The CDF single muon accf"ptance in 

the cr.ntral region is _ 75%. We have suffered no serious detrimental ~ffects from 

th~ _ 25% accept.ance losses due to ¢ and e, ~tc. cracks in the c~ntral ret;ion of 

t.he eDF detector in carryint; out. ~.g. Wand Z physics, searching for the Top 

quark (in the muon channel) a.t J~ = 1.8 TeV p - p collisions. To make up for 

these losses, one can compensate simply hy runni~g a little bit longer, increftSint; 

the integrated luminosity of the overall data sample. since the numher of true 

signal events for a particular physics process is given by: 

Where A is the overall accept.ance and f is the overall efficiency for a given physics 

proress. 

Thus. for 99.999% of all muon physics, the accept.ance losses associated with 

the t/> cracks in the BW barrel muon chambers at t.he octant. boundaries present 

no significant compromise to the physics processes anticipated at. the sse. The 

only situation where one might. wish for "perfect." coverage is for th~ special case 

of "Zoo" events, where one would like to know absolutely ~verything about a 

particular event.. e.g. a lepto-quark candidate, including th~ nat.ure of e.g. high

Pr tracks disappearint; into n!g1ons of poor (or no) detector accept.ance. Usually 

these event.s obey at least one of Murphy's laws for high energy physics, "seeking" 

out such r~ions of the d~tector with uncanny accuracy! 

Table IV 

ZO -> p.+p.- Acceptance 
C+C muons only 

.; View , View 

BWI Lc. 4.1"*0.3% 5.2%:1:0.3% 

8W1 t- 3.3'1H 0.3% 3.5% ± 0.3% 

BW3 Lc. 2.3% * 0.2% 2.11%:1: 0.3" 

9U'IH 0.3% 9U%± 0.3% 

.; V)ew 'View 

IJ' Lc. 6.", * 0.9% 8.2% * 0.9% 

2p La. C.8%*0.3% 1.1%:1:0.4% 

(0 !l2.4"±0.~ 9Cl.7%* I.~ 

(1 113.2%:1: 0.11" 91.", * 0.9.% 

'2 ~.2%:l:0.3% 118.",:1:0.4% 

, .. 
,", 

Table I 

Single Muon Acceptance - Analytic 

• View' View 

BWI Losa .... 59% 5.67% 

8W2 t- 3.63% 3.85% 

BW3 Lou 2.61% 3.29% 

95.41% Jf.33% 

Table II 

50 GeV Mono-Chromatic Muons 

f View 6 View 

BWILc. 4.1%±0.1% 5.3%±O.8% 

BW2Lc. 3.1%:1:0.6% 3."'± 0.6% 

BW3Lc. 2.S%±0.5% 3.4%:1:0.8% 

< 95.9'1H 0.'" 94.1%*0.8% 

Table III 

w -> P. vI-' Acceptance 

; Vie,.. , Vi", 

BWlLa. 4.5%:1:0.5% 5.G%± 0.'" 

BW2La. U%±M% 3.8%±M% 

BW3La. 2.7%*0.5" 3.t%±O.S% 

9S.S%± 0.8% !J.I.'%± 0.'" 

Table \' 

Z' / DY -> J.L+ p.- Acceptance 
C+C muons only 

Mpair = 200 Ge V / c2 

.; View , View 

BWILc. .... 2%:1:0.3% 5.6%:1:0.3% 

BW2La. 3.2%±0.3% 3.6%:1:0.3% 

8W3t- 2.2%±0.2% 2.8%±0.2% 

95.8%:1:0.3% !J.I.'%±O.3% 

• View , Vtew 

tpt- U%±0.8% ;.4"*0.99(. 

2pLoa 1.1%:1:0.4% 1.8%*0.5% 

<, 92.8%*0.9% 9O.8%*O.~ 

<, 93.9%±0.8% 9n%±0.9lI\ 

<, 98.9%:l:C.4% 98.2%±0.5% 

1;~1 



Table VI 

Z' / DY -- Ji+ Ji- Acceptance 
C+C muons only 

Mpair = 500 GeV /c2 

~ View (J View 

BW1Loes 4.2'11±03'11 5.3'11± 0.3'11 

BW2LOM 3.3'11± 0.2'11 3.6'11± 0.2'11 

OW3Looo 2.2'11±0.2'II 2.9'11± 0.2'11 

95.8'11± 0.3'11 94.7'11± 0.3'11 

; View 'View 

I,. LOM 6.0'll±0.7'11 7.0"*0.7% 

2. Looo 1.5'11±0.''11 2.3'II±0.''11 

<. 'U'll±0.7'II 90.7'11± 0.8'11 

<, 94.0'II±0.7'II 93.0'II±0.7'11 

<, 98.5'11±"''11 97.7'II±0'<'11 

Table VIII 

H -- ZZ -+ 4Ji Acceptance 
C+C + C+C muons only 

MH = 400 GeV /c2 

;Vn 'View 

BW1Loes •. 6'11±0.2'II 5.8'11±0.2'II 

8W2Lou 3.7'II±0.2'II 3.8'11±0.2'II 

BW3Looo 2.7'II±0.1'11 3.''JHO.2'II 

95.4'11± 0.2'11 94.2'II±0.2'II 

; Vi_ 'View 

'. Looo 16.2'II± 1.3'11 2O.3'11± 1.''11 

2. Looo 0.9'JI.±0.''11 1.6'11 ± 0.5'11 

3. Looo 0.0'II±0.2'II 0.0'II±0.2'II 

4. Looo 0.0'II±0.2'II 0.0'II±0.2'II 

" 82.9'11± 1.3'11 78.1'II± 1.''11 

<, 63.8'11 ± 1.3'11 n.7'II± 1.''11 

<, iV.l"::I:O.4'" 98.''II± 0.5'11 

<, 100.0'II±0.2'II 100.0'11 ± 0.2'11 

<, l00.0'II±0.2'II 100.0'II±0.2'II 

Table VII 

ZZ -- 4Ji Acceptance 
C+C + C+C muons only 

• View 'View 

OWl Looo 4.4'11±0.2'11 5.6'11±0.2'II 

OW2 Looo 3.6'11±0.2'II 3.7'II±0.2'11 

OW3 Looo 2.6'11 ± 0.2'11 3.2'11 ± 0.2'11 

95.6'11±0.2'II 94.''II±0.2'II 

• View , View 

I. Looo 18.2'II± 1.9'11 21.7'11 ± 2.1'11 

2. Looo 1.3'11±0.7'II 1.6'11±0.7'II 

3. Looo 0.2'II±0.3'11 0.2'11 ±0.3'11 

'. Looo 0.0'II±0.2'11 0.0'11 ± 0.2'11 

<. 8O.3'11± 2.0'11 i6.5"::1:2.1" 

<, 81.8'11± 1.8'11 78.3'JH2.1'II 

<, 98.7'II±0.7'II 98.''II±0.7'II 

<. 119.8'II±0.3'II 119.8'11±0.3'II 

" 100.0'll±0.2'II 100.0'11 ± 0.2'11 

Table IX 

H -+ Z Z -+ 4Ji Acceptance 
C+C + C+C muons only 

MH = 800 GeV /c2 

• View , View 

BWlLo.l "''II±0.2'11 ';.~::I:O.'" 

OW2 Loes U'II± 0.1'11 3.7'II±0.1'II 

OW3Looo 2.8'11±0.1'II 3.1'11±O.l'll 

.5.5'11± 0.2'11 94.''II± 0.2'11 

.Vn , View 

1. Looo 15.2')(,±0.9'JI. 19.K±I.K 

2. Looo 1.2')(,±0.3'11 1.7'II±0.3'11 

3. Looo 0.1'II±0.2'II 0.1'II±0.2'II 

'. Looo 0~±0.2'II 0.0'II±0.2'II 

<. 82.5'11±0.9'JI. i8.4"::I: .. "" 

<, 8U'II±0.9'11 80.8'11± 1.8'11 

<, _±0.3'11 98.3'11±0.3'II 

<. ... .8'II±0.2'II 119.8'II±0.2'II 

<, 100.0'II±0.2'II 100.0'11,00.2'11 
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Study of Loss due to Missed Coverage 
in the Barrel Muon Detector" 

Mouratl. Da.outli, Uriel Na.uenberg, Vidor Slonim 

Universit.y of Colorado 

• R~.rd, supporLed by the Department or Energy ConlraCl DE.AC02·86£R40253 and 
lhe Tuu National Rest.reb Laboratory CommiAlon Crants nCFY9102, RCF\'910.) ... nd 
RCrY9205. 

The number of muons detected (accepLed) in the ba.rrel muon sysLelll for both 

11.400 GeV And a. 700 GeV Hius is given in la.ble 2, 

# Barrel 400 GeV TOO GeV 

0 13.7 % 9.4 % 

I 16.4 11.1 

2 24.0 29.3 

3 23.6 18.6 

4 22.2 31.0 

TABLE 2: Muon acc",,'&nce in barrel muon system for 
.. Hifl~ - 41' with. mASS of 400 and ;00 G~V. 

The number of muons that were lost in the cracks for ea.ch set. of cha.mbers 

is siven in the following two tables foc the 400 GeV Higgs a.nd 700 GeV Higgs 

respectively. Overall 83.S % (82.6 %) of the e\"enU from the 400 GeV (jOO GeV) 

Higgs did not have any track missin,; while 16.2 % (17.4 %) of the event.s had one 

or two miuin« muons. The number or events wit.h three muons losL is ncogii«ibiy 

small (5 events for t.he 400 GeV Hi"s and just one event for the 700 Ge\' Hius). 

# Lost All BWI BW2 BW3 
thetA phi theta theta phi stereo 

0 83.8 % 83.9 86.6 89.3 91.6 93.2 91.4 

1 14.6 14.5 12.3 9.9 7.9 6.6 7.3 

2 1.5 1..; LO 0.7 0.4 0.2 0.2 

TADLE 3a: Number of muon.ltXt in th~ barrel crack" for a 400 G~V 1Ii&P. 

In these t.wo tables the indj\'idua) fract.ions for each muon chamber overlap 

with one anot.her. Not.ice t.hat BW2 and BW3 provide a slight.ly bet.ter coverll&e 

172,s 

Using the process Jlo - ZO ZO _ 2I,+2p- \\'~ have studied Lhe loss in detection 

efficiency due to cracks in the barrel muon octants. We ha\'e used two P~·thin. 

generated data samples, 5000 events each, and with a Hius mASS of 400 And JOO 

GeV respectively. The angular coverage in phi for eACh individual Illuon c1uunbel 

was taken into account. To first order a. track was considered 10sL in a crack 

if it missed any single muon chamber; a further investi«ation of e:ocacdy which 

chambers were missed was done afterwards. Tbis study was performed within the 

SOC simulation program SDCSIM. In order to speed up the computations only Lhe 

lead-scintillator calorimeter (AN) and the muon detector (MU) were made active 

in the simulation; in addit.ion an 18 kG solenoidal m.,;netic field was \Ised in t.he 

central t.racking volume. 

The type of chamber considered for eAch barrel muon module is described in the 

following t.able. The angular coverage of each octant in phi (provided by Colin H. 

Da.ly of the University of Washington) for each chamber is included; the chamhers 

Module Chambers ~ Coverage Octant 5 

BWI 4 theta 42°27' 36°13' 

4 phi 42°56' 360 52' 

BW2 4 theta 43°16' 38"42' 

BW3 4 thetA 43°31' 39"41' 

4 phi 43°48' 40"13' 

2 stereo 43°38' 39°41' 

TADLE I: Atlp/ar cowrap;n ~ ofJh~ buteI muOM chambers. 

in the bott.om octant (#5) have a. slishtly Im&ller cover.,;e due to space allocated 

to t.he lupport. struct.ure . 

than BWI. this is consistent with Lhe values listed in t.able L The breakdowlI of 

the numbers given in the st'cond column (under "All") of tables 3a and 3b il$ a 

function of the number of muons deLecLcd in the barrel is sltown in tables -Ia and 

4b. 

# Lost. All BWI BW2 BW3 
theta phi theta theta ph; stereo 

0 82.6 % 82.7 86.1 89.1 91.6 93.1 92.4 

I 16.3 16.2 13.1 lD.4 8.0 6.7 7.3 

2 1.1 1.l 0.8 0.5 0.3 0.2 0.3 

TA DLE 3b: Num~r of muons lost ilt tn. bArrel uad:s (0, a ';00 C~V Hju~ . 

- Detocted 1 2 3 4 _ Deteeted 1 2 3 4 
1 Lost 1 Lost 

0 767 1016 945 778 0 5lD 1261 756 1120 

1 53 183 214 2i8 1 46 196 169 391 

2 4 20 51 1 S 6 39 

3 5 3 I 

TABLE 4: Number of muolt' lost ilt "acg as a lunction 0( the num~r of mUOM 
d~l«ted in the banel, a) (or 400 C~V HiIP. b) (or a 700 G~V Hias. 

From these t.wo t.ables we can deduce t.he fraction of events with at least one 

t.rack missing as & function of t.he number of muons detected. Thj~ is shown in 

t.able 5. Thus for the case where all four muons are detecLed in the barrel about 30 

% (28 %) of the events have a.t least one muon missin« ror a -100 GeV (iOO GeV) 

Higgs. 

J ·'·OJ.· 
. I.;., I 



# Barrel 400 GeV 700 GeV 

M'lI S.3 ~ 

1~.~ 13.9 

19.8 IS.8 

29.; 2,.1 

TABLE 5: Fraction o( e'"eIIlJ wilh at least one crack. 
lost as • (unccion 01 the number o( muolll det«ted. 

As mentioned above the meaning of "lost" refen to a lrack that missed any 

one muon chamber. Below we show in more detail where eXAct.ly the muon WAS 

lost.. 

Chambers missed All 1 Lost 2 Lost 
Trks 9Ii Trks $I Trks Sf 

aWl theta 160 17.9 130 17.8 2S 15.6 

aWl eheta + phj 1~2 17.0 12~ n.l 24 16.0 

aWl theca + phi 140 15.7 112 11>.3 25 16.6 
+ aW2 theta 

BWI theta + phi 
+ BW2 theta 46 ~.1 33 4.~ 12 8.0 
+ BW3 theta 

BWl theta + phj 
+ BW2 theta 40 4.~ 34 4.6 6 4.0 

+ B W3 theta + stereo 

BWI theta + phi 
+ BW2 theta 341 38.2 282 3S.7 M 36.0 
+ 8W3 theta + phi + stereo 

SUM 879 98.4 il6 98.2 149 09.3 

TABLE fla: Numb~r 01 muom bl in .. riou, (eombinadon. o() ml,Oft ch"mben: (or 10 

400 C.V Higs. 

whelher one or two tri'!.cks were missing. If we consider the case 'mention~ abo\'e 

where 30 % of the 400 CeV Higgs events with all four muons detected in the burel 

ha.d at least one muon missing, '\'e find from t.able 6a that. only 3S.2 % of t.hose 

events had missed all muon chambers. In other words 1l.3 % of t.he tOlal number 

of event5 had at. least one muon thAt did not resister any hit in any muon chamber 

(ror the 700 GeV case t.his number is 10.4 %). This rcuoning can be applied t.o 

any otber set of requiremenLs needed to define a (ully detected track in the Inuon 

syst.em. A more meaningful int.erpretat.ion or the losses can then be made of the 

figures presented in t.his analysis 

Octant BWI BWl BW3 
theta phi theta theta phi stereo 

#. 44.7 42.6 47.1 46.2 47.S 46.3 

Other 18.4 19.1 17.6 17.9 17.4 17.9 

TABLE fa: Lou (fr.ceioo of crad. loR ;n $i) in oceanC #5 compared &0 cb. 
a .. rap in lite OCItN _ven octant$. The (r"&ion in any 6iqn OCUnC ;. cite ,um of 
cite rdacive loaa in tIt~ lWO adjacen' ,a,. lo ie. T1a. table .. f« a 400 C,.V I/~ 

Dcll,nt BW1 BW2 BW3 
checa phj theta theu phi ,t.,... 

#5 42.0. 43.2 43.~ 44.6 46.6 44.6 

Ot.her 19.3 18.9 18.8 18.5 17.S IS.4 

TABLE 7b: 58m,. as cabk 1., for. 700 GeV Hi",. 

Finally we have made a comparison of the loss in octant #5 (lyhich has a 

slishtly reduced coverage) t.o the loss in the other seven ocUnts. We lind, .., 

indiat.ed by tables 1a. a.nd 7b, that the loss in t.he bot.t.om octant. or the detector 

is about two and a half t.imes s:reater for all muon chambers. On AVera&e 20 to 25 

" or the total loss is cauaed .oldy by the wideninl of the lAP' around octanL 5 to 

for the 400 GeV Higgs, of Lhe 893 Lracks thai were iOSL (from rows 3, .1. And 

.~ of ta.ble 411.) 341 tracks (38.2 %) missed all muon chambers, 312 tracks (3 .. Ul %) 

were lost in 11.11 layers of BWl (but produced bits in BW~ and 8\V3). 46 lrAcks 

(5.1 %) missed both B\Vl and BW2, II.nd 40 tracks (4.04 %) registtred hit~ in the 

Phi layers or 8W3 only. This is summarized in the foUO\yinS Lable where neglisible 

rra..c:t.ions « l%) were omitted (t.his is renect.ed by lhe last row in lhe ta.ble which 

indicates the sum in each column). In addition, t.hese numbers are given separately 

ror the cue where only one muon was missins and t.he cue where two Inuons in 

the event were lost. in t.he cracks. 

Chambers missed All I Lolt 2 Lost 
Trks 9Ii Trks % Trks 9Ii 

BWI theta IS4 20.2 161 20.0 22 21.1 

BWI theta + phi 184 18.0 148 IS.~ 16 15.4 

B WI theta + phi 133 14.6 121 15.0 11 10.6 
+ BW21heta 

BWI theta + phi 
+ BW2 Iheta 37 4.0 31 3.9 6 5.S 
+ BW3 theta 

BWI theta + phi 
+ BW2 Ihela 39 4.3 34 4 ., Ii 4.S 

+ BW3 Ihela + 'I<reo 

BW1 Ihela + phi 
+ BW2 Iheta 343 37.6 2D9 37.2 43 41.3 
+ BW3 theta + phi + .stereo 

SUM 899 98.7 794 9S.' 103 99.0 

TABLE fib: Number of muon. losc in various (combinatiou of) muon (ItAlnbfts (or A 
7OIJC.V Hius. 

In t.hecase oBhe 100 GeV Hi", (table 6b). t.he fract.ion oflracks lost. is similar 

to t.he 400 GeV case, except. for t.he fra.ct.ion of t.rack. mi.in, B\VI which appean 

aomewhal hishe, (38.2 'lIo up rrom 34.9 'lIo). 

Note t.hat. within slatist.ical fluctuation. t.he losses in any chamberCa) are identical 

Accomodate t.he support. fra.me, 

In concIu5ion, we have performed a det.ailed st.udy or the loss due t.o missed 

coverqe in t.he barrel muon det.ector ror a ph~'sics process in\'olvinr; exclusi\'ely 

muons in the final .t.ate. We ha"e not. made anf a priori requirement a5 to which 

and how many chambers should be hit. by a. tra.ck in order to identify il AS II. 

muon, No informaL ion from a det.ect.or other lhan the muon system ""as used in 

t.his analysis. For t.he int.erest.in, case where all four muons from the Hius are 

detected in the ba.rrel. we estima.le a loss o( at least 10 ". 
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Zholobov G. V. 

A background computations for SOC set-up at 40 T.cY 
IHEP. Protvino. 19/05/1992 Weeting report 

I "ould like to present some results of the Monte Carlo 
calculated background for SOC experimental setup. Calculations 
were made by use simulat ion code, based on GEANT3 and ISAJET 
program systems. 1 can't discuss details of simulation code. 
Only mention. that standard OCO twojet events were generated 
by ISAJET with jets S<I'r<150 GeV/c. GEANT3 kinetic energy cuts 
were taken equal to 1 WeV. 

The side-vie" of setup is shown in fig.1. The elements 
shown are: vacuum Pipe, Barrel Calor imeter (e80). Endcup 
Caloribeter (CEO). Forward Calorimeter (FCAL), Barrel Toroid 
(BTl), Forward Toroids (FTI. FT2); drift tube chambers: end cup 
- f'i'I, FW2, FIB, FW4, Fi5; intermediate - 1'1'2, JW3; central -
B'I'I. B'I'2, B'3. Scintillator hodoscopes: FS4. FSS, IS2, IS3, 
BS2, BS3. The quadrupole shield (Coli imator) and its absorbers 
(ABSI, ABS2). Endcup shields (SHI. SH2. SH3) and Cerencov 
counter FCC. 

Due to central computer power limitation it was supposed 
that Toroids and calorimeters are absolete absorbers, so that 
the main background sources are iron Shields and Absorbers, as 
well as drift chambers and scintillators. Only hadronic part 
of the shower was allowed to develope in iron shields and 
absorbers. 
10 Vacuum pipe parameters: 

Waterial - Aluminium, 
consists of two conic sections, 
R1111in "" 2,6 cm, 
Ri llax '" 25 cm, 
R2min "" 5 cm, 
wall thickness varies for tecnical reasons like: 

o PIP_T(R). R/Rlmin x 0,1 cm. 
2 Collimator: 

2. Secondary interact ions vert ices inside the main 
background sources. 

a). Vacuum pipe (fig.8). 
The two sharp IP symmetrie bumps are located at the flanges 

of the pipe sections. The first small IP symmetric bumps are 
situated at the tube to cone transitions, and second are due 
to the rigid rings. The fourth picture - perpendicular to the 
beam plane projection for x- and y-coordinates. 
b). SHI (fig.9). 

The interactions are mainly located at the beam side. 
c). SH2 (fig. I!}). 

The main background flux comes from IP side. 
d). SH3 (fig.11). 

Background flux comes from the collimator side. 
e). ABSI (fig.12). 

Background comes from the coil imator side. Due to the ABS2 
shadow effect there is no sharp degradation with radius. 
0. ABS2 (fig.I3). 

Background carnes from the collimator. Sharp increase with 
Z. A considerable decrease in radius. 
g). COLL (fig.14). 

Z- and R-distributions look very similar to longitudinal 
and transverse hadronic shower profiles. Strong degradatton in 
Z (for Z>18S0 em) and R. 

3. Interacting particle types and their energy 
spectra. 

The background partiCle decomposition was booked according 
their GEANT3 codes, the first of which are: 

10 11 12 13 

e+ e- v I" ~- nO n+ n- KOL K+ K-

To cover kinetic energy range from 100 KeV up to 10 TeV the 
following function of Ekin was booked: 

y - logto(Ekin/10- 4
), then Ekin • IOy-4 GeV. 

a). Pipe (fig.15a,b). 
The main particle types are ~, e+ and i.e. mainly 

electromagnetic showers are produced in the pipe walls. 
Kinetic energy of the pipe products covers a range from 0 upto 
some hundreds GeV. A mean kinetic energy equals 100 WeV (y~3). 

The lIain bump is due to electromagnetic interactions. Some 

14 

p 

1 ~.~ I 

l'i"i3 

Rmin "" 10 em, Rmax : 76 em. 
3° ABSt: 

Rmin "" 47,5 em, Rmax = 80 em. 
40 ABS2: 

Rmin = 15 em, Rmax = 47,5 em, 
ABSI T ~ ABS2 T : 32.5 em. 

SO Endcup shields: 
SHI T = SH2 T : 40 em. 
SH3-T = 15 ~m. 

All other dimens ions are according to the 9/18/91 D.Shuman 
delector dimensions drawing. 

Drift tube chambers were considered as homogeneus mixtures 
of Al(5\\) + ArC0:2(95\11). p=0.54 g/cm'. 

The background particle hits into sensitive elements of SOC 
(exept calorimeters) for a typical 40 TeV event are displayed 
in fig.2. The listed below results are based on statistic of 
408 events. 

1. Background sources. 
Zvert vs Rvert - coordinates of vertices for particles 

entering sensitive detectors/scintillators are displayed on 
series of pictures (figs.3+7). 

For Bil background particles mainly come from endcup 
shields SHI and SH3, Collimator and its absorbers (ABSI. 
ABS2) , Fil, Fl'2, FWS and FS5; 1W2, 1'1'3 and IS2, IS3; central 
pan of vacuum pipe, and self. 

For B'I'2, B'I'3 background particles mainly come from SH3, 
COLL and ABSI. ABS2; Fi4. FS4 and Fl'5, FSS; liZ, 1l'3 and IS2. 
IS3; B'I'2, B'I'3 and BS2, BS3. 

For FYI background COmes from SHI, FW2 and Fit. 
For FW2 the same as for FWI. 
For Fi3 - from SH2. 
For Fl'4 - from SH3; COLL and ABSI. ABS2; FS4, Fl'5, FSS, 

interMediate drift chambers and scintillators. 
For Fi5 - from SH3; COLL and ABSI, ABS2; FS4, FS5, Fl'4, 

Fl'S, 1l'2, 1'3, IS2. IS3. 
For liZ - from SH3; COLL and ABSI, ABS2; IS2. 1'3. IS3, 

Fl'5, FS5; Fl'4, FS4; BiZ. B'3; BS2, BS3. 
For 1'1'3, FCC - same as for 112. 
For BS2, BS3 - from SH3; COLL. ABSI, ABS2; Fl'4, FS4; Fl'S, 

FS5; IS2, liZ; IS3, 113; BS2. B'I'2, BS3, B'3. 
For FS4. FS5, IS2 and IS3 - same as for liZ. 
SUlllllarizing, it should be stressed that the most pronounced 

background source is SH3. 

particles with Ekin below threshold (1 MeV) are seen, they 
will be stopped by lhe program at the first tracking step. 
b). SHI (fig.15c.d). 

The main interacting particles are neutrons from intrinsic 
hadron shower. )5', e+, e-, }J+, }J- are mainly incoming 
particles. Kinetic energy spectrum spreads upto 10 GeV (y-wS) 
and has twO bumps. The main bump (MeV's) is due to nuclear 
interactions, the second one in a hundreds WeV region (r--3+4) 
corresponds to hadronic interactions. A mean kinetic energy 
equal s to -10 WeV (Y"'2). 

The same for SH2 (fig.16a.b). 
c). SH3, ABSI, ABS2, COLL (figs.16+18). 

Itneracting and produced neutrons are completely dominant. 
The kinetic energy specUum is almost cOlllpletely located below 
10 WeV. Neutrons come from intranuclear and internuclear 
cascades and from nuclear evaporat (on. Note, that when moving 
from COLL to ABS2, ABSI and SH3 kinetiC energy becOllles softer 
(from -8 WeV for COLL upto -3 WeV for SH3). 

4. Endcup trigger hodoscopes FS4 and FS5. 
One assumes the counter width to scale as '''''0 sinSl 3S for 

a constant p,. threshold, '0:.8'1 cm. The two layers of 
scintillators (FS4 and FSS) are aligned such that a ray, 
extending from the IP through the center of a counter in the 
first tayer, strikes the division between two counters in the 
second layer. There are 30 counters in FS4 and 31 COnters in 
FS5, muching these conditions. 

Z-coordinate distributions of produced in FS4 (fig.19a) and 
FS5 (fig.20a) particles are flat. Radial distribution for FS4 
(fig.I9b) has a bell form. For FSS (fig.20b) it has a bump al 
the low radius end, and decreases with 1. The unnatural form 
of FS4 radial distribution can be explaned by relatively 
slll3.ller amount of dense lIaterial on the path from Collimator 
to FS4. pass by ABS!. 

From the particle types distributions (fig.2Ia for FS4 and 
fig.22a for FSS) it is seen that hodoscopes are mainly hi tted 
by neuUons. Approximately equal amounts of ~IS, protons and 
neutrons are produced inside scintillators (figs.21c and 22c), 
and all protons and about 131> neuUons are absorbed. The 
numbers of entering and leaving FS4 (figs.21a, 19d) and FS5 
(figs.22a, 20d) p~rticles are approxill3tely equal. About 9911 
particles have Ekin<IO WeV (figs.2Ib and 22b). 

The sharp increase of charged particle counterS rates for 
FS4 (flg.23a) is due to: 

1 ~'7J 



a) increase of the counters width, 
b) bell form of R-distribution, 
c) the fact that only half of FS4 hodoscope overlaps FS5 

hodoscope coun t e r s. 
For FS5 (fig.23b) - natural form. As the result number of 

triggers quickly increases for higher R counters (fig.23c). 
Background particle, have a large lime delay, (lig.24). 

Frocn the distributions for FS4 and FS5 mean time delay values 
are 650 n, for FS4 and 490 n, for FS5. Time delay i; »10 n' 
(time interval between IP events for ~tot.]OO mb, 
Lz]033 cm-2s-1). So that we have continuous in time neutron 
background. The trigger rate can be calculated using formula: 

Qs "" 2T·n.·ns S-1 where 
,..-5 ns - hodoscope time resolution. 
n. and ns - charged particle intensities in FS4 and FS5. 

Taking into account the number of .simulated events Nev.408. 
0tot and L given above, and approximately N~""NC""800 cOunters 
in each trigger layer (including two ends ind asimuthal 
segmentat ion), one obtaines: 

II. 6 
---- x 10 

4,08 II~ 

II, 
----x 

4,08 N~ 

6 
10 

-, , 

-, , 

where N. and Ns are the total numbers of charged particles. 
which have intersected FS4 and FSS (during the ti.e of 408 
events production. equal to -4 JU). 

FrOlll 1I0nte Carlo 11.-10270, 11.-43293. Then 

lis ~ 4,2 x 10' ,-'. 

Taking into account usual event frequency 

lIE - 1/l0n, _ 108 
,-', 

for relative trigger rate one obtains 

R - lis/lIE = 4,2 x 10-3 per counter. 
Each trigger counter frequency j s independent (due to a 

large time delay). Then for 800 counters: 

R. 4,2 x 8 x 10· t 
:II 3 triggers per event I 

This _kel endcup trigger hodoscope useless at the given 
baCkground condi t ions. 

6. How to reduce background. 
In the first chapter it was stressed, that the IItOst 

pronounced background source is SH3. The main background 
particles are neutrons with kinetic energy below 10 MeV. To 

reltOVe neutron background hydrogen riched lIaterial is needed. 

The first ,tep i, u'e polyethylene SH3. The work i, now in 

progress. Some preliminary results, based on statistic of 202 

events, can be.discussed. 

In Ivert v, Rvert di'tribution, .erie. (figs.29+33) the SH3 
pronounce remains. 

Comparing with the iron SH3 results, one can conelude" that 
particle decomposition in sensitive detectors, except slow )I's 
in scintillators, retains the same (cf. figs.34a,b.c and 

35a,b,c for FlS and figs.36a,c and 22a,c for FSS), but energy 
spectra become harder (flgs.34d,36b and 35d,22b). Background 
particle flux through FSS (lig •. 36 and 22) is reduced by a 
factor -5. The charged particle trigger counters rates 
(lig.37a,b) becOGle -10 ti"e. ."a II er (cf. fig.23a.b), and 
convent ional numbers of triggers per counter (figs. 37c and 

23c) decrease by a factor -100. 

Particle tl"e delyas (lig.38) halve (cf. fig.24) due to 

slow neutron ab.orbtlon by polyethylene. Total numbers of 
charged particlcs, which have intersected FS4 and FS5 during 
the ti.e of 202 events production, are N.-401 and Ns-2420. 
Us ing the described in Chapter 4 proeedure relat ive trigger 
ra te becomes 

R ~ 3 x 10-2 t riggers per event. 
Conclusion is: polyethylene SH3 reduces trigger rate by factor 
-100. The next step wi I I be use polyethylene together wi th an 
iron. 

7 
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5. Cerencov Counter FCC. 
From thc space coordinate distributions (fig.25) one can 

see that background panicles corne in mainly from Colliutor 
side and leave FCC 'at the opposite side. 'Some altOunt of 

background particles comes from FS4, FW4 side. FCC is mainly 

traversed by neutrons and (an order smaller) )I's (fig.26a,b). 

A few (-0,111) particles produce interactions (fil.26c). 

Produced particles are )I. e+, e-, n, p. Mean particle ti.e 

delay equals 556 ns (lig.26d). For FCC the IIIOst interesting 

are distributions of )I-factors and a - angles between inca.ing 

particle lIOInentum and space vector, directed trOll IP to the 

par tic Ie. 
According to Valery Kubarovsky private cOlMlUnication fast 

muons, coming frail IP. are completely located in the region 

11>40, 3<30 . From 11, 8, 11 vs 8 distributions of charged 
particles (lig.27) one can see, that traversing FCC background 

particles are located at small )1<20 and occupay the whole 8 

region from 00 upto 1800 . Numbers of charged particles 

traversing from left to right and vice versa are approxiaately 
equal (fig.27b). Neutrons are located in the near to zero 

·1I-region (fig.28d). 110 particle. are found in the region 11>40, 

6<3° at the liven statistic level. Assuming less strong 

restrictions, one can obtain an upper li.it for background Fa: 

trigger rate. 
There are three incoming particles, having ¥>40 and 6<20°. 

Thi s leads to 
R < 3/408 - 4,7 x 10-3 triggers per event. 

For IIOre precise estillate ItOre statistic is needed. FCC 

trigler see.s to be operative at the present background level 

wi th a greate securi ty. 

There are two rescue pathes: 
1) to substitute scintillator trigger by FCC, 

2) to reduce ba~kground. 
The first point w.s just discussed. Below we consider the 

second point. 

1. Background sources. 
2. Seeondary inte'ractions vertices inside the tnain 

background sources. . . . . . . . . . . . . 

3. Interaeting particle types and their energy spectra. 

4. Endcup tr i gge r hodos copes FS4 and FSS. 

S. Cerencov Counter FCC ..• 

6. How to reduce background. 
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Abstract 

The simulation of the neutron rates due to be~
beam interaction down to 100 keY with the GEANT.3.14 
code is presented, The geometry used differs from that 
of TOR by much thicker sbields, especially in the rear 
area. The transversallea.kage from tbe Forward calorime
ter is found to be the major source of neutrons in the 
JlFW., JlFW, area. If FCal is placed by 1 meter closer 
to IP, then this eft'ect is 4 times smaller, while the rate 
in JlFWIo JlFW, is doubled. After this optimization 
the rates are: 1 neutron/event in I'FW"I'FW" 0.15 
n/event in JlFW., JlFW, and 3 ·10-' n/event in I'BW2. 
For TOR geometry the rates of JlFW',I'FW',I'BW, 
should be much higher. 

The option to put the SSC S-Quad at 35 meters is 
also investigated. The backsplash i. 20 times less than 
for 20 meters position and the same sbield thickn .... 

thicker ones to be closer to the optimal design. As far as 
the rate dependence on the shield's thickness is known, 
the shields may be scaled to the desirable rate. The 
example of such an exercise is given in SectA. Another 
important change in the geometry deals with the FCal 
radius: it was increased as much as possible to reduce 
the transversal shower leakage which appears to be very 
big. 

Only the beam-beam interaction is assumed to be the 
source of radiation. This SH'DlS to be the major effect. 
In any case this calculation keeps a very important fea
ture which is common for the most of the other sources: 
the radiation has its origin at the beam-line area. 

2 Low Energy Neutrons 

The energy cutoff for the neutrons is a kind of problem. 
First: the neutron spectrum peaks towards low ener
gies; second: even "'ery slow neutrons may be essential 
for the detectors and tbird: such dense materials as an 
Iron are well kno,,'n to be transparent for the neutrons 
in a MeV range. The stability of the result versus the 
neutron energy cutoff was studied and found to be rea
sonably good under some conditions, 

Hydrogen-rich materials are well known to be very 
good to slow down the neutrons in a Me V range. So 
the Polyethylene shields were introduced in the geom· 
etry. GEANT3.14 code (including GHEISHA-8) was 
used. A good agreement of punch through simulations 

As far as the 35 m option needs much longer shield, the 
optimization of the shields shape is dOllf'. 

The data also presented on the contribution to the 1st 
level trigger and on the rejection power of the Cere-nkovs. 

Introduction 

The SDC Forward muon system is shielded from its 
inside to reduce the influence of the beam· line and of the 
backsplash from the FCal and S·Quad Collimator. The 
charged particles are almost completely absorbed in this 
shielding thus neutrons become the major problem. 

The efficiency of the neutron detection is not studied 
well, this depends on geometry. detection thresholds, 
etc... However there is an indication that this is not 
small. The GEANT/GHEISHA simulation shows the 
production of 0.2 protons per incident neutron in 1 cm 
thick trigger scintillation counters and about the same 
number of electrones; about 5 electrones/neutron are 
produced in the drift tubes' walls. It is rather diffi
cult to estimate the effect in the last case because one 
should take into account the probability for the low
energy electrone to come out into the gas volume, also 
the energy cutoff for ionisation is very low. So in this 
study only the neutron rates are presented, the detec
tion efficiency being another task. 

The TOR shieldings are to<> thin to my mind, es
pecially in the rear area where the neutron backspalsb 
from the S-Quad collimator is huge. So I tried much 

with experimental data was demonstrated for this code 
(H.Fesefeidt et aI., NucI. Instr . .II: Meth. A292 (1990) 
279). 

Fig.l illustrates how effective an Iron and a Polyethy
lene are for soft and hard neutrons. Note a very fast 
absorbtion of soft neutrons by the Polyethylene. 

The base-line geometry is shown in Fig.2. Payatten
tion to the Polyethylene shieldings, huge Iron shielding 
in the rear area and to the "fat" FCal. 

Fig.3a.;.c show the dependence of the rates in the 
rear area on the neutron energy cutoff. The difference is 
within a faclor of 1.5.;.2 in the range of lookeV+10MeV. 
The neutron flux coming to the 30 em thick rear Polyethy
lene shielding is shown in Fig.3d. The conclusion is: the 
soft neutrons are almost perfectly absorbed hy the 30 
em of Polyethylene. 

Fig.4 shows what happens if the Polyethylene is not 
thick enough. Two curves in each of 4 pictures corre
spond to 12 cm of Polyethylene in the forward sbielding 
and 20 em, the stability in the last case being much bet
ter. 

The conclusion: neutron flux calculations are 
reasonably stable versus energy cutoff for Polyethy
lene thickness more than 20.;. 30 cm. 

The Polyethylene is much easier for mechanical con
struction than the Iron. It is because of its low weight 
and (I hope) low price. So all the studies below address 
mainly to an Iron shielding as the most important issue. 
The forward shielding was assumed to be 30 em thick 

1" 1 I 
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Iron followed by 20 cm of Polyethylene. The neutron 
energy cutoff ,.,·as set to 10~IeV (sa.,·ing a factor of 4 ~ 5 
in speed), the cutoff for charged was kept at lOOkeV. 

3 Fea) Neutron Punchthrough 

It comes out that FCal is not "fat" enough (in radius) 
to absorb all the sho, .. ·ers' tails. It was increased as 
much as possible but nevertheless the FCal neutron 
punchthrough is the dominant effect for the I'FW, , I'FW, 
stations. Fig.5 shows the entry point (Z,R) of neutrons 
to the l\1uon system. One can easily see that the FCal 
punchthrough dominates over the S-Quad hacksplash. 
This is not so strange if you keep in your mind that the 
shortest way across the FCaI is only 5.5A (see Fig.2) and 
this way is almost in forward direction for the hadrons 
produced in IP. 

What are the possihilities tn reduce this effect? 

• There is no room for increasing the radius more. 
Even the drawing in Fig.2 is unrealistic because it 
hasn't a room for mechanical supports. 

• More dense calorimeter. It depends on the choise 
of technology. In my study the FCaI is made of a 
mixture of an Iron with a plastic scintillator with 
,\ ~ 25cm. In any case it is difficult to imagine any 
big calorimeter with the average absorbtion length 
of ,\ <20cm. The passive "coat' made of Copper 
(A "" 15cm) of Uranium (A "" 12cm) may be effec
tive. 

Fig.6 The new proposed position for the FCal: the 
second Forward toroid worb as an outer -coa.t" for the 
FCal thus reducing the .pray of neutrons. 
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• The Iron Toroid as a "coat" for the FCal. 
Imagine the FCal to be pushed by 1 meter closer to 
IP (see Fig.6). In this case the Iron of the Forward 
toroid prevents the transversal leakage of the show
ers. This option looks as the most simple one and 
it ",.as studied. 

Fig.7 shows the neutron rates in various areas for 
Z=ll meters position (dashed line) compared to Z=12 
meters position (solid line): 

• Rear area (I'FW •• I'FlI',): goes down 4 times (a 
bit sucprized of the effect to be so small). Anyway 
note that this means a gain of 42 ::::: H, for the 2-fold 
accidental coincidence in the 1st level trigger. 

• Front area (I'FW"I'FlV,): increased twice. This is 
because the Forward toroid is not as good to absor b 
the FCai backsplash as at Z=12 meters. 

• I'FW3 becomes much bemer because the gap be
tween two toroids is closed now by the FCal. 

• The rate in the barrel station JLBW2 shows its be
haviour similar to that of the rear area. Additional 
study showed that neutrons come to JLB~V2 predom
inantly from the rear area. 

4 S-Quad at 35 meters 

The neutron backsplash was studied for 35 meters S
Quad position. The starting point was the 20m geomc-

1J 

is shown in a dashed line. The overall normalization of 
the U.ickness was chosen as to get tbe integral of the 
backsplash at about 1/3 of the FCal punchthrough in 
Z= 11 m option. The resulting geometry is shown in 
Fig.9. 

Then the new simulation was done with this rear 
shield. the results being rather close to predictions_ Fig.IO 
demonstrates the quality of the "Equi-shape": the ori
gins of the neutrons which come in to the Muon system 
are about uniform in Z. The integral of the backsplash 
comes to 1/2 of the FCal punchthrough instead of pre
dicted 1/3. 

Perhaps U.e "Equi-shape" is not the best one for op
timizing rate V.s. weight, it may be further improved. 
Anyway the "Equi-shape" is a good first approximation 
to the optimal shape, let's see what do we have with it. 

The uniform increment of the "Equi-shape" by each 
14 em comes to e times less backsplash. Given this 
scaling rule. the dependence of the rate on weight was 
obtained (see Fig.ll). Also shown is the dependence for 
20 m S-Quad position. it assumes the same scaling rule 
e-t

/
14cm• Here we may also hope for some improvement 

of the shape alU.ough there is no much room for such an 
improvement because of U.e limited length. The levels 
of FCal punchU.rough for Z=12 m and Z=l1 m are also 
shown. 

There is a clear possibility for 35 m option to build a 
major part of the rear shield of Concrete (much cheaper) 
but it was not calculated till now. 

15 
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40 

try (see Fig.2). The rear shield is made of 2 Iron cylin
ders of 1.25 meters and 1.5 meters outer radius followed 
by 30 cm thick Polyethylene. Then the rear shield was 
just "expanded" in Z from Z=20 m to Z=35 m. The 
total backsplash rate falls down by 20 times. Such a 
low rate is out of practical use because it is far below 
the FCal punchthrough level. 

As far as the rear shield hecomes very long ('" 20 me
ters) some effort was done to save the weight by op
timizing its shape. The first step was to design the 
"Equi-Shape": the contribution of each piece of its SUIw 

face to the total neutron rate should not depend on its 
Z-position. The inputs were: 

• The distribution of neutrons along the shield which 
was calculated before. 

• The solid angle for viewing JLFW", JLFW5 from any 
particular point of the shield's surface. 

• As it was shown before, the neutron flux in Iron 
"dies" like e-t/ 1o , where t stands for the absorber 
thickness and to '" 14 cm. This is valid for relatively 
hard neutrons (T. > 10MeV). the soft fraction be
ing assumed to be absorbed by the Polyethylene 
(see Sect.2). 

Fig.S shows the behaviour on Z of the solid angle and 
solid angle times neutrons density ("Flux"); the vertical 
scale is arbitrary. The solid line shows the outer profile 
of the calculated "Equi-Shape", the inner profile being a 
plain tube nf 25 em radius. Its polycone approximation 
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Fig.S Tbe calculation of the "EQui-shape" of the rear 
a.bsorber. The claim for this shape is that ita contribu
tion to the Muou system tate should be uniform in Z. 
Also plotted are the solid angle at which I'FW •• /'FW. 
are viwed from the surface of the rear shield and "Flux" 
which is the above solid angle times the number of neu
trons. Tbe vertica.l scale for the solid anslo and "Flux" 
is arbitrary. 
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neutron rate for the sse Quad positions of Z=35 m 
and Z=20 M. The r_able scale o( the desirable rate 
i. aet by the FCaI puncbthrougb rate which ia sbOWll 
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Fig.lO The distribution of the origins of the neutrons 
coming to Lbe Muon system Cor the Rear shield of the 
sbape shown in Figs.8,9 . 
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5 The Rate Distributions 

Fig.12 shows the radial distribution.of Lhe neutron Bu."( 
over the various mUoD stations (the integrals are shOWD 

in Fig.7). The contribution of tbe FCal punchthrougb 
is sbown separately for tbe I'Ft.V, witb tbe hatched bis
togram. Tbe " .. tical scale i. normalized to one event 
and to tbe "ring" of 20 em widtb. Tbere are clear 
peaks at minimum radii because neutrons come from 
tbe beam-line area, Tbeae peaks are not so prominent 
for JlFW, and I'FW., thi. may be explained by the 
geometrical reasons. 

Fig.13 shows the distribution over Z in the barrelst&
tion "BW •. Altbougb tbe statistics is ratber poor. one 
can see a concentration to,,-ards the end of the cham· 
ber. It was revealed in additional study tbat 3 of tbese 
neutrono came from tbe rear area while 1 (tbe leftmost) 
came tbrougb tbe Barrel toroid. 

6 Contribution to tbe 1st Level Trigger 

Ony very rougb estimation is available to tbe moment. 
It io baaed on tbe rates of charged particles produced 
in the scintillator counter. (see Fig.14). Eacb of two 
scintiUator planes bas about 50 counters in radius x 
8 octants )( 2 arms = 800 counters. Tbis comes to 
ahaut 4 kHz/counter r"te for each of tbe planes at the 
nominal luminosity of L = 1()33 ·cm-'.- I . Assuming tbe 
time resolution of T=5 1lS. tbe rate of accidental 2-fold 
coincidence. comes to (4 kHz)')( 2T x 800 channels "" 
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120 Hz. 
Althoug the above value is very low, still it is very 

uncertain. More certain value depends on the follOWing 
issues: 

• Detection threshold. It is preliminary estimated 
to be about 600 ke V for the protons at far end of 
the scintillator bar and about 100 keY if close to 
PM. These values are few times lower for electrones. 
So rather detailed model of the counter system is 
required. 

• Cracks. Is it practically possible to bave such a 
tight packing of the detectors as it was assumed in 
this calculation? How many space should be left for 
mechanical supports, vacuum pumping, etc .. ? How 
big the cracks in the shields are? 

• Rear shield. Will such a thick rear shield be ac
cepted or not? 

• Feal material. The model used contains a good 
fraction of plastic which should be important for 
absorbtion of low-energy neutrons. If the future 
technological choice for tbe FCal will not allow for 
the significant fraction of Hydrogen, then the neu
tron punchthrough rate may be much higher. 

• ??? 

As of DOW it is not so easy to clarify all of the above 
questions. In this view the direction-selective gas Cerenkov 
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tion selectivity is about 0.1 radians. The definition of 
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IP. I propose this option. The closed SDC geome
try allows to design a ,'ery clean rear muon area as 
compared to GE.~I and this feature may be essen
tial for both the trigger and the pattern recognition 
issues. It would be a pity to lose this advantage. 

~. The S-Q\lad position at Z=3S meters requires about 
1.3 times mort iron than at Z=20 meters but the 
possibility of concrete shield in the first case is still 
opened. 

5. The contribution to the 1st level trigger seems to be 
low for the perfect "naive" geometry but the effects 
of mechanical supports, cracks. etc... are not clear 
now. So the direction· selective gas Cerenkovs still 
look attractive. 

6. The front shield Polyethylene should not be thinner 
than 20 cm. 

7. Neutron rate in the front area (!,FlV" !'FW2) is 
dominated by the Front shield punchthrough and 
comes to 1 neutron/event. Neutron rate in the 
rear area (J.FW., )'FW,) is dominated by the FCal 
punch through and comeS to 0.1 neutron/event for 
optimized FCal position. The behaviour of the rate 
in the barrel region (!'BW2 ) is similar to that of the 
rear area. The tot.al rate is 3· 10-3 neutron/event 
for optimized FCal position. 
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counters look .... ery attracti\"e. Flg.15 ~hows the distribll
tion of the charged particles (predominantly electrones) 
in energy and mis-angle l/,; in Cerenkov. The defini
tion of the mis-angle is shown in Fig.9: it is the angle 
between the actual momentum of the particle and the 
direction to the IP. The Cerenkov counter proposed by 
the IHEP group bas two selective features: 1 - thresh
old of 20 MeV for the electrones in the air and 2 - it 
is sensitive only for small mis-angles: ,p < 100 mrad or 
$0. The zoom of the Cerenkov sensitive area is shown 
on the right, it has no bits for more than 2000 gener
ated events. More definite estimation of the Cerenkov 
rejection power depends on the details of its design but 
anyway Fig.IS shows the rejection power to he very 
high. 

7 Conclusion 

1. The punchthrough simulation is reasonably stable 
versuS neutron energy cutoff for 20+30 cm of Polyethy. 
lene following the Iron shielding. 

2. The TDR shields are very thin in the rear area, they 
should be increaced. 

3. For thick enough rear shields the neutron punch through 
of the Feal becomes the dominant source of the rate 
in the rear area (!'FW.,!'FW,) which contributes 
to the 1st level trigger. The rate may be 4 times 
reduced hy moving the FCal by 1 meter closer to 
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8 Plans 

• The above calculations should be redone in more re
alistic geometry allowing a space for tbe mechanical 
supports and pumping equipement. 

• The tolerances to possible cracks and offsets should 
he established. 

• Further optimization of the rear shield shape/material. 

• As the neutron distribution along the forward shield 
increases towards its far end (see Fig.16 a) then the 
front shield shape like that shown in Fig.16 b seems 
to be better. 
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Fig.16 The djs~ributioD of neutrODS along the Front 
shield (above) 2nd the proposed shape of the Front 
shield (below). 
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Muon Electronics 
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Development of Amp. Shaper Discri. (ASD) 

Short term: 

T.!fV-l 

Cro.tes 0 .. 11., 
SlA.l"fo.ce 

-For BNL Beam Test (June. 1992) ; -4 ch. 

a) Hybrid ASD used for the VENUS forward chamber 

b) Penn. straw ASD chip 

-For Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

a) Penn. straw ASD chip? 

Minitower Project at KEK Test Beam 

Purpose: 

a) Provide test bench for the development of a chamber 

trigger electronics. 

b) Provide a mini-station for testing an overall read-out 

scheme. 

Chamber Setup: Two sets of 4 x 4 tube amys (32 ch.) 

simulating BW29 and BW39 

1'/ 1'1 1·1 1'1 

Test Beam at KEK PS: 

a)TI beam line; pion 0.5 - 2 GeV/c, 5 x lit ppp at 1 GeV/c 

b)lt2 beam line; pion I - 4 GcV/c, 2 x lOS ppp at 3 GeV/c 

Schedule: Beam Test at ..... 1993 
Fab. 

1 '; I I 

Long term: 

- For the Supertower prototype (May 1993); -1.000 ch. 

a) Muon ASD chip based on the straw ASD chip? 

b) New preamp chip + New SD chip? 

- For the Final Muon system (April 1994?); 100,000 ch. 

a) Muon ASD chip based on the straw ASD chip? 

b) New prea.mp chip + New SD chip? 

Development of the TMC Board 

-For the Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

CAMAC-TMC module; 32 ch./board • 1~ St.""1c 

- For the Supertower prototype (May 1993); -500 ch. 

VME (9U)-TMC module; 64ch./board. 1}l~ St...,e. 

Deyelopment of the I.J Chamber Tr!&&er Board 

-For the Minitower Chamber at KEK Beam Test (Feb. 

1993); -32 ch. 

First Prototype; 16 ch./board use FPGA's 

- For the Supertower prototype (May 1993); -500 ch. 

Prototypes; ~ ch./board use FPGA's 

and/or Michigan wire trigger chips? 

Preparation: 

. Tube chambers; 32 tubes of - 60 cm in length 

Aluminum extrusion -> Japanese vender 

Endcaps and Shaping electrode -> SSCL/Washington 

-Preamp. Shaper Discri.; Penn straw ASD chip? 

-CAMAC-TMC module; 32ch./module I l,..s ~Tov..,t. 

-Prototype Ll-trigger board. l6ch./VME (9U) board 

-Portable DAQ system based on VME; 

VME 9U/6U Crate 

WS interface 

CAMAC interface 

Interrupt module 

Trigger processor board 
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TC140G Series Gate Array 

• 1.0 Ilm HC2MOS Single Poly, Double Metal. 

• 2.3 k - 172 k Gates (14 Sizes). 

• Delay = 0.4 ns ( 2 input NAND, FO=2, L =2 mm). 

• Sea-of-Gate Technology. 

• Macro CelljFunction, Mega CelljFunction 
(RAM, ROM, ALU, Multiplier ... ). 

Toshiba Mega Cell Library 

*RAM-I : Dual Port Memory 
• 15.5 k Gates needed for 32 b x 128 w (4k bits) 
Memory. 

( 4 k x 4 ch = 62 k gates) 
• Address Access Time: 

*FIFO: 

Read = 7.1 ns (5V) [-12 ns (3V) 1 
Write = 11 .8 ns (5V) [ -20 ns (3V) 1 

• 2 k Gates needed for 8 b x 32 w FIFO. 
• Cycle Time: 

Read = 12.8 ns (5V) [ -21.6 ns (3V) 1 
Write = 21.8 ns (5V) [ -36.8 ns (3V) 1 

(we may need circuit modification.) 

f 

;.., 

~ 
New TMC Design with Toshitlba Gate Array 

SOC Collab. Meet. @KEK 
1992.5.27 Y. Arai 

• Toshiba Gate Array (TC140G), Library 

• Toshiba CAD Software (VLCAD) 

• New Cell Design (Differential Input Buffer) 

I\) 
:::J 
Ul ~ 
)( ~ 

C;; 0 
II 0 

W ~ 
I\) -

:::J 
Ul 

I 

"'\!. s-

I\) 

:::J 
Ul 

X 
I\) 
0 
.j:> 
en 
0-
;:;: 

X 
en .... 
() 

:::J ::r Ul 

i: x ~ 

W ~ c 
I\) 0 

3 II 
0 w a. 
~ 

I\) 

:::J 
Ul 

0 
c 
III . :U w 
01\) 
~x 

.. ~;;;. 
eDen 
3 
0 

-< 

.... 
f 

y" 

;-

::J 
Ul 
X 
.t>-
0 
CD 
(J) 

0-
;::0 

X 
.t>-
() 
::r 

'0 
iil 
~ 
3 
0 
a. 
~ 



CH83 

CHI 
CHO 

64ch TMC-YME Module (SOC Std, Board) 
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STATUS OF TMC MODULES 

Masahiro IKENO • KEK 

1. CAMAC 32-channel TMC module 

10 modules were produced/ready for any users 

2. CAMAC 32-channel Intelligent TMC module 

Circuit design completed to CAD input level and halted. 
( To start VME TMC module design) 

3. VME TMC module 

Designing stage 

113'i3 

Specifications 

sipol ,"puIS: 

START Input: 

STOP Input : 

I.eIII TIme CDunl: 

T_aa.: 
Daublellil __ : 

T ..... _Enor: 

IIRpI Linearily I!mlr : 

IlilIIftndII Linearily : 

32 OwIneL ECL-diIfe .... dal. ,"put Impedance 100 n 
Two 4O-pin PIa Cable Connector. 
,"putsilllal 11_ to Ibout 32 os _y Ifthewiddt II 
leU than 32 tIL 

One. ~ to aIIchlnnels, 500 1mpodInce; ~ 
connector. N1M Ie>eI. Used in common Swt mode. 

One. common to aIIc11onno1s, 50 0 Impedance; ~ 
--. N1M Ie'"'- Used"common Stop mode. 

~_ NIM Ie>eI. Genenre oynchmaous output puke with taaornaIcIocI: __ Used ror __ . 1-
1.024 III (4 ell). 2.048 III (2 ell) or 4.096 III (I ell) 

32 .. 

.,.0.S2ns (iDcludinl~""") 

< 1.5 biI 

< 0.2 ns 

V_.fS\ope: <0.1" (2.6·3.4 V) 
(~ ........... _) <0.1" (JS·SS·C) 

<0.1" (chiptoellip) 

Qamel to 0wJnel Di.scoIlfinuiIy < 0.5 bit 

DoIa_: 

DoIa: 

R24 RI8 R12 R6 RI 

CIIip 0 : A(O) I Ch3 

I 
Ch2 

I 
Ch I 

I 
ChO 

CIIip I : A(I) Ch7 Ch6 ChS Ch4 

CIIip 7 : A(7) Ch31 Ch30 Ch29 Ch28 

CAMACc.n.n.m : ~~~~=~~~~_bytheCAMAC 

I 

32CH 
TIIC 
RlJ4 • @iTR 
~TOP 
~ 
.. · . 
· . · . · . 
• • .. .. 

.. 
•• • • 

IN 
0 
I 

15 

IN 
16 
I 

31 

KEK0 

TMClOO4 32-Channel Multi-Hit TOC Module 

• 32 channels in single-width module 

• I ns I billeasl count.o =: 0.52 n5 time resolution 

• 1024 bits / channel (or 2kbit/2 ch. or 4kbit/ 4ch) 

• Common stop or Common SWI operation 

• No clear/dizitization time needed 

• Rising edge detection one! 6 bit encoded data output 

for each 32 ns data. or raw data dump for full data 

• Very stable for temperature. voltage variation 

• Q stop block transfer readout for encoded data 

• ECL differential input for signal 

• N1M level start / stop signal input 

• N1M level trigger output for test purpose 

2. 

1'oI:btIiDI: CAMAC I __ 

_~: +<IV. 1.2.\,-<I\I.0.5.\, 

1~'i2 

113'i4 



CHO 

CH31 

Start 

Stop 
1 - _________________________ 4 

Block cUagram of the TMC CAMAC module. 

(Data Formal] 
23 1817 1211 85 o 

F( 0)' A(O-7) Read Data 
F( I)' A(C).7) Read CSRO 
F( 4).A(C).7) ReadCSRI 
F( 6)' A(C).7) Read CSR2 
F(I7)· 1\(0-7) Wlfto CSRO 
F(20)'I\(C).7) WIftoCSRI 
F(22) • A(C).7) Wlfto CSR2 
F(9):_ 

1 CH3 daIa 1 CH2 _I CHI _I CHO data 1 

F(25) : SIart 

s 

1S:l77 

Specifications 

START ...... : 0a0,_ .. 1II_501l~~ 

STOPIDpuI : 

SYNC~: 

_'l'lme-.p: 

Doublollll_: 

'11IniD,_!!nor: 

'-" Uoo:ariIy !!nor: 

DIlI'aaIIId Lbmly: 

_NIM __ ~" __ _ 

Oao,_ .. oII_50Il~~ 
_NIM __ ~"_Soop_ 

=-=_.!"":~I)IIa<'_::: .-
128( .... _>- 1 (TMCcb!pI..-

» .. 

VariadaaotSlope: <0:1" (l,6, 3,4 V) 
(1iIDw<>4iIbI--1 <0, ... (U·55"C) <0,." (cblplOcblpl 

CbomoI .. CbomoI~ <0,.5 bIl 

DoIo_: 

Dolo: 

7 

32CH 
I :rMC 

RlN • @TRT 
@TOP 

~ 

00 
00 

. . 
00 

00 

00 
00 

00 
00 

IN 
o 
I 

15 

IN 
I. 
I 

31 

1"76 

32-Ch Intelligent TMC Module 

• 32 channels in sing\e.width CAMAC module 

• 1 ns I bH least count, sigma. 0,52 ns lime resolution 

• 129 usee Fun Scale 
• Common stop or Common start operation 

• Fast DSP56001 lor Data Formatting 

• SeriaUParai1el1/F to DSP 
• RislngIFalRng edge detection and 6 bit enooded data 

oulpUt lor each 32 ns data, 01' raw data dump lor fun data 

• Very stable lor temperature. wltage variation 

• a stop block lransfer readout 

• ECl dIIIerentiaIlnput lor signal 

• NIM level start I stop signal input 

• NIM level trigger output lor test pu!p088 

(, 

1878 

CAMAC_Cade : 

~: 

-a...-: 

CAMAC. __ 

:t6V.71\,:6'I.7A. 



General Description 

CAMAC Mqdule Cirs:ujt Description 

F ..... 1 shows !he block diopm of !he 32-<hanne' IntdIigenl TMC CAMAC module. The 

module _ 8 ThlCchips 1IId. ~l. . --- --- - - ---- -- --_ ... _ ...... -_ ...... _ ... _ ... --_ ... --- -- -- ...... -_ ...... ., 
MIJZ-+t a.w~ I : , , 

CHI I : - : , 

, , , , 
=:: ===' ':::' - ..... I 

! ............ -_ ........................................ _ ................ _ .................................... _ .. -' 

C 
A 
M 
A 
C 

1%1. 

AS232C -t=i;':'-'::;'::~-i----------______ m--_____ ------m---m--l 
: . 

CH3, 

CH' 
CHO 

, 

Com. SIIrt AD.l1+XIV _ Addr-. 

Com..... . -- c-oI • 
'-------------------------------------------------------------------, 

TMC-YME Module 

" 

T1r' 
V 
M 
E 

B 
U 
S 

VME TMC MODULE 

9U Single-width module 

32-channel or 64-channel 

l29usec Full Scale 

Common stop or Common start operation 

DSPS6001 for Data Formatting 

,. 

SOIEDULB 

I '92 JUNB I '92lL Y I '92 AUG I ,11" I '92 ocr I '92 NOV I '92 DBC 

ClRah DNl.. --.. 
PCIoud Layoat t---o4 
_ ...... of be -,.,. ..... _--_ .... 
StatftD, ud Tes' 
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_of2ocl.Boud 
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Muon Detector Trigger 

John W. Chapman 
(University of Michigan) 

Muon P t Distribution 

'" 
" )( ........... ". 

.~ 

o mucprompt) 
)( mu(deco'l} 

~ 
\ 

~ 

10-1 to 
Pt IGeV/cJ 

Muon Detector Trigger 

Requirements 

Design - Scintillators + Projective 'Vires 

• Scintillators - timing to crossing 
• \:Vires - Programable P t thresholds 

Simulation studies 

Circuit development 

• Scintillator circuit 

• Wire circuit 

Test results 

Future tasks 
• Supertower prototype 
• Full simulation of detector/trigger 
• Integrated storage,trigger,DAQ 

Muon Rates 

Rates in Barrel and Intermediate System 
(Standard luminosity; -1.5< 17 <1.5) 

:'v1uons from pion and kaon decay ..................... 42 kHz 
;\1uons from charm and bottom decay.. " .... 45 kHz 
Cosmic-ra~' muons. . . . . . ................. 20kHz 
Punch-thru. nemrons... . ............ <100 kHz 
Total rate per scintillator. . . . . . . . . . . . . . .. < 100 Hz 
Total rate above 20GeY ............................... 6 kHz 

Rates in Forward System 
(Standard luminosity; 1.5< 1171 <2.5) 

Muons from pion and kaon decay .................... 400 kHz 
Muons from charm and bottom decay ............... 100 kHz 
","eutrons ............................................. :::MHz 
Total rate per scintillator (est) ...................... 1-10 kHz 
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Simplified Muon Trigger 
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Central Muon Trigger 
Example Pt Thresholds 

>. 
u O.B ::; 
OJ : j ~ 

·u 
S 0.6 ....... [ ......... .1 .......... 1. ... . 

'"' i: ... 
OJ 
I:J) 

0.' I:J) 

E5 
0.2 

Data Items 

• 3 P t thresholds 

. . . 
.+ 6t ~ut - 601'1' 
-+- 61 cut. 100 ns 
__ t:ll c;ut - 2QO", 

•• ••••• - •••••••• ,.I •••.••••••• ,." ••••.••• ~ •••••••••• ; ••• 

In~eroeticin ReQion (J • ~ em 
T qroid thlcknes5: - 1 ~O ~rn 

60 BO 100 120 140 

Pt (GeV) 

SDC J.I. Trigger 

• 148 166 scintillator strips 

• 8 wire pairs (=>= 300 max) 

• 6 wire pairs (=>=150 max) 

• Scintillator patches (224 ma.x) 

Data Sizes 

• 2-bits Pt - Leycl 1 

• 4-bi ts 8 scintillator 

• 4- bi ts 9 scintillator 

• 8-bi ts QJ wire pair 

• 9-bits 8 ,,·ire pair 

• 8-bit scintillator patch address - Level 2 

1.0 

0.6 

>-u 0.6 :z: .., 
1;1 
"- 0.4 "-.., 

0.2 

0.0 
0 

l"')7 

.. .. .. 
" 

'" 
)1 

'" 
~:£ 

'" 
10 

SDC Muon Scintillators 

Forward System 

Trigger Efficiency 

20 30 40 50 
PT (GeV/c) 

60 



Muon Trigger Electronics 

KEK Hiroshi Sakamoto 

Strategy for muon local trigger 

Levell 

Finds a track segment in each superlayer 
Counts the number of track segmentsl 

Level 2 

Refines track segment infonnation by TMC data 
Connects segments among superlayers 

Implementation ( Prototyping ) 

Levell 

Time resolution of l6ns. 
Field Programmable Gate Array 

Level 2 

TMC interface 
Trigger processor array 

48ch Analog signal i_I 

,/ /'" 
J6c11 Digital signll i_I 

F 

~ 
~ 

~ 

~ 
~ 

~ ~ 
~ .!2 

b ~ !2 
) SO SO 

,7 V -
SO(sna per/Discri) card 

TlIC Boord----':::" Ll Trigger Board 

An SO card covers 48 chlMels from preaq>. 
TlIC board and LtlRG board OCClJl)Y adjacent 2 slots Ind 
sha,. 96 digitll i_ts SUIlIllied by 2 SO cards b.hind 
the bacl<plena. 

Connection of muon input signals 

1 : I .11 

I '- 'J ~ I 

Global L2 Trigger 

Muon Trigger System Architecture 

HU1'IlQ.ORW 

1')111 

eoax. In 
Counter Singal Fanout 

Mu TMC board 

Mu Trigger board ;--<::I I ;:::= ;I 

Mu TMC board 

Mu Trigger board ~, := 
foIu TMC boa r d 

Mu Tr i gger board Ii r= L--

Mu TMC board . i .§ 
I: 

Mu Trigger board! r<=' 

Mu TMC board I j 
Mu Tr igger board .iI r<=' 

~ 

Mu TMC board ~ ~ ... 
Mu Trigger board :; r= 
Mu TMC board 

Mu Trigger board r<=' ;::::::; 

Mu TMC board 

Mu Trigger board If' ~ 
~ Trigger Processor !!:> ~ 

nd L2 

DAQ processor ~ 
Clock/Control Interface i Control ~ 

Muon read-out crate concept 

MUCRATB. DaM 
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L2 Crate Processor 
Sect ion 

1 
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j ~ • , i· . ",' j 
t _._~ ______ d 

Control 
Bus IIF 
Block 

DAO ~ 
Bus IIF 
Block 

j §]EJEJ Opt. Fbr 

~ BB 
CCF: Clock and Control Fanout 
DCC: Oata Collection Chip 
L2B: Lave I 2 Buffar 
SCS: Track Segment Count Set 
TSE: Track Segment Encoder 

~ psc 

TSS: Track Segment Sumtation Ci rcuit 

Opt.Fbr 

to upper 
level L2 

to upper 
level L1 

Muon Crate Trigger Processor Board 
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(B1-83) unit 

Equat ions 

tl t t3 
---+ 

2 
t2 t t. 
---+ 

2 

3 t, - t, 
----+ 

2 

3 t, - t, 
----+ 

t. 2 

I 
I , 

t, = to + td 

I 
t, • to I td 

t" • tc + td 

tl • tc I td 

td Drift time,betweon two 
anode planes. ' 

I 
Trigger Concept' 
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• PIC-SILOS 3C.8. MUON LEVEL-1 TRIGGER ( HIGH PT ) 

em .,e ec .,., .,., e a 240 480 720 180 1200 
..... - -_ ................... -_ ........... -_ ......................... -+_ .. -- .......... . 

!'. 

a: 

o 
p o o. o. 0. 

o ° a o o 

8: Q o. 0 0 0 0 0 0 0 0 o. 0 0 ° a 
a: Q o. 0. 0. o. o. o. 0 o. o. 0. rl. 0. o. 8 

;i~~I~::~ ---:-::-::-:---------------------------------------- ~ 
WlRE:B . PAD 3 

SCINT.PAD • 

OUT_A.PAD :============ OUT_B. PAD 

STRl.PAD ~~~~~~~~~~~~~~~~~ 9 
STR2.PAD 10 
STR3.PAD 11 
STR'.PAD 12 

PIC-SILOS 3C.8. MUON LEVEL-1 TRIGGER ( LOW PT I 

o 240 480 720 860 1200 
+-- -_ .. ----+-------_ ... --- .. ---_ .. +---- -_ .. --+ ----_ ......... 

~~~~::~~ _ .. -:-::=:-: -----_ .. ----------- -----_ .. --------------- ~ 

WIRE_B.PAD =:~~~~~===?-======: 3 SCINT.PAD : 

OUT_A. PAD :=======:;::====:=~= 6 OUT_B. PAD ---- 7 

STR1.PAD ~~~~~~~~~~~~~~~~~ 9 
STR2.PAD 10 
STR3. PAD 11 
5TR4,PAD 12 



PI1 

Pt2 

tl + t3 
Pt3 tH = --2-

Interpolater Circuit 
Pt4 

LlITP.DRW 

3ta - t1 
t1-a= -2--

Extrapolater Circuit 

LIEXT.DIt1f 



1 'l1 I 

• PIC-SILOS 3C.8. MU Ll INTERPOLATER/MEANTIMER CIRCUIT ( 36 STEPS 

1000 2000 3000 4000 5000 

CLKIN.PAD _" .................................. " ......... ". 1 
SCINT. PAD 2 

WIREOIN.PAD _-- 3 
WIRElIN. PAD 4 
WIRE2IN. PAD _ -- 5 

TRGOUT.PAD ________________ ,. ___ _ 

• PIC-SILOS 3C. 8. MU Ll INTERPOLATER/MEANTIMER CIRCUIT ( 38 STEPS 

1000 3000 4000 5000 

CLKIN.PAD _ .............................................. , .. . 

SCINT.PAD ~~~~~~~~~~~~~~~~~§~~~~ WIREOIN. PAD _--
WIREIIN. PAD 
WIRE2IN. PAD _--

TRGOUT • PAD ________________ _ 

• PIC-SILOS 3C.8. MU Ll INTERPOLATER/MIlANTIMER CIRCUIT ( 36 STEPS 

1000 2000 3000 4000 5000 

eLKIN. PAD _.##.,##.#.##.,,##.#########.## ••• ##.### •• ######### 1 
SCINT .PAD 2 

WIREOIN.PAD _-- 3 
WIRElIN.PAD 4 
WIRE2IN.PAD _-- 5 

TRGOUT.PAD _____________________ _ 

• PIC-SILOS 3C.8. MU Ll INTERPOLATER/MEANTIMER CIRCUIT ( 38 STEPS 

1000 2000 3000 4000 5000 

CLKIN. PAD _ ... " .. "#11## ....... ##".##" .. ############ ...... 
SCINT .PAD 

WIREOIN .PAD ~~~~~;~~~~~~~~~~~~~~~~ WIRE lIN. PAD 
WIRE2IN. PAD 

TRGOUT.PAD ____________________ _ 

1. fl1 ~) 

XC4000 Logic c.a Array FamJly PRELIMINAR' 

.. 

.0 

..... 
~ .. "1-4-----4 .. '0-1" 

~.~~----------~ 

Apr_'. Slmpl", Bktck DIavram.' XC4000 ~ utili ..... 

Fundion XC3000 Family XOIOOO Family 

BIll bit Parity GeneralelCheck 14 ns/2ClB 5ns/l ClB 

24-l>illnput Decode 2Ons/5 ClBo IOnsfOClBo 

32:32 8" ldenlily Co""",ralor 1& nsf 16 CLB. 12nsf.ClBo 

1&:1 Llultiplexer 28 nsf 7 ClB. 2Onsf5ClBo 

I &-bit Sync/1ranous Counter 35 nsf 14 ClB. 2Onsf8ClBo 

t&-blt loadabIo Counter &0 nsf 18 ClBo 2Onsf1ClB. 



1. n1·'" 

Field Programmable Gate Array 

§ ;!: .., 
0 '" 2 2 g 2 '" '" .. ,... .., 

'" '" '" '" () >- >-
>< 

I,-rosspoint Xilinx Actel 
Product CP20K XC4000 ACf2 
Release 92/2 Available - 9217 Available 
Max. gates 20k 20k 8k · ,! 

E 
Technology 0.75 /J. 0.9/J. , 1.2/J. 
Architecture TPT,RLT IOB,CLB Logic Module 

If ,.. 
e 

~ ., .., - '" '" '" '" 
~ 

'" ~ 0 '" It) '" '" g g '" '" '" '" ~ 0 '" >- >- >- >-
>< " .! 

Toggle Freq. 200MHz 120MHz 
System Clock 50MHz 60-70MHz 50MHz 
I/O Pads 91-270 64-240 I 140 
Input Level CMOS,TTL CMOS,TIL CMOS,TIL 
Pullup yes yes no 

.D · E 
~ 
t;, 

Schmitt Trig. yes no no 
Output Option 
3state yes yes yes 

£ 
§ 0 

0 ~ 
~ 

0 '" '" '" '" Ii: ., ., 2 g .., 
N 

.., 
'" 

.., ex> '" .'" '" '" " 0 '" '" <Xi >- ,.. >- >- J! >< N 

>< 

Through Rate yes yes no 
Open drain yes no nO 
Open source yes no no 
Driving Curr. 4/8!12mA 12rriA 8mA 
MGAcompal. yes no no 

C · c 
.g 

ttl ., ~ III ..J 
..J 0 Qj c 

III () <; c t; ..J ~ ;;; () .. Co 1> 
~ 

VI 
., :;; Co ., 

.S! e ! 
Co 0 :: VI 'S '5 (:. .S! ;:, 1> Co til ~ 

~ 
:;; :;; ~ 

S Co 
~ ~ 

.. E !! .. Co S ~ 0 c U N 
1ii VI <( 0 .5 0 

.. 
CII U 0 

:l a: i! 
.. 

'0 -c '" a .! 
E £ u ., 

.9 .D 

'0 '0 '0 ~ 0 u .. i! l!! .. CI C. ~ C. 0 ,tg ~ 
co ! ! ! 

c .9 .9 .9 .S! 
;;; 

~ C 
II. '" 'C 1ii t:i CI '0 '0 '0 '0 ~ M CII ~ 

E E E c .. iii 0 0 
:l :l :l .9 ! ! ! ;;; .. ;;; :; ~ ;;; c c c V ,!,l u E CII 

)( )( E E E Co 1ii )( c '0 1ii CII S ~ ~ co co .. :l :l :l :l '" co ~ 0 :;; :;; :;; u. Z Z Z C u. 0 0.. () 

Programming Anti-fuse 150 Q Memory cell ! Anti-fuse 500 Q 
one time rewritable one lime 

JTAGIIF yes yes no 

1. !)'~ I 

z 
0 
rJ) 

~ Work Station 

~ 
0 
U ~6 « 

~ 
C,!) 

en ~ z 
0 
i= ~ 
::> U j~ 
..J 

~ 
5§ 

0 
en 
I-z 0 0 ga Q. 
en ~ en ~ 0 
ex: 
0 

'Mini tower' chamber 

I 
MINITOWER CHAMBER TRIGGER TEST ~ENCH 

i ' 

'tESTBRCB.DJtW 



VME 9U 

[ill [ill ~ 
[ill [ill S 
@]@]@]@] 

@]~@]@] . 

§]~@]@] 

@]@]~0 

Signal 
Fanout 

GA: Gate Array 
MLU: Memory 
I LookUp 

to/fran adjacent 

Signal 
Receiver 

A~X·CARO 
, 

Ll TRIGGER PROTOTYPE BOARD conc~ntual view 

•• OTL1.oaW 

Summary 

Levell 

Design study using slower but rewritable FPGA 

Delta-T ( Pt ) detector/stretcher/coincidence 
lnterpolater/extrapolater/mean-timer/coincidence 
Track segment counter on board/in crate 

Interface to Level 2 buffer 
Threshold control function 
Diagnostics/monitoring function 

Transport to high speed ( one time write) FPGA 

Leve12 

Prototype 12 function 

Muon TMe -12 interface (Buffer/Trigger) 
Prototype crate processor board 

Evaluation of 12 performance 

Algorithm for crate 12 processor 
Algorithm for muon subsystem 12 processor array 
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SDC Intennediate Muon System Status 

Farshid Feyzi 
(University of Wisconsin) 

4. Sc.intillators n •• d York 

• Layout 
• Support 
• A~c.1I 

· 4-point "kin.qtic." auppOrts on the barrel toroid 

· 1 •• ction load. on the toroid have be.n c.alculated 

· Seh ... for ,aUtne at iMpossible u ... is under atudy 

• Po.1tioninr of .ount. on tht toroid to be dona vhen barrel 
ran. ar. po.itioned. 

· U •• support struts that au in the sa .... pac.e .s the barrel 
rail. (l80 .. inside and 230.", ouUida, !lex). This "ill 
•• xi.iz. c..bl. tray on Barrel Toroid face. 

· IMpact on .11 utiliUn for Muon .yst •• , I.e. coil coolin, 
coil po ..... r. MUon , •• , Muon po".r is under study. 

,,---.. 
· Alip •• nt is aSsu •• d to b. per TDft, but Much n •• d. More York. 

6. co.t and schadule 

· 'ras.need dulin tasks and duration. at SSCL on 28 ApriL 

COlt is usu •• d to be per vas, but n •• ds Mor. vork. 

1 'n I 

- Stan of lint IV .upertov.r to follov .oon dter, or durini. 
first barrel supertover, i.e. st.rt 3rd quarter 1993. 
or .oon.r. 

- Tva (or thr •• ) IV supertovers .re to b. re.dy for 
inst.llation .... hen ph'se I .uon start., Le. 3rd qU.rter 1996. 

- All Iil's installed by .nd of ph .... II, i.e. end of 1998. 

1. Production pl.n, si.ilar to barr.l : .......-.. "':".-..(.. ".,:.(. -. ~ • .:. __ ,t.. .. =..l;) 

· Tube production hdlity layout 

Superaodule production hcili ty plan 

Toolin&, for tub.s 

SOC Interm.diate !'uon Syste'l: SUIlUS 
Pres.nted at K£K 
Hay 26-Z9, 1992 

Universi ty of ilisconSln-1":~diso!'1 
Physic~l Sciences Laboratory 6. 
Department of PhySics 

1. Introduction 

Desien cd teri. is to extend the Burel Region into the Interllledi'te 
Region by pr.servin" cove rille 'Itd triuer sch ••• s. 

cloud 11.l3/Bil3 corner minillius de.d zones vi thol.lt ov.rlaps. 

2 sureo (100 IIIr) 
"ptions: 
a) no stereo, rad181 phi gives 22% effective stereo cO .... er.ge 
b) 2$ .t iOO Ill' plus shon tubes to cover trianrles left 
c) 51.52 (.1-100 IIIr like Fil) covers 80%, plus short tube. 

can COVer 90.% (preferrctd option) 
d) S theta, sphi (like proposed for b.rrel) it is cOlllplex 

- 4 phi (phl is radial and m.kes B physical layers) 

IV)'s are all identical .nd lIIuch smaller than TOR 

IilZ's are all tder,tical except in access oct~nts 

Z. Tube byou t 

Or.vings .nd .liorithm for projectlve theta in Iil2 and Iil] vith 
no sparsification 

Or ..... inis and al&,orlthm for radial phi vires 

Dra .... tngs and algori th~ for sl.s2 and dead zone (opt ion c above) 

Tube counlS and leniths for above 

]. Supenlodule/Supertover desien .nd .nalysls 

Sup.rllodulu ~re built frolll tub. and plate structur., like Barrel 

Sup.rto .... er built frOIll supetmodules and outer plates 

Pr.Ullinay FEA of assembly sho .... s that Iil] IIOVes .5 • rigid 
object b~,. ,pf'roxi.ately Z.5 II1II. (less deflection is posslbl.) 

Jigging for superaOdules 

labot tequir •• ents 

. OelOA 

a. Electronics. high voltag •• gas 

Cr.tes and distribution boxes to be located on IV3 

Cables .nd tubing for 1112 to be routed throuah corner of IV3 

Sup.rto ..... rs 10 into the undnground 1'1.11 cOlllpIete with .verything 
intern.l 50 all they need is po .... er, elS and .ignal hOOkup. 

9. Supertovtr assembly .nd installation plan 

. Constr~ints on other thiniS during install.tlon 

Space r.quirellents to assemble ril2, Iil] and .upport .truc.tur. 
into ;I superto .... er 

~~,t" 
Sup.no .... rs art big (3/11 x 'III x 8.5m). As.elllbly ~ be dofte 
on or n.ar SOC ., te. 

Installation tool 

Stor.ge stands 

Storage space 

file psl::d8:[farshid.sdc tUtlinterlllkek.txl 
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1 '1; .\ 

SOC TRIGGER RATES 

W. Temple. W. H. Smith. S. Dasu, J. Lackey, T. Gorski 

University of Wisconsin 

Philosophy: 
Local: 

soc TRIGGER PRINCIPLES 

Signatures of e's, 'Is. ~'s. jets 

in " x $ regions 
(ex: v's) 

Measurably Efficient: 
Overlapping Programmable Triggers 
Prescaled Lower Thresholds 
Prescaled Triggers w/ less conditions 

Efficient Use of DAQ Bandwidth: 
Efficient Lepton and Jet Identification 
Consistency with Offiine Cuts 

Benchmarks for Trigger Performance: 
e's, ~'s from inclusive W's. ·Z's: 

50% efficiency (cut on lepton Pr) 
Jets, 'Is at high Pr: 

1-2 decade overlap with lower "S data 
Missing Er: 

Good efficiency for channels such as: 
H -72(2v 

SUSY particles 
Low Pr multileptons: 

B Physics 

1 !1i.-) 

soc TRIGGER LEVELS 

Levell: 
Identify Physics Objects: 

Electrons 
Photons 
Muons 
Taus 
Jets 
Neutrinos 
Combinations of Above 

Level 2: 
Refine Identification of Physics Objects: 

Sharper Pr Cuts 
Electrons From Conversions 
Muons from Decay/Punchthrough 
Refine Energy Sums/Clusters 
Displaced Vertices 

Level 3: 
Full Physics Analysis/Decisions: 

Specialized Algorithms 
Heirarchyof Decisions 
DST-type cuts on Physics 

LEVEL 1 

Electrons & Photons: 

Find (,1 x .1) Cal Towers with Eem > Thr 
Require Ehcc/Eem < .10 - ,15 

1!171 

Option: Pattern of surrounding quiet towers (isolation) 
y's: Match w/Shower Max In .211 x .2$ 
e's: Find Outer Track Segments w/Pr > 10 GeV/c 

Match Track Segments w/Shower Max In $ in 1/64 
Assign ~11 = 0,2 from Shower Max to Track 
Match Track w/Cal on ~11=0.2. ~$=0.2 

Muons: 

Muon Tracks from Scint + e-Iayers w/Pr > 10 GeV /c 
Optlon:Find Central Tracker Sgmts w/Pr > 10 GeV /c 

Jets: 

Match w/Muon $-Iayer Track Sgmts in 1/64 
Use Momentum cut on Central Tracker Pr cut 
(Use Scint to associate $ and a tracks) 
Match Track w/Quiet Cal on ~11=0.2. ~$=0.2 

1.6 x 1.6 grids of overlapping towers> Ethr 

Neutrinos: 

Sum Missing Er over . 1 x . 1 Towers> Ethr 
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LEVEL 1 TRIGGER STUDIES: MUONS 

For Muon System. total rate Is sum of: 

single Il's 

pairs: 1l1l.lle .IlY 

energy: Il & jet. Il & ~T 

~ Target Rate of 5 KHz for single muon triggers 

Procedure: 

Determine Prompt and Decay Rates 

-1~ 

1 0 

l f ln 

Simulate Muon Trigger Circuit (ST -+ PT cut) 
Determine Threshold Response of Muon Trigger 
Fold These together to calculate Trigger Rate 
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Trigger Activities in Japan 

KEK Hiroshi Sakamoto 

Levell 

Muon trigger prototype 
mini-tower 

Pipeline trigger implementation 
Field Programmable Gate Array 

Level 2 

Muon trigger prototype 
TMC-12 interface 

Architecture R&D 
Scalable Bus Switch 

- I 

1 ') ') i' 

l'l'}!) 

(81-83) unit 

EQuations 

t, t t, 
t~ ---t = tc t t. 

2 I 
I 

t, t t, 
---t t3 III" te t t. 

2 

3 t, - t, 
---t t, III" te t td 

2 

3 t, - t. 
---t tl = tc t t. 

tc 2 

Drift time .between two .nod. p lines. 

Muon L1 T r i gge r Concep t' 
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Max number 01 flip-flops 2280 

Max number 01 user I/O 240 

Max number of RAM bHs 28.800 

Function generators per ClB 3 

Number of logic Inputs per ClB 9 

Number 01 logic outputs per ClB 

Number of Iow·skew global nets 
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Release 
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Architecture 
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System Clock 
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Schmitt Trig. 
Output Option 
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Open source 

Driving Curro 
MGAcompat. 
Programming 
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Field Programmable Gate Array 

/Crosspomt /Xdmx Actel 
CP20K XC4000 ACf2 
92/2 Available - 92/1 Available 
20k 20k 8k 
0.7511- 0.911-

i 
1.211-

TPT,RLT IOB,CL)3 Logic Module 
200MHz 120MHz 
SOMHz 6O-70MHz SOMHz 
91-270 64-240 ! 140 
CMOS,TTL CMOS,TTL CMOS,TTL 
yes yes no 
yes no no 

yes yes yes 
yes yes no 
yes no no 
yes no no 
4/8/12mA 12mA 8mA 
yes no no 
Anti-fuse ISOQ Memory cell Anti-fuse SOOQ 
one time rewritable one time 
yes yes no 



Work Station 

'Mini tower' chamber 
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SDC TRIGGER EMULATION MODULE 

(TEM) 

T. Gorski, W.H. Smith, S. Dasu, J. Lackey 

University of Wisconsin 
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TEM FUNCTION 

• Emulates the Clock & Control Function of Global 
Trigger System. 

• Used in test bench debugging of front end 

electronics & DAQ systems. 

• Used in test beam experiments to provide interface 
to accelerator clock, external trigger, DAQ 
processor (incl. gating logic). 

• Provides for a smooth transition to integration of 
subsystem into final trigger system. 

• Output· Signals: 
Levell Accept/Reject 
Level 2 Accept 
Level 2 Reject 
Level 1 Synch 
Level 1 Reset 

Bunch Crossing 0 
Test Trigger (Empty Bunch Crossing) 
Clock (60 MHz internal or external) 

201 ~) 

Level I Clock and Control Distribution 
Hardware Configuration for Pipeline Length Calculations 
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End Crate 
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Figure 6 
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TEM OPERATION 

• DAQ can fill output pattern in FIFO and play back 
at 60 MHZ fqr 8 ).1Sec. 

• Pattern can be brought in through input connector 
and delayed up to 8 Ilsec by FIFO (time is 
programmable). 

• Pattern has one bit used for stopping clocks and 
one bit for test trigger. 

• L 1 Accept is gated on DAQ busy, TEM can raise 
busy and wait for DAQ to clear or issue L 1 Accepts 
until DAQ raises busy. 

• TEM counts L 1 Accepts requested, L 1 Accepts 
issued, and DAQ deadtime. 

• TEM issues interrupt to DAQ if deadtime exceeds 
preset value. 

• TEM can be reset by DAQ or front panel reset 
button, counters reset by external signal. 

.TEM Packaged as a 6U VME module with A24:D16 
Slave operation. 
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TRIGGER EMULATOR MODULE 
COUNTER 

CLEAR 
INPUT 

PUSHBUTTON (TEM) 
RESET BLOCK DIAGRAM 

BACKPlANE 
BUSSES 
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...JCl. wu 
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Pushbutton Reset. 
Clears Busy, Counters. 
FIFO, Slatus Register. 
Interrupts, and Reslarts 
Clock 

Busy lED. 
Lil when card status is 
Busy due to External 
Busy Input, DAO 
Serviclng of L t Accept. 
or DAO not online. 

CLKON LED. 
wt when detecting 
active transitions on 
selected clack source. 

Counter Clear Input. 
For reset of Evenl 
Counters in "burst 
mode" operation. Uses 
TTL tevels and Lemo 00 
Connector. 

Test Trfgger Output, 
Bit 6 of ContrOl Output 
as TTL logic level 10 
Lemo 00 Connector. 
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n\. 
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Busy Input and Output. 
~ For external conlrol and daiSY 

chaining. Uses TTL logic levels 
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Counter Enable Input, 
Enables Event Counters and 
Busy Timer for use with external 
"Beam On" signals. Uses TTL 

~ Logic Levels and Lemo 00 
Connectors. 

---::>~1""0 Clock and Control Inputs. 
Includes L 1 Accept. L t Reset. 
L2 Accept. Clock SlOP and other 

~~~L ~ control signalS. Uses diNerenlial 
ECL logic levels. 

t 
Clock and Control ~. Internal Programmable FIFO 
Outputs, Includes :: Delay 
FIFO pipeline delay of ---=:>;.. ~. :.: g0~ <-.......... : 
programmed length. and 
L 1 Sync on every 256th 
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diNerential ECL logic 
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respective voltage when not 
illuminated. 

FIGURE 2 

CONFIG 
REGISTER 
BIT 
FANOUT 

RESET 
SIGNAL 
FANOUT 

TRIGGER 
CONTROL 

BUSY 
TO BlOCt< 
L1 ACCEPTS 

OUT 
(FRONTPANEL) 8 

PUSHBUTTON 
RESET 

-c 

IN 
00) 

mBuSY 
(\.SAO 

UT 
001 

mBUSYO 
(WotO .. 

00) 
m~ 

(LEMO 

IN mCTR EN 
(\.SAO 00) 

oo~[ TIt TEST TRIG OUT 
tLEMO 

EA mlGG 
CC""'OIJ 

EXTERNAl. CLOCK 
IN (OIFF. Eel ) 

ER 
LJ 

I 

mlGG 
CONT~O 

EXTCJV<AL CLOCK 
OUT {DIFF. EeL 

D C 

D ~ 
+5V LE 
~LED 

-2V LE 

FRONTPANEL 

DECODED 
WRlRO 
STROBES 
TO BOARD 

VME ~~~. 
SLAVE 
INTERFACE ~ 
(A24:D16) .L.-

80ARO~ 
OATA 

L-_.--._.....J"'--

HllrotHz 
VMESVSCU< 

AOl :A03 
BUS (BOB) 

BOB~ 

DATA 000:015 

ADDRESS 
A01:.A23 

IACKIN 
~ BOB IACKOUT 

LI 
ACCEPT 
TO BUSY 
LOGIC 

-7 BUSV& 
nMEOUT 
SIGNALS STATUS SIGNAlS 
TO VUE FROM BOARD 
INTERRUPT 
LOGIC 

BOB 

EXT 
CLOCK 
IN 

(FRONT
PANEL) 

{CONFIG 
REGI 

~ BOB ~ ,--..3:-~L--, 

CONTROL VO 
FIFO DELAY 
LOGIC 

(INCLUDES FIFO 
AND L1 SYNC CTR) 

CLOCK 
STOP 
(BIT 7 
TRIGGER 
CONTROL) 

CLOCK EXT 
FANOlITS CLOCK 
TO BOAAD OUT 

FIGURE 1 
(FRONTPANEL) 

TRIGGER EMULATION MODULE 
(TEM) 

b RESET/CONFIG ; I 
b REGISTER LOGIC VME 

P SLAVE 

~ I LED DRIVERS I INTERFACE 

8 VMEBUS 

8 INTERRUPTER! 
STATUS REGISTER 
LOGIC 

EVENT 

0 COUNTERSI 

BUSY CLOCK 
LOGIC GENERATOR! 

SELECTIFANOU 
LOGIC 

CONTROL 1/0 I 

g FIFO DELAY LOGIC 

6 T 
FIGURE 3 

J1 
J 

I 

ME 
BACKPLANE 
NTERFACE 

J2 
( Power, Gnd 
pin asSign· 
mentsper 
VXI 
specification.) 



Bit Number D.finition 
0 Busy Input 

o :I: External Busy Input inactive 
I = Ext.rnal Bu.y Input activ. ... 

v v ... bO 

~.~ 

I Boud Busy 
o = Boud Not Busy. LI Acc.pt. Transmitt.d 
I = Boud Bu.y. LI Acc.pts Block.d 

.... .... .... .... en E-< 
Q. Q. U U --v v v c:: v 0 .... Q. 

~ '" U U 

~ 
>. bO ~ 

0 
U u en en <: <: c:: --N 

..... ..... . iii 
-'a ~ ..... N 

Qj - £ Qj Qj Qj V c:: .£ > > ::l > > > V V U U v .3 v ~ ~ c:o 
~ ~ ..c:: 

u $> c:: 
::l Q. 

c:o E 
UJ 

2 I Bu.y flip flop Sta.tu. 
o = Flip Flop not s.t 
I = Flip Flop •• t by Lev.1 I Acc.pt. Board Bu.y = true 

3 I Clock Stop Statu. 
o = Clock Running Enabl.d 
I .. Clock Stopped 

4-7 Sp .... 
8 L.v.l I Accept Tr ..... mitt.d (Muka.bl. Interrupt Source) 

o = No L.v.l I Accept Tr .... smitt.d .inc. lut CI.ar 
I = L.v.l I Acc.pt Transmitt.d 

9 L.vel2 Accept Tra.nsmitted (Muka.ble Int.rrupt Sourc.) 
o = No L.vel 2 Accept Tr ..... mitt.d sinc. lut CI.a.r 
I = Lev.1 2 Accept Tr ..... mitted 

10 L.vel2 Reject Tr ..... mitt.d (Muka.bl. Int.rrupt Sourc.) 
0 ..... N '" ~ '" <.0 r- o = No Lev.1 2 Rej.ct Tr .... smitted .inc. lut CI .... 

I = L.vel 2 Rej.ct Tr ..... mi tted 
11 L.vel I Res.t Tra.o.mitt.d. (Muka.ble Int.rrupt Source) 

o = No L.v.1 I Res.t Transmitt.d sinc. lut CI.a.r 
1 = L.vel I Res.t Tr&namitted 

12 Busy Timeout (Muka.bl. Int.rrupt Sourc.) 
o = Buay Timer hu 1I0t Expir.d 
I - Busy Tim.r bu Expir.d 

13 Counter Overilow (Muka.bl. Interrupt Source) 
o = L.v.1 I Acc.pt Ev.nt Count.r within rLng. 
I .. Lev.1 I Acc.pt Ev.nt Count.r over60w 

14-15 Sp .... 

Table 2: Pr.liminary Status R.gi.t.r Bit D.finition. 

2n:~r; 

t Numb.r Definition 
0 DAQ Processor Online 

o = omine. DAQ Proc ••• or not ready. u.ert BUSY 
I = online 

I LI Acc.pt Counter Enabl •• 
o = disabl. counting 
I - enable countin~ 

2 I High·Sp •• d Clock Sourc. S.lect 
o = 60 MHz on·board oscillator 
I - Ext.rnal Clock In 

3 I t:lu.y Tim.r Enabl. 
o = disabl. Busy Tim.r 
I = .nabl. Bu.y Timer 

4 I Bu.y Flip Flop Enabl. . 
o _ dioable BUll' Flip Flop 
1 = ena.ble Busy Flip Flop, a.utomatic&lly sctting Busy 

status on Levell Accept 
5-i Spue 
8 LI Acc.pt Int.rrupt Mask 

o = di.abl. VME Int.rrupt on L.v.l I Accept 
I = enable VME Int.rrupt on L.v.l I Accept 

9 L2 Accept Interrupt Muk 
o = disable VME Interrupt on Level 2 Accept 
I = .nabl. VME Int.rrupt on L.v.1 2 Acc.pt 

10 I L2 Rej.ct Int.rrupt Mask 
o = disable VM E Int.rrupt on Lev.l 2 Reject 
I = enabl. VME Int.rrupt on L.vel 2 Rej.ct 

11 I LI Res.t Interrupt Muk 
o = di.able VME IlIt.rrupt on L.v.l I Res.t 
I = .nabl. VME Interrupt on Level 1 Res.t 

12 I Bu.y Tim.out Int.rrupt Mask 
o = di.abl. VME Int.rrupt on Busy Tim.out 
I = enable VME loterrupt 011 Bu.y Timeout 

13 I Counter Ov.rilow Int.rrupt Mask 
o = di.able VME Interrupt on LI Accept Counter overilow 

I I = enable VME Interrupt on L I Accept Counter overflow 
1·1-15 Spare 

Tabl.3: Pr.liminary Configuration Register Bit D.finitions 



Distributed proccessing 
for 

STRAW tube trigger simulation 

( jsd farm at KEK) 

TOKYO 

METROPORIT AN 

UNIVERSITY 

K.KONDOH 

1 

1. Motivation 
Prof. Chapman requested us to 

carry out the Monte Carlo 

simulation for STRAW chambers 

as much as possible using distri
buted workstations(DEC5000s) 

available at KEK( 11 sets ) and 

TMU( ~ sets) . 

We intend to do urgently this job. 

We measured the basic perform
ance of the distributed processing 
using the "jsd farm" atKEK. 
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4.1. 

Using only 1 NFS server disk 

Because of the limitations of 

network traffic and NFS server, 

we can't get 100% efficiency. 

7 

4. SPEED UP CURVE 

~ -II ;:, 
~ 

for PYTHIA 

We checked the efficiency of 

"jsd fann" system as a function 

of the rate of job output and 

CPU time. 

6 
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4.2. 

Using each !lIocal disk 

Each DEC station has 1.0GB 
local disk. When we use local 
disks not NFS server disk, we 
can expect the better efficiency. 

The data need not run through 
the ethemet nor NFS server. 

9 

5. SPEED UP CURVE 
for SDCSHELL 

In case of SDCSHELL, the 
rate of job output and CPU 
time is small because the CPU 
time per event is longer. 

The efficiency for distributed 
processing becomes higher. 

11 
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17KB/sec~ 

26KB""7/ . 

( Fig.3 ) 
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6. Introduction of Workstations 
atTMU 

13 
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7. Summary 

• We measured the performance of 
distributed processing with 11 
DEC stations at KEK. 
• We found that our distributed 
processing is effective for the 
program like SDCSHELL (the 
rate of job output and CPU time is 
small ). 
• Weare now trying to do the 
SDCSHELL calculations at TMU. 
• We are ready to install STRAW 
tube trigger simulation to "jsd 
farm" . 

16 

8. APPENDIX 
Promissing example for 

ZEUS detector simulation 

Conditions 

70 sec / event 
70 KB / event 

1.0 KB /sec 
500 events / lCPU 

Using 20 CPU s 
10 hours / 10,000 events 

Efficiency for distributed 
processing for this job is 

97 % 
17 
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High Speed Switch System 

Osamu Sasaki 
(KEK) 

FUmsu ASIC TECHNICAL INFORMATION 

1.4 E12BH Circuit Structure 

1.4.1 Chip Layout 

Fujitsu Limited 
March 1990 
GATI0319A 

The E12SH chip structure is shown in the figure below. It contains: 

• 16 (4x41 Internal Cells to implement customer specific logic functions 
• 8 Output Buffers which acner.te clear output signals 
• 4 Delay Oates for signal timinl adjustment 
• 4 Bias Voltaic Generator circuiu 
• Input Sianal Sharpener (or sharpening input signals from the test equipment 

!!'~ ~~~I ~~afCei~.an&Cd tn a 4 x 4 matrix with wiring chlMel .rea surrounding 

Bias Circuit x ~.' 
8uffer Drlv. Circuit 

r ,: 1/0 1/0 
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0 "0 
~e 0 vee 

Pad for Signal x 16 
Pad for Power Supply 
(Large type : 6. Small: 2) 

-l-

Fujitsu EeL Gate Masterslice E128H 

It is an ECl semi-custom integrated circuit that has 128 
gates equivalent density. Compared with a conventional 
ECl gate array, it has the following features: 

# Implementation of customer specified fUntions 
# Specialized in handling high speed signals (up to 3 
Gbs), rather than circuit complexity 
# Fast rise/fall time and small jitter for clear output eye 
pattern 
# Power and speed trade-off 

Internal Gate Propergation Delay 
75 ps (typical, single-ended) 
55 ps (typical, differential) 

Output Rise/Fall Time: 95 ps /75 ps (typical) 
Flip-Flop Toggle Freq. : 4 GHz (typical) 

Developement Cest 
Minimum lot 

5M yen ($38K) 
200 pieces 

25K yen ($190) each at the first lot 

FUmsu ASIC TECHNICAL INFORMATION Fujitsu Limited 
March 1990 
GATI0319A 

1.4.2 Internal Cell 

The E128H contains 16 Internal Cells. Each Internal Cell consists of two sections called 
"M-part" and "S-part". and a cell bias circuit. To implement I IOlic function, the scries 
,ate circuit technololY is used so that a IOlie runcuon is realized with the minimum 
amount of components. 
The filure below shows representative logic macros which can be implemented in an 
Internal Cell. 

~:: ~a~:'!':~ s~~fi~~ i~u~~~~CR~~~~~d::" (d::g~!~'tI~~ngj:1g): 
The cell biu circuit tS locally used to supply bias voltaiC within the Internal Cell. It is not 
used only when the Internal Cell is left unused at all. 
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, tl . Ill':') 
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ro"/NOIU (OR-ANO/NAHOl (OA.o£X-oR/NOfU a-I .Mud 

I/ICe " iD: Bcr Eo: go: 
~-fi·) 

RepreaCZUIOVC: Mac:rcn 

-. -
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An "n X n" Barrel Shifter can be built by using the 
MB 1850's, where "n" is a binary number such as 8, 16 
32,128 etc. 

VME Barrel Shifter Module 
CRATE customized 

VME 6U 
21 slots 

5 slots normal J 1, J2 connector 
16 slots normal J 1 connector 

J2(DIN41612) is used for power 
supplies to modules. 

( 

-~.~~ ECl ) 
-2.0V ECl termination 
5.2V "positive" ECl and TTl-ECl converter 

5.2-2.0 V (3.2V) "positive" ECl termination 

MODULE 6U high double width VME 

TYPE 3 types 
Dual 4X4/ Quad 2X2 for "negative" ECl 
Dual 4X4/ Quad 2X2 for "positive" ECl 
Single 8X8 for "negative" ECl 

VME ADDRESS SPACE 
short access (A01-A 15) 
module address A03-A 15 

Broadcast 
when A03-A06 = "F", A07-A 15 equals to a 
module address and a write cycle. 

DATA 16-bit (DOO-D 1 5) 

2(Hi!) 21l'iO 

Barrel Shifter Control Data 

One MB 1 850 is controlled by four signals, 
SO, S 1, MODE and INV. 

SO,S1 
MODE 
INV 

select a configuration 
select a mode, 4X4 or dual 2X2 
select inverted or non-inverted outputs 

1 6-bit data is provided for MB 1850's from a ROM or 
a REGISTER in the VME Barrel Shifter Module. 

1st MB1850 
Oth-bit SO 
1st-bit S1 
2nd-bit MODE 
3rd-bit INV 

2nd MB1850 
4th-bit SO 
5th-bit S1 
6th-bit MODE 
7th-bit INV 

3rd MB1850 
8th-bit SO 
9th-bit S1 
10th-bit MODE 
1 Hh-bit INV 

4th MB1850 
12th-bit SO 
13th-bit S1 
14th-bit MODE 
15th-bit INV 

CONTROL 

ROM mode 
The barrel shifter IC's are controlled by 1 6-bit data 
that is stored in the ROM (16 X 64k) beforehand. 
The address counter for the ROM Is controlled via 
VME instructions or NIM signals (STEP, RESET) 
through a front panel. 

STEP 

RESET 

REGISTER mode 

ROM address increment 
ROM address reset 

The barrel shifter IC's are controlled by 16-bit 
data that are stuck on the REGISTER via a VME 
instruction. 
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READ 
A-a (AO 1 =0, A02=0) read barrel shifter control data 

A-1 (A01-1, A02-0) read ROM address counter 

A"2 (A01=0, A02=1) read allowed maximum value of 

address counter 

A=3 (AO 1 .. 1, A02= 1) read control status word 

WRITE 
A-a (AO 1 =0, A02=0) write barrel Shifter control data to 

REGISTER 
A-1 (AO 1 = 1, A02=0) preset ROM address counter 

A=2 (AO 1 =0, A02= 1) write control status word 
(8th- and 9th-bit only) 

A=3 (AO 1-1, A02= 1) write control status word 

CONTROL ST ATUS WORD 

Oth-bit select source of barrel shifter control data from 

ROM (L) or REGISTER (H) 

1st-bit mask (H) external STEP UP (from front panel) 
or not (L) 

2nd-bitmask (L) external RESET (address counter 
for ROM, from front panel) or not (L) 

3rd-bit auto set up ON (L) or OFF (H) 

8th-bit soft STEP UP (H) the address counter 
(write only) 

9th-bit soft SET UP (H) (write only) 

# default .. L ## Other bits are not used. 
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16.0000 n. 18.5000 n8 21.0000 n. 

.Ch. 4 • 40.00 mVolt./div ott •• t· 1.750 mVolt. 
Timeb... • 500 ·PIJdiy.., Delay· 16.0000 n. 

Trigger on Ext.rnal at Neg. Edge a1: 0.000 Volt. 

16.0000 ns 17.0000 ns 18.0000 n. 
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Barrel Shifter System for SDC 
CRATE SOC standard 9U VME crate 

what i.s the standa.rd:? 

BASE MODULE 

9U high dOUble width VME 
Quad 4X4 / Octal 2X2 Barrel Shifer Module 
Single 16X16 Barrel Shifter Module 

An un X nU Barrel Shifter System can be built by 
using the base modules, where Un" is a binary 
number such as 32, 64, 128 etc. For example, 
256X256 barrel shifter can be built using thirty two 
16X16 base modules. (requires 256 MB 1850's) 
In this case, each signal path contains four 
MB1850's. 512X512 can be built using sixty four 
16X 16 and thirty two Octal 2X2 Barrel shifter base 
modules. 

Optical to Electrical Converter Module 

upto 1Gbps 

Elect rica I toO ptical Con v erter Module 

Is it necessary? 
required cable length? 
signal attenuation in a coaxial cable 

:! I)·~ h 

TEST 

when signals pass through one MB 1850 

We could handle high speed signals up to 3Gbps. 

when pass through four MB1850's 

up to 2Gbps ? 

TEST with HOT ROD Coax Interface Card of Gazelle 

The Gazelle could transmit and receive data at 
rates of up to 1 Gbps through the Barrel Shifter 
System with no failure, where signals pass through 
up to 7 MB 1850's. 



Interests and Resources for DAQ 
subsystem in Japan 

H.Fujii (KEK) 

28-May-1992 

Data link transceiver & Event Builder 
(M.Nomachi. O.Sasaki. T.Ohsuka and H.Fujii) 

Main components 
1. Optical data link transceiver 
2. Opt-ECl converter 
3. Barrel shifter 

In JFY'91 
We have built 
1 . Optical data link transceiver 

(120Mbps c 8MB/s inc! overhead) 

2. 4x4 barrel shifter 

3. Opt-Eel converter 

In JFY'92 
We will add 
1. Data generator (CPU) modules 

2. Data receiver (CPU)modules 
(Online farm simulation) 

3. Auxiliay modules for barrel shifter 

8 modules 

2 modules 

2 modules 

1 module 

1 module 

Budget for DAQ subsystem 
(JFY'92) 

1 . Auxiliary modules for Barrel shifter 

2. CPU modules for system control 

3. Data generator (CPU) modules 

4.Data receiver (CPU) modules 

5. Switch modules for FNAl 

Other Related Systems 

1. Optmodulator readout system (Ohsuka) 

2. Multi-wavelength opttransfer system (Ujiie) 

3. First level pipeline trigger (Sakamoto) 

4. Bus-switch & trigger system for muon test 
(Sakamoto) 

Data 
Transmitter 

Data 
Receiver 

VME 

r---c-t. '. L..:........... 
Optical Data Link Transceiver 

Fig 1 

2000 K yen 

OK yen 

1500 K yen 

1500 K yen 

4000 K yen 

500 K yen 

OK yen 

5000 K yen 

4000 K yen 

2'1'1/ 



Push Type Optical Data Transceiver 

, , 
! , 
~ 
~ 

,~J 

PUSH/PULL 

2M 

2M 40 bit wo rd/sec 

2 • 51 2K byte Memory 
lor data word. 

bit word/sec 2K bytes FIFO 
for a bits TAG 

Work Station 

Kinetic 1(2927 

DECStation 5000 

TurboChannel VME adapter 
Kinetic K2917 VME-CAMAC interface 
Kinetic K3922 CAMAC-CC 

VME 

:! f,..., I 

Portable DAQ software 

According to the discussions on May 7th and 8th at the SSCL. 
we will develop the following software packages 
(KEK ... Japanese Universities) 

1. Histgramming 

2. Display 

3. Buffer manager 

4. DECstation VME interface 

DAO for test experiments at KEK 

1. Muon chambers 

2. Si detectors (?) 
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Development of The 
SPARC-VME-CAMAC 
Data Acquisition System 

(Portable DAG..) 
Yasuo TAKEUCHI 

Department of Physics, 
Tokyo Institute of Technology (T.I.T.) 

--. ....,.,. ....... ,.,.,..,. ..... ....,.,. CONTENTS 
'" ....................... .. 
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Good network, file system, handling .... 

Fast CPU -:> Ju.+:Cl. Cl!4( .. i.~' ':":·Y. CIJ." :wcLI-'/" I;. 

l[1!"\"!-.-l cn~ .. \". U~'I .. X 

Not expensive 

Good portability 
~ o.M.ly~ ~ do.to. o.t 1k pla.ce. 

\.U ~~ ~ (iP.:t~ wa.s ~t\ 
RISC/UNIX will be (is ?) standard. 

1 pl"ObleM • 

~ 

2fl'J( 

But, UNIX is not real-time operating system! 
..... -

... We used "device driver" to solve this problem. 

2fl!lO 

1 (KAMIOKANDE ) experiment 
·SUPER-KAMIOKANDE (SK) 

(Imaging water Cerenkov detector) 

@) Requirements of the SK DAQ system 

Fast data acquisition 

Easy to maintenance 

Analysis on the spot 

~ 
• UNIX data acquisition (DAQ) ! 

• Simple UNIX DAQ system will be scaled up 
to large DAQ system. 

2. General purQose DAQ sy-stem 
! ~~y. F~:~"':; {\;E:: . 

~,..,.(.-,.\ 

EC'.~"1 \1:' "'~!\#t\\-\:1C'.\'.(,.~·.c. t. 

d" In the first stage, 
we constructed simple RISCIUNIX DAD 
we checked real-time property of RISC/UNIX 

UNIX dose not assure real-time response! 

,How' can we get' reai.time ;eSp~nse in' UNI ? . , 
Co~ R~cecA 
I. 
s: 
c· 

1. Use RISe CPU 

Fast (20-50MIPS) 

cf. CISC(1,-20MIPS) 

1 r.stkl-c:tioW\ 
c;et 
CO'"'f",-ter 

c.~\.. ~PA~.C. cru (!U~c..) 2~ . .s H.!..P.': 

VAX c.pu c.c!..:;,C) -<L. Ml.Ps 
2. Develop device driver (in kernel) 

Device drivers enable uS ..... 

. highest priority 

. interrupt handling 

direct access to hardware 

usingDMA 



UNIX Device Driver 

VME 

USER 
SPACE 

KERNEL 
SPACE 

SPARC 

SPARe' 
\1"" (10 q.\"\" _.: L . ..... ,r . . l. .-~ 

VME 



· FORTRAN 77 and C callable -------_.-
• Equip list processing in the device driver 

(UNIX kernel space) 

• Compatible with those on VAX / VMS 
developed by KEK online group 

• Easy to mOdify (all C) 

• To SOY'l\e. de.~ree. I -the.y e~~\e. lAS 

~-ti .... e. o.c.c.e..ss -to C.A.KA.C.. 

c\l.UeD..SE'. 

+1, '.!:5 OljU-'\"'"n cI 
FUNCTION CALL 

m PFLCESSING 

DMA DMA 

evel- (I qo fseC. ) (f.lSec) 

cf. fA-VA.XJL - 3200 ,...sec. 

IF>~!MTco!rrmwJ<e~ ®~ CCAOOACC llfflh>l1'wy 
W!fehed f\'O~ \<..Et<. 

CD LAM interrupt latency 
"" -- IPC !!VAX II 

function call 228 1000 

list processing 182 160-190 

wait execute 
Process • 

CAMAC 
ALAM 

-7 
\ "4 .. 1 ti-...e... 

LAM latency 

LAM INTERRUPT LATENCY 

60VO 

SOl):) r II US! processing I 
In 

JjVAXII ... 4000 z mean value I Pc. ko.s <;.llo\i\Ol'" UJ 
;> 

<1000 .., 
W!oJ-'H"'ct W!Spo"I\t\!. 

u. 
0 w;'+h ~VA,)(!L . .. 2000 

1000 

.I 
00 100 200 300 400 500 

RESPONCE TIME (Jjsec) 

2111() 

<2l CAMAC single action 

----- IPC IJ.V AX II 
function call 16bit R lBQ l.liliL 
from W 180 1100 
FORTRAN,C NDT 171 1100 
list processing 16bit R 22 32 
in device driver W 29 31 
(kernel mode) NDT 21 26 

NDT: No Data Transfer (!l-sec) 

@ CAMAC block transfer 

---- IPC uVAXII 
16bit R 2.88 2.5 

DB 2..02. .L7 
Overhead 

1000 2000 (function) 
Overhead 

750 400 (list proc.) 

(tJ.Sec) 

DB: Double Buffer mode (K3922) Read 
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TITech Data Acquisition programs (TDAQ) 
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Data Collector 
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Im~ ft~ft ~nllml<eUilft &ft OCIEOC 
'" (KEK, T.I.T, , Nara W. u.) 
\.j," ~i(1.l""-r! <. T~~ i:>.. I.U::.." .:0. I-.:.::d.,,: -..,L<.:.~:i. !, '\ 

· A beam test of CsI crystals for KEK B-Factory 

• Use KEK PS 31:2 beam line 
· Trigger rate: 20 Hz 

• Data size: 100 bytes/trigger 

• Data taken during 2 weeks in Jan. 1992 
• Data acquisition and analysis was done 

about same time 

• There was no serious problem! 

detectors 

:.!1 (ri' 

~-.: -",! t ... :~,;~ .. ~:. L·~.;;. :'1::~\;:.i") 

CAMAC 

ADC 

r----;;O':;:Ia::':"y ---H CHO 

~---'----+-I CHI 

liS \" p\Ooa.S5\~ 
<3 High rate random trigger 

:.!1')(; 

READ 
READ 

.I.AM 
~ 

L., LA"" 

'''''''''''pi' 
READ J. 

IGO ".-, 
% ':'.',-, 
OM'" 

o~\y~ 
-'=.tCAlt.) 

Data size M~qu.is.i~ion rate. 0 
10 
lQQ 
1000 

words/event 
o 

Will 'tewl\'<lP\O~· 
(hot we.ll optiWli~l) 

@ An inexpensive (about $20000). 
small (= IBM PC) and 
high performance (> uV AX II) 
RlSC / UNIX data acquisition system was 
constructed. 

® We made come true equivalent real-time 
response with j..lVAX II on IPC by means of 
the . .cAMA.c...d.eyjce driver about 180 IJ,sec. 

I!I Overall. the performance of the CAMAC 
library on SPARC IPC was better than 
that on j..l V AX II / VMS. 

e TDAQ is already used (Cy ":~.:;kcl) 

at T.I.T., KEK, Kamioka, SSCL .... 

® We are still improving TDAQsystem. 

(e.g. new DAQ computer, 
K2917's list processing, 
new device driver) 



Potable DAQ Standard Crate 

M. Nomachi 
(KEK) 
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Crate Controller Readout Card 

Block diagram showing system's main components and data now within a crate. 
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Nuclear Instruments and Methods in Physics Research AlO1 (1991) 110-115 
Nonh~Holland 

high luminosity accelerators 
(J'. ) 

Readout control for 

R. Oclusevict and G. Nixon 
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HOf ROD 
1 Gbit/sec DATA COMMUNICATIONS 

• Convenient 2-Chip Implementation 

- One transmitter device, one receiver device 

1 Gbit/sec Maximum Data Rate 

- 3 more selectable rates (500, 250, 125 Mh:!lsec) 

• TTL-Level 40-Bit Data Bus 

- Fully compatible with 32-bi! !,P systems 

.. 25 MHz parallel data rate 

• Fiber Optic or Coaxial Media 

Flexibility from meter; to blomt:ters 

.. .".{ ...... 

211!J 

L 
~ 
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. 
UnHH .:.:u,u;; ,: 

211-; 
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STRATEGY AND PLAN 
FOR SDC COMPUTING 

KEK Collaboration Meeting 

2! ~~ I 

L. E. Price 
May 27,1992 

Planned Computin"g Organization 

Computing Manager 

At SSC Laboratory 

Area Coordinators 

Core software 

Detector software 

Networking and Communications 

Production system 

Analysis server system 

Simulation system 

Regional centers 
c./d ,......-f,.~ 

Detector software coordinators 

Tracking 

Calorimetry 

Muon 

.-r--. 1 .... ,,(',. 

i 

2! '~2 
$"(;#£oll.t.r 

01 02 

Conceptuol de~gn I-I-

DesIgn" code" and test SOC kernel 

Write software tor subsystems 

Review ond leS! SOC sotlwore 

De~gn SOC compUlng hardwore 

ACQuire and 1"'101 hardware 

SlmulallOn sub$ySlem 

Committees 

computing Technical Comminee 
Plan SOC computing system 
Assess progress 
Advise manager 

Software Committee 

OJ 

-

Core software coordinator 
Tracking software coordinator 
Calorimeter software coordinator 
Muon software coordinator 

Production Software Review Board 

Fiscal Year 

04 05 06 07 08 00 

-
l-i-

Cenifies software for use in production reconstrUction 

Computing review comminee 
High level review by expom inside and outside of SOC 

Physics Research Computing Group 

2124 



Table 10-1 
SDC computing costs. 

Cost Element J'Y92 MS 

Production storage system: 

Tert<.ary stonge system 
Comm1lAicatiollS llIIk to ollilne 
Production computing f:u:m (10' SSCUPS) 
Produaion disk system(s) 
Software . 

Express 1i.Qe system 

Simulation system (lOS SSCUPS) 

Local &II&lysis system 

Total 

5"C4I /';'j 411 sr""'" p-f"lo',.,r 

3.70 
0.25 
6.00 
1.50 
2.00 

1.00 

1.00 

6.00 

2.20 

0.25 

23.90 

Cor-r- .~ 

C.,..f- • .f. 

Cpu 

n.,. , , Co 

-:-

..; 

/ . .,., ~ .. -,... 
/..z /,y'.'" 

NEAR TERM TASKS 

Decisions 

What software does SDC need soon? 

Define core software--existing TF 

Data model and structures-existing TF 

Software development process-existing TF 

Simulation software to use in near tenn 

Support test beam effons; '93? '94? 

Detailed plan for evolution of simulation software 
(Task force?) 

2t2,( 

Table 10-8 
SSCL manpower required for SDC computing. 

Task 

SDC Computing Support group 4(1992) • 10(1999) 
B&rdwve • 

Requirement analysis 
Sys>e:n desip 
Sys>e:n modcling 
Procure~ellt 

I:s:&llation 
Tes-..ing 

Softwa..~ 

Core oyr.em (produc'..ion and &nalysis) 
Requirements analysis 

Desicn 
Coding 
Testing 
Reviews 
Do=entation 

Physic:s/Detector Systems 
(additional 80 FTE-yr provided by the SDC) 

Simulation soliware 
(additional 40 FTE-yr provided by the SDC) 

NEAR TERM TASKS 

Development Of Core Software 

In common with GEM? 

Planned contribution to HEPLIB? 

Detailed definition of core software task 

Define, design, code) n ,,1-

Skills, # FI'E, duration at each stage 

21~G 

25 

3 
6 
2 

5 
5 

5 
10 
5 
5 
2 
3 

20 

118 
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NEAR TERM TASKS 

Organization 

Computing project manager (at SSCL) 

Need volunteers/applicants! 

Start now to hire relevant people 

Define relationship to PR computing group and GEM 

Identify software people from subsystems and integrate 

Start meetings to define software boundaries and procedures 

NEAR TERM TASKS 

Who will do the work? 

I think that a detailed cost and schedule will show that not 
all the work can be done by the envisioned group at 
SSCL 

Therefore we have to do part of the work 

Once we have detailed tasks. we will need to come to the 
computing group and match people with tasks. 

That makes the schedule and task list even more urgent. 

NEAR TERM TASKS 

Cost and Schedule 

Accident that we have not been asked to provide a detailed 
cost and schedule comparable to hardware subsystems 

Detailed cost: task force? 1 .1 'r.p. 

Detailed schedule: task force? 

Including simulation 

... and test beam if part of our task. 



- To write up a requirements document for the Core 
Software. 

- Document due in September-October 1992 . 

• Meetings 

- Have had them about every 2 weeks 

- Have had 4 meetings so far 

• Architecture Model 

- Based on 'Toaster Model' 

- Not 'cast in stone' but mainly used for discussion 

- Very popular and 'standard' model 

Toaster Model 
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CORE SOFnNARETASK FORCE 

- Members 
- Soren G. Frederiksen (Chairman) 

- Bernard Traversat 

- Ute Nixdorf 

- Jean Huang 

- Shuichi Kunorl 

- Glen Kubena 

- Chris Day 

- Brad Hubbard 

- David Adams 

- Youhel Morita 

- Katsuya Arnako 
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• Example 

- Study of M.C. (Pythia) simulation 

- Use a 'Utility Module' which does event generation 
. Pythia generator is a "Tool" inside this module 

- User will write his/her own "Module" 

- Load "Module" along with "Services" 
- Dota Access 

- Module Control 

- Communication 

- G.U.!. 

- Run "Tooster" 

I' 

l,~~c~~'~~~~d~~~~~~~~~~~~~~~ 

Requirements 
• Module Control 

- Initiates and activates modules along 1 or more 
ordered path 

- No direct communication between modules 

- all communication is via the communication service 
using: 
- Module Control Protocol 

- Interface Control Protocol 

- Dota Flow Contral Protocol 

- Possible to have mutiple copies of modules running 

- Has meta-data structure which keeps track of event 
flow 

- Multiple input data streams 

.~ 

• Toaster Components 

- Data Access Service 
- Defined by Data Modeling Task Force (Brian Scipioni) 

- Communication Service 

- Module Control Service 

- Graphical User Interface 
- To be determined, probably commercial 

- Common Tools 

- Toast/Module 
- Written by users/collaboration members 

- stand-alone packages 

• Glossary (MY DEFINITIONS) 

- Module=Toast 
- Stand-alone process with well defined inputs and outputs 

- Tool 
- A small sub-portion of a module. Is dependent on a module 

- Common Tools 
- Collection of tools used by 2 or more modules 

- Utility Modules 
- Collection of Modules used for general purposes 

- Maintained by central group at SSCL 

- Services 
- Basic components of Toaster 

Iv 



- supports one (or more?) of the following: 
• Messages 

• O/S Process invocation 

• Remote procedure calls 

- Clients (toast> see objects only through the 
perspective of a language and has no knowledge 
of the implementation 

- Object implementation is the methods and data 
associated with the object. 

- Objects must register with the ORB 

- An interface repository is used to keep the interface 
definitions 

- Capabilities required of Communication seNices 
· Placement monagementtools 

• interface definition tools 

• GUltool 

· Communication tool output 

· location Independence and location brokering 

· Dynamic binding 

· Presentation services 

· Errar handling/reporting 

· Securitv 

· Concurrency 

· Initiator/responder roles decoupled from Client/server roles 

· looks like standard call 

· Easv to use IDl 

· Hide underlving services 

• Common Tools 

- A 'toolbox' of utility routines 

- NOT a stand-alone program, but a library 

. Logical event flow is independent of physical mass 
storage choice 

- Able to filter or tag events based on filter module's 
decision 

. Identical module control interface for sequential 
access and random access data flow 

- Dynamic module linking 

- Same architecture for parallel and sequential 
process. 

- Error handling 

- Must run efficiently 

- Able to exit to OIS 

- Multiple modes of run control: 
· Message driven 

• Data dfiven 

· Interactive 

- Able to support looping 

- Has conditional response. 

- Logical multilevel modules support 

- Dynamic user intervention 

• Communication 

- Provides two way communication between 
components 

- Supports distributed heterogeneous environment 

- View of communication seNices is via an 
application programming interface. 

- Object Request Broker (ORB) provides comm. seN. 



CONCLUSION 
• Core Software Task Force still on track. 

• Already have preliminary requirements 

• Plan/hope to print summary on a monthly basis 

• NEED input from rest of collaboration 

- Send comments/questions to members of task force 

- or soren@fruth.ssc.gov 
SSCVX 1 ::SOREN 
soren@sscvxl.bitnet 

• Requirements document due Sept./Oct. 1992 

- User written pacakges are in general not a common 
tool. 

- Libraries used by 'SeNices' are not Common Tools. 

- Accessible from Fortran, Fortran90, C and C++. 

- Usable on any POSIX compliant machine 

- Fully documented 

- Maintained by central group at SSCL . 

- Authorization needed to entitle a routine in 
common tools. 

- Well defined set of inputs and outputs 

- common tool cannot be run as a module 

- Must be self contained and not depend on other 
tools 

ConlnlCllion d AeQl,*emonb 

- required common tools: 
- Mathematical routines 

- High level graphics routines 

- Random number generators 

- 3D geometry handling routines 

- Sorting programs 

- Histogramming routines. 

- UTILITY TOOLS??? 
- MINUIT like package 

- track finding package 

- cluster finding package 

- PAW-like package??? 
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SOC Core Task Comm. Services 

soc Core Task 

Communications Services 

May 22. 1992 

Chris Day. Bernard Traversat 
Glenn Kubena, Ken Liao 

May 22. 1992 
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SOC Core Task Comm. Services 

General Definition of Communications 
Services 

• Provides two way communications between compo
nents (e.g. toast) of the Core Architecture (toaster 
model) 

• Supports distributed heterogeneous environment 

• Client's view of communication service Is via an 
application programming interface, supported by an 
interface definition language, which hides implemen~ 
tation details of the underlying communication ser
vices. (The communication service itself might be 
replaced transparently to the client's knowledge) 

• Supports one (or more?) of the following communi
cations mechanisms 

Messages: Operations on messages include, for 
example, create, delete, update, send, receive, 
acknowledge, reply and ignore. There may also 
be registration and de-registration operations if 
a multicast delivery service is used. It is with 
this operation that a tool or service indicates 
what kind of messages it is or is not interested 
in (e.g. all messages referring to my objects). 

May 22.1992 
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SSCUSOC SOC Core Task Comm. Services .~ 
Contents 

General Oefinltlon of Communication. Service. 

Communlcalion. Servic •• Archltectur.1 Concept. 

Conenl. N •• , Term OPllons . ..... 
Capabilities Required or Communi uti on. Servic •• 

Appendix 

May 22.1992 

SSCUSOC SOC Core Task Comm. Services 

OS Process Invocation (e.g. exec, fork, invoke 
and spawn) 

Remote procedure calls 
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SSCUSOC soc Core Task Comm. Services SSCL/SOC SOC Core Task Comm. Services 

Communications Services Architectural 
Concepts 

• Strategic (Long term; tends to be more abstract) 

Common Object Request Broker Architecture 
(CORBA) 

SSCUSOC 

Object Request Broker (ORB) provides com
munication services 

Client (e.g. toast) see Objects only through 
the perspective of a language mapping 
(interface definition language). Client has 
no knowledge of the implementation of the 
Object, where it is, or which ORB is used to 
access it. 

Object implementation is the methods and 
data associated with the object. Various 
implementations include separate servers, 
libraries, a program per method, an 
encapsulated application, an object oriented 
data base, etc. 

Objects must register with the ORB 

An interface repository is used to keep the 
interface definitions 

May 22. 1992 
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SOC Core Task Comm. Services 

Capabilities Required of Communications 
Services 

• Communications Tools 

Placement Mgmt. Tools 

Interface Definition Tools 

GUI Tool 

Comm. Tool Output 

• Communications System 

Location independence and location broke ring 

Dynamic binding 

Presentation services (i.e. data conversion, etc.) 

Error handling/reporting 

Security (peer-to-peer authentication and author
ization) 

Concurrency, both client and server 

Asynchronous access if desired 

Initiator/responder roles decoupled from 
client/server roles 

May 22. 1992 

Concrete Near Term Options 

• OSF DCE RPC 

Like a normal call 

Includes an IDL 

Data translation across heterogeneous systems 

Server location transparency (server registration 
with naming service, client binding service) 

Concurrency via threads 

• Workbench/Softbench BMS 

Tool registers with BMS indicating which events 
it wants to be posted with 

Client sends message to tool via BMS without 
knowledge of the tool's location or detailed func
tion 

Tools are enca psulated via C++ or EDL 

• Other 

May 22.1992 
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SSCUSOC SOC Core Task Comm. Services 

• Communications APls 

Look like standard call 

Easy to use IDL 

Hide underlying service 

May 22, 1992 



SSCUSDC SOC Core Task Comm. Services 

Appendix 

• Acronym List 

BMS - Broadcast Message Services 

CORBA - Common Object Request Broker 

ORB - Object Request Broker 

DCE - Distributed Computing Environment 

EDL - Encapsulation Definition Language 

IDL - Interface Definition Language 

OSF - Open Software Foundation 

RPC - Remote Procedure Call 

• Glossary 

• References 

May 22. 1992 

2157 

SSCUSDC IBM FSC Houston 

Contents 

IBM"SDC Prolotyp. PJan Genee'. 

Protot,,. Goa', I Expected aenant. . 2 

FOCUI 

SI.p 1 - Populate the Cata a ••• 

Slep 2 - s •. up the enalyals environment 

9 

Future Opllonl " 
AII.ehmanl on FORTRAN 90 12 

May 22. 1992 

SSCUSDC 

SSCUSOC 
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IBM FSC Houston 

IBM SOC Prototyping Plan 

Currently Not Funded or Approved 

May 22, 1992 

IBM Team 
Tony Elam, Bob Ennis 

Glenn Kubena, Ken Liao 
Larry Roberts, Dennis Stoker 

Jim West 

Point of Contact: Glenn Kubena 
IBM Federal Sector Company 

Houston, Texas 
(713) 282-7635 

KUBENA@HOUVMSCC.VNET.IBM.COM 

May 22.1992 
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IBM FSC Houston 

IBM SOC Prototype Plan Genesis 

This plan represents the results of a meeting on 517192 
between Chris Day, Andrea Palounek and IBMers Ken 
Liao, Larry Roberts, Bob Ennis and Glenn Kubena on the 
subject of IBM SDC prototyping activities. This plan 
includes Andrea's and Chris' recommendations on how 
joint SDCIIBM prototyping activities could help prove and 
evaluate concepts being developed under the Core, Data 
and Process task force activities. 

This plan will be updated pending review comments from 
Andrea, Chris and other interested parties. 

Please note that this activity is currently not funded or 
approved. 

May 22. 1992 
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SSCUSDC IBM FSC Houston 

Prototype Goals I Expected Benefits 

• Try out NIST toaster concepts and get real timely 
feedback on what works and does not work (Com
plement Core Detailed Design beginning FY 93) 

• Get some hands-on experience with encapsulator 
tools, C++, OODBMS, GUI tools, ... 

• Understand real feasibility/problems of encapsulating 
FORTRAN codes within the Core "toaster" 

• Understand FORTRAN 90 pros/cons 

• Understand real feasibility/problems of accessing 
data objects; begin to evaluate performance aspects 
of data object access 

• Tryout different data models and see what works 

• Begin to prototype a really useful user interface 

• Complement, not duplicate HPCCI prototype 

May 22. 1992 

SSCUSDC IBM FSC Houston 

Step 1 - Populate the Data Base 

• Approach: Encapsulate phySiCS event generator in a 
version of the toaster model. Capture event output 
and convert to object model instantiation and store 
on OODBMS for later retrieval and analysis. Use an 
Object Oriented analysis tool to design candidate 
data base schema and produce data dictionary 

• Software Used 

ISAJET Physics Event Generator 

Rationale: Well understood; physicists have 
lots of experience with it', easily available; 
provides history of what happens after colli
sion 

Workbench (Encapsulator and Broadcast 
Message Services) 

Rationale: Provides prototype of communi
cations services and an encapsulator tool 

May 22. 1992 
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SSCUSDC IBM FSC Houston 

Focus 

• Goal is not to simulate the detector; rather focus on 
coming up with a good toaster 

• Commercial hardware and software being used is 
not being pushed as the final or perfect solution -> 
Simply need to tryout concepts and get some real 
feedback on pros/cons 

• Depends heavily on phYSicists' participation in 
design, development and evaluation 

May 22. 1992 
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SSCUSDC IBM FSC Houston 

C++ Compiler and optional C++ Develop
ment EnVironment (ProCASE or Centerline) 

Rationale: Needed to develop the "bridge" 
code which reads ISAJET output files and 
writes to Objectivity OODBMS. Also, the 
"encapsulation" code for executing ISAJET 
under workbench can be written in C+ +. 

• Note: The "bridge" code identified 
above could be a prototype for a future 
data importation tool (e.g. from SDC 
SIM to OODBMS schema). This bridge 
code would also allow experimentation 
with different OODBMS data base 
schema. 

Objectivity OODBMS 

Rationale: Prototypes an object oriented 
physics data base using a commerical 
OODBMS. Has an online schema and data 
browser Which can be evaluated. 

May 22. 1992 



SSCUSDC IBM FSC Houston 

Paradigm Plus Schema Designer 

Rationale: Prototypes an object oriented 
model(s) of the physics event data base 
using Rumbaugh notation and produces 
Objectivity Data Definition Language 

AIX Composer (User Interface Management 
Software). LPEXX editor 

Rationale: Prototypes a GUI which edits 
ISAJET input files and executes ISAJET (e.g. 
generate a certain number of events from 
ISAJET). Gives hands on experience on 
ease of use or difficulity of use of 
encapsulated Physics code. 

Option to look at VISAJET which is an 
X-Windows based GUI for running ISAJET (Avail
able from Fermi Lab. Paul LaBrun) 

May 22. 1992 

SSCUSDC IBM FSC Houston 

Objectivity OODBMS 

Rationale: Prototypes an object oriented 
physics data base using a commerical 
OODBMS. Physicists may also develop 
"user filters" 

AIX Composer (User Interface Management 
Software) 

Rationale: Prototypes a GUI which exe
cutes point and click analysis. Can be used 
to customize GUI (widgets •... ) 

Hippoplotamus Histogramming Package (tbd) 
and/or some commercial statistical plotting 
package 

Hippoplotamus conversion from Objective C 
to C++ under this prototyping activity 
would be beneficial since it would make it 
more portable to entire collaboration. (But. 
conversion effort may not be trivial) 

May 22. 1992 
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SSCUSDC IBM FSC Houston 

Step 2 - Set up the analysis environment 

• Approach: Set up an environment where physicists 
can develop and execute analysis code which 
accesses the data base and produces graphical 
output. Set up a "point and click" user interface for 
analysis execution. 

• Software Used 

Workbench (Encapsulator and Broadcast 
Message Services) 

- Rationale: Provides prototype of communi
cations services and an encapsulator tool 

C++ Compiler and optional C++ Develop
ment Environment (ProCASE or Centerline). 
FORTRAN and FORTRAN LPEXX editor and/or 
FORTRAN 90 (see attachment) 

Rationa Ie : Fortran and/or C++ needed to 
develop the analysis code. A C++ bridge 
to Objectivity would be needed to access 
the data objects. The encapuslation code 
would be C++. 

May 22. 1992 

SSCUSDC IBM FSC Houston 

Step 3 - Use and evaluate 

• Approach: Provide copy at SSCL. in Houston lab 
and at "trail blazer" institutions (LBL? Rice? LANL? 
Argonne?Fermi?KEK?.) for evaluation and feed
back. 

• Software Used 

Workbench (Encapsulator and Broadcast 
Message Services) Or equivalel")t Softbench on 
HP 

C+ + Compiler and optional C+ + Develop
ment Environment (ProCASE or Centerline). 
FORTRAN and FORTRAN LPEXX editor and/or 
FORTRAN 90 

Objectivity OODBMS 

Hippoplotamus Histogramming Package (tbd) 
and/or some commercial statistical plotting 
package 

• Try to get special priCing or evaluation copies of 
commercial software 

9 May 22. 1992 
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SSCUSDC IBM FSC Housto 

• Houston lab might concentrate on performance 
measurements and Physicists might concentrate 
more on User Interface and functionality (i.e. "Can I 
do my job this way"?) 

21 Wi' 

10 May 22. 1992 

SSCUSDC IBM FSC Houston 

Future Options 

• Evaluate applicability, feasibility and performance 
impacts of schema evolution (changing the schema 
while maintaining backwards compatibility) 

• Integrate prototype into IEEE Mass Store Reference 
model and evaluate scalability 

• Prototype a truly distributed data base to address 
the concerns of data synchronization, data integrity, 
data duplication, ... 

11 May 22. 1992 

2.1 f;:1 

SSCUSDC IBM FSC Houston 

Attachment on FORTRAN 90 

FORTRAN 90 Note: We learned the following through our 
IBM grapevine. FORTRAN 90 has been approved as an 
international standard by ISO but not yet in the US by 
ANSII (being worked by the X3J3 group). There are 
three FORTRAN 90 compilers available for the RS6000. 
These are really interpretors that produce C or 
FORTRAN 77 code. The three are NAG from England 
which produces C code, PARASOFT which produces 
FORTRAN 77 code and VAST (in beta test) from Pacific 
Sieria which produces FORTRAN 77 code. We will be 
receiving pricing and other details from our IBM expert 
in Toronto, Janice Shepherd. Janice also has a presen
tation on FORTRAN 90 capabilities which she is mailing. 
She is also available to make the presentation at the 
SSCL if requested and funded. 

12 May 22. 1992 
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Audiences 

• The developers of the Data Modelling Package 

• The core-developer 

• The user-developer 

• The more general collaboration audience. 

Requirements Catagories 

• Implementation Independent Requirements 
What the tool must do regardless of how. it is implemented 

• Global Constraints 
Implementation specific requirements which are of global importance 
and are, therefore, not considered reviewable as design options 

• Desirables 
These should be incorporated resource pennilting. 
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2.1.1.14 Error reporting during analysis. 

2.1.1.15 Must have a Graphical User Interface (GUI) as well as text interface. 

2.1.1.16 Same look and feel from the browser as from the rest of the too\. Must have 
the ability for multi-user presentations. 

2.1.1.17 The modelling tool must have a generic levelling capability. 

2.1.1.18 Direct manipulation of graphical objects. 

2.1.2 Coding-time 

2.1.2.1 Simple access to complex data types. 

2.1.2.2 Must be able to refer to objects or types via relationships (pointers). 

2.1.2.3 Access to data by name (not pointers) at cOding-time. 

2.1.2.4 Generate machine independent code for objects, templates, include flies. 

2.1.2.5 Package must include a make-like facility. 

2.1.2.6 Accessible from 6 line FORTRAN program. 

2.1.2.7 Full functionality from FORTRAN 90, C, and C++. 

2.1.2.8 Error reporting during Coding. 

Event-based Requil'ements 

• Analysis-time 
Those data modelling activities which involve the logical definitions and 
associations among the data as is done in Entity Relationship modelling, 
for example. 

• Coding-time 
Those data modelling activities which occur in direct SUppOlt of, and dur
ing the time of, the physicist writing code. 

• Run-time 
Those features ofthe data modelling package which execute while thc 
physics application is running. 

2_1 Implementation Independent Requirements 

2.1.1 Analysis-time 

2.1.1.1 User defined data types. 

2.1.1.2 Plain data structures. 

2.1.1.3 There should be user-defined lifetimes for types of data. 

2.1.1.4 Certain classes should be built-in. 

2.1.1.5 Event type and cross-event type are built-in types. 

2.1.1.6 Data modelling operations on objects or collections of objects (classes). 

2.1.1.7 Schema available to application at analysis-time 

2.1. \.8 Edit or browse classes and dictionary interactively. 

2.1.1.9 Schema evolution history/versioning accessible from repository. 

2.1.1.10 Report generation capability for meta-data, e.g., schema, data dictionary 
from the browser. 

2.1.1.11 Standard data modelling methodology. 

2.1.1.12 The tool must support an object-oriented approach. 

2.1.1.13 Cardinality between objects must be defined in relationships. 



2.3 Desirables 

2.3.1 Analysis-time 

2.3.1.1 Reverse engineering capability for existing code. 

2.3.1.2 Ability to import data model representations from existing C++ classes or Zebra 
banks, YBOS, nat files, etc. 

2.3.1.3 Optimization tool for data model structuring. 

2.3.2 Run-time 

2.3.2.1 Migrate data from one OBMS to another. 
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2.1.3 Run-time 

2.1.3.1 Schema must be available to application at run time. 

2.1.3.2 Error reporting during run-time. 

2.1.3.3 Interactive data query language. 

2.1.3.4 Report generation capability for physics data. 

2.1.3.5 Interactive as well as programmatic interface to tool. 

2.1.3.6 No significant performance penalty for using the tool, regardless of the 
amount of data. 

2.1.3.7 The Data Repository should keep database of data access patterns to support 
fulure design and optimization efforts. 

2.1.3.8 Oata access method independent of media. 

2.1.3.9 Oata interface to OO-OBMS or R-OBMS. 

2.1.3.10 Application and machine independent data structures . 

2.2 

2.2.1 

2.2.2 

2.2.3 

2.2.4 

Global Constraints 

Inexpensive for individual users to acquire 
commercial components. 

Machine independent tool. 

UNIX based. 

Tool must be compatible with the architecture of the 
Core Software Development task force. 



Status of Software Development Task Force 

Andrew p, White 
(University of Texas at Arlington) 
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SOC Software Process Document Oulline Draft 

SDC Software Process Document 
Outline Draft 

Version 4 

May 22, 1992 

larry W, Roberts 

IBM Federal Systems Company 
3700 Bay Area Boulevard 

Houston, Texas 77058 

Version 4 
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SOC Software Process Document Outllna Draft Version 4 

Assumptions 

1. This dOCument addresses processes for development 
and control of software'specific to SOC Offline Com
puting. However, commonality and possible use to 
meet SOC Online Computing needs are not pre
cluded~ 

2. The software processes described here depend on 
the existence of a SOC offline HglobalH system and ,I.J~ 

network facilities (i.e., a SOC offline HglobalH system 
will be architectedand implemented, in addition to 
the dispersed, heterogeneous environments of SOC 
users, within which the software processes will fit). 

3. The software processes will be established so that 
automated support can be utilized to the maximum 
extent practical. 

May 22.1992 
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Definitions 

soc Omine Global System 
SOC offline hardware. software and services architected 
and provided to meet the needs of the SOC Collaboration 
as a whole, 

SOC omine Global Software 
Software comprising part of the SOC Offline Global 
System developed (or acquired), integrated and main
tained by a SOC Central Group. Included are the fol
lOWing classes of software (as described in this 
document):' 

• "Core" services 11VO~r: 
• "Core" software. Including graphical user intenac " . 
• Data management software orr 
• SOC Physics Application Developer's Toolkit 

Common Physics Software 

III 

Software developed by physicists outside the SOC Central 
Group which undergoes a technical "certification" process 
to be incorporated into the SOC baseline. Included are 
the following classes of software (as described in this doc
ument): 

G "Core" common tOOls/utilitieS] 
• Common physics applications/tools 
• Production reconstruction 
• level 3 trigger 

May 22.1992 
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2. Core Software 

2 

a. Communication Services 

• Components 

1) Distributed message service 
2) Distributed remote procedure call 
3) Communications application program 

interface (API) 

• Commercial plus newly. developed 

• Development/Integration/maintenance by 
small SOC central group - rigorously con
trolled 

b. Module Control fP!tt:gf hwl,,'QIi,SIW Analyst&
F.Eamewodc:ClRS) 

• Components 

1) Process definition 
2) Process enactment 
3) Module execution shell 

• Commercial and/or newly developed 

• Development/integration/maintenance by 
small SOC central group - rigorously con
trolled 

May 22. 1992 3 
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Classes of SOC Software 

• ~W~ 
1. Core Services (IrwiR'S Systeffi Se~iee9 Cless) "'*"'~ 

• Components 

a. Operating system (4'iSO"f'I) ff.oV'tn:. ) 

b. System management services 
c. Network operating system/management 
d. Code management 
e. Metrics collector 

• Mostly commercial 

• Integration/maintenance by small SOC central 
group - rigorously controlled 

May 22.1992 
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C. Common Tools /J.!tHj1lps (In~ 

• Components 

1) Plotting package(s) 
2) Event display package 
3) Electron identification package, etc. (10 

- 15 packages) 

• New (plus reuse) development 

• Each package externally developed by 
small, dispersed groups 

• ·Certification" process to incorporate 

• Integration by small SOC Central group -
controlled 

• Maintenance by combined small SOC 
central group plus developer groups - con
trolled 

May 22,1892 
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d. Graphical User Interface (liart of Irwm's:P/tyslCS" 
.tsDglysis Framework Class) 

• Components 

1) UI builder 
2) Presentation service 
3) GUI application program interface (API) 

• Commercial plus newly developed 

• Development/integration/maintenance by 
small SOC central group - rigorously con
trolled 

May 22.1992 
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4. SOC Physics Application Developer's Toolkit 

• Components 

a. Editor(s), compiler(s), debugger(s) 
b. Process enactment / code management 

clients (option) 
c. User's and Style Guides 
d. Data access, etc., standards 
e. Checklist(s) 

• Commercial plus HEP community "standard" 
tools 

• DevelopmenVlntegration/malntenance by small 
SOC central group - rigorously controlled 

May 22.1992 

21!)1 

soc Software Process Document Oulline Draft Version 4 

3. Data Management Software 

• Components 

5 

a. Data modeling 
1) Graphical user interface 
2) Data base schema definition output 

b. Data repository 
1) Data base schema definitions 
2) File/object catalog 
3) Efficient data query/extraction 
4) Schema evolution 

c. Data repository API 
1) Complex data structure support 
2) FORTRAN and C( + + ) support 

• Commercial plus newly developed 

• Development/integration/maintena nce by small 
SOC central group - rigorously controlled 

May 22.1992 
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5. Production Reconstruction (Irwin's Preeklstiel'l Reeol'l
itrkletieA Class) 

• New (plus reuse) development 

Use SOC Application Developer's Toolkit 

• Combination of pieces developed separately, 
external to SOC central group 

• Integrated and robustness verified by (external) 
technical "czar" 

• "Certification" process to incorporate 

• "Formal" (version, baseline, change) control 

• Low cha nge freq uency 

May 22.1992 
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6. Level 3 Trigger (IF-Will's Level 5 Class) 

• New.(plus reuse) development 

- Use SOC Application Developer's Toolkit 

• Combination of pieces developed separately, 
external to SOC central group 

• ·Certificatlon" process to incorporate 

• Relatively high change frequency 

• Flexible control 

"SWAT team" change I maintenance 

Audit trail 

Mey 22. 1892 
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8. User Applications (trwi,,'s User Medtlles ClaSS) 

10 

• Components 

Custom written applications by physicists 
using SOC Application .Developer's Toolkit 
(e.g., standard data access, etc.) 

Custom written applications by physicists 
(roll your own) 

• User (organization) controls software develop
ment, baseline, maIntenance 

• SOC global system needs to ensure user appli
cations cannot "damage'" data base, module 
control framework 

SDC Software Process Document Outline Dreft Version 4 

7. Common Physics Applications (Pall of Irfli,,'s Utili
t~ Class?) 

• Components 

Widely used physics applications, routines 
(HEPlib, etc.) 
Common and widely used tools 

• Externally developed and used 

• Being made available "as is" in applications 
repository 

• "Certification" process to Incorporate 

9 May 22. 1992 
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Organization 

1. Process Owner - SDC Computing Group 

• Working Owner - SDC Central Group 

2. Responsibilities 

a. Developing "global" (core, data management, 
toolkit) software 

b. Performing systems administration of global 
system 

c. Certifying common physics software 

• "Core" common tools/utilities 
• Level 3 trigger 
• Production reconstruction 
• Common physics applications/tools 

d. Providing SOC Application Developer's Toolkit 
(standard data access, etc.) 

e. Managing applications repository 

f. Making global/Level 3 / production recon
struction build deliverieslinstallations 

12 May 22.1992 
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Global Software Dev~lopment Process 

• Applies to global software, except "core" common 
tools/utilities 

• Formal, rigorous process, yet flexible enough to 
meet changing needs and make improvements 

• Iterative waterfall or spiral lifecycle 

• Take advantage of latest software technology 

• Utilized by SOC Central Group 

14 May 22.1992 
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g. Performing maintenance 

• Maintaining "global" software 

• Negotiating maintenance arrangements on 
common physics software 

• Coordinating Level 3 "SWAT team" 

h. Managing global and common physics software 
baselines (configuration/code management) 

3. Lines of Authority (to SDC Collaboration) 

4. Management Controls 

13 

a. Software Review Board (SRB) 

• Approves/disapproves changes to baselines 

b. Certification Board (same as SRB?) 

• Certifies changes/additions to common 
physics software meet certification require
ments 

• Audits Level 3 "SWAT team" changes 

c. Products 

d. Support tools/systems 

May 22. 1992 
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• Initial development 

15 

Phases 

Planning 

• Establish risks/dependencies 
• Develop schedule 
• Produce development plan 

Requirements (analysis) 

• Rapid prototyping of GUI 

Design 

• Make or buy (acquire) 

Code 

• New software 

• Software modifications 

Integration 

VerificationlTest 

Build Delivery/Installation 

• Includes SDC Application DeVeloper's 
Toolkit (first deliverable) 

May 22.1992 
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Inspections (within development team) 

Type When 

Requirements I Design During requirements and design phas.s 

Code 

Test case 

Type 

OUri"ll coding phase 

Prior to verlficltion" I t •• t ph ... 

Reviews (SOC Computing Group -> SOC Col
laboration) 

When 

Requirement. I Oeslgn End or de.ign pba.e 

Syatem Verification End or verlncation I test ph ... 
Compl.te (Aceeplenee) 

Configuration Management (under SRB) 

Manage source, etc., libraries (library man
agement) 

Establish baselines (configuration identifica
tion) 

• Source/object/builds 
• Test cases 
• Documentation 

18 May 22. 1892 
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Problem Report Scenario 

1. User or help desk submits problem report 
describing problem encountered and cir
cumstances 

. 2. Software Review Board or designated 
authority prioritizes problem report and 
assigns maintainer to Investigate 

3. Maintainer provides workaround if appli
cable 

4. Software Review Board dispositions 
problem report based on results of investi
gation 

If fix not necessary, problem report is 
returned to submitter with explanation 
(possible documentation update) 

If fix necessary, it Is schedUled for 
incorporation 

5. Fix Is developed, verified and released 

- Includes updated documentation 

6. Problem report Is closed 

May 22.1892 
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• Maintenance 

t7 

t9 

Problem report handling (see following scenario) 

Change request (CR) handling (see following 
scenariO) 

Configuration Management (under SRB) 

Control baselines (configUration control) 

• Assess/disposition problem reports 
• Assess/disposition change requests 
• Schedule fixes/changes 

Manage source, etc., libraries (library man
agement) 

May 22.1892 
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Change Request Scenario 

1. User/developer submits Change Request 
(CR) describing desired change 

2. Software ReView Board assigns maintainer 
to assess CR based on: 

Resource impact to incorporate change 

User community impact 

3. Software Review Board 
dispositions/prioritizes CR 

If rejected, CR Is returned to 
user/developer with rationale 

If approved, CR is scheduled for Incor
poration 

4. Change is developed, verified and released 

"May be packaged with other CRs Into a 
new "version" or "release" 

Includes updated documentation 

5. CR Is closed 

Mey 22.1892 
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• Rationale for formal global software process 

Importance of software to entire SOC 

Multiple developers 

20 

Early detection of errors and resulting savings 

Easier maintenance 

May 22.1992 
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• Certification - software mee,ts requirements / stand
ards for: 

"Robustness" for use by SOC 

"RegreSSion" tests run and analyzed by: (1) 
SOC Central Group. or (2) developer / sub
mitter and reviewed by SOC Central Group 

i 
Documentation 

Requirements/design specification 

User's guide 

Maintenance arrangement 

• Maintenance 

22 

If conducted in accordance with maintenance 
.arrangement. no recertification 

Upgrades developed externally processed as 
new Change Requests (CRs) requiring re
certification 

May 22.1992 
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Common Physics Software Certification 

• Assumptions 

21 

Common physics software developed outside 
formal process of SOC Central Group 

"Core" common tools/utilities 

Common physics applications/tools 

Production reconstruction 

Level 3 trigger 

Software undergoes technical "certification" 
process to be incorporated into SOC baseline 

May 22, 1992 
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• Certification Scenario 

23 

1. Developer/submitter submits Change Request 
(CR)"to incorporate application Into SOC 
Common Physics Software baseline. 

2: SOC Certification Board assesses/prioritizes CR. 

3. Developer/submitter furnishes documentation, 
evidence that application meets certification 
requiremelJt5, and negotiated maintenance 
arrangement 

4. Certification Board "certifies" application, recom
mends disposition of CR to Software Review 
Board 

5. Software Review Board dispositions CR 

6. If approved, application is incorporated into SOC 
baseline / applications repository 

Application is cataloged and made available 
for SOC use 

May 22. 1992 
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Common Tools I Utilities Process 

• Certification / integration / build process 

• Certification 

Less stringent standards than those for pro
duction reconstruction and Level 3 trigger - but 
more than those for common physics applica-

tions ","u(- !>f.tl< ~,-,;.I. 

Testing burd'en on developer/submitter 

• Integration by SOC Central Group with 
developer/submitter support 

- Integrate into module control framework 

• . BUild/release of upgraded module control framework 
to SOC users by SOC Central Group 

24 May 22,1892 
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Production Reconstruction Process 

• Certification / integration / build process 

• Rigorous process 

Certification 

Testing 

Change control/ maintenance 

• Certification 

Stringent standards 

Testing burden shared between SOC Central 
Group and developer/submitter 

• Integration / build by SOC Central Group 

Pre-defined test suite 

26 May 22,1892 
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Common Physics Applications Process 

• Certification and integration process 

• Certification 

Less stringent standards than those for pro
duction reconstruction, Level 3 trigger, and 
"core" standard application packages/utilities 

Testing burden on developer/submitter 

• Integration. by SOC Central Group with 
developer/submitter support if available 

Catalog common physics applications in reposi
tory and make available for use 

May 22,1892 
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Level 3 Trigger Process 

• Initial certification / integration / build process - rig
orous 

• "SWAT team" approach to change / maintenance 

Expedited process 

- Decisions made out-of-board, etc, 

Scope size, complexity of changes/fixes 

Leave audit trail 

Based on advanced preparation 

• SWAT team advanced preparation 

Collaboration experts in respective, areas identi
fied,on-call 

Good documentation 

Analysis tools 

Test suite 

• SWAT team staffed by SOC Central Group and col-
laboration experts . 

27 May 22,1892 
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User Application Software Process 

• Assumptions 

User applications developed external to SOC formal 
(core) process 

User applications developed outside scope of SOC cer
tification process 

Development, test, maintenance, configuration (code) 
control and documentation is solely responsibility of 
user (organization) 

Safeguards against "damage" to SDCdata base, 
module control framework built into data base manager, 
network management, etc. 

• For user applications planning to use SOC application 
-toolkit 

1. SOC Central Group provides SDC Application Develop
er's Toolkit to user 

2. SOC Central Group provides problem support on toolkit 

• If it is desired to add user application to SOC common 
physics software baseline: 

- User application must undergo certification process 

28 May 22. t992 
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Schedule 

• List of schedule dependencies (or portray on 
schedule) 

• High level schedule 

30 May 22.1992 
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Systems Administration 

• Integrating' global software components 

• Building and installing global software (central and 

regional centers) 

• Cataloging and library management of common 
physics applications 

• Systems management 

• Network management 

• System tuning for performance 

• Global software maintenance 

• Negotiating and overseeing maintenance arrange
ments for common physics software 

• User problem support 

Informal 

29 

- Help desk 

Formal 

Incoming problem report tracking 

May 22.1992 
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JSDFarm: 
Distributed Computing Facility at KEK 

IntrpdycUon 

... D Farm: 

Youhei Morita 
(KEK) 

• CM8p and quick 8OIuIIon 
for Ioc8II1C compultng ..... 

Spt ....... DIIs.-.... nt - 0.3 FTE 
Ub,.ry ... n.ge .... nt - 0.2 FTI x 3 

(SDCSHILL, CEANLlB, Pyth ..... ) 

• DEC8t.tlon 5000/125 x 12 

F.
adUXO 

dfmG-1 
.dlm2·. 

File Server 
Loaln Platform 
CPlJ Farm 

.1 ...... 11.:,. H' 
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DlebtIluW Computl", FHlIIIy at UK 

Introduction 

Qlitrlbyl!d Cgmpytl"" uti"" ''''I-Impl 
Uaer-frIencIy IMOhanl .... for Job aubln ..... 
and oontrol 

~ aubmlt <ctl-1!Ie> <node....-e> 
~ rpa ( .. ) <011 ••••• > 
~ jobmon <nodell_.> 
. ~ chDrio <nodeDllme> <ptIofItp 
~ rldll <nodename> 

...... P.rallell .... " 
-> c .... p aoIutlon to CPu-bound lie lObe 

AppIlcatIo~ndent acrtpt 
(8DCSHELL, Pythia, ••• ) 

No totalitarian Job oontnal 
-> control and NaPODIIlbi11ty on UM' ... 

Hel,. .... ,. to learn UNIX tutu,.. 

~Ol 
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SOCSIM I SOCSHELL 
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Cue 2: Write MC output data to local dlak 

For the ca .. of MFS .. rver, efftclency of 
"Job Parallelism" largely dependa on the 
rate of job output ana C'PU time. 

Job output rate I CPU < 10 KBIHo 

For the case of local dlak, effiCiency la much 
higher. (But hard to optimize the uaage of 
acatteNd dlak reaource.) 

Effective distributed Me computing la to teb 
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• Performance bottleneck on MFS ..",.,. 
• UtlllZlltlon of scattered local re,ouroe 

.> U .. , education cove,. the ahortllge of .... 
'yatem management manpowe,f 



~ 
,.-----L-------, / 

MCDaemon 
Make SIIIUS .--__ ..L-__ -. 

Output 

( Job S18tus ) 

User Abort ---

Generate Unique 
Random Number 
Seed 

Start Execulion 

( Job S18tus ) 

,. 
(.CPU) 

222G 

2228 

2227 

~ 
~ .. 
j . 
1 . 

----•............. - ... ~ 
; 

i i 

.. ---+.-----.. --i--...... ---+-----.. -.+.---.. -. 
~".+----i j ! ; '" ~.""i J 

.~.~---~----~----~------~ _____ .. ~ __ -J 

N-.Mr II/CI'U 

4,.O.,.Z. !.,.!.!:_, __ " _. __ .. _____________ .....::.~ •• !....._ 

.... ",~--p ,--

• 

.. tI 17.1 • ... • 

Job OIIIfIIIIIII/CI'U (D/HC) 



KEK SDC (26th May 1992) 

Distributed computing system 

at 

Tokyo Metropolitan University 

S.Kitamura 

Tokyo Metropolitan University 

1. Network and Computers 

2. Activrty ot DECSOOO's 

-.1IUoM1F'DOI1 
- :l:1I1.UI(UIiOU ' ...... IMAID) , 
-.II1.UII......u 
@ J[1I1.UI{t-;':"·'/:"l1~ 
~ .... ~. 
(5) ••• 

2232 

2231 

2 _ ... ~ _~ ~;:v1~~"'=-- ::::: _ .... _______ ._' 

f 

2233 

oj 
u 

...:.! -0 

-s: 
~ ., 
~ 

<I 
s: 
~ 
~ 

.J 
...... 
2S 
l..I..:. 
E 

tl 
-I, 



.., 

.. 
,} 

1 
8 
-,s 
5 

.c 
I:( 

1~ c: .... 
0 

CI 
E 
E :s 

II) 

2234 

-I 
I ~ 5e~ "'a· 

E ~ fi ,I i! 
~ I 

~ I 
=~ ~ I 

)1 
-I 
§ I 
~ I 
~ I 
I 

51 
-I 

22:36 "7 
D.i.sT,utute&. VECSooO wolLlr."~d.aUo1U 

(HEPExp.Lab) 

"~--.-'-.---"--"--'-"". i i i DEC5DDD/2DD i 

i ! 
! ! 
! i 

I I 
t ! I ! 
i 
! 
i 
! 

! 
~ .. -.-" 
E:3 

! 
\DEC5DDD/2D(2 •• U) 

, n •• r futuro , 
~-.-.... --... -.. -" .... ; 

2235 

2217 

( ___ c~o~m~p~u~t~e~r_c~e_n_t_er ____ ~) 
r' ... -u.--.-------------------·-.--.. ·-...... · 
i •• rv.r55DD DEC5DDD/2DD ( ...... U) 

f 

I 
i 



Hi.t - e,,~t /'jo1l1a Can£., ?7'Ia.1/r."d. 

J.. &&ICl~ (). uofccmQ "f .spl,~nJZ.. 

• 

1.131 

MEAN VALUe _ 0.5236 

~nrs ... O.S23S99 

ENTRY-358 

221R Cf 

I,OOO.DOO p .. "ll 

~~14-.s 

r"" _"'Qftd. 

CI 
£ 

.:.:1 

" f! 
j-

01 

1200 

800 

400 

4500 
4000 
3500 

t 3000 
~ 2500 

1 2000 
.. 1500 

221!J 10 

'. , !: t .; : 
I 

10 " 20 2. 3D 35 

DEC J1A1:i.on #. 

J 1000 

" 500 
o WWWW~WW~1~0~~'~5~~2~0~~2~5~~~30~~~~~~~ 

22 10 1/ 2211 /::1.. 

2O[IJ J. 

('r.~ 
~~ .. " 

or:. " ... 
D.3OIOO IUD.SO U,1DO 

DiU-4 

20m t~ .. : 
o I$:',! 

0.1I2tO O.tl4l0 0.1'7tO 

DlI.f.6 

0.52310 D.5H10 

D~ 

"'[i] ~ 
f-:. 

o .. Jl'i. 
G.07HG 0.01005 0.GI21a 

DII.U 

.or-fl "n;! 10~ 
.Ll§LJ o~ o~ 

O.G357S 0.03700 o.onas 0.0153. 0.01518 0.0113. O.oot2t 8.0064& O.oGl11 

DJAl.7 DlM-IJ DIIU 

Ii] 
I.DDCICIIZ 1.DOO112 0.aa0112 

DfM.t3 

.. 
0.00003, o.aoooel 

IJfM.t4 

20W ;f;. 

o .~·"':'ll 
OJMlOaOS O.G08JlO 0JlOO4S5 

DlJl..t2 

{IJ 
UOOOOt . DJIOOOIS D.OOOO3O 

1JfM.t6 

24 

20 .. 
§ 
~ 

~ 11 

:e 
.! 

!! 
~ 12 

I 
~ 
0 

i 
:3 
!l 

Si",,"P~t.OYl. U/.Jif'li f'rTlilA 

. ~S pwJ.;.c1 .. p1VJ~U." M sse en.Ja,,, 
Stnm IWIP caJJlRJWlE 

1 ~ .... 
i i 
i ! 

·,---t--_·-t---+--
. l I I I . 
i . ii, i i 

--t~--+---r-i-r-I 
-_. __ ..l._._· .. _._. __ .t·_._._. __ ._ ... · ."._._. __ . __ .,._. __ ....... _+ .... _-_ ...... _ .. : 

12 ,. 20 24 

~r ot DEQtationl uaed 



2212 

C.P.i.eni-SQ}tw,n. rtrIDlM fl»L :si1l'l.lAla'li.olt 

YM"JIAiA (SDC-"-"D~n 

~ 
.----1-_/ 

MCD3emon 
Make Status ...----'-----, 

Output 

( Job Status) 

( Job Status) 

13 

221-1 It 

Summary 

1. We have utilized a set of 44 DECSOOO work
stations for Monte Carlo simulations running 
jobs in parallel. 

2. In case of CPU intensive jobs. their perform
ance was highly efficient in total. In case of 
1/0 required jobs for one of the disk strages • 
limitations due to network traffic lowered 
their performance. 

3. We are now producing simulated events of the 
HERA-ZEUS detector with high efficiency. 

4. The straw chamber group intends to simulate 
events using these wor.kstations for trigger 
study. 

5. The latest version of SDCSHELL has been 
installed. 

-
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Harnessing Modern Virtual-Memory 
Systems for Distributed Computing of SSC 

Hajime YOSHIDA 
Na("llto University of Education 

SDC Collaboration Meeting 
May 26 - 29, 1992 
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1 Scope of the Talk 

Dist.ributed Operating System for SSC programming. 

1. Distributed Monte Carlo event generation 

2. Distributed event analysis 

3. Requirements 

4. Why not UNIX? 

5 .. Mapped files 

6. Why Mach? 

7. Model revisited. 

8. Conclusion 

2~ 1~) 
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Dis1ributed Monte Carlo Generation 

Distibuted Eyen!~a1ysis and Display 

-.;;='-'-_______ <O_I11lI';,.--...... gaphicoldota . 

MCdoIa3 

2 Models of Distributed Computing for SSC 

2.1 Distributed Monte Carlo Event Generation 

~Iorita et al. : Pythia and SDCSHELL 

2.1.1 Nnture of Computing 

• ~·I.C. data are generated by the independent hosts 
and written in a ;\FS file. 

• No data sharing is required. 

• Little communication among processes running on 
independent computers. 

• Bottleneck is writing data with NFS. 

• RAID can improve local I/O capability. 

2.1.2 Performance Conaideration 

With extremely simplified model 

• saturation of NFS network I/O capability, 

• parallel computation 

• sequential NFS write operation 

the speed-up factor Q with n hosts is written as; 

Q= n(l+x) 
1 +nx 

I where x = N ~;;;:~:me . 
In case of Pythia event generation, 

NFS write speed ~ 80 KB/s. (With NFS accelerator 
currently available, ~ 400 l<Bls is attained.) 

IConclusion:1 

Assuming a 100,000 x VAX system, which may be 
composed of ~ 1000 RiSe workstations connected via 
fast LANs, 

• Faster Network; FDDI{ 10 x Ethernet) and more, 

• Better implementation of standard protocol suite. 
(For example, TCP liP running on 10 MIPS CPU 
can handle upto 500 MBS.) 

• Since CPU speed will be ~ x 10 improved, the factor 
x will remain unchanged. 

• Need of machine-level distribution of a file. 

2216 
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__ ._ ~ ____________ • ___ ,!,,!~~~~ic.:'I! 

-Elhema-only 

.S-lI6O.TCP.J ___ ~ 

.S-lMO.PTP.J .... ~ 

eC.28S0UDP 

-4.2 DSDTCP 
-"ETBLT 

Flaunt7.1 ... lworIl .... ~ .... IOMItiahccEdlcmc&. 

Wh •• do we learn (rom .n these numbers? Firsl, network performance diffcn 
pull)' (rom one inlplcmemAlionlodaencaa."Also.asshownbyJacobson .• raullS.i1is 
possible 10 oblain nclwork lhroulhput within 7S .. or Ute theoretical maximum. for an 
Ethernel usin& eurre", hardware. Chesson 119811 provides insiahl aboul some potanlill 
problems when ,he raw network speed increase. the nUl ordu or mAlniaude, from the 10 
""pbil/seC IlIhcmello lhe 100 me.obil/seC FOOl. 

Another set or inlCl"Cltinc number" is from Borman 119191. Usinc two Cray com",,· 
en Ind IIYPERchannel inlerr:.ccs he obtained TCP ImRsfer MIles of .!tOO Kb)'tahec. 
This value is jusl above the top of lhe cnph in Filture 17.7. 0 .... hiJ. mreauNI'rIeftII 

bcIWCCll IWU \.:ray compulch connected whh an HSX hilh-spced channel show I TCP 
trWfcr nle or 2l.7SO Kbyteslscc. n,is value is 20 times the muimum theorelteal value 
_ in Fie." 17.7. 

Clan. cl al. 119891 perronn a dell.iled analys.is orTCP Ind IP. Their analysis WAi to 
delenllinc Ihe alllount or ovcrbclKl in,posed by the Iranapotl prulocol-TCP. which 
require_ Ir. To w this the)' look lhe C.aiSlinl DSC imptemcntalion of TCP. optimize:d the 
source code an" ckIennincd thc number or mac;hine instructions required to send and 
receive pnckels. Thc), lhen dctcnnincd II'DI for a 10 MIPS processor and I PKkct lize: or 
.0.;' hYlell Ihe Ihmu,hput could be: ,no Mbils/ICC. Since the next ,encr .. ion or LANs 
will OfJeratc Broun,) IOU Mbil$/scc::. lhey claim iI is nol necessary to redCliln the Iranapon 
protoc;ul~ to haoole thc~ hi,her spc.cds. it is just neccuary 10 implement ,hem properly. 
AddiliuuaU),. their analysis or an caiSlinllySlem. the SSC TCP on a Son 3/CiO. shows 
thai lite nurm.,1 uvcrhemJ inlpoKd b)' lhe operatinc system and the overhead involYCd in . 
movinl the data between the uscr PfOCCIS and TCP. eaceeds the overhead imposed by the 
1111111JOft proIOCol. 
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2.2 Distributed Event Analysi. 

1. Read an event. Efficient file I/O is required. 

2. Share the data of the event among collaborating pro· 
cesses . 

3. Processes treat data, communicationg and synchro
nizing themselves. 

4. File or record locking mechanism is required. 

5. Store the value-added results in the secondary memo 
ory. 

6. Display the event. 

Compared with distributed M. C. generation, 

• milan raw data size is almost same, 

• mean a.nalysis time is much smaller that that of event 
generation, and 

• display information is additional. 

So, network bottleneck will be more serious. 

~ 
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2.3 Distribution of Data and Processes 

Schemes of distribution: 

• Data are stored in the secondary memories; HDD/MT 
etc .. 

• Data of an event may be distributed among network

wide secondary memories; 

- on event-by-event basis 

- on Su b- Dctector basis 

- other formats? 

• Multiple processes collaborate to treat data. 

- A process handles a whole event. 

- A process handles a sub-detector data, 

- Other formats? 

• Processes vs processors; 

- Processes arc running on asinglecomputer, (mono
processor or tightly-coupled multiprocessor) 

- Processes are running on distributed computers 
on network(s). (loosely-coli pled computers) 

Similarity to distributcd transactions ~ need of new sys
tem of dat.a and memory management. 

3 Why not UNIX, can it be our platform 
for coming 20 years? 

An extract from The Design and Implementation of 
4.3BSD UNIX by Lefller et al. (designers and imple
menters); 

"4.3BSD is not perfect. In particular, the 
virtual-memory system needs to be completely re
placed. The new virtual-memOl"lj sys tcm needs to 
pmvide algorithms tila t al'e be tter suited to the large 
memories alld slow disks currently available, and 
needs to be less VAX a,"Chitecture independent." ..... 

.... A requirement for 4.2BSD was that it support 
large sparce address space, mapped files and shared 
memory. An inteljace was spccified, called mmap(), 

Ultimately, 4.2BSD was shipped Vlithout the 
mmap() interface because of the pressures to make 
other features, such as networking available. 

Further development of the mmap() interface con
tinued during the work on 4.3BSD. Over 40 compa
nies and research groups participated..... Several of 
the companies have implemented the revised inter
face. 

Once again, time pressures prevented 4. 3BSD from 
pmvilling an implementation of thc interface. AI
thollgh the latter cOlli, I have been built into the ex
isting 4.3BSD virtual memol"lj system, the develop-

22.'),) 

2.4 Requirements 

• Need of machine-scalable file system ~ System-side 
ToDo. f.e. NAS2,3, IEEE, . 

- Bottleneck of NFS-like file system is prohibitive. 

225\ 

- :o.Iaintaining logically single file which is distributed 
on a network, or network-wide disk striping. 

• Efficient file I/O (including disk I/O and Network) 
which minimize open-seek-I'ead/ wI'ite-close opera

tions, to avoid moving/copying data as far as possi
ble. ~ System-side, modern virtual·memory system, 
mapped files. 

• Sharing data among independent processes without 
copying original data. ~ System·side, YM 

• Efficient facility for Inter/Remote Process Commu
nication. ~ System-side, Message-based IPC and 

YM. 

• Needs of data compression for event display. ~ User
side. 

- Raw data should not be transferred to the user 
event display. (Not a bitmap image of a face but 

a wink) 

- Compress the data locally and move compressed 
data across the network. 

ers decided not to do so because that implementation 
was nearly 10 years old. Furthermore, the original 
virtual memory design was based on the assumption 
that computer memories wen: small and expensive, 
whereas disks were locally connected, fast, large and 
inexpensive. Thus, the virtual memory system was 
designed to be ft'ugal with its use of memory at the 
expense of generating extra disk traffic . .... 

Attempting to impmve the old implementation in
crementally seemed doomed to failllre. A completely 
new design, on the othel' ha1ld, could take advantage 
of large memories, conscrve disk transfe"s, anel have 
the potential to run on multiprocessors. At thc time 
of 4.3BSD release, few of the implementations of vir
tual memory had been completeel. ..... The hope is 
that the correct choices will become clear, and that 
a new virtual memory system can be crafted fa" the 
next BCI'kekey UNIX system f!"Om the wOI·k of the 
new implementation. . .... 

2256 



4 Mapped Files 

After more than 10 years since its conception, mapped 
file is a part of the functions of modern virtual-memory 
systems, . and is currently realized on many UNIX sys
tems. 

4.1 Why Mapped File? 

Again, after S. J. Leffler et al. 
The biggest incentive for memory mapping is the 

need for 

• accessing big files and for 

• passing large quantities of-data between processes. 

The mmap 0 interface will provide a way for both of 
these task3 to be done without copying. 

• Some 4BSD (including SUN OS) and System V UNIX 
implement mmap() system call by rewriting its virtual
memory system. 

• Mach implements advanced virtual-memory system 
and provides aset of fUllctionalsystem calls vm-=O. 
Mach's mapped file is implemented as its UNIX in
terface. 

• 4.4BSD a.clopts Mach's virtual memory system. 

• Mapped file is and will be the standard of UI and 
OSF UNIX. 

This allows us to implement more elegant algorithm 
to treat structured data. 

5. The file system behaves as a pager. Whether data 
portion currently accessed is in memory or not is 
transparent to user programs. 

6. Independent processes can share a data file by map
ping it into their respective address spaces. No copy
ing is necessary. 

7. well-suited for API and shared libraries. 

11 
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4.2 Memory Mapped Files in UNIX and Mach 

4.%.1 Unix File Paradigm 

open-seek-read/write-close 

A user opens a file and seeks it to get random access of 
the file's data and uses kernel buffers and user's process 
buffer by themselves. (or C standard library functions 
for stream buffered I/O). 

4.2.2 Mnppcd File 

• mmap system call of System V / SUN OS. 

22:;8 

paddr = mmap(s_addr, numbytes, prot, flags, 
fd, offset); 

• map_fd UNIX domain system call of Mach. 
map..:fd(fd, offset, addr, find_space, numbytes); 

1. Data file of any size is mapped into the user's logical 
address space. 

2. Once mapped, file access is done by indexing or pointer 
operations like arrays in memory. 

3. No seek operation, no extra copies, no buffering ass0-

ciated with readO/writeO system calls are required, 
thus efficient handling of data is possible. 

4. Distinction of seqllential and random access no more 
concerns us. Structured data. (record) are accessed 
as if they are in memory. 

10 
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Virtual Adc:tess Spaces 22 Ii L 

UNIX 

text text 

cSta a.1a 

bss 
bss 

heap 

~ 
heap 

~ 
shll'editrll')l 

mappedlio 

t 
IIIIId< 

alack allhread 2 

alack aimed 1 
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5 Why Mach? I .... 
'" 

5.1 Distributed Operating Systems ~ 

::'\ 

.• Mach::} OSF /1 I 

" ..... 
• Chorus::} USL !4 

• V·System, Sprite, Clouds, Amoeba, LOCUS etc. '" .\ 
h 

i.2 Recent Progress or Mach I 
1<-

• Mach before 2.5 .... NeXT 

• Mach 2.5 .... Luna 

• Mach 2.6 .... OSF/l DEC's ALPHA, HP 

• Mach 3.0 .... kernelized kernel 

Be careful! Mach is always in. development stage .. 

12 

Sharing Data with Mapped File 

File size is onl/ limited by tllat or the logical address space. 

lOCking and excluSive access IS user'!, responsabillty 
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5.3 Mach's Chllrercteristics 

Mach supports; 

• Large address space, 

• Parallel and distributed processing, 

• Advanced virtual memory system, and 

• 4.3BSD system calls. 

Virtual-memory is the key technology of Mach. 
Its virtual-lIlemory provides much more advanced func· 

tionalities than mapped files. 

• Tasks and Threads - separation of resources from 
execution 

• Port and Message- target ted to distributed systems 

• Message based IPC - integrated with. VM, highly 
efficient implementation of Irc is provided. 

• Virtual Memory - efficient and vers.'\tile system 

• Full implementation of 4BSD. 

13 

Mach's IPC T""'_.m_Io_B ... pcrlp. 
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5.4 Mach's Virtual-Memory 'System 

• Machine independent; requirement to the hardware 
is a memory system managed on page basis. 

• Separation of the paging system from the virtual
memory system: 

- Virtual-memory system manages the relation be
tween the virtual spaces of tasl<s and the real 
memory. 

- Paging system guarantees the consistency between 
regions of the secondary memories and the real 
memory. 

• Paging program is out of the kernel and is a user 
program (cxternal pagers). Thus, user can create 
new pagers for his OWIl applications: 

Examples of network pagers; 

- his own strategy for paging ( for example V= R 
etc.). 

- Network Virtual Memory 

- Distributed Shared Memory 

• Physical memory (its abstraction is the Resident 
Page Table.) is used as a cache of Vi,·tual Mem
OMJ Objects which is an abstraction of the secondary 
storage. 

• Memory objects arc managed by the virtual-memory 
system of the Mach kernel. 

6 The Model Revisited &£ Conclusion 

6.1 With Mapped files 

Within a host; 

• implementing a working model of collaborating pro
cesses 

• writing general I/O libraries handling MC data files 
without using read/write system call (or standard C 
libraries) 

6.2 With Mach'. VM 

• Network-wide pager 

• netwol<-wide filc system 

• implementing a working model of network collabo
rating processes 

16 

• An Address Map corresponds to a task (of Mach) or 
a process (of UNIX). An entry of the doubly-linked 
Address Map list reflect a mapping from addresses 
to a memory object. 

• A paging object may be implemented by any object 
that can handle requests to read and write data (i.e. 
port). 

• Parallel and distributed processings are supported by 
providing efficient data sharing between tasks. 

15 

External Pager and Netwak. Pager 

NelWai: Vr1UaI Memay 

Distibuted Shlr-ed Memay 
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"Speedup of Shower Simulation Uain, 

Super Parallel Processors" 

KallNo Buop.a 

Ph)'lic:sc.,. Tohoku Univenity 

Abstnct: The alcorithm of the electromagnetic ahower simulation code 
developed by the author many yean .co i •• bOWD and ita concepta are 
dilCUlMd. New ideu to .peed up the &bower aimulatioll uainl Dew computer 
tech.nolopea like IllUSive parallel macbinea an presented. 

t1.lDlroducUon 

W. an aware of the raet the modem computen bave been evalviDe and we 
have allO beu chanrilll our int.ellirrence how to deal with them. Thi. can be 
laid like that we are obU,.d to ... k for aometbi0l new. W. milbt bave • 
reeliA, or rear wben we think there micbt be .ome expertl .umewbero. 
becaue we have to leam almolt everything that bu been made by other 
people. Computen. circuita, bmrua, •• , etc:. lL is the MID. tboulbt Wt are 
pnuurized with Wleuin .. to consider unt we ret to catch up before we take 
• lead. ill JDUt.arinC UNIX, new computer lamluagel, etc. We would be 
fnJatrated iC the.,eed of computaUon is slow. This mUlt bave been the moat 
buic motivation to 8pHd up computen, and we ltill believe Lbere can be lOme 
Cal. machines. Then we would think oC what we mUlt do on tbem. 
ThereCo,., we must be wiae enough in choosing good themes. Thil would lead 
to balaDce the weipta oC application venus architecture. Parallel proceainC 
i. undoubtedly the atate.oC-the.art computing trend. In tbil article the author 
intends to ahow an e]lample in limul.ting Lbe elect.romagneUc abower aDd 
explain how to reach the thoughta. 

'2. History o(CompuUDI 

lD the put aDd even at present the hi.tory oC com.putiDI ba. been the one oC 
improvement to speed up, to be Im&ller, to be more economical. to be euier to 
Ule, etc. TbeM imprnvementa have been motivated by complainy or 
diuatiaIactioa u well u a lnt or efTon oC many ID&Dwacturen. Nowada,.. 
however, we need a ceneralized concept Cor OIl imulauoo lt

• Thil meanl 
IOmewhat paradoxically that you can conlume the computer Ume a. much al 
you like. We mUlt find nut pod reaaons to take lOme amount oC computinl 
time. But to the author, the term or"speedup" ltimula. his curioaity beyond 
the ones oCOIror what PUrpoMI". In reneral, thil tendeney milht be .. ,n 
elpeciaUy in bigh enerlY pbysicsj Event reneration. Detector aimulation. 
Tnckin,. aDd ahower simulation, etc. Some pan. or computiUI would be 
quite fittin, to the vector machine in • pipeline algorithm. wbile the othsn: 
might efficienLly fit to parallel machine in lome paraUel proce.lnl 

~t~t5 

1. 1.II'\.trOal.(.C.tl~ 

2.. H lstorj D1 ~lA.t:v...j 
3. '5 ~ow<r S~\4l~ 
4. 'P4U" ... tle li~ 
}' S~~ ... tu- 1pro4~ 
b. s~ ~k.s of so~t\'''''-S 
7. MPP JW..\lircrr.ua4 4 KE~ 
Y. S~V1 
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a1l1"rithma. It miCht De 100 bold to .. , .e look ror lOQCI_pu"'ro in onIer to 
lind out IOQCI theme.. But it i. In"'rutinl to try to make a hlatory or 
COIIIPutenfrom a viewpointorcomputincpower. Ficun 1 II one ota trial. 

CISC 

T ! 
General ~ machine + proper IonIIiDall 

Fut workstation 
Minicomputer, MiDiluper 

50-100 MIPS 

Supercomputer 

~~(l~~eC::i:1 

Parallel computer 

Super pipeline 
Supencaler 

Two dimlamnal configuration 

Cuhic coDligurat.ion 

Hypercubic confipration. 

Diatnlbuted proceaainl' 

Arry.y Compuc.: 

Vector 

SIMD 

~ 
SlMLAD 

1 
~ 
iLB~~ ~ 

Superparallelcompu.ter , ~ 

':-~ __ .~." i 1 
Fi,. 1. Compu"'r history vie.od by _patinl power. 

p.. Shower aimulation 

The aalbar had written OD UDpubliahed onide about the .Ieclromapetic 
&hower limuiatiOD in 1977 when lb. croup .aa cIoiDr a coupl. or bubble 
chamber ozporimeD'" with TODtalWD pia"'. in Ibe Brookhaven National 
Laboratory 80-iDch chamber ODd Ibe UK 1m chamher"'. At Iha\ Ii __ 
peopl. had otarIed Ibe oimiler analyoeo ODd davelopecloeparataly Ibe pro,...,.. 
codaa Uke BGS at SLAC. Stanford. ODd GHEISHA at CERN. Geneve. etc. 
Such developments have been done to cootribute to hilh .,.erlY pbyaica 
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elpecially for calorimetry aDd electron identificatioD in the couDter 
uperi.meDta, while ill the bubble chamber uperimeDts, this aimulatioD wu 
ued .. evaluate the detectiOD dJici,nei.a of ,amma ra)"l, lII'O',. electroDi and 
politroDi. Electromapetic proceu C&.D be aimplified in lOme matter at lOme 

depth in U>e CoJJowinr .ay. Ir U>e knOWD material i. ezpooed to i.Deominr Y or 
c* of Down momentum. theD UaiDI' the radiatioD length of the matter and 
dividiDl' the matter into very small intervals alonl' the incomiD&' pa.rticle path, 
we caD liprc out the probability of a few elementary procesles of 
electl'om&petic interactioDilike Compton sc::atteriD,. Bremmsstrahlunl. pair 
procluctiOD, ene,gy lou throu,h multiple acat.tering, etc. The conceptional 
eli-cram is ahoWD in ri,. 2. 

Matter 

-ro-:o .. -.Ut ~ ."",·",.C" 
1 ",I L 

Fi,. 2. Conceptional diagram of electromagnetic interaction. 

1A Fig. 2 the interval Al does not bave to be infeniteai.mal and has to be 
optimized to the level of possible occurrences of elementary ptocelHS. And 
the. formula mat be well puame\rized (or an of Uaem.. because .. limple 
aleoritbm caD be lead to iDfiDity by 11. f.ctorwbere. il the eDereY otoutcoiDI' 
leptoD. The fint ltep i. limple Cor there i. only one particle incomiDI'. 
However, the Mcoad step can have either one or two particlel. and .. it con 
deeper inlide the number of particles can be fairy lup depellclinl' on the 
incideat eneJ'IY. As it goe. hil'her. many badroDic proceue. open aDd this 
malr. .. everythiDr too fu beyoad pouible calculationl. ThereCore badnmic 
procusea were ael'lec:ted aDd not inclUded. The limulation prol'ram .as 
lepuated to two parta. one is to compute the integn,ted probabilities with 
cliacrete enerlD' iDterval. wbile the other il to simulate the shower UsiDI' the 
probabilitiu after .... diD' the table. For ay value of eDerlD', Uae code il made 
to compute probabilty Cunctionl by interpolatin, amoDg the related and 
neeeuary DumDen iD the table. The random number pneration function for 
pair productioD il shown in Fi,. 3. The detail of the program il Dot described 
bera ad ODe of the re.ult. of comparilOD of the output with the correlpcmdeDt 
ill Fi,. 4. The ,ood qTeemeot caD be Men. 

Fir.3 RancIom Dumilor pDuall ... CUCIiOD Cor pair prDdllCli .... 

~If:=.! 
o· 

Fi,. 4(a) Electron multiplicity obtained from m. ... W'eIJleDL 

(J..) 

" ,,""""""'" 
""' .... e". ""' ..... 1 .... 

Fir· 4(b) Elec:VoD mulliplieity obtoiDed from aimulalioD. 

· · ... · .-

" .. , ........ " ...... 
7 
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Ipitialization 
otl=O 

set Nl=l 
Pid(I)= ODOOC(O, +1,·1) OOJTeSpODdiDrtor.~+,~ 
P(l), seeds of random numberpDerator, etc:. 

~ 
~ 1 Cor/=Otol=L 

atl=l. 
set N=N. 

J=ltoN 
Pid\i) = one oC(O, + I, .1) 
PCi), seeds of random numher,.aerator. etc. 
X. = XL(li) • .o.Xi = tJ{ 

~j Corj=ltoj=N 

~ 

foreacb) 
ezecution(s.lculatiog) 

.(k,X,,u) 

Probability 

random aumben 
x(=EIk) 

etc:. 
restore 

calculatioD 
calculation 

calculation 
calculation 
calculation 

atl=L 
Output N, PidW, P(i), Cori= I, N 

Seeda of random. Dumber rea.erator, etc. 

Fir. 5. LoiPwloop Itructun oCahow.r sim.ulation. 

SIMD, SIMD, 01' SIMD+LB, ore ... MIMD, probably, ODIDvnliptiOD \oada 
te&be author to remind UaateveD parallelillD(a be found,aUll Uaere remaial 
prvblOlDl bow to o.tablioh rood communicaliona -r bu," Dum ..... or 00-

proceaDn oceupyiD.1' wi th aome dimensioD ill lpate. W. coulcl ..... 1y 1maciD.. 
how effectively our braiD.. are workiD., wiUa maDy Deural cireui t modulel 
cooperau,. 

/- local data -/ 
/_ local pointer into J: array -/ 

2281 

Vector X(1000) I 

IIDE1, 
ITEP.S ; ,_ nUII'ber of iterati.ou ~or ttl.t d.ata poi.nt-/ 

10rall prdcellor. 
IIfDEl <- 1; 
ITEP.S <- 0; 

,_ all proc ••• orl .t.ut at the 1i.r.t -, 

whil_ (aoae-proce •• or.-bu.sy) ,- 't.rainati.oJl for en'tir' proar- -/ 
forall proc ••• or. with IIDEI <- 1000 

p.nor. caputation on 1 [IIOEl] ; 

ITElIS < - ITEP.S • 1; 
/_ for those proc ••• or. who ••• l ••• nt. cOD.versed -, 
/_ or reached the a.xiau. allo •• d. proc.eed to the -/ 
/- nn:t datu.. -/ 
torall pr~c. ••• or. that h., •• c.oft".r£ttd 

or (ITUS > UXITE:aATIorS) the" 
IIOEX <- IIOEX + 1: /_ proc •• d to next datu. ./ 
ITEttS <- 0; /_ re.et itera'tioD cout -/ 

Figure 3: Mandelbrot code with reload. 

ODIE <- tal .. ; 
COVIT <- 0; 
While Dot(DO.E) 

forall proc ••• or. with I)I1)El <= 1000 
perforll cOllput_tioD OD X[IIOEX]: 
ITEllS <- ITEIIS • 1; 
forall cODver,.d or (ITtAS ) KAXITEIUTIOIS) thin 

.et proc ••• or cODversed i 
11 (COUn aod IL • 0) then /_ U .ew load ia'erval -/ 

forall converged proce.lora /- for 'tho •• proc ••• or. -/ 
Ii0El <- 110£X + 1: /- tbat are done COIIPU'ti.1l1 -, 
lTEllS <- 0; ,- .dv&,llc.a to the next point-' 

COUIIT <- COUIT + 1; 
if (COurt aod IG • 0) 

it (Slobal_conversencl) DOlE. 'truI; 

Fisure 4: Mandelbrot code with periodic reload. 
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18. SUIIlID&I")" 

RefunDS. code of shower simulaUoo prorram. the author tried to find out. 
any method to speed up on the contemporaly parallel computers. There eDst. 
lOme different. features amoDg various machines, and it turned out that the 
manufacturen also want to k.now the needs and demands of users trying to 
improve their performance. In such an environment, users bave also to be 
aware of daily prorress and be ready to modify the algorithms used in their 
code. in order to catch up and to contribute to make the computers evolving 
themselves. 

R.fenlnce 

1. K.Hasegawa, Shower Simulation, unpublished, Sep 1977. 

2. S.Tomboulian and M.Papas. The Third Symposium on the Frontiers of 
Musively Parallel Computation; College Park, MD; Oct 8-10,1990_ 

Huallon o\lnll lor Soh-in, $12)( S12 M&ndclbroL wilL 4K E. 
milllml.lrn 

lu,l irmoCin.,y iLeu SIMLAD %impr "lOc:lf 
SlML~1! 

+LD 'Y.impi ".clT 
(_'.O,O.S) (_1.2S,1.2:!, U140 1i<lJ3 _I 21 2S949 " " (.L2S1,.1.2S) (0.024,0.025) 7157 42774 33 I7 1199S " 60 
(_O .• ,_O.S) (-O .• ,.O.S) 22401 64333 -I 3S 330110 .. .. 

. (0.211,0.27) (0.0,0.01) 411164 64SlI ·1 GS 52574 II " (.1.26,.1.24) (0.01,0.03) 53190 644U ·1 " 61114 S " (0.2732.0.2741) (.0.001H,.0.0055) IIJ111 337S9 47 2S 13123 " " 
Table: I: Mandclblol i~(fa\ion (oun'" fOI It. = 24 and Ie = I. 

Tlmin for Soh-inc 512)C 512 MandeJbroL wi1h 4K PEs 
SIMl.AO 

rnl i rmo,in~IIY SIMLAD "impi ';'crr +LD "impr ".err 
(.2.0,0.5) .1.2!o,1.2 .. 5!\ 20.54 .7 23 1I.3!! " 57 

(.1.251,.1.25) (0.024,0.025) 13.611 " 16 3.SS " " (.0.6,.0.5) (-'.1,-0 .• ) 20.311 .1 33 10.86 4S G3 
(0.26.0.27) (0.0,0.01) 2U6 .7 Gl 16.93 12 H 

I (J~;;~~:~\;~l) (0.01,0.03) 20.74 -. 77 19.68 ., " (.0.0064 •• 0.0055) 10.115 .. 23 4.22 " " 
T.bk2; Mandelbro1 linuncs lor h = 24 anrlle = I. 
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Traditional Hardware Approaches 
Increasing the Number of Processors Causes Bottlenec1cs 

G Tightly coupled -+ Memory bottleneck 

Fixed Memory Bus Bandwidth Limits Performance 

'" Loosely coupled -+ Interconnect bottleneck, 

Single-Bus Interconnect 

Fixed Interconnect Bandwidth Limits Performance 

2253 

Traditional Supercomputer Approaches 

(JI Expensive to buy and maintain 
f~ Poor price/performance ratios 
(JI Architectural limitations 

- Maximum peformance limited by physics 
- Peak performance vs. real performance 
- Limited memory 
- Reliability: shared memory, few CPUs 
- Little scalability 

Approaches to Parallel 
Processing 

Approaches to Parallel 
Processing 

228:> 

I11CI110ry 
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Approaches to Parallel 
81 General purpose 

Processing 
•.. :''l,!~.:,upen'Jr efficiency 
,s.,,'>' ... r.~;J:;" eUlul.te SIMD 

~ Low cost 

Approaches to Parallel 
Processing 

iii Few parts per 
node 

,) High reliability 
0: Maximum 

sc.l.bility 

• 

Approaches to Parallel Processing 
The Hypercube Architecture 

NcO 

Where n rep .... nla Ihe order 01 the hypercube 

• Approximates a complete connection 01 the proceuon 
o ~acl. node can C011l1UUnlC:lih: quickly wilh every oU,er node 

Ih the .y.tena 
• Aec:omplilh.d in the "CUBllsystem by direct ·cut.through· 

Nrdware routing 

Benefits of the Hypercube Architecture 
nil! Hypercllbe en" Emulate All Otlll!r Topolog,es 

OEF:§D 
Ring M.sh Toroidat Mes" 

~+/ 

~I 
tlypc!rcubc: 

D~llefjts of tl.e Hypercuue IIrchitecture 

o Unmatched pricclperform,nce 
- No unique nodes 
- No bottlenecks 

Gt Multi~user, J1\ulti-application 
envuonmcnt 

o Densest interconnect topology 

~ Highest interl'roccssor communications 
bandwidth 

o Most sc.l"ble topology 
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The Solution: 2287 

Scalable Parallel Processillg 

256 processors 
Parallel proct!ssillg climjllatcs 

botl. bottlmecks 
Memo,.y, CPU, n",lllO s<'tl/es 
lilll!lfrly to meet CIIstOIJJCI' IIecds 

nCUBE Architecture 
Summal'Y 

Arc/.itcctllral Rallse Model 80. 

Processors 8-8192 8192 

Sc.lor MFLOPS 26-27,000 27,000 

MIPS 60-60,000 60,000 

1/0 Bandwidth 36 Gbytes/sec. 16 Gbytes/sec. 

Disk Storag" Cop.city (Gbytes) 4096 Gbytes 1792 Gbytes 

2289 

",..,. ~"'7a 
r I~ t.7I'!J • :'h ~ ')- 'l ~ C1I'lt • 

/'.c.~ 

"I ~ /.1;; "I ;:r 
yt)]~·7 

machine I cpu (sec) I 77 ::l AtE I 
FACOM M780/30 191.90 1.00 
HITAC S820/80 7.08 27.1 
HITAC M880/210 119.04 1.61 
HP 9000/720 314.40 1/1.64 
IBM RS6000/530 321.48 1/1.68 
SGI P.Iris 1087.47 1/5.67 
INTEL i860 1305.58 1/6.80 
SUN SPARe 2617.37 1/13.6 

INTEL 6.8 J - "."(" 1 7 7::l A. 

API000 13.6 J - "."(" 1 7 7 ::l A. 
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INTEL nCUBE Fujitsu 
iPSC/860 nCUBE2 API000 

.J-F 16 16 16 

:~ 1280 53.2 48 
MFLOPS MFLOPS MFLOPS 

~.J -)-' 16 4 16 
O)} ~ I) MB MB MB 
;;r";d Hyper- Hyper- 2-D 
'7-7 cube cube torus 

-I 
-tx::""( MIMD"'7~-:/ (Multiple Instruction Mul

tiple Data) . .J - F ra,O):j'- 7 :@{~,;!:. 717'7 
I) -~: J: -:J ""( :13 .: 7j: -? . 

INTEL iPSe/a60 

Node~ 

1 
. 2 

4 

8 
16 

32 

64 

APIOOO 

lIodc r.: 
1 

4 

16 

32 

6. 

128 

256 

cpu (st"') Speed-up Efficiency (%) 

116313.10 

58240.56 2.0 90.86 

29184.50 4.0 99.64 

14653.84 7.9 99.22 

7377.60 15.8 98.54 

3767.30 30.9 06.48 

1022.70 60.5 94.52 

T~ = 100.63 + 116355.47/P 

CPIl (.ee) Speed-up Effidcut.Y (%) 

340081.8 

85408.0 4.0 99.6 

21570.8 15.8 98.5 

111001.3 30.6 95.7 

5674.6 50.9 93.6 

285<1.0 110.2 93.1 

1443.7 235.6 92.0 

T1, = 110.80 + 346392.33/ P 

;iH'J& = 99.97% 

22 !)'~ 
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Development of Simple 

Distributed Batch Processing System 

Minato KAWAGUTI 

Department of Information Science 
Fukui University 

SOC CoUabor ... ion Mft1.in, K£K .... y 28, le92 

[1J Implementation Details 

1. C + lex + bison (yacc) 

2. Client-Server Scheme 

3. Server as a Daemon 

4. Status of Remote Hosts Monitored Intensively 
5. Jobs Executed Based on a 'Prescription' 
6. Remote Hosts Classified into Croups 

i. Best Suited Host Selected Automatically 

S. Files Transferred Semi-automatically 

9. Normal Termination of Each Joh Confirmed 

10. Intermediate Files Deleted Automatically unless 
Otherwise Specified 

@] Monitoring of the Remote Hosts 

1. CPU type 

2. OS Version 

3. lusrlspool/rvho/vhocl .• - load averages (I, 
5,15 min) 

4. vmstat - Operational Status of CPU 

5. iostat - 1/0 Activities 

6. df - Available Disk Volume 

7. netstat - Network Collisions 

22~1 
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::D Objective of the Development 

1. Realization of Handy Batch Processing 

2. Experimentation on a Scalable Batch System 

1J Design Goals 

1. Automation of Control and Management 

2. Minimal Disturbance to the Remote Hosts 

3. Reduced Load to the Network 

4. Freedom from Conceivable Constraints (license, 
etc.) 

5. Realization of User-Designable Remote Process
ing 

[l] Assumptions 

1. UNIX + TCP liP 

2. Uses Berkeley's Remote Copy ( "rep" ) 

3. Between Secure Hosts 

4. Mainly for Batch-Type Jobs 

[§J Comparisons 

1. ONC (Open Network Computing) 

(a) SunRPC: based on UDP liP 
i. high-level programming 

A. limited to UDPIIP 
B. synchronized with remote job termina

tion 
C. XDR filtering mandatory 

ii. program in low-level mode 
A. TCP liP may be used 
B. flexible 

. (b) public domain software 

2. NCS (Network Computing System) 

(a) NCS/RPC: based on UDP liP 
(b) Network Data Representation (filtered by re

ceiver) 
(c) proprietary software 

3. Ours 

(a) our own RPC: based on TCP/IP 
(b) hand-made from scratch 

22!l'i' 



[f] CDP lIP versus TCP lIP 

1. UDP lIP - User Datagram Protocol 

(a) connectionless 
(b) small overhead 
(c) unreliable 
(d) packet oriented 
(e) unsuitable for large volume data transfer 

2. TCPIIP - Transmission Control Protocol 

(a) maintains connection 
(b) reliable 
(c) large initial overhead 
(d) stream oriented 

[K] 'Remote Function Call (RFC)' 

I. Hand-made 

2 .. -\kin to 'Remote Procedure Call' 

3. Client-Server Scheme 

4. Executes a "Function" at Remote Host 

5. Utilizes execO System Call 

0·.1 ,- ,~ . .'..,.,. ~ F : 

6. Client Does Not Wait for Completion of Execu
tion (Asynchronous) 

7. Remote Host Keeps Temporarily the Return Val
ues 

8. Return Values Sent Back on Demand from the 
Client 

9. Communication Between Sockets through 
TCPIIP 

@ 'Declarations' 

1. Specify a Log File 

2. 'Classify' the Remote Hosts into Groups 

3. Definition of 'Macros' 

UiJ 'Instructions' 

1. Labels 

2. Host Cla..s 

3. Priority 

4. Files To Be Sent 

5. Files To Be Received 

6. Shell-Level Commands 

7. Files To Be Kept Tltere 

[llJ Unique Features 

1. Entirely Hand-Made 

2. Good Portability 

3. User-Specified Files Transfer 

4. No Need for 'root Privilege' 

S. No Need for a Help fronl System Administrator 

6. Hopefully Minimal Network Load 
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E Generation of the Server and the Client 

1. Home-Made Compiler 
('rfcgen') Generates Client-Server Source Code 
Pair 

2. Same Server Source Program Shipped to All Re
mote Hosts 

3. Each Remote Hosts Compiles It with Its cc 
Compiler 

ITQJ 'Datastation' 

1. Return Values of Executed 'Functions' Kept 
Temporarily 

2. Responds to Enquiry from the Client 

3. [host name + uptime stamp + process lDJ Dis
tinguishes a Client 

4. 'Tag' Given by Client Identifies the Executed 
'Function' 

5. Simultaneous Service to Multiple Clients (Users) 

[ill 'Remote Job System (rjob)' 

1. Uses 'Remote Function Call' 

'f- (.\"',. o~ le,...,tt. b~'tC~ 

t : ... tap"t"t'lr ... ,-. ) 

2. User Writes a 'Prescription' 

3. 'rjob' Interprets It 

4. Files Transferred Through 'rcp' 

5. Records Kept in a Log File 

[}1j Prescription for 'rjob' 

1. 'Declarations' 

2. 'Instructions' 

ITQ] Conclusions 

1. Prototype Version 

2. Relatively Small Program Size 

3. Needs Some More Work for Real-World Usc 

(a) Robustness 
(b) Convenience 

2301 



Sample Program - I 

/. fil.: rjbison ./ 

/. g.n.rat ..... impl. compiler by lex and bison ./ 

logfn •• "logbis"; 

typify { 

}; 

typ.C 1) • 

.... ggi. 
} ; 

typ.C 2) • 

maggi., ilmp.1, H'un1 
} ; 

typ.C 3) • { 

iconvexl 
}; 

var { 

r.t • "/var/hom./ug/nakamura!rmtjobS/cli.nt/.xp"; 
}; 

'~l.xbiaon [1] { 

recv 

COIDIII 

"{ret}/.xbiaon/ •. [ly] " 
"{red/br .. /'" 

"lex rjob.l" 
ubi.on -d rjob.y" 

Sample Program - III 

/. fil,: t.tlh; IXlcut •• 'hill coaud, remotely -/ 

loctil •• "101101"; 

~ypity { 
~yp.(l) • { 

illlpsi 

} ; 

var 

}; 

~JP.(2) • { 

·'Uil 

}: 

typ.( 3) • 

icoDvlxl 
}; 

boa •• "/vu/ho.,/uI/Duaaura" i 
baa •• "ratjobS/cliIDt/lxp": 

} : 

I' jobs ./ 

rvhoa [2J { 
co .... 

"rvho -a" 

vesrtp [2J { 

COD 

/ / 
,"{hao}/{baao}/tf!" , 

"we -1" "{hoao}/{b ... }/tfl" , 

"{hoa.} I{bo .. )/~f3", 

/ 

2302 
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Sample Program - II 

/. fil.: te.t; compil •• by LaT.X r.mot.ly / 

logfile • "1 ogtex"; 

typify { 
typ.C 1) • { 

maggie 

}; 

typeC 2) • { 
i1mps1, i10un1, .. aggi • 

} ; 

typ.C 3) • { 

iconvexl 

}; 

} ; 

var { 
home. "/vu:/homi/ug/nuuura"i 

b.... • .. /var /hom./ug/n .. kamura/texf n." ; 
rot • "/var/ho ... /ug/nakamur .. /rmtjobS/cli.nt/.xp"; 

}; 

/. jobs ./ 
nemesio_tex [1] { 

-

•• nd 
recv 

comm 

o.nd 

.. {b .... }/n ..... ia.tex" 

n{ret}/nem •• is .• u 

"nlatex Ileme.i •. tex" 

fI{ret}/llem •• is.dvi" 

comm "lips3dvi Demelis.dvi H 

Server Star~-up 

Script .tarttd 0 .. Mon Ftb 24 22:04:01 1882 

iI.pal [uk .. u .... 101] ~ nil 8agie p. %, 

PID TT STAT TIME COMMAND 

7503? S 

7508 1 R 

0:00 Clh -e p. % 

'O:OOp.% 

ilmp.![lIuaaura 102]1 na -&IIi. dt.t4 
iI_pll[nuaaura 103]X rea aania .orv_rj5 

ii_pI I [lIuaaura 104]1 nil nlli. p. x 

PID TT STAT' TIME CDMMAJD 

\ 

2303 

230:') 

7530? S 0: 00 Ivar IlIo •• /ug/aaxuura/r jproll datutatioD4 

Iyar/llo •• /uc/llaxa 

7538? S 0:00 Ivar/llo •• /ul/nax .. ura/rj5/ •• rv_rj.b5 IYarl 
h ... /ug/ukaaur&! 

7540? S 0:00 c.a -c p. % 

7545 1 R 0:00 p. % 

iI.p' ![naxuura 10S]X oxi t 

iI.p.1 [nuuura 106]1 

ocript dOD. OD MOD Fob 24 22:05:20 1992 



Execution of rjob Interpreter 

Scrlpt Itarted on Hon Feb 24 22:19 27 1992 

ilmpil [nal<Ulura lOllY. h 

brest 

exbilonl rjbiaon typescript 

23()(j 

~ illlps1(nuamura. 102]% rjobS rjbhon 1 f;")-:~'" r<!. .... :"T"( ,o1n~ 

~ illll.p.1(nakuura 103]X cat logbil i,-pl 't .. t .t.":1 ..r;'t 

« Job "lexbilon" started lot maggie. Hon reb 24 22: 19:-42 19 

92 

» Job "lexbilon" val completed at maggie. Hon Feb 24 22: 19 

: 55 1992 

complote.Hon Fob 24 22:19:56 1992 

... ilmpl![.uamun 104lX rjob5 t .. t 

00 Jilmpa![.uamura 105]X cat logtox 

---- 41"""4,..i::4.. : "rc.I"""r-:"·o" 
« Job unl ••• il_ texl! Ituted at aa"ie. Hon Feb 24 22: 21: 11 

1992 

job(Il •••• il .. tex):errer at m&&gi •.. receive a bad-terminating

statuI of aimod-program(/uor/local/bin/virtox \tjlplai 

D n •••• h.t.x) 

terminat,d. 

au, a lile: r •• aiZling .. job.rjob 

Hapi ![lIuUlura 106] X oxi t 

ilapil [.uamun 107J X 

Icript do .. o. Ho. Feb 24 22:23:51 1992 



SR 

SA 

US 

5 D C 5 I 14 

S.Xunori 

28-14ay-1992 

'fba1> is SDCSIH ? 

SHELL framework ( .. vell1> loop. i/o) 
I 
I--SE ill1;erfaee 1>0 
I 
I--SG interface 1>0 
I 
1--SIl ill1;erfaee 1>0 
I 
I--US ill1;erfaee 1>0 

ou1>line of 1>alk 

o available packagee 
oSHELL ey.1>em 
o .1;&1>ue of program 
o coDclu8ion 

even1> reeon.1>rue1>ion. 

event senerat.or 

Ge ... 1> .imula1>ion 

rec.oD8trUc.tioD 

u •• r &Il&lyeie 

TF (eombined 1>rack reeon.1>rue1>ion) 
eUbpaekace. of TF. 
TS (Silicon eoordina1>e/ 
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• egaen1>/1>rack reeon.1>rue1>ioll) 
AI (Wire/fiber hybrid 

.egaen1> reeoll.1>rue1>ion) 
AI (S1>raw .egaell1> reeon.1>rue1>ioll) 
AT (Combined de1>ee1>or 

1>rack reeon.1>rue1>ion) 
IlW (Wire ...... _1>/ 

eombined 1>rack reeoll.1>rue1>ioll) 
TR (Fiber eoordilla1;e 

/eombin.d 1>rack reeon.1>rue1>ioll) 
PX (Pixel eoordina1>e 

/.ega_1> reeoll.1>rue1>ion) 

CC (elu.1>erillg ... d je1> findillg) 

KR (muOll 1>rack filldillg) 
KA. (muon 1>rack f i 1» 

even1> .... ly.i •• 

(none) 

emp1>y u.er ... aly.i. package 

AVAILABLE PACKAGES: 

U1>ili1>iee Library 

RA 
UT 

SE 

SG 

r ... dom Ilumber gellera1>or 
general u1>ili1>y 

even1> gener&1>or 
h.rwig. i.aje1>. py1>hia 
pr1>guIl (.igle par1>ilee genera1>or) 

g .... 1> de1>ee1>or .imula1>ion. 
- 1>rackillg .imula1>ion 
ST (.ilieon). SF (fib.r) 
1fll (wire), WF (hybrid), 
Pl: (pixel) 
PH (miero.1>ip), XK (knife edge) 
FT (f&e1> 1>raekillg .imulawr) 
- ealorime1>er .imula1>ion 
AN (.ein1>ilawr) - LOX de.ign 
CL (barrel+endcap wi1>h .ho ... max) 
CP (barrel+endcap- 1>ile lev.l) 
CX (forward) 
OF (.ho .... r+puneh1>hrough 

parame1>risa1>ion) 
- mUon .imula1>ion 
KU 
- epeeial purpo.e 
RT (ray 1>raeing I) 
RL (ray 1>raeing XI) 
SO (ueer hook.) 
S\IOI (1~ SI.a', ... ) 

2308 

2310 

Choie •• for 1>he eye1>em 

L ... guag •• 

Con1>rol file •• 

Code management. 

F'T7 
wi1>h almo.1> no ex1>en.ion • 
(pl ... 1>0 relax, 1>hie .ummer) 

no diree1> call for OPEN/CLOSE 
(u.e in1>erfaee rOU1>ine) 

Zebra wi1>h ueer in1>erfaee 
(SZ package) 

~ (Xi1> for U •• r Xnterfac. 
package from OBIN) 

PATCKY 
wi1>h minimum f ... e1>ionali1>i ••• 
eorree1>ion i. done deck by deck 

Org ... isa1>ion of program package •• 

Di.1>ribu1>ion: 

divide 1>0 .mall package. and 
a.eign 1> ... 0 1.1>1>ere 1>0 each 
package ae package name and 
fir.1> 1> ... 0 le1>tere of .urou1>in. 
co_on block name. 

No au1>oma1>ie di.1>ribu1>ioD 



The SDC SHELL library on SSCVXl 

SDCSBELL 
I 
1--KAlL 
I 
I--INIT 
I 
I--NEW 
I 
I 
I 
1--V03 
I 

mailing distribution lists. 

definition file for logical •. 

I (.ame as below) 
I 
I--VO. 

I 
I--SRC 
I 
I--KGR 
I--BIN 
I--CIA 
I--DAT 
I--DBG 
I--DOC 
1--LrB 
I--PAM 

relea.ed on 27-Feb-1992 --

all file. for di.tribution. 

command files (make) 
executable. 
cradle. 
data/con.tant file. 
.ource. for debugger 
documentation. 
object librarie. 
pam (.car) files 
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Pa •• ive di.tribution: Each machine needs to 
copy file. in SRC and 
.plit to other subdir. 

CALORIMETER: (detector .imulation) 

- barrel+end geometry (no tile) 
(19-Dec-91, by L.Barto.ek) 
.hower max detector 
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CL by A.ai 

- barrel+end geometry (tile) CP by Turcotte 
II Job 

- forward geometry CI by Pang 

- forward liq •• cinti/quarts tube 

II Wendling 
II A.ai 

FL by Copeland 

- f •• t .hower .i.later 
with hadron punchthrough 
(for CL and CI) 

OF u.es R.KcNeil's routine for 
the punchthrough. 

- output bank m CALE 

OF by A ... i 
II Bakken 

(energy in phi-etA-depth) 

CALOBIWETER. (recon.truction) 

- clu.tering/jet finding CC by Wu 

Status of Simulation/Reconstruction 

EVENT GENERATION: 

- HERWIG, ISAJET, PYT1IIA 
sigle particle 

2312 

- mixture of above for multiple interaction. 

TRACKING: (detector simUlation) 

- codes for major option. - done 

- generate raw data bank (digiti.ation 
plu. hits) 

TRACKING: (recon.truction) 

- local track finding/fitting bave been 
written for mo.t of options. 
(.egmen~ finding and fittins) 

- global track finding/fitting code 
(fir.t ver.ion) ha. been written. 

- vertex finding- not yet 

2311 

WON: (detector .imulation) W by ~unor i 
II Sirotenlco 
·11 Slonim 

- geometry with 
forward ab.orber + 
projective beam pipe (in SG) 

- output bank •• PTaJ (track trajectry) 
KUBI (hit. in muon detector) 
KUXI (hit. at outer .urface 

of central tracker) 
IlUDI (digiti.ation) 

WON. (recon.truction) 

- local track finding/fitting 
Ll trigger (forward only) 

- global track fitting 

KAGNETXC FIELD, 

)IJt by ~unori 

KA by Slonim 

- uniform solenoidal field w/o return flux 

- full .olenoidal field map with return flux 
(by B.Wand. for Dec-91 calorimeter de.ign) 

- uniform toroidal field 
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CODelusioD 

1. SDCSIW is DOW simul&~iDg mos~ of de~ee~ora. 

2. Now maiD effor~. are OD eveD~ reeoDa~ue~ioD 
aDd ~rigger aimul&~ioD. 

3. Big improvem ... ~ i. expee~ed for e&lori.e~er 
aDd mUOD coa. iD V.r.iOD 6. (~u1y-92) 

~. w. need to improve many area8 in th. procram . 
o doeumeD~~ion (upd&~e by 1-~u1y-92) 
o iD~erae~ive opera~ion 

o ev ... ~ diap1ay 
o performanee (.p.ed, ai.e) 
o ~rigger aimu1a~ioD (orgaDi.a~ioD) 
o very fa.~ .imul&~ioD 

6. Nex~ relea.e (Ver.ioD 6) iD ~u1y-92 
.ubmi~ Dew eode,doea by 01-july-82 

Fu~ure 

The SDC eompu~iDg group will .OOD a~~ 
de.igniDg NEW SHELL. 

I predie~ tha~ eurreD~ SDCSIK will be 
.uppor~ed by ~be NEW SHELL .y.~em aDd 
evolved over many years. 



Futur. SDC Simulation Program -ee-___ --__ ---___________ = ____ _ 

(d.teetor simulation) 

23-Apr-1992 

S.Kunori 

Outline 

Funetional r.quirem.nts 
Cla •••• of simulation program. 
Output from .imulation program. 
D.velopm.nt proe.dur. 
Current .tatu. 
Plan 

Cla.... of Simulation program. 

1. FULL - very detailed 

2. 

3. 

o .low .p •• d 
o large .v.nt .iz. 
o Da •• d on all known Da.ie phy.ies 

proc ••••• 
o capaDl. to pr.dict .om. unknown 

b.havior. of d.t.ctor. 

--> .imu1at. RAW data (-input to the 
r.con.truction program) and 
data at iterm.diat •• tage in the 
recon.truction program. 

lIYBR:ID - hybrid of FULL and FAST 

o m.diWil .peed 
o medium event size 
o .imulate critical detector. well 

--> simulate .ome of RAW data 

FAST = fully parametrized 

o fast .p.ed 
o .mall event .ize 
o d.tector r •• pon.e is fully 

param.trized. 
o Da.ic .vent reeon.truction i. 

param.triz.d. 

--> .imulate input data to the 
Data Analysi. program 

23H 
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Functionl Requirements 

rl. verify detector design. 

r2. help to develop/test the event 
reCoD8truction program. 

[low stat.] 

r3. help to develop/test the L3 
trigger program. 

[med.stat.] 

r4. help to develop/test algorithms 
in the data analysis program. 

[lIIed.stat.] 

r6. give e.timations of stati.tical and 
.y.tematic uncertainties in py.ice 
re.ult.. [med .• tat] 

[high stat. 100hz] 

--=> The output from the simulation program 
will b. proc •• sed through the entire 
L3-Reconstruetion-Analysi. chain 
and also a part of the chain. 

+ (additional) 

r6. help to develop/test the online 
offline computing .ystem. 

Output from the Simulation programs 
_____ ----.c ____ =-........ =--._=== ___ _ 

FULL/BYBR:ID/FAST ahuold output event.· 
in the .ame data format. 

+----------+ 1 det.ctor 1 
1----------1 
1 RAW 1 
+----------+ 

+---------------~-----------------+ 
1 recon.truction pro~am 1 

1---------------------------------1 
1 HIT-COORD ENERGY FILTER 1 
1 SEGEKENTS TRIGGER 1 
1 TllACJ:S 1 
1 VEJlTl:CES 1 
1 1 
1 (PAllTl:CLES) CLUSTER 1 
1 1 
1 !LEC PilOT WON JET KISSING 1 

1 1 
1 WZTB... 1 

+---------------------------------+ 
+------------------------------+ 
1 Analy.i. program (phy.iei.t) 1 

1------------------------------1 
1 lIigg. New-Quarks 1 
1 SUSY New-Foree 1 

1 1 
+------------------------------+ 

FULL 
1 

<··1 
1 
1 
1 
1 
1 

<-I 
<-I 
<-I 
<-I 

1 
<-I 

1 
<-I 

1 

<-I 
1 
1 
1 
1 
1 

<-I 
<-1 

FAST 
1 

<--I 
1 

<-I 
1 

<-I 
1 
1 
1 
1 
1 

<-I 
<-I 

23:W 
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Development Procedure 
-----------_____ 5_ 

Who will develop? - each detector group. 

1. Define the data .tructure (bank.) in 
the offline chain, RAW-RECO-ANALYSIS. 

- under.tand the detector 
- under.tand the recon.truction program, 

ESPECIALLY HOW TO TEST IT. 

2. Define the data .tructure for the 
detector parameter •. 

- Common for the .imulation program 
and recon.truction program. 

3. Develop the FULL .imulation program. 
- choo.e a framework ~or FULL .imulation. 

IS GEANT GOOD ENOUGH? 
preci.ion: 10 micron. v. 10 meter.? 
efficiency: can be better? 
• upport: totally rely on CERN? 

- conceptual design for FULL/HYBRID/FAST. 
(the framework may be .hared.) 

•. Develop the HYBRID procram 
- parametrise detector re.pon.e. for 

HYBRID and FAST program. 
(u.e data from FULL and te.t beam) 

5. Develop the FAST program 
Parametrise detector re.pon.e for 
the FAST program. (use data from 
FULL, HYBRID and te.t beam) 

8. Tune all program. u.ing data from the 
SDC detector. (Year 2000!) 

FIscal Y ear: 
81 112 113114 95 118 117 118 

~de"on I-.. 
Dalgn. CIDIIe. end _ SOC ....".1 jill jill 

Wille 80IIwwB lot 1UIIIyIIe .... 

........ end_SOCaonw.. jill jill 
DuIgn SDCG)IIIIIUIInQ ~ 

AcquIre end Install ~ 

SInUaIIon lUbIy8IeIII 

119 
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FIG. 1(~8. Bar chart or Ichedule for major SDC computlDg whitle 

Current Statu. 

==-------====-=-
1. SDCSIlI 

- Geant based. 
almost FULL + HYBRID 
almo.t-completed to .imulate 'RAW', 
but need more work. 

- correepondinc recon.truction program. 
TRACKING 

Advanced. 
Track ha. been reconstructed. 
Vertex finding is not yet. 

CALORllIETER 
None, but there is a plan to 
add a clustering program. 

WON 
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Global track fitting exi.t •. 
Trigger simulater for the forward 
muon chamber ey.tem exi.t •. 
Track finding for the forward 
muon in progre ••. 
None for barrel . 

2. Other .imulation programs. 

- SSCSIlI (Fermi lab) 
- Trigger .imulator (Triger group, UC,VI') 
- Stand alone Geant 

Forward Calorimeter (ISU) 
Muon (IEK, other.) 

- other fa.t .imulators 

NO COKMON DATA FORKAT TO COKKUNICATE 
BETWEEN DIFFERENT PROGRAKS. 



Calorimeter Packages: 

CL -- Barrel and endcap Tile/Fiber calorimeter 
with Shower-Max calorimeter 

CI -- Forward calorimeter 
CF -- EM / Hadron shower slrape 

and punchtlrrough parametrization 

M. Asai (Hiroshima I. T.) SOCSIM (Japanese lClivilies) p.3 

Shower parametrizotion 

EM shower Hadron shower 

KEK 

KEK 

Japanese activities for SDCSIM 

MakotoAsai 
Hiroshima Institute of Tec1mology 

I R ,_. --. - .. 

• I 

JJ 11111 II 11 
~ .... 

Imn ll 

.r===== tr ,-tif 
'I 

SOC Collaboration 

Contributions to the current version ofSDCSIM 

SDCSIMframe 

RA (Random number control) -- Y.Takaiwa (co-auther) 

Event generator section 

SE (Event generator frame) -- Y.Takaiwa (co-aut/ler) 

Detector simulalor section 

CT, (TUelfiber calorimeter) -- M.Asai 

CI (Forward calorimeter) -- M Asai (co-auther) 

CF (Shower shape and punchthrough parametrization) - MAsai 

RT (Ray-tracing utilities) -- MAsai 

Reconstruction section 

SlY (Track swimming routine) -- M Asai 

M. Asai (Hiroshima 1. T.) 

28JMay/I992 KEK 

KEK 



M. 

SOC CoIl.abor.tion 

Near future developments 

> Fine tuning of shower shape parametrivztions 
Tune to GEANTIGHEISHA resuIJs 
Tune to results of the beam test 
Optimize user parameter sets for 

- Quick and dirty stud, 
- Fine and detailed study 

> Reconstruction package of barrel and intermediate muon tracker 
Trackfinding 
Swimming back to tI,e central tracker 
Connection with tracks found in the central tracker 
Trigger simulator for first and/or second level 

> More 
Let's disc/ISS .•. 

I. T.) SDCSIM(bp.lneseKlivilies)p.l 

SOC CoIlabonlion 

Punchthrough parametrization and EM debris 

PUllchthrough EM debris 

M. Aui (Hirosham. f. T.) SOCSIM (Japanese activities) p.s 

SOC CoIIa_ 

SDCSIM on Japanese nodes 

Machine fravours: 
DEC sUltion, SGl, SUN, and VAX 

SiLes: 
KEK, Tohoku univ., Tsukuba univ., 
Tokyo metropolilDn univ., Kyoto univ., 
Wakayama medical college, Hiroshima univ., 
Hiroshimll inst. tech., 
and others_. 

Used to study for: 
Silicon micro-strip detector 
Strow tube tracker 
Material effects of solenoid magnet 
Tileifwer calorimeter 
Muon chambers. and others .•• 

992 KEK 

Kf.K 





Salvator R. Amendolia 

Larry M. Bartoszek 

James R. Bensinger 

Richard V. Berg 

Myron Campbell 

Duncan Carlsmith 

John W. Chapman 

Priscilla B. Cushman 

Colin H. Daly 

Richard J. Davisson 

Tom Dombeck 

L. S. Durkin 

John E. Elias 

Steven M. Errede 

Gary J. Feldman 

Farshid Feyzi 

Peter H. Fisher 

William T. Ford 

G. William Foster 

Soren G. Frederiksen 

Alan Fry 

Toru Fukui 

Murdoch Gilchriese 

Nikos D. Giokaris 

Alfred T. Goshaw 

Daniel P. Green 
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Charles M. Grinnell 

Laszlo J. Gutay 

Vasken Hagopian 

Harald ~ohnstad 

K,yu Seok Kang 

Do-won Kim 

Thomas B. W. Kirk 

David S. Koltick 

Glenn T. Kubena 

Inotib.tinn 

University of Pisa 

FermiJab 

SSCL 

University of Pennsylvania 

University of Michigan 

University of Wisconsin 

University of Michigan 

Yale University 

University of Washington 

University of Washington 

SSCL 

Ohio State University 

Fermilab 

University of Illinois 

Harverd University 

University of Wisconsin - Madison, PSL 

Johns Hopkins University 

University of Colorado 

Fermilab 

SSCL 

. SSCL 

SSCL 

LBL 

Rockffeller University 

Duke University 

Fermilab 

Santa Cruz Institute for Particle Physics (SCIPP) 

SSCL 

Purdue University 

Florida state University 

SSCL 

Kangnung University 

Kangnung University 

Argonne National Laboratory 

Purdue University 

IBM (Houston) 

Alexei V. Kulik 

Shuichi Kunori 

Andrew J. Lankford 

T. Y. Ling 

Henry J. Lubatti 

VeraG. Luth 

William Miller 

Thomas Muller 

Ureil Nauenberg 

Mitchell Newcomer 

Harold O. Ogren 

SeogOh 

Sung Keun Park 

Yeong Mouk Park 
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Lawrence E. Price 
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Hartmut F.-W. Sadrozinski 

Brian L. Scipioni 
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Wesley H. Smith 
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Rudolf Thun 
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Qingfang Wang 

Alan J. Weinstein 

Brian Keith Wheeler 

Andrew P. White 

Hugh Williams 

Irurt:jtutjOQ 

IHEP (Protvino) I KEK 

University of Maryland 

University of California Irvine 

Ohio State University 

SSCL 

SSCL 

Los Alamos National Laboratory 

UCLA 

University of Colorado 

University of Pennsylvania 

Indiana University 

Duke University 

Korea University 

Gyung Sung University 

SSCL 

Argonne National Laboratory 

Indiana University 

Santa Cruz Institute for Partide Physics (SCIPP) 

SSCL 

Santa Cruz Institute for Partide Physics (SCIPP) 

University of Toronto 

UniverSity of Maryland 

University of Wisconsin 

LBL 

Westinghouse Science & Technology Center 

Universite de Montreal 

University of Michigan 

SSCL 

LBL 

Argonne National Laboratory 

University of Rochester 

Rockefeller University 

California Institute of Technology 

Fermilab 

University of Texas at Arlington 

University of Pennsylvania 
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Suzanne E. Willis 

William B. Wilson 

Tiancbi Zbao 

Hans J. Ziock 

Institution 

Nortbem lIlinoia University 

Los Alamos National Laboratory 

University of Washington 

Los Alamos National Laboratory 
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Itsuo Nakano 
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Tohoku University 

KEK 

KEK 

Hiroshima Institute of Technology 

University of Tsukuba 

Tokyo Metroporitan University 

Tokyo University of Agriculture and Technology 

KEK 

KEK 

Tokyo Metropolitan University 

University of Tsukuba 

Tohoku University 

Tokyo Metroporitan University 

KEK 

KEK 

Hiroshima University 

KEK 

Osaka University 

Fukui University 

. Kyoto University 

University of Tsukuba 

Tokyo Metropolitan University 

Saga University 

Tokyo Metropolitan University 

University of Tsukuba 

KEK 

Tokyo Metropolitan University 

Kyoto University 

Niigata University 

University of Tsukuba 
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Saga University 

Osaka University 

University of Tsukuba 

KEK 
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Akira Yamamoto 

Kazuo Yamauchi 

YOlhiji Yasu 
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Hiroshima University 
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Ibaraki College of Technology 

Tokyo University of Agriculture and Technology 
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University of Tsukuba 

Okayama University 
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Osaka City University 
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Tokyo Institute of Technology 
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University of Tsukuba 
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