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PLEN~qy SESSIONS 

WEDNESDAY, NOVEMBER 13 

Report by Spokesman 

Report by Technical Manager 

SDC Experimental Facilities 

FNAL Test Beam Efforts 

FRIDAY, NOVEMBER 15 

Muon Group Report· Issues for the Technical 

G. Trilling(LBL) 

M. Gilchriese(LBL) 

R. Stefanski.(SSCL) 

D. Green(Fermilab) 

Proposal G. FeJdman(Harvard) 

SDC Computing L Price(Argonne) 

Physics in the Proposal X. Ei.£lSWeiler(LBL) 

Front End Electronics, Triggering, and DAQ A. I,snkford(lrvine) 

SATURDAY, NOVEMBER 16 

Report from Committee on Absmber 
Configuration 

Report from Tracking Evaluation Committee 

J. Siegrist(SSCL) 

T. Kondo(KEK) 
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CALORIMETRY 
(PARTIAL) 

THURSDAY, NOVEMBER 14 

Report of the Committee onAbsorbe£- , 
Configuration 

Preljmjnary Results from Hanging File 
Calorimeter 

Single Particle Cmorimeter Simulations 

e/h Simulation 

Single Particle and Jet Respome of Several 
Calorimeter Models 

Analytic Characterization of a Two 
Compartment Calorimeter 

Impact of the Hadron Calorimeter Absorber 
Choice on the Solenoid 

Calorimeter Cost CGmparison 
Lead vs. Steel in HACI 

FRIDAY, NOVEMBER 15 

SDC Forward Calorimetry 

Impact of EM Calorimeter Thickness 
on Resolution 

J. Siegrist(SSCL) 

A. Byon-Wagner«FNAL) 

L Price(ANL) 

D. Green(FNAL) 

C. Hearty(LBL) 

D. Groom(LBL) 

R. Kepbart«FNAL) 

D. Scherbarth 
<Westinghouse) 

W. Frisken(LBUYork) 

C. Hearty(LBL) 
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EIJEC'I'RONICS 

(PARTIAL) 

WEDNESDAY, NOVEMBER 13 

Options for Electronic Location Inside and 
Outside the SOC 

Detector Layouts with Various Electronic 
Layouts and Placement 

THURSDAY, NOVEMBER 14 

Silicon Strip Front End Electronics 

Muon Front End Analog Electronics 
(See paper under MUON SYSTEM) 

1st and 2nd Level Muon Triggers Based 
on the Jet Chamber System 
(See paper under MUON SYSTEM) 

FRIDAY, NOVEMBER 15 

Data Acquisition Status Report and 
Discussion ofSu~Detector Crates 

SDC Second Level Trigger Using ASP 

Report on Location ofE!ectronia; Inside or 
Outside Muon Steel 

Technical Assessment of the Electronics for 
the Central Tracking Options 

c. Bebek(LBL) 

T.1burston(SSCL) 

H. Sadrozinski(UCISC) 

J. Oliver(Harvard) 

H. Sakamoto(KEK) 

E. Barsotti(FNAL) 

J. Brisson(CEN Saclay) 

EIectronia; Working 
Group 

Electronics Working 
Group 

LPBautz:I2113191 

0003 



MUON SYSTEM 
0004 

(PARTIAL) 

NOVEMBER 13-14 

Design of a JET-cell Chamber System for the KEK Muon Chamber 
SDC Muon Detector Group 

Concept for the Intermediate R~on and 
BW3 vs. IW3 H. Iwasaki(KEK) 

1st and 2nd Level Muon Triggers Based 
on the Jet Chamber Design H. Sakamoto(KEK) 

Forward Muon System A. Skuja(Maryland) 

SDC Muon Simulation at University ofDlinois Errede, et at 

Muon Matching Studies S. Errede(1llinois) 

BW3· BW2 Radial Separation Studies J. Wiss(Dlinois) 

Muon System Alignment Studies J. Wiss(Dlinois) 

Muon Momentum Resolution V. Slonim(Colorado) 

Preliminary Proposal for SDC Muon Scintillator 
System R. Thun(Michigan) 

Possibility of Constructing a First Level Muon 
Trigger with~ustable Pt 'Ibreshold V. Molchanov(Protvino) 

Muon Front End Analog Electronics J. Oliver(Harvard) 

Muon System Front End Electronics • 
Preliminary Conceptual Design Report J. Oliver(Harvard) 

Drift Tube Development at Minnesota K. Heller(Minnesota) 

Prototypes R. LoveIess(Wisconsin) 

LPBautz:I2113/91 



TRACKING 
0005 

(PARTIAL) 

WEDNESDAY, NOVEMBER 13 

Silicon Tracking Conceptual Design Report A. Seiden(UCISC) 

Modular Straw Outer Tracking System 
Co~ptual Design Report H. Ogren(lndisns) 

Conceptual Design Scintillating Fiber Outer 
Tracking D. Koltick(Purdue) 

Co~ptua1 Design Report for the Straw-Fiber S. Reucroft 
Tracking System for the SDC (Northeastern) 

Pro~ towards the Conceptual Design Report 
for the SDC Intermediate-Angle 
Tracking Detector A. Sill(Rochester) 

THURSDAY, NOVEMBER 14 

Pattern Recognition in Silicon and Straw 
Tracking System B. Hubbard(UCISC) 

Pattern Recognition in a Silicon and Scintillating 
Fiber SDC Tracking System. D. Adsms(Rice) 
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PLENARY SESSIONS 

WEDNESDAY, NOVEMBER 13 

Report by Spokesman 

Report by Technical Manager 

SDC Experimental Facilities 

FNAL Test Beam Efforts 

FRIDAY, NOVEMBER 15 

Muon Group Report. Issues for the Technical 
Proposal 

SDC Computing 

Physics in the Proposal 

Front End Electronics, Triggering, and DAQ 

SATURDAY, NOVEMBER 16 

Report from Committee on Absorber 
Configuration 

Report from Tracking Evaluation Committee 

G. Trilling(LBL) 

M. Gilchriese(LBL) 

R. Stefanski(SSCL) 

D. Green(Fermilab) 

G. Feldman(Harvard) 

L Price (Argonne) 

K Einsweiler(LBL) 

A I.ankford(Irvine) 

J. Siegrist(SSCL) 

T. Kondo(KEK) 
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Report by Spokesman 

G. Trilling(LBL) 

0008 



STATUS OF NEW APPLICANTS 

VOTING UtmER WAY t-/'EW MI1=M Ge-R So. 

LAFEX (Brazil) 

University of Montreal 

APPLICATIONS 

IHEP • Protvino (USSR) 

ITEP • Moscow (USSR) 

University of Kansas 

University of Oklahoma 

INTERNATIONAL NEWS 

Visit of Korean delegation to SSCL Oct. 30· Nov. 1 
Physicists, government officials, industrialists 
Working group (Gilchriese (SOC), Sanders(GEM) for detectors) 
Potential support for both SSC and one detector 
Group views detector involvement as way to build up HEP in Korea 

Visit by US SOC group to Beijing and IHEP 
Group stronply involved in radiation damage tests in 

collaboration with Fermilab 

Taiwanese visit to SSCL expected in near future 

Japanese visits: Schwitters/Happer/Friedman/WeinberglWojcicki 
Bromley 
Admiral Watkins/Happer 
President Bush visit postponed; new Prime Minister 

may go to Washington In near future 

o 
o .... 

First East Asian/Pacific· U.S. Symposium on SSC Physics, Experiments, 
& Technology (Beijing May 21 • 24, 1 992) 

o 
o .... 
~ 

COLLABORATION MEETING 
(November 13, 1991) 

G. H. Trilling 

Future meeting schedllie 

Status of new applicants 

International news 

HEP funding Issues .. relevance to SOC 

PAC meeting 

Comments on proposal 

Major goals for this meeting 

FUTURE SOC MEETINGS (1992) 

Pisa 

SSCL 

Fermilab 

KEK 

Jan. 8 (PM) to Jan. 11 (Noon) 

Feb. 26· 29 
(Special meetings Feb. 24 • 25) 

April 13 • 15 

May 25·28 

o 
o 
o 
:D 

o 
o .... 



CONCLUSION 

If this group values the SDC program, and believes that 
doing SSC physics as soon as possible is the right goal, 
it needs to do Its best to educate the councils of organized 
wisdom (HEPAP, new subpanel .. ), and, 

make sure that HEPAP and the subpanel recognize the 
immediate and growing importance of the SSC detector 
efforts, 

strongly resist pressures to solve base program shortfalls 
by subtraction from the SSC budget, 

support the principle that the salaries of PRD physicists 
working on the SSC experimental physics program are a proper 
responsibility of the base program, 

urge that the continued vitality of university and national laboratory 
groups engaged in the design and construction of SSC detectors be 
a continuing high priority of the U.S.HEP base program. 

PAC MEETING 
(October 3, 1991) 

Discussed calorimeter & tracking volume decisions 

Presented FY1992 budget request of $19.9M as minimum required 

Presented detector cost estimate of $580M(FY1991 $) 

Separate presentations on: 
Tracking (Selden), Calorimetry (Green), Muon system (Bensinger), 
Electronics (Lankford) 

PAC CONCLUSIONS: 
Support for $19.9M budget request 
Concern about detector cost 
Generally positive comments about SOC progress 

Next PAC meeting: December 15-17 
(This Is the fourth this year). 

o 
o .... "', 

o 
o .... en 

HEP FUNDING ISSUES 
(and their impact on the SSC program) 

FY1993 HEP base program must take a 10% cut In 
"as spent" dollars relative to FY1992. 

HEPAP Subpanel to be convened to recommend FY1994-FY1997 
program under each of 3 scenarios: 

Same funding as FY1993 in "as spent" dollars 
Same funding as FY1993 in "constant" dollars 
2-3% real growth per year after FY1993 

RELEVANCE TO SSC/SDC EFFORT 

HEPAP has mlsco,:\ceptio"! that SSC transition occurs only 
at SSC commissIoning time or at most two or three years earlier 
In fact the .8.Sp physics program (SDC) has already started, and 
and capabilities of the detectors are being defined NOW. 

Planne~ sharp rise In FY1993 base program support of physicists 
working in SSC/PRP has been eliminated. 

Ability of base HEP program to help support activities relevant to 
the SSC detector effort may be much reduced. 

It is ext~emely important that the new subpanel, In its planning 
e~erclses conSider pot~ the base program research and the 
simultaneously increasing level of sse detector effort. 

There may be moves In Congress or elsewhere to relieve base 
program tightness ~y subtraction of SSC funds, This would call 
Into serious quest!o!" the HEP community's commitment to SSC 
and could undermlnj! Our strong efforts in international collaboration. 

o 
o .... 
w 

o 
o .... .... 



Technical proposal Schedule 
October 1 Assign coordinating editors 

November 13 Detailed outline + final writing assignments and/or draft text 

December 13 Zeroth draft submitted to chapter editors(and overall editors for comments) 

January 3 Submit first draft to overall editors 

January 31 Submit second draft to overall editors 

February 21 Deliver final draft to SSCL for duplication of 150 copies 

February 26-29 Review of final draft by collaboration and editors 

March 23 

March 25 

Final printout of text with figures 

Assemble, print and bind 40 copies 

April 1 Submit 40 copies to SSCL 

'---------~ ,~~J 

CONCERN ON PROPOSAL PREPARATION 
Chapter on Physics Performance 

Since physics discovery is the total justifica~ion of this . 
very expensive detector, we need to provide strong eVidence 
that our proposed instrument can really tackle the challenges 
of the SSC era, while indicating that a lesser one-could not do so. 

In the continuing competition for support, comparisons will 
be made between GEM and SDC performance claims. 
We need to demonstrate that our detector has a strong 
physics capability, and that the SDC has a strong ability 
to assess that capability. 

Kevin Einsweiler needs help in the preparation of the Physics 
Performance chapter. 

HOW TO FUND SDC DETECTOR? 

Examine carefully the cost/physics balance for all pieces. 
Can we still make reductions without running unacceptable risk. 
This meeting is our last opportunity to do this before the T.P. 

Get as much of this detector as rossible from non-US sources. 
We are beginning the process 0 defining responsibilities. 
Can we fit U.S. SDC responsibilities (including installation & project 

management) into the allotted $275M +/- $50M? 

There may well be shortfall between U.S. responsibilities for SDC/GEM 
and total U.S. funds available. 

Potential methods of resolution: 
Staging, further descopes, elimination of one detector ..• 

Technical Proposal Production 

Overall editors: D. Groom, W. Chinowsky, G. Trilling and M. Gilchriese 

The SDC Technical Proposal - Coordinating Editors 
1. Introduction - G. Trilling 
2. Overview of the Detector - M. Gilchriese 
3. Physics Performance - K. Einsweiler 
4. Central Tracking System - A. Seiden 
5. Superconductlng $olenoid - A. Yamamoto 
6. Calorimeter System - L. Nodulman 
7. Muon System - G. Feldman 

o 
o ..... 
-l 

8. Electronics, Data ~cquisition.Trigger and Control Systems - F. Kirsten 
9. On-line Computing - A. Fry 
10. Off-line Computinp - L. Price 
11. Safety - J. Elias 
12. Experimental Facilities - T. Thurston 
13. Installation and CClmmissioning - M. Harris 
14. Test Beam Progr~m - J. Siegrist 
15. Cost and Schedu,e Summary - M. Gilchriese 

o 
o .... 
00\ 



SOME MAJOR GOALS FOR THIS MEETING 

Presentation and discussion of tracking CDR's 
Reduction of options and definition of future directions for tracking 

Decision on central calorimeter absorber configuration 

Definition of dimensions and scope of detector for purposes of proposal 
Final attempt to optimize cost/benefit and reduce cost 

Agreement on proposi!1 chapter outlines and full definition of all 
writing responsibilities 

o 
o 
I\) 



Report by Technical Manager 

M. Gilchriese(LBL) 
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Technical Proposal Production 
Overall editors: D. Groom, W. Chinowsky, G. Trilling and M. Gilchriese 

Page 
Allocation 

The SOC Technical Proposal - Coordinating Editors 
1. Introduction - G. Trilling 
2. Overview of the Detector - M. Gilchriese 
3. Physics Performance - K. Einsweiler 
4. Central Tracking System - A. Seiden 
5. Superconducting Solenoid - A. Yamamoto 
6. Calorimeter System - L. Nodulman 
7. Muon System - G. Feldman 
8. Electronics Systems - F. Kirsten 
9. On-line Computing. A. Fry 
10. Off-line Computing - L. Price 
11. Safety - J. Elias 
12. Experimental Facilities - T. Thurston 
13. Installation and CommiSSioning - M. Harris 
14. Test Beam Program - J. Siegrist 
15. Cost and Schedule Summary - M. Gilchriese 

TOTAL 

5 
20 

100 
100 
25 

100 
100 
150 
15 
50 
10 
20 
20 
10 
~ 

730 
C> 
C> 
l\) 

'-' 

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

Section Coordinating Editor 
1. Introduction Trilling 
2. Overview of the Detector Gilchriese 
3. Physics Performance Einsweiler 
4. Central Tracking System Seiden 
5. Superconducting Solenoid Yamamoto, Fast 
6. Calorimeter System Nodulman 
7. Muon System Feldman 
8. Electronics Systems Kirsten 
9. Online Computing Fry 

10. Offline Computing Price 
11. Safety Elias 
12. Experimental Facilities ThUrston 
13. Installation and Corrmissioning Harris 
14. Test Beam Program Siegrist 
15. Cost and SChedule Summary Gilchriese 

Status 
OK 
OK 
Heard from 

·Preliminary 
OK 
OK 
OK 
OK 
OK 
OK 
Heard from 
Heard from 
Heard from 
OK 
OK 

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

Technjcal ProPQsal Schedule 
October 1 Assign coordinating editors 

November 13 Detailed olllline + final writing assignments and/or dralltext 

December 13 Zeroth draft submitted to chropter editors(and overall editors for comments) 

January 3 Submltfl,.t draft to overall editors 

January 31 Submit second draft to overall editors 

February 21 Deliver final draft to SSCL for duplication 01150 copies 

February 26-29 Ravlew of 'Inal draft by collaboration and editors 

March 23 

March 25 

April 1 

Final prlntClUt of text with figures 

Assemble, print and bind 40 copies 

Submit 40 GOples to SSCL 

C> 
C> 
"J 
~ 

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

SOC Meeting 

sse Laboratory 

November 13, 1991 

M. G. D. Gilchriese 

• Status of Technical Proposal and related documents 

• Detector issue~ and decisions at this meeting 

• Status of underground/surface facilities -> R. Stefanski 

C> 
C> 
1"1:) 

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



Design Decisions 

• 

• 

Technical Proposal must represent a consistent 
and coherent design with minimum number of 
options 

"Freeze" parameters with minimal nl:lmber of well 
defined options and then reduce options - see 
schedule 

Many changes will occur later(after submission of 
Technical Proposal). 

L-_______________ ~ 

Decisions and Reviews 

Tracking system - Initial cut This meeting 

Central calorimeter absorber configuration This meeting 

Electronics inside or outside detector This meeting 

Radius of barrel toroid This meeting 

Freeze basic layout of muon system This meeting 

Central calorimeter design frozen 1?11 

Electronics basellne( + options) frozen Feb. 1,199211 

Forward calorimeter option(s) selected Feb. 1, 1992 

Barrel muon chamber selected Feb. 1,1992 

Feb. 1, 1992 0 Tracking system option(s) selected 0 w 
::> 

~ , .. ~~ 

Other Documents Related to Technical Proposal 

Cost/schedule book. Coordinators: W. Edwards, D. Etherton 

See schedule of events. This Is ~ tight and reqUires detailed 
knowledge of detector parameters => design deCisions! 

SDC Project Management Plan: Coordinators: T. Elioff, T. Kirk 

First draft by December 2 

Preliminary hazards analysis. Coordinator: J. Elias 

Schedule and preliminary aSSignments established 

~ 0aII: 
cosu". Milestonss: 
Kickoff Tecbnical Proposal CostinglScheduling 10/24/91 
Submit Revised WBS ~ Dictionary 11,118/91 
RcIeasc CosUnglSchcdtg ProccdW"CS Book 11/11/91 
Submit Descoped Cost timaIC &: Contingency 11/22/91 
~RoIl-up.1 11/27/91 
Prelim. Draft Cost Book ComplelC 12/20/91 
Submitlnd Descopc IICPbon WBS &: Dictionary 1,118/92 
Submit 2nd IICralion eo,t Estimate &: Contingency 1/17/92 
DeIcope Roll-up It2 , 1/22/92 = Reviews ComplelCd 2119/91 Roll-up 3,112/9 
Fmal Cost Book Complete 3,()4/92 
Submit Cost Book 4,111/92 

Scbc;duUng MilCStgnc;1: 
Kickoff TecbnicaI ~ CostinglScheduling 10/24/91 
Relcase CosUn~Chedu\ing ProccdW"Cs Book 11/11/91 
2nd Iteration SubsyslCjn Schedules Submitted 11/22/91 
2nd Iteration of Subsystem Schedules Reviewed 12,112/91 
InIC~ of 2nd lteratiqn Schedules Complete 12,117/91 
Prelim. Draft Schedule Book Complete 12/20/91 
Submit 3n1 IlCl1Ition of Sjlbsystem Schedules 1/20/92 
Review 3n1lteration Schedules 2117/92 
~=~~Sc'Fules 3,112/92 

4,111/92 
0 
0 
I» 
co 

R 
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Cost Comparison 

Distributed crates vs racks vs electronics outside 

Muon system derivatives - see plot 

Length scaling not yet clear 

Differences in cable costs have large uncertainty(contingency?) -
size, readout methOd, ....... . 

Oplion R(inner)(m) R(ouler)(m) (U2)(m) Mmuon(M) $<1cable(M) 
disl. Fiber 6.950 6.450 13.290 0.15 

---~ 

Calorimeter leng 
Increased 

th dist.Slrilw 6.630 
"T rack Fiber 6.750 

rack Straw 6.407 

6.33 13.13 -1.6 
6.250 13.766 0 +----

7.907 13.766 -3.4 
oulSlraw 6.150 7.650 13.766 -5.9 
oul Fiber 6.450 7.950 13.766 -2.9 

Better estimate needed but 

• -Integration easier and muon system slightly cheaper with 
straws 

Incremental cable(and other) costs to remote electronics 

0 
+(27) 
+???? 
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SDC Experimental Facilities 

R. Stefanski(SSCL) 
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SOC Presentation 

Large detector will move to East Complex pending DOE approval. 
Preparation for Title I design and critical path building must begin 

in earnest. 
Muon Assembly building will be discussed this morning. 
Will have presentation on SOC hall shortly. 

SEFUR (SOC Experimental Facilities User Requirements) 
Draft version transmitted to CCD and PB/MK on 1118. 
Will be used as a start for facilities design. 
Periodic updates may be generated as needed, or will replaced 

with PB/MK reports. 

Change Control Board Action. 
Establish baseline for detectors in project. 
Will include surface facilities and halls, and small detectors. 
Schedules: late availability of halls. 

Test beams 
CERN beams. Need a guess by late December. 
Trying to accelerate SSC test beam program to Jan '96. c 

o 
U1 
w 

o 

10/1.'1/91 

sse Laboratory Physics Research Division 

Detector Requirements 

In the long term (10 years) the detector noor must remain aligned in 
respect to the beam within a reasonable limit estimated as of the order 
of ±25mm. The compensation for such movement would be carried out 
using jacks. 

In the short term (I year) the floor must remain stable in the lower 
millimeter range so as not to affect alignment of the tracking 
components. This implies that there will be no appreciable change in 
detector position during beam running. Realignment, if necessary. will 
be carried out during long aCcess periods. 

The low beta quads have alignment requirements of less than a 
millimeter. A stable noor is also required to meet this requirement. 

For the smaller, special purpose detectors, the site should be cOllsistent 
with the schedule for choosing those detectors. Furthermore. 
construction of small cavern-like halls is better done in chalk. 
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FNAL Test Beam Efforts 

D. Green(Fermilab) 
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PS/SM 
T841 PRESHOWER RESULTS 

AND FUTURE ANALYSIS 

1) DETERMINE SHOWER WIDTH VERSUS DEPTH 
IN RADIATION LENGTHS. (See plots) 
PS (2RL) FWHM .. 4.7 mm 
SM (SRL) FWHM= l' mm 

2) PI! EL SEPARATION USING ENERGY IN PS, 
VERSUS DEPTH, ENERGY. (See plots) 
(pion tail increases with RL, not shown in plot) 

3) TRACK/SHOWER MATCHING RESOLUTION 
VERSUS DEPTH. ENERGY. <= 1 mm sigma 

,. 
Mf'I.'S'5t.€"'S 

G,,·~II 

4) CORRECTING EM CALORIMETER ENERGY 
RESOLUTION WITH MATERIAL UPSTREAM 
USING PS ENERGY. FOR INSTANCE: 
18%!SQ(E) without material in front, 
2~(Er with tRt AI + 1 RL PI1'(carr we fix?Y'-

5) PRESHOWER + SHOWER-MAX + EM + HAD 
COMBINED PERFORMANCE? 

Dan Green. Nov. 8. 1991 
I tlave Dlots snowIng preliminary 

results for Items 1.2, and 4. 
"hI lip Melese 212-570-8826 
FNAld1£LESE 
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~ 51"\ 
Shower Mox resul:S fer 7awer 2 2= GeV E:ee~~ons 

320 e= ? ~.7$4j i 
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~ P - 5fj\ "tEStS 00611 
SHOWER MAXIMUM BEAM TEST MEASUREMENTS 

ANLlWestinghouse EM 
Calorimeter 

Shower·Max 
Detector 

Outout Connector 

Fiber reaoou r 
bunole 

'1IIIIIl--=== Vertlcle :.Ies ~ HOflzontal :lles 

We are eQulplng 8 out of the 10 towers of both calorimeters with 
4 x 4 arrays at tiles reaO out with wavelength-shifting fibers. 
:n ootn calOrimeters the fibers g'1- to a. 64 cnanaet- cormector.--

64 Channel Fiber COnnector to connect to APD and MCPMT readout. 
~ 

0062 

SM/PS 
Data sets and plans 

The data were taken at 35,27,20 and 15 GeV electron/pion 

beam at Fermilab, These data were taken at center of each 

tower to study the variation in response of different design of 

tiles. Moreover a 1.0 cm vertical and horizontal scan was done 
for some of the towers. In addition to this data were taken with 
with different radiation length of Pb in front of the pre shower 

detector, This will enable us to study the shower shape in 
preshower detector and compare the results from ShowerMax 
detector. 

• More data will be taken at higher beam energies (50, 100 

• GeV). We also plan to use APD's to readout the ShowerMax, 

At present we are using APD's to readout preshower detector. 

Second ShowerMax module will be installed along with sec­

ond EM module and the hadron calorimeter in the third week 
of November, 
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How good are the pieces? 

• Absoroer Thickness 

(J' = 1% -:=::, 
• Optical System 

Testing system p SQ>II'.t. 1t",N 

Light Yield 3 p.e,fmip-layer 

Transverse uniformity IT - /7-
Longitudinal uniformity (J' = 8% \ 

Scintillator thickness (J' = 3.6% (\ 

Fibenl + splices (J' = 3.8% 

May want to mask i 

~ a,,1!!11 1"--

<! (I.s1. o:.QJoI~~""" ,. SII '" 

0065 

EM Test ~odule No, 

.... -I 
: a~. 

.. _ 5,026 

1 a _ 0,049 

I 

~ 
I 
I 

i 
I 

c-

4,6 4,7 4,6 4,9 5 5,1 5,2 5,3 5,4 5,5 
Absorber Thickness (mm) 

Ablorber plate thickne.1 d.i.tribut~on 
3 POint. per plate: left. center, rl&ht 

:: _~.- \." \,) --:-IC ~1 M.Cul..,_~ 

SDC ~::.E,'fIBER CALORIUETER 
~runc.led Ewe "Ioduie for Testb •• m 

("-5\ f'biN Fe 
~, tL\J\. 1" "-E 

Fisure 1.12 Tr •• cued. EM Tell MochLle Dellp 

How good is the whole calorimeter? 

• Testbeam measurements 

September 1-6, 1991 

3 towers instrumented 

• Beamline setup 

Momentum tagging to (J' = 1.5% 

2 gas Cerenkov counters to tag electrons 

Beam 30-50% electrons 
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Of Sf 

Tunable 15-35 GeV. Can go to 100-150 GeV but rarely 
0 .. -;-. ..~ t"/~)", /1", ~ • .1 7.:r ~. 

PWC's 

• Resolution 

Matches calculation of 18%v'E 
No evidence of constant term 

• Uniformity 

Undersize scintillator emphasizes dip at bulkhead 

" h ... Which is mostly correctable C 1.Ar.\C. sc"" 

• Light yield 

Light to Tower 1 attenuated by neutral density filter 
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9-24-91 HJL 

MUON BEAM TESTS 

• Tevatron Muon Beam 

- Locate downstream of E665 in the New Muon Lab 

- Beam can be tuned from 100 GeV to 650 GeV with 
useful Owe for these tests 

• Apparatus 

- Scintillator trigger 

• Six multi-sampling drift chambers 
3 cells/module 
6 sense wires / cell 
Sense wire length 11 in. 
Staggered wires (0.25 mm) 
2.75 in. cell/1.375 in. drift 
Two track resolution < 3 rom 
Window 1/2 mil aluminized Kapton 

- Fe absorber (25 in.) 
Last 8 in. magnetizable 

- Cerenkov counter has 2 mirrors, each 50 cm2 

• Data Acquisition System 
- FAST BUS TDC's and ADC's 
- On-line VAX 3500 
- Log to 8 rom tape 
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Muon Group Report - Issues for the 
Technical Proposal 

G. Feldman(Harvard) 
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Muon Group Report 

Issues for the Technical Proposal 

1. Review of <I> chambers, especially in 
BW1. 

2. Review of the amount of iron at the 
11 = 1.5 corner. 

0083 

3. Review of the BW3-IW3 arrangement. 

Gary Feldman 
November 15, 1991 

Track Matching 008!1 

Rob Gardner presented an ideal­
ized calculation from the U. of _ 
Illinois. They studied high Pt bb 
production. 

There was perfect e and <I> resolu­
tion in the inner tracker, and no 
background or o-rays in the muon 
system. 

For all configurations with some 
pili information, there was a maxi­
mum of 1.5% confusion. 

We use <I> measurements in the 
muon system for three reasons: 

0084 

1. To provide track matching, i.e., 
which track in the central tracker 
was the muon? 

2. To provide the second level 
trigger. 

3. To improve momentum 
resolution at very high momenta. 

008G 

Table 2 : Layout Description(l.3) 

Layout BWI BW2 BW3 

1 2¢,20 20 20 
2 20 2¢, 20 20 
3 2/;/ 20 2¢, 20 
4 2¢,2/;/ 2¢,20 2¢,20 
5 l¢ , 2/;/ 20 20 
6 20 l¢, 20 20 
7 20 20 1¢, 20 
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ooss 
Test beam data, which are not yet 

analyzed in detail, show that 20 to 
30% of high energy muons are ac-
companied by other (soft) tracks. 

The present des coped design has <I> 

measurements m only one place, 4 
layers in BW3. The muon group was 
concerned that, given this and pos-
sibly other backgrounds, one posi-
tion is not sufficient. We therefore 
recommend that 4 layers of <I> be 
added back into BWI. 

There was considerable discussion 
between 2 and 4 layers. Two layers 
gives no redundancy and does not 
provide for both left-right ambiguity 
resolution and projective wires. 

0090 

This requires 85 cm thickness for 
BWI allowing for all chamber op­
tions. 

History: LOI had 28 barrel layers; 
we des coped to 18, and are now rec­
ommending rescoping to 22. 
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Amount of Iron at Tl = 1.5 Comer 

Conclusion is that improvement IS 

not cost effective. Leave as is. 

BW3-IW3 Arrangement 

Conclusion is that there is no 
strong physics argument either way 
and it should be treated as an engi~ 
neering problem. 
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SDC COMPUTING 

SDC Collaboration Meeting 

L. E. Price 
November 15, 1991 

010n 
Online Computing 

Recent Activities 

• Workshop October 28-November 1 

• Organization of SDC computing at SSCL 

• Writing of SDC Proposal computing section Draft o. 

Assum ptions /Principals 

• Operating systems 

Unix and subsequent evolution _ p. or/X. 

• Programming Languages 

• User interface J rr#O"' .. ..., .,./J 

• Data storage and access 

Database model 

• Software engineering standards 

• Distribution of computing 

• Programming for analysis 

• S"-f ... J~,lr 
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Offline Computing 

• Components 

Production reconstruction 

Data storage 

Event filtering and analysis 

Simulation 

• Requirements 

Data recording rate: 100 MB/sec 

Annual storage: 2 x 1015 bytes = 2000 Terabytes 

Production Processing: 105 MIPS 

"Near real time" reconstruction 

Master DST at SSCL: 100 TB 

Working DST: 108 events, 1-10 TB 

Probably copies at regional centers 

Database organization of data 

0105 

Metadata: keys and index files widely distributed 

Hierarchical storage 

Longer access delay times for less filtered data sam­
ples 

Ability to read sleeted portions of event 



010e 
Online documentation on data formats, etc., accessible 
across network 

Communications 

LAN 

MAN 

WA~ 

Conferencing 

Simulation 

Processing: 104 - 105 MIPS 

• Design 

Systems at SSCL 

Regional Centers 

Local institutions 

Session Name: .\NHEP2 .HEP . .\NL.GOV 010S 
10.13 Schedule and Milestones (Larry Price, Phil Liebold, Larry Cormell) (3) 

10.14 Manpower and Cost (Larry Price, Phil Liebold, Larry Cormell) [3] 

Page :t 

Session Name: ~HEP2.HEP.~L.GOV 

0107 
SOC Technical proposal 

COMPUTING SECTION DRAfT OUTLINE 

10 1 Executl.ve Surrrnary (Larry Price) (2) 

:0 2 Computing Model and Operational Concepts (Dave Miller, Bob Ennis) (4) 

10.3 FUnctional Requirements (Andy White) (11] 
10.3.1 overview (Block Diagram _ External Interfaces) 
10.3.2 Data Reconstruction (Andy White) 
10.3.3 Data Storage Management (Andy White) 
10.3.4 Analysis (Drew Baden) 
10.3.5 Soft ware (Irwin Gaines) 
10.3.6 Corrrnunications (Ed May) 
10.3.7 System Services (Chris Day, Glenn Kubena, E. Poole) 
10.3.8 Simulation (Shuichi Kunori, Soren F.) 
10.3.9 Performance Goals (Glenn Kubena) 

10.4 Relationship of Computing to Detector Subsystems Urwin Gaines) [2] 

10.5 Generic SOC Computing Model (Tony E1am) (2) 

10.6 Hardware Design (Larry Price, Brian ScipionL Ken Liao, K.Amako) (6) 
10.6.1 Overview 
10.6.2 Architecture 
10.6.3 Hardware Development Process 
10.6.4 Upgrades and scalability 

10.7 Software DeSign (Drew Baden, Chris Day, Harald Johnstad, Glenn 
Kubena) [6] 

10.7.1 Overview 
10.7.2 Architecture 

10.7.2.1 Software Architecture Overview 
10.7.2.2 Software Infrastructure/Framework 
10.7.2.3 Cotmlon Application Services 
10.7.2.4 Functional Components 

10.7.3 Development Process 
10.7.3.1 Software Engineering and Other Tools 
10.7.3.2 Code Management 
10.7.3.3 Data. Modelling 
10.7.3.4 Proqramning Lanquages 
10. '1.3.5 Validation' Verification 

10.7.4 Software Sources 

10.B Organization, Policy (Larry Price) [1) 

10.9 SOC Interactions with the Computing Industry (Larry Price, Tony E1am) [1) 

10.10 Computing for SOC Outside of SSCL (K.Arnako, Andy White. (Europe)) [4] 

10.11 R'D Required (Drew Baden) [3] 

10.12 Technology Forecast (Terry Watts. Tony E1am) [21 
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SOC OFFLINE COMPUTING MODEL 
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L-,,£.--I.~......a.. 10"1" bylll nducld lempl, 

10 •• 6 EVENTSItO MIN. 
) to .... MIPS 

mldtum 
tOO MIPS 

5 JOeS/DA Y /USER. tl6 HR. 
10"10 eVTES. 30 s,.",LES -- FAST (300 Gel 
to" t I eVTES • 30 sAMPL£S -- MEDIUI1 ( 3 TIll 

t 2 ACT IVE USERS 

··8 
·to"5 EVENTSItO MIN. 
1000 MIPS 
to GB. n USERS 

100 MIPS 

ASSUMED 10 MIPS-lit/EVENT FOR ANALYSIS 

Fi,. 1. First Incssment of SOC OfJ)jne Compulin& ntes and resources. 
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Software 011& 

• Requirements 

Kernal software provided by systems group 

Physics/detector software -provided by subsystem 
groups 

Modularity 

Portability 

Languages 

Data Modeling 

Software development process 

Software Engineering 

Code management 

Life cycle 

Requirements Analysis 

Design 

Coding 

System Integration 

Acceptance Test 

Operation and Maintenance 

User Interface 
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X-windows, Motif 

Database access to data 

Standards 

Operating System 

Histogramming 

Application Graphics 

Design 

R&D Plans 012t 

• Database project riP.:": ~~t..1 LP.t/ v:Tt::/ v,., ~ 
GS'':.t!.., .... 

• Software design and engineering ss.::~ ~ ()+~~"" 
~ II< 

• Architecture and performance modeling :E.I".1 G~':;I< 

II. n,;/. 
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SDC Computing activities at SSCL 

• People 

Gaines 

White 

Roe 

Frederiksen 

Johnstad 

Fry 

-r;:AV_"-{-
Song 

Nixdorf 

, J' ~~:f',;~; ) 
(~. C.r_,II) 

Liu 

• Projects 

r,..,· n"'''1'''t'·) 

Software development methods 
~.te.--. ..., .. /"" .. -1-,.:' 

Data storage and access 

Database project 

Advanced storage devices 

I,.":I",-Iv,,c. / )?,,-f.- ,..,"''''' tL '..,_1 .... _4 • ..: 

Schedule and Milestones 

Hardware 
Baseline design 
Modeli.g 
final design 
Procure trial devices 
Prototype system 
Production system 
Analysis system 
Distribution system 

Software 
Identify software development systems 

Core syslem 
Requirements Analysis 
Functional specification 

Desi,. 
Coding 
TestiDg 

Physics!Dclcclor systems 
Requirements Anal ysis 
Functional specification 

Design 
Coding 
Testing 

Simulation 
Requirements Analysis 
Functional specification 

DeSigb 
Coding 
Testing 

92 
92-95 
96 
94-96 
96 
98-99 
96-99 

92 

92 
92 
92-93 
94 
95 

94 
94 
94-95 
95-97 
97-98 

92 
92 
93-95 
94-96 
96-98 

012<1 

0123 

Schedule for SDC computing development 

Fiscal Year 

91 92 93 94 95 96 97 98 99 

Conceptua' desIgn 

DeSign, code, and test SOC kernel 

Write software for subsystems 

ReView and test SOC software 

DeSign SOC computing hardware 

ACQUlre and Install hardware 

Simulat Ion System 
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SDC Computing Costs 

Cost Elemencs 

Production system: 

Tertiary storage system 
Raw data 
Pa .. 1 output 

DST 

Communicatioo.s link to online 

Network/switch 
Input 10 prodUCtiCD farm 

Output of production farm 

Production ccmputin, fann (IO"S MIPS) 

Produetioo disk system(s) 

Printers 

sorcwm 

,I. 
.c .• 

~ . 
A .• 

/. . 
.t •• 

MS 

3.7 

0.2 

o.OS 

6 

1.5 

0.02 

012f; 

I/h 

/'f.J 

'I'" "/~~ 
'/~ 
/.j1( 

'1ft 
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012& 

Cost 

Current Computing Activities 

• SDCSIM 

• USE of PDSF 

• SDCNEWS 

Data distribution system: 

Processors 
Disks 
Distribution media devices 

Express line system: 
Processon 

Disks 
Network 

Simulation system (10"5 MIPS) 

Local analysis system: 

Networks 
Workstations 
Balch processors 
SJQralc 

I TB disk. 9 TB tertiary system 
Printers 
Software 

External Networking 

Effon 

Video confercociB, (2 centers) 
NREN Connectioos 

SOC Computin, Support (25 FTE-yr) 
Hardware (23 f11;-yr) 
SOC Software: (60 f11;-yr) 

Computer systems for development 

DevclopmcDi sofrware 

6 
, 

O.S 
O.S 
O.S 
O.S 

O.OS 
0.15 

O.IS 
0.1 

.f 23.92 

2.S 
2.3 
6.0 

O.S 

O.S 
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Effort FTE-yr 

SOC Computin, Support group 4(1992) - 10 (1999) 25 

Hardware 
Rcq4lirements anaJysis 3 
System desi,n 6 
Syslem modeling 2 
Procurement 2 
Instalillion 5 

Testin, 5 

Software 
Core system (Production and analysis) 

Requirements analysis 
Design 
Coding 
Testin, 
Reviews 
Documentation 

Physics/Delector systems 100 SSCL: 
(Written by SOC collaboration, includin, SSCL) 

SimulJtion software SSCL: 

5 
10 
5 
5 
2 
3 

20 

10 

//1 ri!; -.l-
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Physics in the Proposal 

K. Einsweiler(LBL) 
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10' - l<f MIPS Total Processing Power 
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8.9 Data Acquisition and Slow Control 

B.9.1 Da1a Acquisition System Overview 

8.9.2 Data Acquisition System Requirements 
8.9.2.1 Dala now and event coll8C1ion require"",ntl 
8.9.2.2 Dala monitoring requirem.nts 
8.9.2.3 Siowoolllrul reqoiremellll" 
8.9.2.4 Partilioning and stand-.lone operalion requlre"",nt. 
8.9.2.5 .... biliti •• requirement. 

8.9.3 Relationship 01 Data Acquisition to other Subsystems 
8.9.3.1 Relation.hip to lront-end .yltam 
8.9.3.2 Relation.hip to IfiIIger system 
8.9.3.3 Relation.hip to slow controlS .y.tem 
8.9.3.4 Relation.hip to On-line compuHng syslem 
8.9.3.5 Rel.tionship to level 3 processor system 

8.9.4 Data Acquisition System Architecture 
8.9.4.1 Logical block diagram 
8.9.4.2 Physical block diagram and layout 
8.9.4.3 Data flow petha . 
8.9.4.4 Control path. and slow oon1101 .ystam 
8.9.4.5 Partitioning and .tand alone operation 
8.9.4.6 Major DAQ components and channel counts 

a) Event dala read-out module. 
b) SubsYltem crat. 
e) Event builder .ubsystem 
d) Event data now con1101 
e) On-lin. processor .ubsystem 
I) Control computing interface 
g) Rack protection' iubsy.tem 
h) Software syste'1ls 
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E'ltnt Oat. Audout Inttrf.t:. 
(to Event eul1c;1tr SUbsysttm) 

DAQ CPU Modul. 

0,11,0 Contrtl/,.,onltortr.g 
Network Int.rr'Ct 

OAO Control/Monitoring Nttwor1r. 
Aemote Llnl Int.rrace 

8.9.5 Additional DAQ Component Details 
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B.9.S.t Front-end & trigger syslem event data readout & control/monitoring 
interface 

a) Crates. bacl<ptanes and power supplies 
b) CAO CPU modules 
c) OAO event data .. adout bus slave interface 
d) CAO crate adapter/interface modute 
e) Event data ~nks 
I) CAO controVmanitoring network 
g) Remote CAO controVmonitoring network interfaca. links & repeaters 

'.9.5.2 Event builder IUblystam 
a) Input intert.ce & data balancinglinput queueing network 
b) Iwitching network 
c) Interface 10 online proceslOr lubayllem 

'.9.5.3 Event data flow control IUblystem 
a) Interface 10 trigger subsystem 
b) Interface to other CAO subsyll_ 
c) Event data flow and trigger inhibiting 

B.9.5.4 Online processor ·subsystem 
a) Processing and IOftware development environment 
b) Interface to other CAO subsystems 

B.9.S.5 Software Iystems 
a) Run controt 
b) Runtime user interlace 
e) Control and monitoring Interlace 

B.9.S.6 Stand-alone CAO systems 

8.9.6 Commissioning the Data Acquisition System (Installation, 
Integration & Testing) 

8.9.7 Status, Ongoing and Future R&D, Milestones & Critical Path Items 

Online Computer System 
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SDC DAQ Milestones 

Completion of DAQ requirements 

Completion ofDAQ system design, inc!. 
technical choices 

Completion of DAQ component design 

Portable DAQ for use in test beamsllabs 

Prototypes ~f all DAQ components 

Delivery of partial DAQ systems 
for subsystems 

Muon subsystem 
Calorimeter subsystem 
Tracking subsystem 

Installation of complete DAQ system 

Ol7f 

Nov, 91 

1993 

1994 

1994 

1995 

Jan,97 

? 
? 
? 

Jan, 99 

Certification orfuJl, working DAQ system July, 99 
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-:- soc I SSCL Physics R .... rch Division 

Calorimeter Configurations 

Model A ModeIB R.."trent 

Endcap EM 

Longitudinal sags. 2 2 2 
Xverseseg. .05 .05 .OS 
Pb thickness (mm) 6.3 8 6.3 
Sclnt. thlckne .. (mm) 4 4 4 

absorber layers 18 15 18 
XO 21 21 21 

Endcap HAD 1 

Xver .. seg. .05 .1 .05 

abs.thlc~_) 51 F. 31.S Pb 51 Fe 
Klnt. thicknMI <-) 2.5 2.5 2.5 
absorber layers 21 24 21 

A 6.4 4.4 6.4 

511/14/91 

At, 

< <: ,-.' SDC I SSCL Physics R .... rch Division 
,~ \ '1 , 
~' ,)} 

.I-" ~:. ,:' ;,:/ Calorimeter Configurations 
,; ;" , 1',1 

',I " Model A Model B Reentrant 

Endcap Had2 

xversesag. 
abs. thlckness(mm) 
scinto thickness 
abs.layers 

A 

total depth 
barrel 

resolution (e,lt) 
stochastic 
constant 

611/14/91 

.1 
102 Fe 
2.5 
7 
4.3 

111.. 

.1 
102 Fe 
2.5 
10 
6.1 

111.. 

.1 
102 Fe 
2.5 

7 
4.3 

m. 

-= ... 
'" Jls c.,r: 

Jls 

KSOC' ssc~ Physics ..... :--DI~ 
,~ ;,' '~,'), t CaloTlmeter ConfIgurations 

• '1~, ~:.:.;', / 

',,/J: Model A Model B Reentrant 

Total Depth eta=O 91.. 9A 9A 
Total Depth eta=3 II A II A >11 A 

Barrel EM 

Longitudinal segs. 1 1 1 
Xverse seg. .05 .05 .05 
Pb thickness (mm) 3.2 4 3.2 
Sclnt. thickness (mm) 4 4 4 
absorber layers 36 29 36 

XO 21 21 21 

Barrel HAD 1 

Xverseseg. .05 .1 .05 
abs. thlckn ... (mm) 25.4 Fe 21 Pb 25.4 Fe 
sclnt. thlckne .. (mm) 2.5 2.5 2.5 
absorber layers 32 24 32 

A 4.8 3 4.8 

311/14/91 jls 
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Calorimeter Configurations 

MqdelA ModeIB AMntrInt 
Barrel Had2 

Xverse sag. .1 .1 .1 
abs. thlckness(mm) 

lIFe 
51 Fe 51 Fe 

sclnl. thickness 2.5 2.5 
abs.layers 1 ' 18 12 

A 3.6 5.5 3.6 

total depth 91.. 91 91 
barrel 

resolution <.,It) 
stochastic 
constant 

411/14/91 Jls 
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.I;': ,./l Absotbe, Configuration ;ssues 
'" / . ,',I 

"-./ ' 

Main Issues: 
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Had Resolution. Constanllerm 

Energy Scale Error 

Cost 

CoiIlorces 
FI4IId Uniformity 
TfIICkIf Volume 
~suppor\I 

AocMa and Supporll 

Integr8lion 1_ 

Impact of Ltultiple Scattering on L 1 muon trigger 

Technical Risk 
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Summary of Single Particle Response 

<--------~---------> 
case eIh Q,:tJ c;ali2 30Q GeV calib 

A8arreI I 1.57 0.66 0.054 0.73 0.060 

B Barrel 
\ 

1.17 0.55 0.042 0.58 0.051 

BHomo. I 1.08 I 0.65 0.000 

AEndcap/ 1.47 0.83 0.051 0.83 0.074 

B Endcap / 1.12 0.79 0.049 0.80 0.052 

Barrel e- resolution 0.115/...JE + 0.003 

Cases Studied -- Barrel 0193 

In addition to models A and B calibrated 
via e/h or at 300 GeV, simulate other 
cases for comparison: 

• linear model B: 
O"eIE = 0.571...JE ~ 0.042 (1t-) 

• good resolution: 
CJelE = O.4ONE ~ 0.030 (1t-) 

• very good resolution: 
<WE = O.4ONE (1t-) 

All of these have e- resolution of 0.115/...JE 
and have < Et-meas/Et-true> = 1. 

Jet Response 

Single particle response (ErneaslEtrue, 
sigma_ElE) parameterized as a function 

. of energy. 

• Isajet twojet events, various Et ranges, 
letal<1.2 for barrel studies. 

• fixed cone (R=0.7) cluster algorithm. 
Seed = highest Et track in jet. Iterate to 
find stable centroid. (Perfect resolution 
for everything but neutrinos and muons). 

• same cone used for all calorimeter 
cases. 

Cator ilneterr espullse to-a-jetis' thErstlt'll"Of' 
the responses to the single particles in the 
cone: 

Sl~ ec.' .f. e=..:.... ; ~LlJW\ OueJ'- ""~ - 11,1'" 
••• I"' COile. 

0192 

E.~~ -kv. • r ~ .. -, > + x {!is. )1 ; x ~ 6.ot..u;"'" 
l "c._ \E& !.I r-o.f\J. n('!M 

0194 
I nterpretatjoo 

Understand jet resolution by studying: 
• compositeness . 
• dijet mass resolution (Z') 
• H--> jet jet e+e-
• missing-Et 
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Compositeness 

• Linearity (after correction) most 
important. 

- determine using single particle test 
beam data + Me jets (need to know 
fragmentation functions and be able to 
extrapolate single particle response) 

- use gamma-jet events? 

Bigger correction ==> bigger error (?) 

• non-Gaussian tails must be small and 
understood. 
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Oijet Mass Resolution 

• Use Isajet Orell-Yan events to make 
heavy vector boson of fixed mass. 

Mass of two-jet event: 

i = 

ll19G 

0198 

-... A 
• Pjet = L Ei ni, cones defined above. (use 
true particle direction or nearest .05 bin 
center). 

• event mass is the mass of the 4-vector 
sum of the two jets. 

• excludes pileup, combinatorics and 
leakage . 

• inctudes calorimeter resolution, 
under1ying event, tragrnentation 
fluctuatk>nS, gIuon radtaflOO and 
neutrinos. 
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Recommendation 

The Calorimeter group recommends adoption of .n Iron 

hadronic calorimeter In both the b.rrel .nd endc.p . 

• physics performance of lead and iron comp.rable 

• le.d version cost + 8 M$ 

• r .... ntr.nt version h.s .ddltlonal br .. ks In the 
EM coverage 

A new con .. nsus baseline (14-Nov resolution) h.s 
been adopted 

711/14/91 

CALORIMETER COST COMPARISON 

LEAD VS. STEEL IN HACl 

jls 

Baseline Cost (Descope 20) Has Lead In HACl of Barrel and End Cap 

Replacing Lead with Steel In Barrel and End Cap Saves 7.9 M', Relative 
to Descope 20 

Replacing Lead WIth Steel In End Cap Only Saves 2.8 M' 

Contingencies Included In Thes.Cost Comp"sons 

C 
r:> 

Ykwo • .,.1 .w. 
n.lUI 
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CALORIMETER COST COMPARISON 

LEAD VS. STEEl IN HACl 

Total Cost Delta In Fayor of Steel 

Delta Caused Directly by Absorber Material 

Delta Caused by TIe Count 
t:. TIe Count = 5~.964 
132.72 Per TIe 

7.9 M, 

5.B M, 

1.9 M, 

Delta in Support System and Weight Bearing T ooIng 0.2 M, 
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Barrel EM 

Longitudinal segs. 
Xverse seg. 
Pb thickness (mm) 
Scinl. thickness (mm) 
absorber layers 

XO (inc. coil) 

Barrel HAD 1 

Xverse seg. 
abs. thickness (mm) 
scinl. thickness (mm) 
absorber layers 

A 

811/15/91 

14-Nov Consensus Design 

1 
.05 
3.2 
4 
36 
22 (1.1 A) 

.05 
25.4 Fe 
2.5 
32 

4.9 

Barrel Had2 

Xverse seg. 
abs.thickness(mm) 
scinto thickness 
abs.layers 

A 

total depth 
barrel 

resolution (e,n) 
stochastic 
constant 

A. ". > ).-.. SOC I SSeL Physics ..... "'" DIv~.Io" 
• J- - W'';'.;, l 14-Nov Consensus DesIgn 

/'( I .'.1 

EndcapEM 

Longitudinal segs. 
Xverse seg. 
Pb thickness (mm) 
Scint. thickness (mm) 
absorber layers 

XO 

EndcapHAD 1 

Xverseseg. 
abs. thickness (mm) 
sclnt. thlckn ... (mm) 
absorber layers 

A 

911/15/91 

2 
. 05 
6.3 
4 
22 
25(.91..) 

.05 
51 Fe 
2.5 
21 
6.4 

EndcapHad2 

XVerse seg . 
abs. thlckness(mm) 
scinl. thickness 
abs.layers 

A 

total depth 
ba"el 

.1 
51 Fe 
2.5 
13 
4.0 

101.. 

(12%,50%) 
(1%, 4%) 

.1 
102 Fe 
2.5 
8 
4.9 
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Report from Tracking Evaluation Committee 

T. Kondo(KEK) 



0:23 ; Schedule of SOC Tracking Group 
version 9 

NOV.12 
9:00-18:30 
20:00 

Cost and schedule (chaired by D.Etherton)} (J)~ 
Tracking Evaluation Commllttee (closed) 

NOV.13' Conceptual Design Report 
14:00-14:40 A.Selnn Silicon tracker } 
14:40-15:20 H.Ogren Modular straw tracker "OR 
15:50-16:30 D.Kollick Fiber tracker l. 
16:30-17:10 S.Reucroft Straw-fiber tracker 
17:10-17:50 A.SIII Gas mlcrostrlp tracker 

Nov.14 Pattern Recognition Report 
8:30-9:00 M.Corden SI + Straw-fiber 
9:00-9:30 B.Hubbard SI + outer (all straw) 
9:30-10:00 F.Luehrlng SI + all straw 
10:30-11:00 D.Adams SI + all fiber 
11 :00-11 :30 H.llok SI + outer (all straw) 
11 :30-12:00 T.Thurston Integration comparison of 

fI ber and straws 
13:30-14:30 D.Ethar1on Review of cost & schedule 

H.H.Wllllams Front end electronics 
W.Ford Tracking Requirements 

14:30-16:30 Questions and Answers to each CDR 
1. Modular straw tracker' 
2. Straw-fiber tracker 
3. Fiber tracker 

17:00-0:00 Tracking Evaluation Commiittee (closed) 

Nov.1S 
9:00-19:00 Tracking Evaluation Commiittee (Closed) 

0235 ,. e 
'"~ 

, .. 
e .. .. , .. 
"-

i II e 

lOGtV 

-
, .. so~v 

II 

~- .! •.• 

, impact parameter (em) 

Fil. $. Ina,., pVUMIer dilU1b"liou for ,- (era.-) and p.- (hil&opUNI) IInlle 
tndl ..,... pMno&ed (rom • = 0 1M IlxecI p. ud ".dorml,. iD " OWl' the rup 
1'Jt < 2.5. Imp.c. par&llMW1' detnmlDed (rom .h •• ilicoa. .,.&.em a1oa.e lar PJ. = 5. 10 
...c SO GeVlc uaw [.)-c). fftpeottlniy] and (or .he eombined IIlicOD and au._ lube 
....... {d)-O) 

.. 

O~3~ SDC-9L-[)) 

Silicon Tracking 
Conceptual Design Report 

1991 

DRAFT 

R o.c! I ~t 1M. S'\h cts C1'I\ <;" ~ 
tl1el.\Tt'O\1 ) 

I) .. 1-. IT]''''V 
a •• .... 

'" '" '" 

u23() 

Fill_ 21. Be~ Ip«uum (rom nradlaud dIode. a) 'h,enee = 1.7 1011 n/cm' b) IIl1cnce 
= 0.0 IOU niemi, 



I" 

" I.U", AX,J' 
1.~'1 +3· 
/.~; A'IIA 
,.?7 -3-
~·?I AX/~ 

I."" 
.-

L 

S,' COR. 

FiC· 30. Coaccptua.! layout 01 • cln«w mod ... 

FI,. 31. era. Ri:tion throUlh a detfttof module. 

0239 

# of 51 '('()JJ)S ~ 130 K 

~. , 
~ 

~!I I I I I I 111I1liiiiiII1I11 I I I I I 
I 1 

I I I I I I I I IIIU!!!!!UIII I I I I I I I I 

Ii ... 410", ~ , 
L. 100 em 

f--/ 

Fi,. n~ A side vie_ of Ihe proposed nc:lcinl syslCIIl desip. 1be ficure shows the 

beam pipe ..... cIacopod siIk:oa cnclter •• liv. supai.,.. ...... lUbe .ys, ..... and the --

.stt.l colt @ . 
0238 

SOC 

1UHEE·91·IO 
SDC·91·00 I2S 

November 7. 1991 

MODULAR STRAW 

OtrJ'ER TRACKING SYSTEM 

CONCEPTUAL DESIGN REPORT 

B. -. D. A_. B. Cor\iJI, F. Ells, E. EnIao, W. T. -. D._ 
M. Lo/IMr. P. RaAfdD. O. ScbuIlz II1II J. O. ~ 

Ual,""'ll Or Colon ... 

It. _.0. I-. F. ~tla~~~D. R. R ... 1liiiE. W ..... 

Y.Ani 
KEK 

J. W. CIa ....... A. Duaa II1II J. "'­
Ual''''''ll or M .... I ... 

J. MayUII, T. R)ID lad J. s_ 
Oak ...... NMIouI LUonIOrJ 

H. M. N--. It. VIllIIcrIIIIII H. H. Wdliams 
UaI,""'ll or ,_" .. ala 

R.LS_IadD.T.~ 
Wtttin""","" ScIence and TecII......, Coaler 

DRAFT 



7:bJ.,,'Q '/ (UJ jrQ) 

'1 

. --1)c)'S;i ; .... -/1,.. 
I 

-:-, ..... -..-
~ u-(-./ .... ) 

'( 

.,~ .... ~I-., 

..J~J.II,,JNlll.lww.\~'N:MJ~~'MI'w\\t.:.!. flO ~ r···1 

.•• ,." ~"""'-"'-..-...,..........,.-"--"'--'--r-"'--,-J. . " ~ " " - ~ ---- ~ 
st~- #' 

Fil· IV .5. lbe _ 01 die __ close I*i<ed fit in • posidGa (0) ...s y position 

(b)(o<lnl..,.. trapezoid. 

WESTlNGIQJS£ STC 

5 hi Itt R,'"J 

164 

, 112H 

14;~~:;f~ 
,~./ 

WES~ STC 

Fi,. VI.n. Detail of the SlCnlO and axial shim rings. 

160 



x: 

.... ..... 

,,-). 

l1 
.... __ ..... _ .. "... P>IIRIle:k. ~r."'l!!! 
.... ~,. ............. '1""" ... l'Nh~.,:T'\r.:. '"'1 ~.'. 11-
' ....... ,.....DII /f."I,;,.r' Ft: "'#;'(lS 

SCINTILLADNG FlIER CENIBAL TRACKER 

chl/n"~(' , 
CO f 
1<) , 

"'" n 
-~ B ... , 

:.... ® 
Fi_lI,.. 1 A-I ,4,....."'",.,,1"1" in .t.. Ii ..... _ .... - .. - ......... _ ••• ,~ .... -- _ ....... ~--

Av. p e. for 4 diflert!lll posilions of lrigge,' 

;- I ·~'--I-T-·I 1 1-' -,-~----r----T' 

,~u • 10- OCT- 91 /2./1:51 

IO.I~ "~~._ 
~ 

Triggered by Isl & 4lh Layers 

wilh single p.e ~171- -~ 
~ 

.... ~,' ," 

-ill 5 ,--

3 
o 

..c: 
IL 
IV 
: :1' .. 
IV 

~ 
2'-

Av p.e in Layer 2 U 
Av p.e in Layer 3 

l0-
t '_;_.1_1._,--_; '-_I 1_1_1 L...L'..J.I--,--,L.. 

~) 6 'I 
Dislance (Ill) from VLPC : , viliYY'/)Y' 

~ I i" 
IA. t:= I 

~tintil~ {i~ 

f 
I\:) _ 

CO --1 t, ~ 

~ 

• .. 

~ 
;S 

I 
1 
i(/\ i :-'} t 
. i.'::)-------, n 

~r; 

(, 

l.' 

r P 
.~ 
~~ - " ;:1' 

a 

l 
ii ! 
rij ,I! 

- ~"'i d~ 

~ Ir ~ii 
~ 
r: 
~ 

'.1 B 

UiIUJ~U!lu ~ 

...... 
:.1: 

@ 

h if~ ~~UI~!t:l i 
41 I ii.d q ~~dt!mi!ih! ~ j 

!t.(UdiUjlJlr f!lUtrliulUt j i i 
tiilq(U[iii(tU 1IflfilMItliI ~ r t 

r . "i.rl~rcHip{~~ r 

t ll[{Unmilt ~ ~ 
i;i~· .... 1".D 

® 



CALORIMETRY 

(PARTIAL) 

THURSDAY, NOVEMBER 14 

Report of the Committee on Absorber 
Configuration 

Preliminsxy Results from H~uging File 
Calorimeter 

Single Particle Calorimeter Simulations 

e/h Simulation 

Single Particle and Jet Response of Several 
Calorimeter Models 

Analytic Characterization of a Two 
Compartment Calorimeter 

Impact oftbe Hadron Calorimeter Absorber 
Choice on the So1enoid 

Calorimeter Cost Comparison 
Lead vs. Steel in HACI 

FRIDAY, NOVEMBER 15 

Jet Tagging 

Implications of Missing Et on FCAL 
Specifications 

SDC Forward Calorimetry 

Impact of EM Calorimeter Thickness 
on Resolution 

J. Siegrist(SSCL) 

A. Byon-Wagner«FNAL) 

L Price(ANL) 

D. Green(FNAL) 

C. Hearty(LBL) 

D. Groom(LBL) 

R. Kepbart«FNAL) 

D. Scherbarth 
(Westinghouse) 

K. Einsweiler(LBL) 

M. Barnett(LBL) 

W. Frisken(LBIJYork) 

C. Hearty(LBL) 

LPBautz:I2111191 
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4) Provide the integrated mechanical 
design of the Packaging for the 
electronics and cabling. 

Pika; 

1) ::u;e~~:,~e 
approp~applicatioo, 
including dark current, pulse rate, 
noise, speed, etc ... , using SDC type 
electronics. 

2) Demonstrate fibers with VLPC's in 
a large scale test. 

3) Demonstrate that the fibers have 
sufficient radiation hardness. 

4) Demonstrate the liglU~JIection 
~n scintillating 
.fiber/clear fibers with two optical 
.eoqpI.ers in series using fibers 
properly chosen to match actual 
e!!IJw:wlJed.lengths. 

10 
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6) UnderstanJa'f the capabilities of 
the system as the luminOldty rUes 
beyond the ...... lyminositv of 
IOU Pit $9 l~e.g. patte"! 
recogmUcm. er, and radiation 
damage issues). 

0294 

Common Issues for Straws or Fibers; 

1) Provide a table of parametric 
resolutio .... 

2) Provide simulations of efficiencies 
and resolutious using practical and 
realistic pattern recognition 
programs. 

8) Understand the trigger 
performance in the region 1.6 < n. 

4) Provide a method to reduce the L1 
fake rate that does not -
significantly impact the overall 
efficiency. 

6) Address performance of the system 
-..ben used for nttern recopition 
in the absence of the silicon 
f'D'-m o 

11 
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Near Future Schedule 

• Engineering review meeting on modular 
straw design 

December 4 (tentative) 
organizer: WoMiUer, H.Frisch 

• Pisa Meeting 

o CDR presentation of gas microstrip 
intermediate tracker 

o alternative proposals for intermediate 
tracker 

o high luminosity performance of silicon 
and straw systems 

o simulation reports 
o tracking requirements summary 
. discussion on 11 division between barrel 

and intermediate trackers 

• ",." CDR deadline: January 20. 1992 

• Tracldnc committee meeting 

o lip,) RlOOmmendatiop on the baseline 
..... "'Teehnieal Proposal 

o-tJ Days D die .. ..u-A.!!!%.!7J!!.. 
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Recommendation m 
The committee was impressed by 

the great deal of effort and the rapid 
progress of the fiber tracker design.. 
,,'l'his IP'OUPJaas,cone a l~way 
towards deveJopiDg a tracking 
concept capable of meeting the 
physics and technical requirements 
est;:!bllshed by the collaboration for 
the outer tracker. This desi@ has a 
number of unique capabilities and 
should be pursued. The fiber system 
has also great potential and looks 
very promising for possible high 
luminosity designs. 

Nevertheless the committee felt 
that the fiber tracker uses some new 
ailC1 presently ria technologies that 
mlM be te un e tood before the 
deslgn could be considere 
~e. The committee felt that 
sigrdficaatJy more may be known with 
:r9lril ., its &.sibility as a result of 
,cOl! 'iiM paII.BAD. DIe .... p report 
laCkeil.idfuf jiujliMl'iil* !IliiiDber of 

0291 
2) The committee focused much 

attention on the relatively new 
VLPC technology. These devices 
are not widely available and not 
Ad\incharacterized. This 
tee ology will remain 
"Dacceptably risky until such time 
as a broader effort in the use of 
the VLPC's u undertaken. VLPC's 
should be made available to all 
collaborators willing to test them.. 
These issues can be settled by the 
ongoing R&D. The committee 
~ressed concern whether this 
~D could be satisfactori1~ 
'~~pleted wiiliina-reasonable. 
period. 

0290 

key areas (discussed below) and did 
not yet give a credible demonstration 
that the technical goals could be 
satisfied. 

1) The pJindpal CODeeI'll 01 die 
committee was the lack of 
robustness in the pattern 
recognition due to the limited 
number of superlayers .. The 
arrangement of fibers has the 
limitation of providing only two 
spa~e points and three inxy. 
Adding more fibers would increase 
the cost and add unacceptably to 
~he trac~ng volume material. The 
information content of the fiber 
superlayers (pointsl is sigDificantly 
less than the information content 
of tbe.Aitmw:8U!lerlavers - , ''', " 
MMmel1ts). The capability of the 
~ 18 a fundamental issue that 
1Il'CWt be resolveCL 

, 0292 ® 
Recommendation IV 

In addj.tj.oD to previous 
recommendations the following issues 
must be acIequa!eIy ~ If 
answers eannot be provided. by the 
next review a timetable should be 
produced. 

Straws: 

1) Demonstrate a four meter straw 
with the prototype readout at. 
radiation levels (e.g. rate and 

current draw) corresponding to 
sse operation. 

2) Demonstrate a four meter module 
loaded with straws and read out. 

3) Demonstrate electronics 
~ustness to noise and oscillation_ 
at operating conditions in a targe 
scale test. 
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. Becommerulatton I 

The present ba'anee as des,:ribed in 
the draft CDR's between the Inner 
silicon and the outer barrel trackers 
is ap@roximatelv correct and the 
com mea desooped system impears to 
1m margipally mfticient. to meet the 
SDC tracking requirements. 
Additional simulations of the 
combined system are needed to 
establish the performance and to 
finalize the exact tracker structure. 

l 0287 

3) The Committee would like to see 
an aII-straw de.sign for the 
Technical Proposal with robust 
capabilltiiN in the following areas: 

a) Good~ ~~tion a:! etticie 7; to e sill ii 
system to exploit fully the large 
magnetic volume for 
measurements of momentum 
and position. 

b) A Ll triPner that uses more 
than a s gle axi81 superlayer 
and is both highly efficient and 
has good fake rejection. 

~) Measurements of the Z 
coordinate and polar angles 
that are well matched to the 
requirements of extrapolation 
to the outer detectors. 

d) The understanding of the 
swpabiJjljes of the system, e.g. 
tpUtteHt d • ......,.it;lo~ trigger, and 
I a:lIiafita.. ge., .. the 

0286 (i) 

B099'PWDd,ti9ll U 

1) The Committee was impressed by 
both straw designs. The two 
designs have different strengths. 
However, theCommitteehelieves 
that the number of layers, the 
number of strawsllayer, the radial 
distribution of layers, and the 
stereo configuration are not yet 
optimum in either design. 

2) The Committee saw no strong 
jp.stificatjon for the inclusion of 
fiber layers in a predominantly 
straw desigqf 'We"believe the Z 
-!ileUurement requirements can be 
met tty an all-straw design avoiding 
ihe -OOmplexi.ty of another readout 
tel:!lmdIocy. 

0288 

luminosity rises beyond the 
design.luminosity of 1033 up to 
1084, 

4) On the mechanical design, the 
Committee aotes: 

a) A modular aPOft)&w mpyides. 
credible way to make stereo 
straws. 

b) Any credible design must 
address the issue of ;replacing 
the inner l~rs fQr higher 
luminosity operation. 
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The Immed;'te Goal 
(Hov.12,1991) 

Among the issues to be considered, 

1. relative balance between inner and 
outer trackers 

2. selection of options for outer tracker 

3. relattYe bII'-'ce between outer and 
intermediate trackers 

4. selection of technology for intermediate 
tracker 

committee has made recommendations on 
., .. d#2. 

ACCESS / INYCtrRIlTiON To TIt.'" ?~ 
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SDC Tracker Preliminary Cost/Schedule 
Review Meeting 

• Nov.12, 1991, D.Etherton 

4-2 
Silicon tracker $I&;2I1II. (mistaken) 

Fiber Intermediate $13.6M 

Gas Microstrip $21.7M 

Modular Straw $49.8M [~ 

Fiber $50.3M [-$55M] -
Straw· Fiber $45.1M [-$52M] 

( ) _ adjusted by DEtherton's prediction 

.~usion: 

DO clear winner for the barTel outer tracker 

RECOMMENDATIONS 

by 

TRACKING EVALUATION 
COMMITrEE 

November 15, 1991 
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Charge of Committee 

• ;ErM£;;lc1i:lr£fsf~,~:dSOC 
If at all pas"', .-c:t a -.gle, baseline 
configuration. 

• If options are necessary, the recommendation 
shall include a schedule and description of the 
criteria for selection subsequent to submitting 
the Technical Proposal. 

Evaluate the draft CORs 

• Recommend bv Nov.17 tbe minimal number of 

0277 

options to be documented and revjewdbv <Ill-
Fe6.1,1992. ~ 

• Recommend the relative balance among the 
silicon, barrel, and Intennediate tracker. 

• Preliminary recommendation by Nov.17 
Final recommendation by Feb.1,l992. 
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Tracking Evaluation Committee 
members: M.Edwards/J.Oainton 

J.EUaa 
W.Ford 
H.FttKtI (v~ chairperson) 
A..GoIMw 
G.Hanson 

(. R.Hollebeek ) 
T.Kondo (chairperson) 

(
M.Levi (vice chairperson) 
H.Lynct.)} 
G.Oakham 
R.Ruchti 
A.Seiden 

(v.Unno ) 
A.Weinstein 

consultants; 

engineering: W.Miller 
R.Swensrud 
D.Vandergrlff 
M.Harris/T. Thurston 

coat/schedule: D.Etherton 
W.Edwards 

".nern recogn: K.O'shaughnessy 
M.Corden 
O.Adams 
F.Luehring 

G.'frilling, M.Gilchriese 
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OCCUPANCY 
Number ofhitslevent/plane. -150 0270 

'Event' means the composite consisting of 6 --+ 
bunch'crossings worth of minimum bias events 
+ 1 Higgs event 

Mean number of hits I plane lbunch-<:r08lling: 
-20 

Maximum -33 

Define occupancy as: # hitslplane(ring)lc:rossing 
# jlStripS/plane(ring) 

Ring Mean Max 
occupancy(%) occupanc:y(% ) 

1 .047 .078 

2 .035 .009 

3 .02 .036-

4 .018 .031 

5 .014 .023 

Mean .029 .049 

Low occupancy ~ low probability of'masAing' 
of hits by events from other bunch-crossings 
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the Committee 
Configuration 

Report of 
on Absorber 

Recommendation 

The commiuee recommends Ih:u the badronic calorimeter absorber 
be iron. and that the endcap nol be reentrant. The basis tor mis 
decision is: 

the ,wo proposed absorber configurations have comparable 
physics capabilities and salisify the SDC requirements. 

the lead absorber configuration cost is approximalely S8M greater 
than the iron configuration. 

0300 

Report of the Committee the reenIFant geometry has addition breaks in the EM calorimetry. 

on Absorber Configuration 

,fliP ... ..:! 01\ L. \\ (JIOnmeler 

CO~( Jnd engineering 

These Issues arC briefly discussed below: addilional Information is 
contained in the attached nmes. The report concludes by outlining 
Ihe consensus design. 

2. Physics Performance 

The response of the tWo configurations to electrons and pions has 
been studIed In the hanging file testbeam calorimeter and with 
CAL<?R89: Monte Carlo methods have been used to study the 
resulting Jet and mass resolutions and linearity. Conclusions are: 

• model.~ requires a larger correction to achieve linearity and is 
more sensltl\'e to the relative weighting of the EM and hadronic 
compartments. 

• model B is not an optimal design for a lead absorber calorimeter 
due to cost constrainls. 

• either calorimeter will require ex.tensi\,e test beam calibration 10 

the highest available energy and in situ study. 

• t~c ~ormance of models A and B is t.!omparable in single 
partICle. Je· and mass resolulion and both utisfy the SDC 
requirements. 

no physics processes ha\le been identified th.:u require Ocller 
pe~ormance. . The possibility thai new phYSics will place more 
stnngenl requrrements on Ihe calorimelcr is a 1echnical risk. 

3. Impact on EM Calorimeter 

Model C has a break: in the EM calorimeter not present m ei ther of 
models A or B. Although detailed studies of the impact of this break 

0301 

1. Description of options 

Elevation views of the configurations that have been considered are 
shown in fig. I (model A. iron HACI). fig. 2 (model B. lead HACI). 
and fig. 3 (model C. iron HACl ... j,h ree.rrant endcap). The 
calorimeter parameters are summarized in table 1. Models A and B 
have the same EM compartments but differ in the absorber used in 
HACI and in 'he HACI rhickness. The HAO uni, cell is ,be ume in 
both cases, but the number of ceUt is Jeleeted to give • total" 
thickness of nine interaction lengths in die barrel and eleven in the 
endeap. 

The reentrant endcap design places the iron of Ihe hadronic 
calorimeter within the curren. sheet. thereby terminating the 
solenoidal field. This version has a different geometry than model A. 
bUJ the response is expected differ from Ibis option only ncar 
eta=J.6. The physics analyses have. thereforc. concentrated on 
models A and B only. 

Issues that bave bcen considered include: 

performancc (hadron. jet and mass resolution and linearity) 

are ~1I11 under ..... a.y. the concluslOll of the cJlorlm~lo!r ;roup is thal 
such discontinuities are undesirable and are likely to lead to a loss of 
fiducial volume. 

4. Impact on Other Systems 

muon 

Lead produces more multiple scattering per interaction length than 
iron. The momentum resolution for muons at the level one uigger is, 
therefore, slightly worse for model B and results in an increase in the 
level one trigger rate. The rate is less than S khz for either 
configuration for a 20 £leV pt threshold --- an acceptable level. 

As indicated in fig. 5, the reentrant endcap requjres the muon steel 
10 be 1.2 m longer to allow the endcap to be retracted enough for 
access to the tracking detectors. 

,racking 

The field uniformity is noticably better with the reentrant endcap 
than for either other case; the field at me end of the tracking 
\'olume is within O.1T of the nominal 2T. compared to 1.3T in model 
A and l.OT in model B. The tracking group has. however. concluded 
Ihat all Ihree cases are acceptable. 

The neutron fiuence in Ihe tracking volume is approximately three 
times higher for the lead HACl. When an endcllp moderator is used. 
'he fluences for model. A and B are 3.10"1\ and IdO"12 
n/cm··2. 

solenoid 

The forces on the solenoid differ substantially between the three 
cases studied. The compressive loads are 308. 1150 and 1700 t. for 
~he. reentrant endcap. model A and model B. The solenoid group has 
indicated that a new aUoy developed for Ihis purpose will enable 
even the largest of these values to be loleraled. The lower values 
represent a larger safely faclor. If necessary. it may be possible to 
increase the safety factor by increasing the conductor thickness or 
reducing the nomin,al fjeld. 
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5. Cost and Engineering 

Both the IrOn and the lead hadronic calorimeters are techntc:ally 
feasible. The lead casting method has a larger technical risk.. which is 

:n:flected '" a luger contingency in the Cost. The COSt of model 8 is 
estimated to be SSM greater than that of model A. Using Lead only 11\ 

the banel HAC I would increase the COSt by SSM. The largest 
contributlon to this difference is fabrication of the absorber. 

The Model B banel calOrimeter is heavier than Model A by 211 
lonnes (10%); each endcap is 136 lannes heavier (19%). The suppon 
Strvelure would reflect this difference. 

Detailed engineering has not been done for Model C, and. therefore, 
no cost estimate difference is available for the calorimeter itself. The 
increased length of the muon steel is estimated to COst Sl.5M--S2.0M. 

6. Consensus Design 

The calorimeter group hal reached a consensus On the destgn 
summar;zed in Table 2. The design is similar to that of model A, 
with the calorimeter thickness increased from nine to ten interacdon 
lengths al ela=O. The reduction tn leakage Simplifies the calibration 
and weighting of the hadronic calOrimeter, which tS likety to be 
complex. The thicker calorimeter will have bener effiCiency for high 
HI jet eo: ...... dIle 10. ""'"' COIIIpIeteccnlai __ . The COSt increase is. 
estimated 10 be less than SlM. 

Other parameters that are still under study include the endcap EM 
configuration, whtch is different for models A and B; the oplimal 
lOCation for the HACl/HACZ boundary; and the transverse 
segmentation of the HACl companment 
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Calorimeter Configurations 

IIodeIA Model B ReenlNnt 
EndcapEM 

Longitudinal eeg •. 2 2 2 
Xversesag. .05 .os .05 
Pb thickness (mm) 6.3 8 L3 
Sclnt. thickness (mm) 4 4 4 
abSOrber layers 18 15 18 XO 21 21 Z1 

EndcapHAD 1 

Xverae eeg. .05 .1 .05 aba. thickness (mm) 51 Fe 31.5Pb 51'Fe sclnt. thickness (mm) 2.5 2.5 2.5 absorber aay.rs 21 24 21 
i.. 6.4 4.4 1.4 

511113191 

Calotl".,.,. Conflgul'lltlona 

Model A Modal 8 fIMnINnt 

EndcapHed2 

xv ..... aeg. .1 .1 .1 
aba. thlckness(mm) 1Q2Fe 1Q2Fe 102,. 
sclnt. thlckneas 2.5 2.5 2.5 
aba.layers 7 10 7 

i.. 4.3 6.1 4.3 

total depth HA. llA. 1IA. 
barNl 

resolution (e,Jl') 
Slochaatlc 
conatant 

611/13191 
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Calorimeter Configurations 

Model A ModeIB RMnnnt 
Total Depth eta--o H. 9A. 91. 
Total Depth eta::3 11i.. 11 A. >11 A. 
Barrel EM 

Longitudinal sags. 1 1 1 
Xverse sag. .05 .os .05 
Pb thickness (mm) 3.2 4 3.2 
Sclnt. thickness (mm) 4 4 4 
absorber layers 36 29 36 

XO 21 21 21 
Barrel HAD 1 

Xverseaeg. .05 .1 .os abs. thickness (mm) 25.4 Fe 21Pb 25AFe scinto thickness (mm) 2.5 2.5 2.5 absorber layers 32 24 32 
i.. 4.8 3 4.8 

e 
3..,,13191 w 

JI8 ::; 

-:-SOC ISSCL ....,.. a •••• rctI DIVIIIon 

Calorimeter Conflguratlo". 

Model A ModeIB Reentrant 

BlI'rrelHad2 

Xversesag. .1 .1 .1 
abs. thlclmess(mm) 51 Fe 51 Fe 51 Fe 
sclnt.thlc~ 2.5 2.5 2.5 
abs.layers 12 18 12 

A. 3.6 5.5 3.6 

total depth 9A. 9A. 91. 
barrel 

resolution (e,Jt) 
stochastic 
constant 
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Barrel EM 

Longitudinal segs. 
Xverse seg. 
Pb thickness (mm) 
Scint. thickness (mm) 
absorber layers 

XO (inc. coil) 

Barrel HAD 1 

Xverse seg. 
abs. thickness (mill) 
scint. thickness (mm) 
absorber layers 

A 

811/1S/91 

1 
.OS 
3.2 
4 
36 
22(1.1 A) 

.OS 
2S.4 Fe 
2.S 
32 

4.9 

Barrel Had2 

Xverse seg. 
abs. thickness(mm) 
sclnt. thickness 
abs. layers 

A 

total depth 
barrel 

resolution (e,1t) 
stochastic 
constant 

.1 
S1 Fe 
2.S 
13 
4.0 

lOA 

(12"k, 5O%) 
(1% I 4%) 

'<~ ,,' -:-- SPC 1 SSCL Physics Research Division 
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Endcap EM 

Longitudinal segs. 
Xverse seg. 
Pb thickness (mill) 
Scint. thickness (mm) 
absorber layers . 

XO 

Endcap HAD 1 

Xverse seg. 
abs. thickness (111m) 
scint. thickness (mm) 
absorber layers' 

A . 
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CALOR89 Data 
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For each calorimeter model, Tom Handler 
has generated electron and pion showers 
at six energies: 1, 3, 10, 30, 100 and 300 
GeV. 

100 showers of each type at each energy. 

• Integration time = 16ns 
• Birk's constant = fJiIIt O·CJ::' ~ 

(e/pi depends on these and on 
absorber/scint ratio and on calorimeter 
thickness) 

These data are used to derive single 
particle responses of various cases. 
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Single Particle Response 

Goal is to find a set of weights for each 
case: 

Emeas = WrrYJErrYJ + WEME-em·+ Wn1Etll + 
Wh2Eh2 

where Ei is the energy deposited in the 
scintillator in that section. 

The weights are independent of particle 
type and energy. 

Linearity and resolution depend on the 
weights. 

Test Case: Homogeneous Model B 

Divide 81 layers into 3 sections: 

EM, HAC1, HAC2 

Code gives weights (eth method): 

89.2 91.5 92.4 (expect same value for 
all sections) 

• eth = 1.08 

• crElE = (0.37 ± 0.01 )/...JE (e-) 

= (0.65 ± 0.02)1...JE (x-) 

(no constant term) 
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Method Used to find Weights 

, go~1 is a~hieve linearity, rather than best 
possible Single oarticle resolution 
(linearity ==> better jet resolution). 

) ·~fiG and EM weights selected to give 
best e- linearity ~1 0 GeV 

• ratio .Wh2fWhl selected to give best 
resolution for 300 GeV pions. (Le., make 
Hac2 look like Hac1). 

o two different values found for Whl : 

- fit measured e/x for E~ 10 GeV to 
extract e/h and Wh 1 (use Groom's 
formula for e/x vs E). 

- Select Whl to give e/1t=1 at 300 GeV 
(using all pions) 

N 
o .... 

~-l~~~~~~~~~~~~~ 
a ~ ro ~ 

000 

0414 

0416 



• 

Linearity AMBB pi, 23.5 9.6 90.6 

II I 

1.0 r---- - - - - -

0.9 r-

0.8 r-

/ J 0.7 0 
10 1 10 

Energy 

1\ ...... 
...... 
"'" 

166 

I 

I 
102 

- - -

-

-

z 

OJ 

'0 

'" ... 
'" ::l 
0' 
Ul 

r:: 
0 :;:; 
::l a 
'" '" 0:: 

0 
~ 
I\:l 
0 

E/pi vs E, AMDB, O. 89.2 89.2 89.2 
1.4 ~ I I 

1.3 r- -

1.2 r-

1.1 r--- j -

-

1.0 t- - - - L - - - - -
-/ I J 

Energy 

SigmaE/E **2 vs liE, pi - AMDB fixed wt 

I I I 
/ 

///1// 
/ 

-
0.15 r-

/ 
/ 

/ -
0.10 r- / 

/ 
/ 

/ 
/ 

/ 
/ -

0.05 r- / 
/ 

/ 
/ 

/ 
( 

! I I / 

0.00 i.::' 
0.2 0.3 0.4 

0 0.1 
liE (GeV- t) 

0 
~ .... 
Q) 



Linearity AMBBy pi, 25.3 9.59 98.1 179 

1.0 

0.9 -

0.8 '-

II 
0.7 0 

10 

I 

I 

Energy 

E/pi vs E, AMBBy, 22.3 9.59 98.1 179 

1.3 

1.2 

I 

I 

1.1 ,,07'- o~~ 

1.0 

Energy 

- - t-

-

-

"0 

'" ... 
" ;l 
cr' 

Ul 

I': 
.£ :; 
'0 
Vl 

'" 0:: 

E/pi vs E, AMBB, 23.5 9.6 90.6 166 

1.3 

1.2 

1.1 

1.0 

Energy 

SigmaE/E **2 vs liE, pi, AMBB 
0.150 

0.125 
/' 

/' 
/' 

0.100 /////1 
0.075 /' 

/' 

/' 
/' 

/' 0.050 /' 
/' 

/' 
/' 

0.025 /' 
/' 

/' 

(" 
/' 

0.000 
0 0.1 0.2 0.3 0.4 

liE (GeV-l) 0 

"'" I\j 
N 



r 
l'J 
0:: 
LJJ 
Z 

300 

W 200 
> 
IJJ 
l'J 
o 
o 
(Y) 

L 100 
w 

4 
AMB6y M!xI~ B ealibl-o.teJ a.t 360 Ge.V 

HAD300GEV ENERGY VS.EM300GEV EI 
UCALLS= 0 0 0 / 0 100 0 / 0 0 0 

D'~~ ~SPO"R. O~ 
Grvl ~ ~A-O co""pOA-MU\.lr 

=> c.c"S~o.J- WrY\ 

.. .... 
t. : .. ' 

+ ••• : 

100 200 300 
HA0300GEV ENERGY 

HEII15: 4a 12NOVgL f; V>e-"?!':J ,'" hodt-on. (., seC.f-rOVl -?> 

Linearity AMAB pi, 12.8. 9.6 68.4 139 
·,e/h " Cal ibr-cii-,OYl 

11 'I 
LO ~ - - - - - -

0.9 ~ 

0.8 -

II 
0.7 0 

10 

1 

Energy 

- - -

-

SigmaE/E **2 vs liE, pi- AMBB all 300GeV Wl 

III 

0.15 I-

/' 

-

0.10 I-
/' -

ID= 

t 300 
4-
< >-
¥l'J 
,=0:: 
~w 
(LZ 
~ w 200 
~ 
-> 
'- w 
Ull'J 
<0 
-0 

~ 100 
~w 
w 

0.05 I-

/' 
/' 

V-

1--+ 
/' 

I 1 
0.00 

0 0.1 0.2 
liE (GeV-1) 

I-lo",~,,~ rno-J.e1 /) 
HA0300GEV ENERGY VS.EM300GEV EI 
#CALLS= 0 0 0 / 0 100 0 / 0 0 0 

.. . ~ 

o.\If."'~~ 
K~p."'S 

tl.9D V 

100 200 300 

HE"15:52 L2NOV~H 

HA0300GEV ENERGY 
E~:) j" l-/oJ...,~;c- sedio.._ 

-

I 
0.3 0.4 



Linearity AMAEy pi, 23.2 9.52 86.7 170 
Co.lt·br-OLT~ d:t 300 G ... V 

lO 

09 

0.8 

0.7 
100 

E/pi vs E, 
1.4 

13 

1.2 

1.1 

1.0 - -

100 

10 1 

Energy 

AMABy, 23.2 9.52 86.7 

- - - -

101 

Energy 

I I". - o. ;<'7) 
l:. 0.'1" 

102 

170 

(11<1<1 -o~ 
EiI

"" 

102 

0 

""' w 
>-

.", 

" ... 
'" ::I 
0' 

(fJ 

<:: 

:3 
::I 
0 
fIl 

" e:: 

0 

""' w 
I\;) 

E/pi vs E, AM,AB, 12.8 9.6 68.4 139 
.. e~ .. co.Lbt-o.i IOn 

1.4 

\.3 

1.2 

1.1 

1.0 - - - - - - - - - - -

100 10 1 102 

Energy 

SigmaE/E **2 vs l/E, pi-, AMAB 
0.150 I I T 

/ 
/ 

0.125 f--
/ 

/ 
/ 

/ 
/ 

0.100 f-- / 
/ 

/ 
/ 

0.075 -
~, 1. >-

/ ( .:s) : £...!.:. • 0<;'1 

/ f. E 
/ 

0.050 - / 
/ 

/ 
/ 

0.025 - / 
,f 

/ 

1-" I I I 
0.000 

0 0.1 0.2 0.3 
liE (GeV-l) 

0 

""' I\;) 

:&! 

-

-

-

-

0.4 

0 

""' c.; 
c 



I I 
.... 

I 0 

-+-' 
;s: V 
> B 

Cl) 

i2-, 
0 

0 - t") 

0 ® 0 
0 , 

~~ C"') , 
:::: , 6 
<Il , 

o:l 
, ~I'" ::;-, ,J I <:t: r- - N> :::::s . OJ OS <:t: " , '" , :::;. 

0. , 
"-I'Ll "-

"'" I-- ~ -..--< , 0 
rn , 
:> , 

C\1 , 
* ~ * , 

I'Ll I I I 7 .. 

"'" 0 

'" 0 '" 0 I'Ll 0 0 <Il 0 0 0 0 E 
QC 

if'. paJ1?nbs UOnn\osa<l 

Summary of Single Particle Response 

<---------mlE-----------> 
Qase e/h em ldillib :3QQa~l4iIIib 

A Barrel I 1.57 0.66 0.054 0.73 0.060 

B Barrel ( 1.17 0.55 0.042 0.58 0.051 

BHomo. II 1.08 I 0.65 0.000 

A Endcap I 1.47 0.83 0.051 0.83 0.074 
I 

B Endcap I 1.12 0.79 0.049 0.80 0.052 

Barrel e- resolution 0.1151...JE + 0.003 
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Jet Response 

Single particle response (EmeaslEtrue, 
sigma_ElE) parameterized as a function 
of energy. 

, IS:lj)t twojet Q,vents, various Et ranges, 
letal<1.2 for barrel studies. 

• fixed cone (R=O.7) cluster algorithm. 
Seed = highest Ettrack in jet. Iterate to 
find stable ce.ltroid. (Perfect resolution 
for everything but neutrinos and muons). 

• same cone used for all calorimeter 
cases. 
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Calorimeter response to a jet is the sum of 
the responses to the single particles in the 
cone: 

\ 
\ 

1 

~ \ 
"-

o 

'" o 

0 
0 
It) 
N 

0 
0 
0 
N 

0 
0 
to 
-~ :> 

II> 
~ 

II> 
;l 

o ... 
0 .... 
0 .... 
-r.:l 

0 
0 
It) 

0 

0 
cq 
0 

0439 

l' 
'-<.J 

~ . ...., 
) 

::s 

~ 
~ 

~ 
'" ~ 
.~ 

c: 
0 s;:: 

t 
"11-

$ 

~ 

Cases Studied -- Barrel 

In addition to models A and B calibrated 
via e/h or at 300 GeV, simulate other 
cases for comparison: 

.. linear model B: 
crelE = 0.57/..JE ~ 0.042 (1t-) 

• good resolution: 
crelE = 0.40/..JE @ 0.030 (1t-) 

• very good resolution: 
crelE = O.40/..JE (1t-) 

All of these have e- resolution of 0.115/..JE 
and have < Et-measlEt-true> = 1. 
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Comparison to Actual Jet Et 

Ilsajet" jet Et = L Et ; sum over all 
particles with correct jet label. 

Emeas/Eisajet has long low-side tail from 
gluon radiation with Gaussian distribution 
near one from soft fluctuations, 
underlying event, initial state radiation and 
neutrinos. 

~for compositeness study, compare 
measured Et to predicted Et ==> these 
effects matter only to the extent they are 
not modeled correctly. 

• for mass measurements, tail causes 
loss of events from peak, other 
fluctuations degrade resolution. 
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Interpretation 

Understand jet resolution by studying: 
• composite ness 
• dijet mass resolution (Z') 
• H--> jet jet e+e-
• missing-Et 
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Jet Resolution -- Endcap 

• 2.0 < letal < 2.5 

• single particle resolution flat in Ez 
across endcap. 

• cre/E approximately constant, E~OO 
GeV: 

model A: crelE "" 0.030 
model B: crelE"" 0.022 

Compositeness 

• Linearity (after correction) most 
important. 

- determine using single particle test 
beam data + MC jets (need to know 
fragmentation functions and be able to 
extrapolate single particle response) 

- use gamma-jet events? 

Bigger correction ==> bigger error (?) 

• non-Gaussian tails must be small and 
understood. 
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model A: (0.66±O.03)/"E ~ (0.054±O.OO5) 
model B: (0.55±O.03)1"E EP (0.042±O.005) 

endcap 

model A: (0.83±O.03)/"E E& (0.051±O.005) 
model B: (0.79±O.03)/"E $ (0.049±O.005) 

pion linearity (barrel and endcap) 

A: < Et-meas/Et-true> ~ 0.85 - 0.90, E~1 0 
B: < Et-meas/Et-true> ~ 0.95, E~1 0 

a 
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Mass Resolution vs Uass 
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5.0 

Jet Resolution 

barrel 

0464 

model A: (0.61 ±O. 02)1" E EP (0.016±O.OO2) 
model B: (0.51±O.02)/"E E& (0.011±O.002) 

endcap 

model A: crelE ... 0.030 
model B: cre/E ... 0.022 

Jet Linearity. barrel 

A: < Et-meaS/Et-true> ... 0.93 - 0.95 
B: < Et-meas/Et-true> ... 0.97 - 0.99 

Mass Resolution at 1 TeV 

A: 0.034 ± 0.001 
B: 0.030 ± 0.001 
good res. 0.020 ± 0.001 
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A ,..;y.z ---Refined f\ Generic Models 

Purpose: To study the effect of barrel and 
endplug proximity on the coil 
compressive and decenterin, forces. With 
20 cm reentrant endplug. model 
corresponds to that used by Bill Foster 
in EGS simulation. 

Approach:ANSYS 2-d axisymmetric finite element 
model. vector potential formulation 

Endplug: 

Barrel: 

Modeled as iron/scinto with hael and 
hac2 regions based on Fermilab 
calorimeter conceptual design. Iron and 
air modeled as discrete finite eleme.U 

Modeled as Iron/scint. with hael and 
hac2 regions based on Fermllab 
calorimeter conceptual design. Iron and 
air modeled as discrete finite elements 
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Table 3·6. ~ech.:uua1 stability ot the SOC cou. 
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Table 3-4. Yield. stmlJlh of pwe Al as a funcJlDn of RllR. 
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~ ~ 

510 76 

.as 10~ 79 

147 MP. 

155 

ISl 

53.7 ~ 

42.6 

46.1 

C.PF, T'r"'~) ~f< so/~ ••. J, "".r. (,.;(t .... ; t( 

.... ,~ ~'1~" f.,;t, A!v ... , •• ~ (R~t. = Ir,c for 0') 
=; "crjf,i:.J ~o_. St.f,;/i"tj ,It, t:. •• J.,r., sr, •• ,f4. 

buT ~t;11 "".r r;. ... J (!- .... ,4 .t' r J()C's " •• /S. 
...:::--.. ,... • -I>- /) .... I.'. 

0490 
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Calorimeter Cost Comparison Lead vs. Steel in 
HAC! 

D. Scherbarth (Westinghouse) 
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CALORIMETER COST COMPARaSON 

SIMILARITIES BETWEEN DESCOPE 20 (LEAD) AND DESCOPE 21 (STEEL) 

...... .,., 
D •• 
11.11.1 

AI Parameters For EM and HAC2 

Volume. or Envelope. of HACI 
- Barrel; 74.7 m:J 
- End Caps: 45.7 m3 

Depth (A) of HACt 
Barrel; 2.8 A G " = 0 

- End Cap; 4.6 A G " = 3 

Transverse Granularity of HACI = 0.05 It 0.05 

Total Depth 
- Barrel; 9 A G " = 0 

End Cap: 11 A G '7 = 3 

Q Westinchouse 
\gI Science " T echnoiosY Center 

CALORIMETER COST COMPARISON 

o 
(Jt 
o w 

DIFFERENCES BETWEEN DESCOPE 20 (LEAD) AND DESCOPE 21 (STEEL) 

BARREL HACI 
Absorber Mati. 
Cell Depth (cm) 
Abs. Thk. (cm) 
T~e Thk. (cm) 
Tile Clearance ~m) 
nle Volume (m ) 
nle QuaRty 
Total Mass (Tonnes) 

END CAP HACI 
Absorber MatI. 
Cell Depth (cm) 
Abs. Thk. (cm) 
Tile Thk. (cm) 
nle Clearance ~m) 
TIe Volume (m ) 
Tile Quantity 
Total Mass (Tonnes) 

"' ..... """4 
D •• 
II.IUI 

Descope 20 
(Lead) 

lead 
2.55 
2.1 
0.25 
0.2 
6.53 
133.632 
693 

lead 
3.6 
3.15 
0.25 
0.2 
2.87 
88.384 
448 

Descope 21 
(Steel) 

Steel 
3.129 
2.54 
0.25 
0.339 
5.97 
108.910 
482 

Steel 
5.817 
5.08 
0.25 
0.547 
1.94 
54,142 
312 

0.56 
24.722 
211 

0.93 
34.242 
136 

Q Westinchouse 
\gI Science " T echnolosy Center 

o 
CJ1 
o ... YI_IJI'.,.,2 

D •• 
IlILtI 

CALORIMETER COST COMPARISON 

LEAD VS. STEEL IN HAC1 

D. W. Scherbarth (Dave) 

CALORIMETER COST COMPARISON 

COST COMPARISON METHOD 

Cost and Design Data Base for Model B Was Used 

Two Descopes Created 
- Descope 20. With lead HACI 
- Descope 21. With Steel HACI 

Descope 21 is ",OT Model A. as Described In CDR. But a Version 
of Model B. In Which Steel Has Replaced lead In HACI 

Q Westinghou .. 
\gI Science " T echnolosy Center 

o 
CJ1 
o .... 
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CALORIMETER COST COMPARISON 

STEEL VS. LEAD 

Steel Absorber is Cheaper Than Lead In HAC1 

Base Cost Per Lb for Lead Is SIghtly Lower 
Lead: ,3.88/lb 
Steel: ,4.30/lb 

Contingencies are Higher for Lead 
Lead: 31% 
Steel: 24% 

Total Calorimeter: 27% 

Steel HAC1 is Lighter Than Lead HAC1 by 345 Tonnes 

~ Westinghouse 
\gJ Science " Technology Center 
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CALORIMETER COST COMPARiSON 

LEAD VS. STEEL IN HAC1 

Baseline Cost (Descope 20) Has Lead In HAC1 of Barrel and End Cap 

Replacing Lead with Steel in Barrel and End Cap Saves 7.9 M,. Relative 
to Descope 20 

Replacing Lead With Steel in End Cap Only Saves 2.8 M' 

Contingencies Included In These Cost Comparisons 

¥low,.."",. 
ow. 
11.1111 ~ Westinghouse 

\gJ Science " Technology Center 

CALORIMETER COST COMPARISON 

LEAD VS. STEEL IN HAC 1 

Total Cost Delta In Favor of Steel 

Delta Caused Directly by Absorber Material 

Delta Caused by TIe Count 
f:, TIe Count = 58.~ 
132.72 Per TIe 

Delta in Support System and Weight Be ...... g Tooing 

-' ow. 

7.9 M' 
5.8 M' 
1.9 M' 

0.2 M. 

II.lUI 
~W .. ti"""", .. 
\gJ Scionc:. Ie Technology Center 
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SOURCE TUBES 

'L"EAD 

Casting into matrix, requires tooling 
for positioning and routing. 

0513 

Manifold must be designed for access to 
source tester. 

IRON 

Machined grooves add 18% to steel 
costs. 

Compound bends are difficult. 

Manifold issues same as. lead. 

R&D ISSUES FOR LEAD & IRON 

Lead 
Can mold techniques be used in 
production? 

Can tolerances be relaxed from 
prototype? 

Can source tubes be routed and cast 
successfully into lead matrix? 

Iron 
Three fabrication techniques must be 
narrowed to one method. 

0515 

Can source tubes be routed out of steel 
with compound bends? 

Integration 
How to the interfaces between EM, 
Hac1, Hac2 actually connect? 

STRUCTURAL REQUIREMENTS 

Lead 

Heavier, more $ for structure. 

Potential reduction in access due to 
more structure. 

Iron 

Lighter, less $ for structure, better 
access. 

Integration Issues 

Who designs the supports? 

0514 

What is the interface boundary between 
barrel and support design teams? 

SCHEDULE CONTINGENCY 

Lead 
Higher technical and schedule risk. 
Potential for limited vendor sources 
with required capability. 

Iron 
Lower technical and schedule risk. 
Large number of vendor sources. 

051G 



SAFETY ISSUES 

What are requirements from DOE on 
Lead handling? 

Lab personnel requirements? 

Contractor requirements, liability? 

Potential for DOE oversight on 
contractor activity? 

LEAD RADIATOR EM 

Cast 

Limit 4 mm thickness. 

Source tubes cast in place. 

Additional cost 01 precision tooling, 
fixtures, molds, etc. 

Creep concerns. 

Stacked 

Need proof of principle. 

Compression and creep concerns. 

Stability in cantilevered position. 

Cost of cladding lead to make stable. 

Source tubes require grooves in lead. 

051"i 0518 

SOURCE CALIBRATION TECHNIQUE 

EDGE ILLUMINATION 

Easier routing" 

Uniformity? 

Tile response? 

FACE ILLUMINATION 

More complex routing required. 

Improved response. 

Improved uniformity. 

051!J 
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Jet Tagging 

Ko Einsweiler(LBL) 
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Suppose that the forward calorimeter goes from TJ = 3 to 6.1 and starts 
at 12 meters from inter('l.ction point. 

The following are the =ua1 possible cell sizes for which missing Er 
physics remains possible. 

~teasuring missang Er does not require fine segmentation; hO"'ever, seg­
mentation is essential to find jets in order to make cuts that reduce back­
grounds below signal. 

'1 of cell ~'l ~(radius) radiusx~", for ~4> 

3.0 - 3.2 0.2 22 em 21 em 0.20 = 11 degrees 

3.6 - 3.8 0.2 12 cm 12 em 0.20 = 11 degrees 

4.2 - 4.4 0.2 6.5 em 6.4 em 0.20 = 11 degrees 

4.4 - 4.8 0.4 9.7 em 9.5 em 0.39 = 22 degrees 

4.8 - 5.2 0.4 6.5 em 6.4 em 0.39 = 22 degrees 

5.2 - 6.0 0.8 7.3 em 7.0 em 0.79 = 45 degrees 

Tllis conclusion based on a parton Monte Carlo study. 



• 

055J 

[VI S- A 
$ 13 .:: 

c liE 

i-t' B 10 70 (~ Fe-A L"\ 
;::; = ., 

I 

'" iss '/IIJ r= T .- ~ $ '-< If 5 '" .-e 

h A:o '3D 70 - ::l 0 0,: . 

NoVl- j,,"SSi"fl/\ f .. ils (q ,~ cD p) k C( ~ 

b -e Ii' '" ',.,. c. I .. ; ~; . 

• S~j"'<!'''+«''''i''''' ""' .... I- 6e a.;e" ..... f~ -I .. 
·,~e"'-J..ifv ~~fs $0 ,PI .. 1- <:r,·.f.i'<411 c .. t.l 
C"I.'" ~e ..... )e, Ib ...... -1- be a...R. 1 .. .,f. 
to " J.~ .. -1-; +1 H.e <=t v..j Ie 6~ +_v. -I foe 

M i 'is'' "j EO r "V\~ .,. "'1 ~('{s ',V\. +~ -':-c A/... 

.,.-k.s "_pli~s l>¢> Z 6,,\ ~ 0.3...-0.'1. 

0561 

Cross section of towers at z - 16 meters 
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SDC FORWARD CALORIMETRY 

Presented by Bill Frisken. LBUYork LT. 
SSCL. ~O\'. 1~/1991 

OUTLINE: 

1. INTRODUCTORY REMARKS: The FCal Environment 

2. FCal PERFORMANCE REQUIREMENTS 

3. INTEGRATION/SSCINTERFACE ASPECTS 

4. R&D PLANS 

• SHORT TERM···> FEBRUARY 92 

• LONGER TERM 

Ffisken@SSCL, 11'11'91 0567 

1. INTRODUCTORY REMARKS: The FCal Environment 

• Luminosity, event rate 

• Radiation dose at high eta. 

Show transparency·····»»> 

• Radioactivation of SDC and SSC components 

See D.E. Groom at Capri/91-····»»> 

• Crowded? in principal not, but everyone planned 
to use that space ...... . 

( 

/' MOST or: TH.!:. HA"~R/Al IS FRoM '")0566 

~ SDC FORWARD CALORIMETRY WORKSHOP 
Held at LBL October 31 and Nov! 1991 

Contents: 

1. Agenda 

2. FCal Performance Requirements Summary 
(This summary of the workshop will be presented to tbe 

collaboration meeting at SSCL November 15) 

3. Physics drivers 

Missing Et 
Jet Tagging 
Shower studies 

4. Radiation dose/activation 

5. Signal distortion by space charge 

6. Geometry/Integration 

7. Safety 

Barnett 
Einsweiler 
Hauptman 

Groom 

Wenzel 

Frisken/Wenzel/Thur 

Elias/Lavelle/Leskens 

8. Presentations by technology proponents 

Liquid Tile/Fiber Kamyshkov 
White 
Pripstein 
Giokaris 

Liquid scintillator spaghetti 
Warm Liquid Ionization 
High Pressure Gas Ionization 

9. R&D Plans 

• Short term···> February 92 

• Longer term 
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Capri 14-18 October 1991 
Don Groom Det Act-l 

EXTENSION OF SSC-SR-I033 APPROACH 
TO THE RADIOACTIVATION OF 

LHC AND -sse DETECTORS 

Don Groom 
Lawrence Berkeley Laboratory, Berkeley, California 

Solenoidal Detector Collaboration 

1. The SSC-SR-I033 approach 
2. Plan to include radioactivation 
3. Extension of model to "star density" 

activation and dose 
, I 

( 

4. Relationship of star density to 

Slow L..c~~~S~{:u elc:~.:O-"s"l~ 

/, //. ,a< /.L-:=========-= 
== 

.,l ________________________ ~i~~~~ ___ 

Frisken@SSCL. 11111/91 

2. FCal PERFORMANCE REQUIREMENTS 

• Physics drivers: 

+ Jet tagging (Einsweiler) •.••• »»»> 

+ Missing Et (Barnett) ••••• »»»» 

+ Geant shower studies (Hauptman) ••••• »»» 

+ Trigger expectations of FCal (AlI) 

·Smooth transition of lateral seg into Endcap 

·Reasonable time shaping (see speed, below) 

• Radiation Resistance 

0571 

+ Survival strategy (eta depend.) to be designed in. 

+ Same for the recycling and disposal of sampling 
medium and (eventually) absorber. 
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0557 0.0904 5.85x 10-5 1.22x 10-
0:675 0.0637 3.84xl0-5 8.08)(10-: 
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0:865 0.0244 1.31x 10-5 2.80x 10-5 
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2. A. F'ernri, A. KiDc. _d G. R. SteYeUOO. 01"&1 tradiUoa. (1"~.~u.e,,,,, Super ColWf:r, 

3. D. E. Groom, ia Prot:.. 0' &he Won:.Ao, - _~.w-R. Doo~=.a _d W. C. D. cnchrieM, WOI"id Tuca1ooaa, A1a.bama., 13-17 Much 1989, -.. _ 

t. ~t~:.!:;e .:~\.~p~.:~~: Putlcle Accelerators 4. Uj~ 1M (1973). 

5 T A Gabriel, Hud lumam Metb 11,67.72 (1.11). CP . ..., hUabed ill Proc. 0' aM 
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FCal PERFORMANCE REQUIREMENTS (continued) 

• Rate/Speed/Pileup 

+ No special problem for FCal, (dN/deta=const.) 
except in that the lateral segmentation 

·is made coarser by factor of 2*2 to 4*4 

·can be further compromised by moving in 
too close. 

+ Signal duration Should be less than or equal to 
the time for a shower to build up and decay in 
the calorimeter (typically 10 to 60 nanosec), 

+ Signal rise time « 16ns 
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FCal PERFORMANCE REQUIREMENTS (continued) 

• Eta coverage (Detector range = fiducial range + 1 lambda) 

+ A function of integrated luminosity. Fiducial 
range 3.0 < eta < 5.0 at startup. As low mass 
high crossection physics is cleaned up, retreat 
gracefully to 3.0 < eta < 4.0 

+ Detector range at startup: 

+ At high Luminosity (later): 

2.5 < eta < 6.0 

2.5 < eta < 4.5 

Energy resolution 

3.0 
0.0 

I 

I 
, 

I 

-1 

+ High Et jets have very high energy. The missing 
Et measurement needs sigma(E)=10% at 1 TeV 
ie insensitive to the stochastic term. ' 

+ Quadrature sum of energy independent 
contributions to sigma(E) due to tower-to-tower 
and segment-to-segment fluctuations to be kept 
below 10% .. Requires·goed maintenance of 
(inter) calibration in the face of the severe 
FCal radiation environment. 

+ Hermeticity and adequate depth (see below) is 
required to avoid non gaussian tails. 

'1 
3.6 4.0 4.4 4.8 5.2 6.0 0575 
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I 
I i 

I 
I I 

I I I 

, 
I 
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I I I I 
I 

I 
L32 towers In 2n: ------L..-16 towers -----L-s towers----l . , , 

In 2n: i In 2:-:: 

; I 
!---Aeplaceac'e ----: 
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• Eta/phi segmentation 

+ There are two segmentation drivers: 

-trigger--->smooth transition to ECal segments. 

-jet recognition: needed in the missin,g Et cut 
strategy, and of course to find forward jets 
associated with WW!ZZ fusion -->Higgs 

+ This requires deta"'dphi=0.2"'0.2 at eta=3.0, 
relaxirrg to 0.4"'0.4 at eta=S.O 

+dphi=0.2 (0.4) means 32 (16) phi bins. 

• Depth, compartments in depth. 

+ Depth specification requires much further study 
of showers in the tail of the response 
distribution (slow work). 

+ Default position is 10 lambda (2.5 meters in Z), 
with a HAC2 segment. 

+ The 10% constant term requirement on sigma(E) 
may require an electromagnetic compartment 
(but with hadronic lateral segmentation). This 
would be technology dependent. 

0576 

Cross section of towers at z = 16 meters 
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3. I:-';TEGRA TION/SSCINTERFACE ASPECTS 

- The Endcap/FCal interface 

- FMuon space 

- SSC machine elements (Q1+energy shield, etc.) 

-Radioactivation and access 

FCAL - .1.cb-.1.n-7t/32 - backstop Wenzel. 4/19/91 

1\\ 
I' 
I' 

I ' 
I ' , 
I , , 

rapidity units per layer: 
4,4,2,2,2,1,1,1,1, ...... , 1, 1, 1 

, 
'1=2.5 

SCALE: 
z=1/63 
p=4/63 

0579 

0578 

Geometry/Integration Frisken/Wenzel 

Figure 1. shows the LOI description of FCal (no input from 
any FCal proponent. Not shown is that the part 
nearest the beam centerline could be replaceable. 

Note expanded lateral scale in Wenzel sketches. 

Figures 2,3. The region with eta<4 could be closer to the IP. 

-smoother transition to Endcap Calorimeter 

-better FMuon space/shielding 

-lower (half) total mass. 

-all of the above become stronger as the high eta 
part is moved away from the IP, toward higher Z. 

-Grazing incidence of showers (feared to lead to 
"counter Et" (energy reflected to opposite phi) was 
studied. Non problem (Hauptman) 

Figures 4,5,6. Variations on the preferred Forward Cone 
geometry. The stepped ("Aztec") cones shown here 
are- a particufarry good match to the semi projective 
geometry concept. This segmentation can be 
projective In phi, and box-wise projective in eta. 
It gives a large saving in parts inventory, and 
makes a particularly smooth match to the Endcap 
Calorimeter. Needless to say, cost considerations 
would speak MUCH more loudly for use of this 
concept in the Endcap calorimeter. 

Notice that "semi projective geometry" in the 
Endcap would NOT imply more longitudinal compartments, 
thanks to the flexibility offered by the tilelfibre readout 
scheme. 

3 

4 

5 

6 

-r--------r-------1rnl--------r-------2Dn---

1 

\ 

\ 

1 1 

ENDCAP - FCAL TRANSITION-a 

Wenul, 
10/30/91 
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Wenzel, 11/7 I/<n 
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9. R&D Plans Frisken et al. 

• Short term needs---> February 92 

High Pressure Gas. 

build 4 protoype modules 
perform mechanical, electrical testing 
continue radiation damage testing 

Warm Liquid Ionization 

$78.76K 

$18K 

assemble hadron swimming pool prototypes 
irradiate same (intense C060), measure degredation of 
lifetimes, repurify, refill, remeasure lifetimes. 

Liquid Scintillator Spaghetti $35K 

0584 

Study (C060) radiation damage to liquids, glass, liquids in 
glass, and liquids in glass in absorber. Finish current test 
beam program, make detailed camparison with Geant 
simulations. Extend Pb casting technology to 2-3 meter 
long modules. 
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• Longer term-----> end of FY92 . 

High Pressure Gas. $50K 

Finish enough modules for a 40*40*300 cm**3 em/hadronic 
prototype array. (Operating funds to test this array have 

"iret!'nappliedfor to T-NRLC). 

Warm Liquid Ionization $150K 

Design and construct and fill a large FCal prototype, 
tailored' tO'the new FCal specifications. Beam test costs are 
unknown (because of test site uncertainty) and not included. 

Liquid Scintillator Spaghetti $50K 

Engineer and build a large hadronic prototype. Study the 
light collection problem, More extensive investigation of 
liquid fibers (rad damage, attenuation, etc). 

Frisken@SSCL. 11111191 

Eta/phi segmentation 

+deta*dphi=0.2*0.2 at eta=3.0, relaxing 
to 0.4*0.4 at eta=5.0 

+dphi=0.2 (0.4) means 32 (16) phi bins . 

• Depth, compartments in depth. 

053"1 

+ Default position is 10 lambda (2.5 meters in Z) 
with (EM) HACI and HAC2 segments. ' 

053f) 
Frisken@SSCL, 11111191 

Summary of FCal PERFORMANCE REQUIREMENTS 

• Radiation Survival Strategy (strongly eta dependent): 

recycling and disposal of sampling medium and 
(eventually) .absorber .to. be .desig.Ded,in to wpe with 
potential lifetime doses up to 10's of Gigarads. 

• Rate/Speed/Pileup: 

keep back, so lat seg = shower size 

signal duration = shower decay time 

rise time « 16ns 

• Eta coverage (fiducial range = detector range - 1 lambda) 

Detector range at startup: 2.5 < eta < 6.0 

At high Luminosity (later): 2.5 < eta < 4.5 

• Energy resolution 

dO% at ITeV 

Watch the tails 



Impact of EM Calorimeter Thickness on 
Resolution 

c. Hearty(LBL) 
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Leakage from EM calorimeter worsens 
resolution. 

-Size of effect depends on 
- EM calorimeter thickness 
- design of first hadronic section (HAC1) 

Details of EM section are less important. 

Study with EGS, 10--400 GeV e-

============= 

Why not have a very thick EM section? 

• rr conversions ==> poorer e/rr separation 
(recover with EM2/EM1 ratio?} 

• extra cost 

How thin can EM section be for a desired 
precision? 

05!:10 
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Three calorimeters under consideration: 

LAr: 26 XO EM, 14mm pb sampling HAC1 

Scintillator Model A: 
barrel: 1 inch Fe HAC1 (-8mm pb) 
endcap: 2 inch Fe HAC1 (-16mm pb) 

Scintillator Model B: 
barrel: 20mm pb HAC1 
endcap: 32mm pb HAC1 

059:) 

Scintillator EM sections are 22XO in all cases. 

LAr HAC 1 noise ",560 MeV in 0.1 by 0.1 cell 
==> do not use HAC1 to measure e- energy. 

HAC1 of scintillator calorimeter", noiseless. 
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EGS Model 

• 70 layers of 4mm lead + 4mm LAr (51 XO 
total) 

• EM section is first 22-48 layers (16-35 XO), 
HAC 1 is the rest 

• five HAC1 variations considered: 
- no HAC1 
- 8, 16, 20 or 32mm lead sampling 

(use every nth LAr gap, weight energy with 
value n, for n = 2, 4, 5, or 8) 

Weighting EM2 or HAC1 differently does not 
improve resatutiorrsignificantly. 
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Conclusions 

• nonlinearity due to leakage is small and 
correctable 

• Thickness (XO) required for increase in 
resolution to be less than: 

Case 

LAr (barrel & endcap) 
(HAC1 not used) 

Model A barrel (=8mm pb) 
endcap (",16mm pb) 

Model B barrel (20mm pb) 
endcap (32mm pb) 

28 

22 
25 

26 
28 

26 

20 
22 

23 
24 

Table is applicable to more than just SOC. 

• Photons require slightly thicker EM 
calorimeter. 
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ELECTRONICS 

(PARTIAL) 

WEDNESDAY, NOVEMBER 13 

Options for Electronic Location Inside and 
Outside the SDC 

Detector Layouts with Various Electroni.c 
Layouts and Placement 

TIllJRSDAY, NOVEMBER 14 

Silicon Strip Front End Electronics 

Muon Front End Analog Electronics 
(See paper under MUON SYSTEM) 

1st and 2nd level Muon Triggers Based 
on the J~t Chamber System 
(See paper under MUON SYSTEM) 

FRIDAY, NOVEMBER 15 

Data Acquisition Status Report and 
Discussion of Sub-Detector Crates 

soc Second level Trigger Using ASP 

Report on Location ofE1ectronics Inside or 
Outside Muon Steel 

Technical Assessment of the Electronics for 
the Central Tracking Options 

C. Bebek(LBL) 

T. Thurston(SSCL) 

H. Sadrozinski(UCISC) 

J. Oliver(l{arvard) 

H. Sakamoto(KEK) 

E. Barsotti(FNAL) 

J. Brisson(CEN Saclay) 

Electronics Working 
Group 

Electronics Working 
Group 

LPBautz:I2113191 
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[ALIBRATION 
SOURCE BOXES 
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[Al .::; NOT SHOWN 

NORTH 

WEST T EAST 

SOUTH 

BOO 

LOOKING EAST 

NORTH [RACK 

SOUTH BARREL 
[ALORIMETER 
CABLE TRAY 

SOUTH BARREL HALF 
C IRCUMFERENT IAL 
(ABLE (OLLECTION 
TRAYS 

NORTH BARREL HALF 
CIRCUMFERENTIAL 
CABLE COLLECTION TRAYS 

NORTH CRACK CABLES AND PIPES 

BARREL PMT [ABLES 

NORTH BARREL HALF 
OVERHEAD [ABLE TRAYS 

CALI BRAT ION SOuR[E BOXES 

SOUTH BARREL HALF 
C I RCUMFEREN T I AL 
CABLE COLLECT ION TRAYS 

~!~:::;;~:::::==l~ __ ~ __ SOLENOID (RYDPIPE 

(RYOSTA[K OPENING 

SOUTH CRA.CK CABLES AND PipES 
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Summary 

$M $M 
10lW3 10 gallery 

Straw l 0.21 0.28 
Straw:'! 0.2& 0.37 
SciFi 1.00 1.30 
CalFADC 2.50 3.30 
CalSCA 2.80 3.60 
SMFADO 0.13 0.16 
SMFADC' 8.00 10.60 
SMSCA 4.50 6.00 

lOne cable for 200 detector elements. 
lOne cable for 50 detector elements. 
3 One cable for 64 detector elements. 
4 One cable for each detector element, 

0626 

a (m2) a (m2) 

small cable large cable 
0.04 
0.11 0.44 
0.50 2.00 
0.80 3.20 
0.40 1.40 
0.04 0.16 
2.60 10.20 
0.70 2.30 



Detector Layouts with Various 
Electronic Layouts and Placement 

T. Thurston(SSCL) 

0628 



SDe Mechanical Integration 
sse laboratory 062!'l 

Detector Layouts 
With Various Electronic 
Layouts and Placements 

Option 1: Distrjbuted Electronics Around 
Barrel 

Option 2a: Fiber Tracker Option with 
Electronics Inside Detector Volume offset 
to the side in racks 

Option 2b: Fiber Tracker Option with 
Electronics Inside Detector Volume offset 
to the side in racks 

Option 3: All Electronics Outside of 
Detector Volume 

0631 

soc In\egrahon 
Dimensions of oatector 

SSCL Mechanical Intearation 
11/13/91 

Distributed Electronics 
Tabies are based on LBl drawlno '2300375. 9/30191. SOC Detector OlmenSlons 
Fired Values are In bOld type Com uted values are In taln t 

Forward AllY Z Dimensions 
Descnptlon Delta 

Z 
Interaction POint 

Calonm lenQth 6 560 

Electron Space SOO 

FW,' e30 

Clearl 1.200 

FW21 900 
I 

Clear & FTI COil 90 

FTI Steet 1,5001 

Clear & FTt COil 90 
I 

FW3 4301 

Clear & FT2 COlli 901 

f-- FT2 Steel 1.500 

C:ear & FT2 COlli 901 
I 

FW41 660 

F541 , 50 

FCC CerenkOv 2,000' 

FW5 Supporti 150 

FWS 900 

Barrel I Intermediate Z Demensions 
BoundrV Descrt tlon Della Bound RemarkS 

Z Z Z 
Interaction POlnl 

0 

6560 

7060 

7490 

8690 

9590 

9680 

I I 180 
BW, 

11270 
BW2 & BS21 

11700 
BW3 & BS3 

I I 790 
8Tl1 

13290 
Space I 

13380 
IW2 

14040 
152 

14190 I 
Entry AcceSSI 

16190 
tW3i 

16340 
153 

'7240 

,7390 

Page' 

13,290 1 

5001 

350' 

'50 

1,0001 

880' 

150: 

10.625 Some Octanls Are Short 

13,790! 

14,290! 

:Z 0' FT2 
13290' 

13.7901 

14,'40: 

14,290 

15.290' 

16,'701 

',6320 

---

I I 

Distributed Electronics 
Around Calorimeter 

Barrel 

0630 

0632 

lolm,nslons d. Detector 
Dlsl"buled 

ITa"'.s .,. based .' 9/30/91. SOC , Dimensions 

IFI,ed Values a'e '" values .,. In ol.'n-.;;;;o 

I ,"o"'ord Svstem """"' 
I Desc"otion R Is :ak:ulated As 

R If A Func:1lon 01, 
I I 

Ilnslde Redlus 
T .. cke, ,.' 

FT' .7e. I. t.5, ~ 01 . -100 
10C ,83e I. '.5, , 01 'W3. \00 

C,vostat 35ii , • '.5, '0' T2. -,00 
'.OSC FWe. 1.2.5 , d. we. ,'00 

ISaace so 570 ,. '.5. '01 FI . ,,00 

IPol, Mod"aIO' I 
I 

Calo"m Ba"el 2. 

IBW' Upg .. de 'W7 
·840 

4! W,l ·8eo 
6. ·840 

BW' ROIl Soace '80 FWe' F54 IW2 '00 

8.esc IW2. 152 ,.'80 ).R. 01 BS2 
.BW2 Rail Soace '30 

'.03C 
IBS: i 5' 

T"ss tOO 
'0,280 

BW, 8BO 

~ Eta. ,. 
700 

i3il5 
Tnela FW' 06 
The" BS: 36C o 79146 

I 

Page 2 
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soc Inl rallon SSCL Meehanie.1 Inlearatlon 
Dimension. of Oet.ctor RevIsed 11/10/91 
FIber Tracker 0 lIon & ElectronICS InSide Detector Volume 

Tables are based on 500000043, ""0/91, SDC DeteaoT DimenSIOns 
~<"I Values are In bold type Comouted values are In lain tvDe. 

Barrel R Dlmenaion. 
Desert lion Delta 

A 
InleraCllon POIn! 

Tracker , ,675 

ce 25 

Crvostal 350 

ce 50 

Pol Moderator 

CalOflm Barrel 2,360 

EteC.lServlCe Acc 1,510 

BW' ,ad. 1501 

BW' 450 

BWl Rail Space 1801 

Bn 1,5001 

BW2 RaIl 230 

BW2 450 

BS2 150 

Truss 1,000 1 

BW3 8801 

5S3 150 

Forward S .tem R Dlmen.ion. 
Bound 

A 
Desen hon Bound R Is CalCulated A!5 

A Function Of' A 

o In.ide R.diu. 0': 
FW' , .295 ETA. 3.0, Z 01 FW1 .550 

1,675 FW2 , ,564 ETA .. 2.5, Z Of FW2. -100 
FT, 1,827 ETA .. 2.5, Z of FT1. -,00 

t ,700 FW3 , ,912 ETA .. 2.5. Z ot FWa. -100 
FT2 ••• 2.5. Z of FT2. ·'00 

2,050 FW4 & FS4 2 A .. 2.5, Z ot FW4, *100 
Fa: 2 A .. 2.5, Z of FCC. -'00 

2,100 FW5 & FSS 2 A .. 2.5, Z 01 FWS, -'00 
IW2 & 152 6, OF BTl 

2.100 tW3 & 153 6.7501.ROFan 

4,460 
Outaide R_dlu. 0': 

5,970 FW, 4,677 Theta FW2, Z 01 FW1, Rnd'd 
FW2 5,910 BTl . 840 

6,120 Fn 5,910 BTl . 840 
FW3 5,910 en . 840 

6,570 FT2 5,910 8n . 840 
FW4 & FS4 •. 650 1W2 . 100 

6,750 Fa: 6,650 IW2 . 100 
FW5 & F55 6,650 IW2· 100 

B,250 IW2 & 152 9,080 OR.o1B52 
tW3 & 153 12,637 Theta e53, Z of 153, And'd 

8,480 

8,930 

9,080 

10,080 

, 096 o ANGLE wlr loP,' DEGFE I TANGENT I 
Eta c 30' 5.700 1 0099822' 

'1 "0 Eta_2Si 93851 o 1652841 
Theta FW21 30418' 0587125: 
Theta BS3 3695e 0752404 

Page 2 

0639 

50; \ [ I ~ I 

\ t I 00 

o,,",~lj·l. , 08 Ie . 
'0; "'" 

083'7 
SOC InleorallOn SSCL Mechanical In'earatlon 
Dimension. 01 D.tector ReVIsed 11/10/91 
Fiber Tracker 0 tion & ElectrOniCS InSide Detector Volume 

Tables are based on SDDOOO~, 11/10191, SOC DetectOr DimenSIOns 
Fixed Values are In bold Comouted values are In lain tvoe. 

Forward AaiV Z Dimenalonl Sarre' I Intermedla.e Z Oemenalon. 
OeseMtlon Della Bound Oeser/Dlion Delta Bound Remarks 

Z Z Z Z 
Inleraetlon Point Interaction POInt 

0 
Calonm Lenath 7 036 

7036 
Electron. S ace 500 

7536 
FW, 430 

7966 
Clear 1 200 

9166 
FW2 900 

10066 
Clear & FTl Coil 90 

10156 
FT1 5teel 1 SOD 

1 t656 
Clear & FTl Coil 90 BW' 11,072 Some Octants Are Short 

11746 
FW3 430 BW2 & 8S2 14,266 

12176 
Clear & FT2 Coil 90 BOO & B53 14,766 

12266 
FT2 Steel 1,500 Bn 13 766 Z 01 FT2 

13766 13,766 
Clear & FT2 Coil 90 Space 500 

13856 14,266 
FW4 660 IW2 350 

14516 14,616 
F54 , 50 152 150 

14666 14,766 
FCC CerenkOv 2,000 Entry Access 1 000 

16666 15,766 
FW5 Suorx)rt 150 IW3 880 

16816 16,646 
FW5 900 IS3 150 

'7716 16,796 
FSSi 150 

-- 17866 

Page, 
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1',11 I I 
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IHI) 

Lilli lid' 

CALORIMETER - DETAIL B 
rlBER 1 FIACKER OPTION 

SMOH AND FIRE 
OETECTQRS 

i'Hw ~UPPLY IRE. TURN 

R 4460 OUTSIDE 
CALORIMETER 

VENTILATION DUCTS 

R 4025 AT END 
OF BARREL 

,',\1 ORIME TER ELEVATION VIEw 
rlBER TRACKER OPTION 
',f (iION A-A 

[lP()O()()~ 7 

SI II I()00054 

VLPC CANIS TERS 
508 OIA X 508 OP. 

CABLE WAYS 

ELECTRONIC CRATES 

(RYO SlACK 

CARD CLEARANCE 

48 vlPC CANISTERS 
PER END OF BARREL 

----~1500 

64 [LEe mONIC eRA TES 

VLPC CANISTERS STACKED 
3 IN Z DIRECTION ALONG 
GANGWA Y5 ONL y 

\ 

~ 
o I 2 ~ 4 S~ 

SECTION THRU ~ W2 
sse DRAWING ·500000rvn II 10-'l1 , 

~1~'E~R~~Et$~R 6}.~~~'EW 
SDD00004f. 



II,·, I, (1r1k Cr .)teS 
Wlttllnf{<]d's 

',111 fiBER Ill~CKING 
III II r I nil 

Cable Ways 
lr- y') Stock 

Plrolnq for Vi PC 
(<1nlster-s 

PMl lubes on 
Borrel End Around 
Circumference 

VI (hll[)HAIION SOURCES 

64 VLPC CANIS TERS 

BARREL 

fllrTRONI( (RATES 
Ib ON tACH ENOCAP 

G4 ON BARREL 

CHW SlIPPL Y IRETuRN 

CABLE TRAY 

CALORIMETER ELEVA TlON VIEW - SIDE 
FIBER TRACKER OPTION 

S00000068 

CRYO 5 TACK 

)2 CALIBRA nON SOURCES 
ON EACH END CAP 

FIRE AND GA S 
OElEC HON 

END CAP 

PMT TUBES 

lllW SI)PPl Y/REIURN 

CAUBRA nON 
SOURCES ON 

END CAP 

R 3700 
END CAP 

EMERGENCY 
LIGHTING 

(AI ORIME TER ELEVATION VIEw 
fiRER rRACKER OPTION 
',I rllmJ n-f3 

11I)1)1)lliH,) 

128 FIBER OPTIC BUNDLE 
IINPUT! 

FIBER OPTIC COUPLER 
4 PER CASSETTE 

SIGNAL OUTPUT CABLES 

VLPC CANISTER 
8,192 CflANNELS 

',IJ[I (1(IIHIrf) 

CRYQ STACK 

VENllLA liON DUCTS 

CARD CLEARANCE 

4! VLPC CANIS TE RS 
PER END OF BARREL 

---67~O------4 1500 

64 ElECIRONIC lRAJf S 
ON BARREL 
16 ElECTRONIC CRA 1(:; 
ON END CAPS 

VLPC CANIS TER::' ::. I A(KEO 
31N l DIRECTION ALONG 
GANGWAYS ONLY 

LIQUID HELIUM SUPPL Y 
AND RETURN MANIFOLDS 

VLPC CANISTER MADE UP OF 
16 - 512 CHANNEL CASSETTES 

CRYOSTAT 
.S08m DIA. 



Straw Tracker Option 
with 

Electronics in Racks 
Inside 

Detector Volume 

0651 

soc Intecrallon SSCL Mechanical Integ~ation 
DimensiOns of OetKtor Revised' '" O,g, 
Straw Tracker OptIOn & ElectroniCs InSide Detector VOlume 

Tables are based on strawta out ,',10191. SDC Detector DimenSions 
Fixed Values are In bold---'!ype. COrnP:!,Jled values are In taln I 

aarre' R Dimension, 
Oeserl tlon Delta 

R 

TraCker 1 675 

I Space 2. 

Cr OS1al 350 

5~ce 50 

POl Moderator 

Calorlm Barrel 2 360 

Elee ,Service Ace 1,1671 

aWl U ,ade '"0 

BW, 450 

aWl Rail Space 100 

BT, 1,5001 

BW2 Rat! Space 230, 

BW2 4501 

B52 , 501 

:rr~ss ~ooo, 

I 
BW3 880 

~. 150 

i 

Forward S stem R Dlmensions 
Bound Oeser! lion Boundrv R Is CalCuialed As 

R R A Function Of' 

o In.lde R.dlu. 01: 
FW, 

, .875 FW2 
FTl 

1,700 FW3 
FT2 

2.050 FW4 & FS4 
AX 

2,100 FW5&FS5 
tW2 & 152 

2,100 IW3&1S3 

4.460 
Our~jd. RMliul 01: 

5.627 FW1 
FW2 

5,777 FT1 
FW3 

6,227 FT2 
FW4 & FS4 

6,407 AX 
FW5 & FS5 

7.907 IW2 & 1S21 
IW3 & 153 

8,137 

8.587 

8.737 

9.737 

10.617 ANGLE wlr I.P.I 
Eta .. 3 01 

1 0 2§2~_ Th~'t~ ~~;I 
Theta BS3 

Page 2 

, ,295 ETA. 3.0, Z of FWt, +550 
, ,564 ETA,. 2.5, Z 0' FW2, ·100 
1,827 ETA. 2.5, Z 01 FT,. -100 
1,912 ETA. 2.5, Z of FW3, ·'00 
2,175 ETA,. 2.5, Z Of FT2. -100 
2,299 ETA. 2.5, Z 01 FW4, ·100 
2.655 ETA. 2 5, Z of FCC, -'00 
2,828 ETA. 2.5, Z of FW5, ·100 
6,407 1.A. OF 8Tl 
6 407 I.A. OF 8Tl 

4,406 Thela FW2, Z 01 FW1, 
5,567 8Tl . 840 
5.567 BT1 ·840 
5,567 BT1 B40 
5.567 8Tl . 840 I 
6,307 IW2· 100 
6,307 IW2· laO 
6,307 IW2 . 1001 
8.73710 A. 01 8S2 

12,247 Theta BS3, Z 01 IS3. 

DEGFEE I TANGENT 
5 700 1 0 099822 
9 3851 0.165284 

28945, 055305 
360991 0729175 

Rnd'd 

And'd 

SOC Integration 
Dimensions of Detector 
Straw Tracker 0 tlOn & ElectrOniCS InSide Detector Volume 

Tables are based on strawlayout. 11/10/91. SOC Detector DImenSIons 
Fixed Values are In bold type. Computed values are In plain type. 

0650 

55CL Mechanical Integration 
Aevlsed 11/10/91 

Forwsrd Any Z Dimensions Barr.1 I Intermediate Z Demenslons 
DescfI lion Delta Bound Oescri tlon Delta Bounorv Remarks 

Z Z Z Z 
Inter.actlon POint lnteractlon Point 

0 
Caloflm Len th 1036 

7036 
Electron. Space 500 

7536 
FW1 430 

79&!i 
Clearl 1,200 

9166 
FW2 900 

10066 
Clear & FT1 Coil 90 

10156 
FTl Sleet t ,500 

11656 
Clear & FTl Corl 90 BW1 11,072 Some Octants Are Short 

11746 
FW3 430 8W2 & BS2 14,266 

12176 
Clear & FT2 Call 90 Bm & BS3 14,766 

12266 
FT2 Steel 1,500 BTl 13,166 Z of FT2 

13766 13,766 
Clear & FT2 COIl 90 Space .00 

13856 14,266· 
FW4 660 IW2 350 

14516 14,616 
F54 150 152 150 

14666 14,766 
FCC Cerenkov 2 000 Enlr Access 1,000 

16666 15.766 
FW55u 150 IW3 880 

16816 16,646 
FWS 900 153 150 

17716 16,796 
F~ 150 

17866 
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CABLE !flAY 

END CAr 
CABLE TRAYS 

Pf-H TUBES 

SMOKE AND FIRE 
DETECTORS 

CHW SUPPl YlRE TURN 

CAliBRA flON 
SOuRCES ON 

END CAP 

R 3700 
END CAP 

CALORIMETER ELEVATION VIEW 
STRAW TRACKER OPTION 
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soc Infegratlon 
Dimensions of Deteclor 

All Electronic Crates 
Exterior of 

Detector Volume 

065'i 

0659 

SSCl Mechanical Intearation 
11113/91 

ElectroniCS Outside Detector Volume 
Tables are based on LBl Or8Wm S. SOC Detector DimensIOns 
Filled Values are In bold t'Voe Comouted values are In Diain tvDe. 

Barrel R Dimensions 
Description Delta 

Interaction Point 

Tlacker 

ISpace 

Cr ostat 

Space 

Poly Moderator 

CalOrlm Barrel 

Elec.lServ.ce Acc 

BWl Upgrade 

BW1 

8Wl Rail Space 

BTl 

BW2 Rail Space 

BS2 

Truss 

BW3 

A 

1,675 

25 

350 

50' 

2,3601 

910 

150 
I 

450' 

180 

1,500 

2301 

4501 

1501 

1 ,0001 
I 

8801 

Forward System R Dimensions 
Boundry Descrlotlon Boundry R Is CalCulated As 

R R A Function 01' 

o Inside RadIus 01: 
FW1 

1.675 FW2 
FT1 

, ,700 FW3 
FT2 

2,050 FW4 & FS4 
AX 

2. ,00 FW5 & FS5 
IW2 & 152 

2,100 IW3 & 153 

4,460 
Oulsid. R.dius of: 

5,370 FWl 
FW2 

5,520 Fn 
FW3 

5,970 FT2 
FW4 & FS4 

6,150 AX 
FW5 & FS51 

7,650 !W2 & IS2 
IW3 & IS3 

7,880 

8,330 

8,480 

9 -480 

1,295 ETA _ 3.0, Z of FW1, .550 
, ,564 ETA. 2.5, Z of FW2. -'00 
1,827 ETA. 2.5, Z of FT1, -100 
, ,91 2 ETA. 2.5, Z 01 FW3, -100 
2.175 ETA. 2.5, Z of FT2, -100 
2,299 ETA _ 2.5, Z 01 FW4, ·100 
2,655 ETA _ 2.5, Z 01 FCC. -100 
2.828 ETA. 2.5, Z Of FWS. -100 
6,150 LA. OFBT1 
6,150 IR OFBT1 

4,202 Theta FW2, Z 01 FW1, Rnd'd 
5,310BT1 ·840 
5,310BT1 ,840 
5,310BTl ·840 
S,310BT1· 840 1 

6,050 iW2 ' 100 
6,050lW2 ' 100 
6,050 IW2 . 100 I 

8,480 OR 018S2 
l' ,95SITheta 8S3, Z 011S3, Rnd'd 

, 0,360 ANGLE wfr I.p, OEGREE. TANGENT 
BS3 150' Eta",30' 57000099822 

Theta 8S3' 35 442 0 71177 

Page 2 

SOC Intearatlon 
Dimensions of Detector 
ElectroniCS Outside Detector Volume 
Tables are based on lBl Drawtn s, SOC Detector DimenSIOns 
Fixed Values are In bold----rvo; Comouted values are In lain t 

065« 

SSCL Mechanical Integration 
11/13/91 

Forward Ass Z Dimensions Batre' 1 Intermediate Z Demenslons 
Descflotlon 

Infer action POInt 

Calorlm Lenoth 

Electron, S ace 

FW1 

ClelH 

FW2 

Clear & FT1 COd I 
I 

FTl Steet! 

Crear & FTl Coil 

FW3 

Clear & FT2 Col! 

FT2 Steel 
I 

Clear & FT2 Cod 

FW4 

F54 

FCC Cerenkov 

FWS Suooort 

FWSI 

f-- FSS 
I 

. 
:; . :: ~ 
z = ~ " = - ~ 

is ~ 

"- " ~ 
"- ~ ~ i:l ~ 
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Electronics Access Space Cable plant parameters 

Barrel Section • halt quadrant· 

Calorimeter/Shower max ElectroniCS Options; 

lAjIHI.(4.!IUfl 
::'OliRCl BII~l:, 

Option 1 - analog ca!grimeDter electronics with shower max (LBL design); 

Cabling between calorimeter surlace and the electronics racks: 

- Requires 8 electronics crate space S In the rack 

Calorimeter electronics: 
_ 2240 calorimeler channels, 2240 PMTs, 224 mother boards (10 PMTs each) 

- 224 - 2" x .04" ribbon cables (data) 
_ 224 - 2" x .04" ribbon cables (control, calibration and logiC power) 
- 224 - 1/4" 00 shielded-tWisted pair (STP) cables (PMT voltage) 

Shower max electronics: 
_ 4480 shower max channels, 448 multi-anode PMTs, 448 mother boards (1 PMT each) 

- 448 - 2" x .04" ribbon cables (combined function) 
- 448 - 1/4" 00 STP cables (PMT voltage) 

TotalS: 
- 896 - 2" x .04" ribbon cables - 71.68 sq. In. 
- 672 - 1/4" 00 STP cables - 32.97 sq. in. 
- 104.65 sq. in. or .73 sq. ft. 
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Cabling between electronics racks and outside detector: 

Calorimeter electronIcs: 
- 8 - .5" 00 multi-strand fiber optiC cables (t"gger and DAO) 
- 8 - .75" 00 five conductor. N'O wife cables (AC power) 

Shower max &iectronics: 
- 8 - .5" 00 multi-strand fiber opllc cables (trigger and OAO) 

Totals: 
- '6 - .5" 00 muill-strand fiber optiC cables - 3.14 sq. In. 
- 8 - .75" 00 five conductor. #'0 wife cables - 3.53 sq. In 
- 6.67 sq. in. or .05 sq. ft. 

~racjser Electronics Options· 

Doljg" 1 ~ straw tybe Iracker electroojcsj 

Cabling between calorimeter surface and electronics racks: 

Option 1 A - If paired with the LBL calonmeter electronics. design, straw tube 
electronics are contained in the same crates as the calOrimeter/shower max 
alectronics - no additional crates required 

Option 1 B - If paired with the rNAL calorulleter electronics deSIgn, 1 additional 
electronics craie is required to house the straw tube electronics 

_ Straw tube tracker electroniCs (same for options , A and B): 
'6384 straw tube tracker channels. 64 modules. 64 OCC boards 

- 64 - 2" x .04" ribbon cables (data. trigger and contrOl) 
- 64 - 3/'6" 00 mini-coax cables (module high voltage) 

Totals: 
- 64 - 2" x .04" ribbon cables - 5.'2 sq. in. 
- 64 - 3/'6" 00 mini-coax cables - 1.77 sq. in. 
• 6.89 sq. in. or .05 sq. ft. 

Cabling between electronics racks and outside detector: 

Calonmeter electrontcs' 
- 8 - .5" 00 multi-Slrand fiber optiC cables (t"gger and OAO) 
- 8 - .75" 00 five conductor. #'0 wife cables (AC power) 

Shower max electronics: 
- 8 - .5" 00 multi-strand fiber optiC cables (t"gger and OAO) 

Totals: 
- '6 - .5" 00 multi-strand fiber optiC cables - 3.'4 sq. In. 
- 8 - .75" 00 five conductor. #'0 wire cables - 3.53 sq. In. 
- 6.67 sq. In. or .05 6q. ft. 

OPtion 2 - digital calQrjmeoter electronics with shower max (FNAL design)· 

Cabling between calorimeter surface and electronics r_cks: 

. Requires 8 electronics crate spaces in the racks 

Calorimeter electronics; 
- 2240 channels. 2240 PMTs. direct wiring from PMT bases. no mother boards 

- 2240 • , .2" x .04" ribbon cables (combined function) 
Shower max electronics: 

- 4480 channels. 448 multi-anode PMTs. 448 mother boardS (1 PMT each) 
- 448 - 2" x .04" ribbon cables (combined function) 
• 448 - 114" 00 STP cables (PMT voltage) 

Totals: 
·2440- '.2" x .04" ribbon cables - '17.'2 sq. in . 
• 448 - 2" x .04" ribbQn cables • 35.84 sq. in. 
• 448 • '/4" 00 STP ·cables - 21.98 sq. in. 
- 174.94 sq_ in. or 1.2' sq. ft . 



Option 2 - sci-fi central tracker (4 laver tracker) electronics· 

Cabling between calorimeter surface and the electronics racks: 

Requires 3 electronics crate spaces 10 the racks 

Sci-II tracker electroniCs 
. 39000 sci·fi tracker channels, 3 VLPCs 

- 1182 - 1.3" x .04" ribbon cables (combined function) 
Totals: 

- 1182 - 1.3" x .04" ribbon cables - 61.46 sq. In. or .43 sq. It 

Cabling between electronics racks and outside detector: 

Sci-Ii tracker electronics: 
- 6 - .5" 00 multi-strand fiber optiC cables - (combined function) 
- 3 - .75" 00 five conductor, #10 wire cables (AC power) 

Totals: 
- 6 - .5" 00 multi-strand fiber optiC cables - 1.18 sq. In. 
- 3 - .75" 00 five conductor, #10 wire cables - 1.32 sq. in. 
- 2.5 sq. in. or .02 sq. h. 

Intermediate Tracker Electronics Options· 

Option 1 • sci-Ii tracker electronics; 

Cabling between calorimeter surface and the electronics racks: 

- These electronics will be housed in the same crates as those used lor the central 
sci-Ii tracker electronics 

Sci-Ii tracker electronics: 
13750 sci-Ii tracker channels, uses same VLPS as central sci-fi tracker 

- 418 - 1.3" x .04" ribbon cables (combined functIon) 

Totals: 
_ 418 - 1.3" x .04" ribbon cables - 33.44 sq. in. or .23 sq. h. 

Cabling between electronics racks and outside the detector: 

_ These electronics will share the liber optiC cables used by the central 
sci-Ii tracker, nO additional cabling required 
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Cabling between eleGtronics racks and outside detector: 

Straw tube tracker electronICS: 
- OptIon lA: 

- 8 - .5" OQ multI-strand fiber optIC cables (combIned lunctlOn) 
- 8 - .125" QD RG-S8 coax cables (straw tube high voltage) 

Totals: 
- 8 - .5" 00 multI-strand fiber optIC cables - 1.57 sq. In. 
- 8 - .12S" 00 RG-58 coax cables - .1 sq. In. 
- 1.67 sq. in. Or .01 sq. ft. 

- Option 16: 
- 1 - .S" 00 multi-strand fiber optic cable (combined lunclion) 
- 8 - .125" 00 RG-S8 coax cables (straw tube high voltage) 
- 1 .7S" 00 five conductor, #10 wire cable lAC power) 

Totals: 
- 1 - .5" 00 multi-strand fiber optic cable - .2 sq. In. 
- 8 - .12S" 00 RG-S8 coax cables - .1 sq. In. 
- 1 - .7S" 00 five conductor, #10 wire cable - .4 sq. in. 
- .7 sq. in or .OOS sq. ft. 
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Clbllng between electronics racks and outside detector: 

CalOrimeter electronics: 
_ 4 _ 5" 00 multi-strand I,ber optiC cables (tflgger and DAQ) 
_ 4 - .75" 00 live conductor. #10 wrre cables (AC power) 

Shower max electronics: 
_ 4 _ .S" 00 multi-strand Ilber optiC cables (trigger and DAQ) 

Totals; 
_ 8 - .5" 00 multi-strand !lber optic cables - 1.57 sq. In 
.4 •. 75- 00 five conductor, #10 Wire cables· 1.77 sq in. 
- 3.34 sq. in. or .02 sq. It 

Option 2 .. digital calorjmenter electronics with shower max (ENAL design); 

Cabling between calorimeter surface and electronics racks: 

Requires 4 electronics crate spaces in the racks 

Calorimeter electronics: 
_ 1600 channels, 1600 PMTs, dlfect wiring tram PMT bases, no mother boards 

- 1600 - 1.2" x ,04" ribbon cables (combined lunction) 
Shower max electronics: 

_ 1792 channels, 112 multi-anode PMTs, 112 mother boards (1 PMT each) 
112 - 2" x .04" ribbon cables (combined lunction) 
112- 1/4" 00 STP cables (PMT voltage) 

Totals: 
- 1600- 1.2" x .04" ribbon cables - 76.8 sq. In. 
- 112 - 2" x .04" ribbon cables - 8.96 sq. In. 
- 112 - 1/4" 00 STP cables - 5.5 sq. In. 

- 91.26 sq_ in. or .63 sq. It. 

Option 2 ~ gas mjcroslrip tracker-

Not much is known about the deSign of this tracker option at the present time From 
the information that we ttave, the electronics configuratIOn WI" be simIlar 10 that 
of the Silicon tracker; i.e., the front-end electronics will be located on the micro-
strips and Will De cabled dlf6CUy to the surface via fiber optiC cables. OUf best 
guess is that there Will pe approximately 8000 fibers connecting the tracker to 
electroniCs racks In the counting room. This would be eqUivalert to about 900 
multi-strand !lber optic cables, .5" 00 each. 

End~cap Section • quadran,· 

Calorimeter/Shower max ElectroniCS Options· 

Option 1 .. analog calorjrn'pter electronics with shower rna. (Lel desian)· 

Cabling between calorimeter surface and the electronics racks: 

. Requires 4 electronics crate spaces in the rack 

Calorimeter electronics: 
- 1600 calorimeter channels, 1600 PMTs, 160 mother boards (10 PMTs each) 

- 160 - 2" x .04" nbbon cables (data) 
- 160 - 2" x ,04" ribbon cables (contrOl, calibration and logiC power) 
- 160 - 114" 00 Shielded-twisted pair (STP) cables (PMT voltage) 

Shower max electroniC$: 
- 1792 shower max channels, 112 multi-anode PMTs, 112 mother boards (1 PMT each) 

- 112 - 2" x .04" ribbon cables (combined function) 
- 112 - 114" 00 STP cables (PMT voltage) 

Totals: 
- 432 - 2" x _04" ribbon cables - 34.56 sq. in. 
- 272 - 114" 00 STP cables - 13.43 sq. in. 
- 47.99 sq. in. or .3~ sq. It. 



Cabling between electronics racks and outside detector: 

Calorimeter electronics: 
- 4 - .5" 00 multi-strand fiber optiC cables (trigger and oAO) 
- 4 - .75" 00 fivq conductor, #10 wire cables (AC power) 

Shower max electronics: 
- 4 - .5" 00 multi-strand fiber opliC cables (trigger and oAO) 

Totals: 
- 8 - .S- 00 multi-strand fiber optiC cables - 1 57 sq In 
- 4 - .75- 00 five conductor, #10 wire cables - 1.77 sq. In 
- 3.34 sq. in. or .02 sq. ft. 



Silicon.Strip Front End Electronics 
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Table 1. Threshold Voltages ,Vcs: 

0683 
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IOeometry 
INMOS 75/1.2 

0.00 MRoo 0.25 MRacI ,0.50 MRad , .00 MRacI :2.00 MRaa !5.00 MRad I 
0.79· 0.69! 0.66 0,601 0.591 0:591 

:NMOS 1332/1.2 0.72 0.601 0.69 0.5e' 0.67' 0.621 
INMOS 888a.2 0.79' O~73: 0.681 0.641 0.621 0,651 
INMOS 1332r.J.2 0.73 O.55! 0,66 O.5_~~ I-- I ' . 

,PMOS 75/1.2 0.62 0.70 0.70· 0.71 0.72 0.761 
1PMOS 133211.2 0.65 0.77 0.81 \ 0.78\ 0.841 o.eol 
PMOS 8~!2.2 0.80' Q,87 0.89 0.90: 0.92~ 
PMOS 133213.2 0.78 0.88 0.90 0.88' 0.93' 0.931 
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soc Data Acquisition System 
CWTent Status Of CDR, Technical Proposal & Costing Tasks 

November 14, 1991 

Conceptual Delign Report • Q/4191 draft ... vi.wed by SOC DAQ group 
• 9124191 draft di.tributed and ... vi.wed at 

ORNL SOC CollaboratioD meeliDc 
"3N~_pleted; beiac 

restructured more into Technical 
Proposal format 

Technical Proposal DAQ Section • Initial outline revised and being tent to 
Fred Kirsten 

• Will be written by Ed Barsotti" lrwin 
Gainea 

• Writing just .tarted 
• Backup material must be written up into a 

single document; lome Dot attained yet 

Descoped Costing • Excel .p .... dshe.t MItS 95~ complete; 
manpower component 15 .. complete but 
not yet incorporated into Ipreaciaheet 

• MacProject 20% completed 

MjegeUADeoWI Taaka 

Switch·Based nata Acquisition 
System Prototype Project Report 

- Project completed luccelsfully in April. 
1.001 

• Ruulta report 8O'lo complete; .... be 
distributed at the February. 1992 SOC 
Collaboration meetinc ••• sse Technical 
Note 

• 20~ completed Event Builder Subsystem Detailed 
Implementation Proposal • Being written using either a commercial 

.witching network OT one built by the 
collaboration 

+++DRAFT +++ 

SOC Data Acquilltlon SYltam 
Tachnlcal Propolal Outllna 

(11/14/111) 

8.9 Data Acquisition and Slow Control 

8.9.1 Data Acquisition System Overv;.. 

8.9.2 Data Acquisition System Requirements 
8.9.2.1 Data flow and 1.lnt collection requirements 
8.9.2.2 Data monitoring requiremen1l 
8.9.2.3 Slow control requir._nla 
8.9.2.4 Partitioning and ,tand·alonl operation requir.m.nts 
8.9.2.5 ... abilities requir.",lnta 

8.9.3 Relationship of Data Acquisition to other Subsystems 
8.9.3.1 Relationship to front·end system 
8.9.3.2 Relationship to trigg.r .ylt.m 
8.9.3.3 Relationship 10 .Iow control. syst.m 
8.9.3.4 Relationship to On· lin. computing sy.tem 
8.9.3.5 Relationship to leve' 3 proceuor Iv.tem 

8.9.4 Data Acquisition System Architecture 
8.9.4.1 Logical block diagram 
8.9.4.2 PhYSical block diagram and layout 
8.9.4.3 Data flow paths 
8.9.4.4 Control paths and slow control system 
8.9.4.5 Partitioning and otand alanl operabon 
8.9.4.6 Major CAO compon".,ts and chann.1 counts 

a) E.ent data read,out modules 
b) Subsystem crate 
c) E.ent builder .ubsystem 
d) E.ent data flow· control 
e) On·line processor subsystem 
f) Conlrol computing interface 
g) Rack protection' subsystem 
h) Software sysle,:,s 

074 ·i 

·Infr .. tructllre 

soc DataAcqulsltion 
Desooped ~SUIIUJUIIY 

(November 14, 1991) 

- DAQ ControllMonitorinc Network 

- erato, Power SuppU .. , Etc. 

_ Event Data Readout" ControllMonitorin, Network Inten.eel 
- DAQ CPU Module. 
_ Crate Adapt.erllnt.erf'ace Noclulea, 
- Event Data Linka 
. (Other Item,) 

_ Event Builder Subsyt.em Ie. Link. To The Online Processor Subsystem 

- Event nata f10w Control Sublytem 

· Online PToee .. or Subtlyat.em 

· DAQ otnine Analy.i. Interlace 

· Electronie. Rack Prot.ection SubI.,..tem 

M&STota1 

'IO.OK 

<O.OK 

1S10.OK 
120.01< 
137.0K 

IS.OK 

nOO.OK 

11.OK 

164O.0K 

2SO.OK 

1782.0K 

12II4O.0K 

074G 

f I ',...,. 

1246O.0K 

Overall Totals 25000.0K 

074& 

8.9.5 Additional DAO Component Details 
8.9.5.1 Front·end & trigger syslem e.ent data readout & controVmonitoring 
interface 

a) Crat.s. bacl<plan.s and power supplies 
b) OAO CPU modul. 
c) OAO .vent data readout bus Sla.e interlace 
d) DAO crat. adapt.r/interface mOdule 
.) E.ent data IInkl 
f) DAO controVmonltoring network 
g) RelTlOM OAO colllloVmonitoring network interface. links & repeaters 

8.9.5.2 E.ent builder lubsystem 
a) Input int.rface & data balancing/input qUluling network 
b) Iwitching network 
c) Int.rface to online processor lublYltlm 

8.9.5.3 E •• nt data flow control lub.yllem 
a) Interface 10 trigger .ub.y.t .... 
b) Interfaco 10 other DAO a..bsyllem. 
c) E.ent data flow and trigg.r inhibiting 

8.9.5.4 Online proce"or ·,ub.ylllm 
a) Processing and IOftware developmlnt Invironment 
b) Interface to oth.r OAO subsystem. 

8.9.5.5 Software system. 
a) Run control 
b) Runtime user interface 
c) Control and monitoring interface 

8.9.5.6 Stand·alone OAO systems 

8.9.6 Commissioning the Data Acquisition System (Installation. 
Integration & Testing) 

8.9.7 Status. OngOing and Future R&D. Milestones & Critical Path Items 



SDC DAQ Milestones 

Completion of DAQ requirements Nov, 91 

Completion of DAQ system design, incl. 1993 
technical choices 

Completion of DAQ component design 1994 

Portable DAQ for use in test beamsllabs 1994 

Prototypes 'of all DAQ components 1995 

Delivery of partial DAQ systems Jan, 97 
for subsystems 

Muon subsystem ? 
Calorimeter subsystem ? 
Tracking subsystem ? 

Installation of complete DAQ system Jan, 99 

Certification of full, working DAQ system July, 99 

07 4~, 
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SDC Second Level Trigger Using ASP 

J. Brisson(CEN Saclay) 



ceJ Saclay DSM DAPNIA 

Second Level Trigger 

= = > Tightly coupled to Data Acquisition < = = 
Quick decis;o~!!ne th~seie!-=t!!J'! of trigg~red ~,:,ents 

• Better granularity than level 1 
• Better energy resolution: Digital 
• Multi-detector correlation 
• Topological decisions 
• In the 5/50l1s range 

= = > Needs flexible algorithms. < = = 

R&D for new architectures = = = > Parallelism 

Proposed solution = = > ASP: Associative String Processor 

November 1991 SDC Second level Trigger using J 

ceJ Saclay DSM DAPNIA 

VASP-64 : String of associative processors 

-+ two basic concepts, (Prof LEA) : 

• Suppress memory access -+ One processor for each data word 
• Suppress addressing -+ Assocjative access.to multiple data 

.. 64 bits data register .... 64 processors on each chip .... 2K Machine working 

November 1991 SDC Second Leyel Trigger using 

ceJ Saclay 

SDC Second Level Trigger using ASP 

November 1991 

J. C. BRISSON, 0 GACHElIN, P LEDU - B. THOORIS 

DAP.N LA 

CEN SACLAY 

91191 Gil sur Yvette CEDEX France 

DSM DAPNIA S 

c. 
...... 
(it 

November 1991 soc Second Le •• 1 Toigge, using A~ 

ceJ Saclay DSM DAP~IA Si.:~ 

Event selection at SOC 

= = > At least one event for each beam crossi!!!L < = = 

One event = = = > several Mega-bytes of data,. 

= = > Needs for an efficient selection of good candidates < = = 
First levelJr:igger : 

• -+ reduction of event rate by a factor of 1000 

§,t:;cond/evel Trigge~: 

• ..... further reduction of event rate_ by a factor between 50 and 100 

Third lev~LTrigger, : 

• ..... final selection -+ processors farm (RISq 
o 
...... 
<II 
f\.) 

November 1991 SDC Second Level Trigger using ASP 



ceJ Saclay 

ASPEN Architecture 

• Model 

• flP pushes reguests for execution 

-+ of one single instruction 

DSM DAPNIA 

-+ or a linear seguence of (prestored) instructions 

• KEJ1~r.ldles: 

-+ control flow 
-+ serial field a~d9ressing 

• JlP has memory mapped access to ASP vector 

November 1991 6 SDC Sec:oncI Level Trigger using 

ceJ Saclay DSM DAPNIA 

DSP/ASP Interface 

State Machine 
4 Concurrent MellOr5 !16k instructionsl 

~r~~P""W 
Pipe! ined ~o e .&1. liIi: 

Instruct ions 
Addr Request 

fIFO Blillllli~' JII,.'iaa ..A!IlII:-ess" ...... ..... . ....... 
Generation f------ ...... ..... . ....... 

----+ -unit -" 
L-I aSp Activi 

OSP . 
~ I 1_ 

Data Jill. 
~ A~e Rill 

FIFO Serial Fiel~ 

I -- L--

--+ 

~ Data FIFO 

-
B y Instructi On I 0 

Encodu I 

I lID ~ 

Reg "" .~ 

ASP Contr 

November 1991 SDC Second Level Trigger USing 

ceJ Saclay DSM DAPNIA 

ASP's Embedded in DAQ as Trigger Processor 

ASP distributed on front ~nd aC9!:!.isition b.0iJ.,-ds. 

• Data channels connected to ASP string 
• Logical machine distributed over many boards 
• ASP controller on bOflrd (DSP ?) 
• Correlation network (Transputers ?) 

Network 

T~hird Level ~~ 
Solected ".hl -

r.nsfe .- -~ /. ASP 
D S p/ 

l:.</'j~-"-l<;4:.'4L 

r-~"~--------~ 

November 1991 SDC Second Level Trigger using I 

ceJ Saclay DSM DAPNIA S 

ASPEN (ASP Embedded Node) 

* Hardware: Fast microprocessor (DSP 32 bits, floatiOO point) _ ASP String 

• ASP string controll~r" 
• inteJiace to other .!!:!9.!Le~ elements 
• detect~ inteJiace 
• use as scalar ~e~sor" 
• prototype ready in February 92 (1K) 

* Software : Program written in C language 

• DSP program control : 
microprocessor activity 

- ASP activity 
rendez-vous 

• ASP primitive procedures embedded in source DSP program sequence 
Compiler builds an ASP "data list" of instructions 
Compiler replace initial ASP code by a "move" to ASP InteJiace 

• Dynamic interpretation at run time 

November 1991 SDC Second Level Trigger using A 
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Second level trigger pro~ect for SOC 

End Cap Barrt 1 End en 

~r:--
Muon detector '<:~-

l. Hadron cal orilteter "";1--I EM calori_ter . '~:~:-:-
I Shower ux <:~ 

I Tracking 

Calori ... ter segooentation : 128 in • =188 in f/ 

,-,-,-- --'-. .. r- - --r I 
-:-r-- H-f--- : ... ; 
-1- - - -I 

1 1 
1·- 1 
1 1 
1- -f-- .. -1-- .. -e-- -I .-
1 1 

•••• --I _. 1 

1 1 
I-+-r~-~+-~r-t-+-+-+-I- -
1 1 

•. .• -1- -- . - -1- - 1 

L _____ J __ L- _ --L L_. ___ _ .. J 

Data in APE register: 2 APE for each projected pixel 
EM( HAC EM( EM( 

-I up I down 1 APE n-1 APE n 

Tracking Shower Max Muon 

I I I I 
APE n+1 I I I APE n+2 

November 1991 SDC Second Level Trigger using I 

ceJ Saclay 

Results of Simulations 

Timing evaluation performed on VASP·64 Simulator 

Does not depend on the number of towers 

Isolated Electrons: 

• First threshold = ~ to find electron candidate 

• Second threshold = 1E.s to ~arate from hadrc)n 

• Third threshold on neighbors and electrons counting = 2 ps 

Total = 41ls 

DSM DAPNIA SEI 

November 1991 9 SDC Second Le •• 1 Trigger using ASP 
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Gil Gilchriese and Tim Thurston 

SOC Elearon..ics Workinl Group 

November IS. 1991 

RE: LOCATION OF ELECTRONICS INSIDE OR OUTSIDE MUON STEEL 

The Electronics Workinl Group consideJed four possible locations for electronics cUl'l'ently 
being located between the caJorimetcr and the muon systems: 

I) Location outside the moon system 

21 Location in rack-mounted crates along the venical walls of BWI 

3) Locarion in crates mounted on the back of the calorimeter 

4) Revised layout of electronics on the back of the calorimeter. possibly in more 
compact crates or without crateS 

Some of the issues in locating the electronics are: 

Electronics Performance 
Reliability 
Ease of Maintenance 
Ease of Design 
Cost 

Conclusions of the discussion are summarized below without full elaboration of the issues. 

GENERAL CONCLUSIONS 

l11c following generaJ conclusions were drawn: 

I) 

2) 

J) 

4) 

2) 

VLPC cryostals must be located in close proximity 10 the endcap-barrel crack to 
minimize attenuation of signals 10 theVLPCs. This conclusion could change as the 
anenuation length ofclcar fiber waveguides becomes better undcrstlXJd; however. it 
is unlikely that the fibers could beextendcdtnare than a few meters. 

Calorimeter calibration source pigs must be located on the calorimeter. 

Power distribution for chamber-mounted suaw rube electronics mUSI be located 
near the endcap-barrd aack to minimize length of leads. 

For SCA-based calorimeter and shower max readout. preamplifiers and shaping 
ar:npllfie~ must be physically coupled to phocodetectors to minimize electronic 
ptCkup pnor to signal amplification. 

Elccuorucs perfonnance may be compromised by the icnger cables required by the 
rack-mounled location. In addition. it may be compromised in the rack location by 
the fact th.u the elcctrooics ground is less well tied 10 the ground of the upstream 
electronics and of the detector. The particular issues hCR are signal dispcnion. 
elecuonic pickup. and ground loops. 

3) The rack-based system affords mere convenient access 10 the electronic~ however, 
access 10 electronics in crates on the calorimeter is adequate. EIcccronics can be 
designed 10 be sufficiently reliable foc klcation on the calorimeter. Requirements 
for ~liability are not as sevCR for electronics on the back of the calorimeter as for 
the silicon b'lCker and straw rube electronics which has similar functionality and is 
embedded deep within the detec.... Routine servicing of eIeclronics will be by card 
~placemenl. 

4) Access 10 most, but not all, photomultipliers ts better if electronics is rack-mounted. 
An adcq .. Ie plan for ...... 10 phouxnultiplim has not yet been developed for the 
case of electronics on the cahrimeter. 

S) Access 10 elcctronics on the back of the cakJrimetcr. and 10 photomultipliers. will be 
different for layout of electronics for diffCRnt choices of rrackinl detector and 
calorimeter readout technoloa:ies. For instance. the case of. straw tube tracker and 
readout of the calorimeter by swilChed capacitor arrays (SCA's) may n:q~ the 
least physical space among the current scenarios; whereas, the case of a scintillating 
fiber: tracker and readout of the calorimeler by digital photomultiplier bases may 
tequlfe the mosl. Access 10 photomultipliers may be adequate in some scenarios 
bul nol in others. 

The group concluded that locating the electronics on the back of the calorimeter is 
preferable 10 rack-mounting next 10 the muon system and thai an electronics layout which 
affords adequate photomultiplier access should be developed for each of the differenl 
combinatio~s of tracking technology and calorimeter readout. rather than only for a went 
~ase SCt;nano. ~ group recognized the need for subsl2ntial C(X)pcration with the 
11l1egrahon group In order 10 develop appropri.uc layouts. Finally. the group recommends 
thai pr~tsion be mainta.i~ for the rack-mounted location as a backup in case no 
appropnate layout ts poSSible for the combination of tracking and calorimeter readout 
technologies fmally adopted 

ALTERNATIVE PACKAGING SCHEMES 

With ~spect 10 development of electronics to be mounted on the calorimeter without crateS 
or in more compact cnles, the group recommends that alternative packaging schemes be 
constdered as well ~ laY'!Ul of crate-based electronics for possible scenarios as suggested 
ah?v~, but that conslderatlon of crate-based layouts.on the back of the calorimeter be given 
P~0':lty. As well as Improving access to photomulnpliers. re-packaging may reduce or 
eliminate cables and connccoons, WIth .consequent pcrfonnance and possible reliability 
gains. al the cost of Increased englllccnng etlan. 

U76i 
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For flash digitizer-based ca1aimetcr and shower max readout, current splitters. 
integrators. and flash digitizers must.be p~ysicall>: coupled.~ ~~etectorS 10 
minimize electronic pickup prier 10 Stgn&l UltegraDOn and digtnzatlon. 

VLPC. straw tube. and all calorimeter readout systemS should be located as close as 
feasible 10 signal sources to optirnizt cable length in m1c:r to minimize: 

al 
bl 
cl 
dl 
e) 
o 
g) 
hi 

signal dispersion in cables 
signal ground return paths and ground loops 
required siJ""! swings 
power diSSlpation in cable drivers 
crosstalk to other signals 
signal feedback 10 analoc input of e1ecttonics 
cross section rX cables 
cost of cables fer a aiven cross section 

All electronics. including photomulilpliers. must be accessible for repair. 

LOCATION OUTSIDE THE MUON SYSTEM 

With ~spect to location of electronics outside the muon system. it was concluded that: 

II 

21 

JI 

4) 

There is no compelling cost advantage to an outside location. Cosl savings due 10 
reduction in size of the muon syStem are approximately offset by additional cable 
COsts. (Please see report of Chris Sebek.) Cable drivers. supplemental engineering 
10 handle cable dispenion. and supplemental cable installation costs would likely 
more than offset any residual muon system savings. 

Electronics performance with the required cable runs is uncenain. 

The large aggrcaare cross-sectional area. of the cable planl would incroduce 
additional dead space in the muon system. 

Access 10 and delivery of services to elecuonics outside the muon system would not 
bo silnificaody improwd<:<lCllplRd"'~ _wiGirtIllo_ . 
syslem. 

l11c group saongly agreed that the electronics should noc. be loclIed outside: the muon 
system and thai the inner radius of the muon radius should be chosen 10 be adequate for 
electronics located between the calorimeter and the muon system. 

LOCATION IN RACKS VS. ON BACK OF CALORIMETER 

Wilh respecl to lcxation of electronics in racks within the muon system as compared to 
location of electronics on the calaimeter. it wu concluded that: 

I) The required inner radius of the muon system, and hence the cost of the muon 
system. is essentially the same for eIcctronics located in crates in either location. 
(please see report of Tim Thurston.) 

RECOMMENDATIONS 

In sunvnary. the Electronics Working Group recommends that: 

I) 

2) 

The inner radius of the muon system should be chosen 10 U 10 allow locarion of 
elcctronics in crates on the back rX the calorimeter CI' optionally in ncb adjlCmt 10 
the vertical BW I muon chambers.. 

Layout schemes which locate eleeuonics on the bIck rX the calorimeter with 
adcquale occc:ss 10 photomultipliers sIIouId be developed for __ in the: 
technical proposal. 

U76" 
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TECHNICAL ASSESSMENT OF THE ELECTRONICS FOR THE CENTRAL 
TRACKING OPTIONS. 

FIBER TRACKING SYSTEM 

The success of the fiber tracking system depends on the develoPrTlent of a VLPC which 
meets the criteria: 

Quantum efficiency ;0.80% 
Reduced Infrared sensitivity 
Contact resislance <2000 
Small bias variation 
Reduced sensilivity to latchup 

The progress to date in the development 01 this device by Rockwell has been implessrve. 
but mer. does not yet exist a device that meets aN of the criteria. The proponents 01 the fiber 
traCking system expressed their optimism that such a devICe will be made before the year's end. 

Ona important characteristic of the device that has not been shOwn is the ability to 
produce a pulse that can be amplified and Shaped with the required risetime and pulse slewing. 
The direct output of the VLPC has not been prasanted. 

A new custom circuit will have to be designed to amplify. shape, and diSCriminate the 
Signals from Ihe VLPC. This appears tram the specification to be a straight forward adaptatIOn 
of the straw tube ASO. There are questions about what modifications to the amplifier design Will 
have to be made to alleviate the latch·up problem. Wa would like 10 have more information on 
the equivalent circuli parameters 10r the VLPC and custom cable in the cryostat. 

The mounling of the ASO's on a P.C. board and the mounting of the P.C. board on the 
casselle part of tha cryostat seem to be straight forward, However twO significant issues are 
(1) how the electronics is to be cooled (120 to 160 wans per cryostal) given the high packing 
density, and (2) whether the outputs of the ASO can be single'ended oyer a groUnd piane as 
currently proposed. It is possible that single-anded outputs will not work and that differential 
outputs will be reqUIred. In Ihis case the cable plant from Ihe cryostat. to the crata. which is 
already large and dense. Will double in size, 

The digital electroniCS for the Irigger and data buffer appear do·able. The number of 
iteralions needed to make the full custom integrated circuits work has probably been 
underestimated. While the boards as designed can PfObably be mada. Ihe Cabling plant will be a 
nlQhtmare. The space required for the crates, cryoslat. and the cables aggravate the already 
dlfllcult problem of laying OUI the area around the calorimeter. Much of Iha compleXity of the 
system partICularly the cabling and interCOnneclion has been driven by the requirement to do 
traCking reconstruclion using all superlayers wilh uniform efficiency In the trigger, at the 
beam crOSSing rate. It has nOI yet been demonstrated Ihatthis IS necessary to meet the 
triggering goals 

Finally. smce Rockwell is Ihe sale supplier 01 thiS deVice one can nOT choose fibers lor 
the outer !racker until a SUITable contraCt With guaranteed price and delivery has been 
negotlaled and Signed. 

STRAW TUBE TRACKING ELECTRONICS 
0765 

Most of the electronics for the straw tube tracker will be mounted on a board at the end 
of the straw tubes. The ASO circuit for straw tube readout Is st.raight forward and there are at 
leasl two vendors for this Chip. An 8 channel chip is in fabricatIOn noW. 

The time measurement and level one storage chip. the TMC. has been Shown to woOI:, 
al1hough the presenl version, which incorporates. channels per chip. has on~ 1 microsecond 
of storage, It is thought to be reasonabJy straightforward to extend. this to • rniCroHconds. The 
outstanding problem that has 10 be addr.ssed is increasing the radiatlon~. The ~et 2 
buffer as currentty designed Is a separata chip. There are adv~tages to COmbil'llng the ....... , 1 
and ~et 2 storage on a single device. The details of the connectIOn to the DAQ and 10 the overaU 
trigger system have not been wol1c.ed out. The riSk of having a lingle source tor the TMC Is not 
viewed IS being a problem. 

The Irlgger chip for the straw tubes does not appear to have any probktms. There are 
multiple sources for this device. 

The major problems for the straw tube electronics are packaging ail of the components. 
demonstrating that the digital logic can operate without too. much CfOSl salk !" the 51,.".. and 
preamplifiel1i and design of a satisfactory system for cooling. Several SOIUIIO",' .ar~ betOg 
pUl1iued. the amount of effort applied is conmensurate with the problem. and It tS likety that one 
at more solution Will work. 

CONCLUSIONS 

Overall the signal processing and diOitai 1ogK: for both the straw and fiber sy~tems seem 
reasonably straightforward (though not trivial). The diffICUlties of packaging, cooling. and 
minimizing cross talk ara greater for the straw chamber electronics t~an for eith~r ~a MO or 
digital logic 01 the fiber tracker. However, given the problem of the IOterconnectlOn In th~ 
fiber tracker and the uncenainty in the operation and delivery of the VLPC. the everall risk for 
the fiber system Is larger than that of the straw lubes. 

A substantial system test of both systems will be required to unambiguously address 
these concerns. This test should involve fully instrumenting 256 to 5t2 chann.1s of the 
detectot. For the fiber system this would correspond to at teast one f~lty loaded cassette. FO.r 
the straw tube systam this would correspond to at least one modute With a~ attached etectronlCS 
board. It is thought that it is unlikety that either system could produce thiS full system test 
prior to September 1992. 

Revl8w Committee: M. Campbell 
H.H. Williams 
J. Oliver 
C. Bebek 
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b) Two-story chamber module 
077:; 

Also shown in FIg I is • basic cell amngement in • chamber module. The 

chamber module is essentially a rectangular flat box wlth thin aluminum structure. 

The module consists of two half-<:ell-staggered jet cell layers partitioned by • 

middle honeycomb plate. The benefit of this module coofiguration is to provide a 

very effective Digger acheme utilizing a rnean-timer logic as well as to solve a left­

right ambiguIty. 

3. Physical requirement 

a) Module boundary and chamber width optimization 

In order to minimize dead regIons in the muon coverage, relatively wide 

modules of about 3.5 m in width for the theta layer in BWl were originally 

considered. The boundary regIon, where the half cell staggered two layer 

arrangement is not perrec~ becomes about 6 ... of the whole barrel muon coverage 

in Tl. However, as shewn in Fig 2 and also as summarized in Table 2. at least one 

cell of each superlayer covers the boundary and at least one superlayer, eIther 

BW2 or BW3, provides a healthy trigger at any Tl. Since the boundary is not 

very critical, we should optimize the module width by taking the various other 

factors into consideration such as mechanical rigidity, fabrication, transportation, 

handling, supennodule assembly, overall cosL In this draft we propose a 

somewhat narrower module width of -2.S m for the BW3layer as a typical large 

size chamber module. 

b) Layout of the chamber 

Based on this new chamber width, a layout of the chamber module and a 

supermodule configuration were worked out in accordance with the 'Muon System 

Baseline Parameters (9/25/91)'. Schematic illustrations of the chamber 

arran&ement are shown in Figl. 3 to S. The arrangement is not exactly the same as 

91.10.09 
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1. Introduction 

As a natural solution to fulfill the challenging requirements on overall spatial 

re;olution of -2ilO!un to the muon track measurement for the SOC muon detector 

system, which covers -:WOO m' in barrel region, an innovative design of a drift 

chamber module based on a Jet cell structure has been proposed and worked out 

by the KEK muon group. 

In this draft, we will present a clear illustration of the chamber system to 

demonstrate that the design is feasible and realistic, and also present a set of data 

with which we could extract the system cost as reliable as possible. The R&D is 

yet in a mid-way, however, and we still have many things to do to reach a 

satisfactory complete system design. Accordingly, the data we present here are by 

no means fmal. Therefore, we try to make the data to be in conservative side, if 

not precise, so that any further progress of R&D and design optimization should 

more likely give us a corresponding cost reduction rather than cost escalation. 

2. Basic conflauratlon of the chamber module .' 

a) Oriented Jet cell 

The cell structure is a jet cell of three sense wires in a cell with minimum set 

of electrodes as shown in Fig.!. The cells are padually tilted as they go toward the 

edge of the barreJ toroid so that any row of _ wires poinlS at the interaction 

region. The cathode is made of thin rigid platel which separate individual cell. It 

is helpful for Isolating broken wirea. Relevant parameters of the cell design are 

summarized in Table I. Those parameters have been modified frottt the original 

one by considering the recent reaU11S of the gas gain Ibldy using a small test 

chambers. 
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the one proposed by the Wisconsin group. We have four stereo layers in BW2 

instead of twO layers in BW3 in the WI_in design. The stereo layers are made 

of thin aluminum sheelSllld l-beams to form a lingle wlre drift cell of 5 em x 8 

em of cell size. Half cell staggered twO layers are built into one single fiat plate 

module two of which, as Illustrated in Fig. 6, could serve as strong top and bottom 

lid of the BW2 chamber to withstand gas preasure of about 10 gr/em'. This kind of 

stereo chamber arrangement has already been used successfully for the L3 muon 

chamber system. 

The phi chamber that we propose II also. jet chamber; essentially the same as 

the theta chamber, but the size is somewhat smaller so as to fit to the overall size 

of the supennodule. 

c) Chamber size and channel count 

The size of the chamber modules is listed in Table 3, separately for each 

superlayer. Number of sense wires were calculated for this arrangement, and are 

listed in Table 4. The increase of the channel count from the previous number ( 

59k channels) is mostly due to • difference in the phi chamber arrangement. The 

phi chamber was placed in BWI in the previous counts (6.0 k) and was longitu­

dinally divided into 3 modules. In the present layout it is in BW3 and is divided 

into 4 modules. 

4. Chamber structure and fabrlcatlon 

a) Frames and mIddle honeycomb plate 

The chamber frame strucblre consists of a pair of end frames. side frames, 

middle platel and a center support. The frame components are made of an 

extrusion aluminum, and the middle plate Is an aluminum honeycomb plate. As 

illustrated in Fig 7, the frame components are tightly bolted and glued to the 

middle plates so as to fonn a rigid frame strucblre. In a frame assembly, the center 
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support should be properly aligned with ",spect to the end frames. To this end, as 

conceptually shown in Fig. 7, :be center support should have some small (a few 

mm ) adjustability with respect to the frame structure. An optimum shape of the 

frame cross-sections and a cormection scbeme \0 the honeycomb plate are shown 

in Fig. 8. 

Holes to fIX the feed-throughs and wire supports are precisely NC-milJed on 

the end frames and the oenter support, respectively. Some details of the holes are 

shown in the drawings of the R&D module ( Figs. 9 and 10). 

Since the frame is expected to be ver,' rigid. wen without having top and 

bottom plates, we can work on 'wire stringing and cathode plate assembly on an 

open frame structure. 

b) Top and bottom lid plates 

After fmishing the wire stringing and cell atructure assembly, the frame is 

closed with top and bottom plates to make a gas-tight rectangular box. 

A critical requirement to the lid plates is that they should hold an inner gas 

pressure of -10 grlcmlwith alllll1l small defonnation of a few mm or less, since 

they searve as a part of electrodes for the drift cell • As the chamber width 

becomes wide, this requirement Is no more trivial. A honeycomb plate of -4 em 

thick with I mm thick aluminum skin can be one of choices. Thin aluminum 

sheets with I-beam interleaved struCture or thin conugated aluminum sheeu with 

skins, as shown in Fig. II, may also be llood choice. We need more study to 

fmd a cost optimum solution for !he lids. 

As discussed in chapter 3, like the L3 Jet chamber, we can use stereo-layer 

chambera for the lids of the theta chamber in BW2. Wtlh this arranaement, we 

can save cost and space to some extent. 

c) Cathode P late arrangement 
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g) Weight of the module 

Weight of the 2.S m wide l\ 9 m long l\ 0.4 m thick module is estimated. 

The results are summarized in Table S. 

5. Supermodule assembl, 

a) Chamber module mounting 

Similar truss stnx:ture as the Wisconsin system, shown in Fig. 18, can be used 

to mount the chamben into a supermodule. Some complication of the chamber 

support scberne compared with the Wisconsin chamber is that the position of the 

center support of the Jet chamber needs to be aligned with respect to the end 

frames. This can be done by pushing or pulling the center point of the side frame 

with a adjustable bracket which is fixed on the truss. Since the required stroke for 

the adjustment is a few mm only to compensate a gravitational sag of the chamber. 

Since the sag is estimated to be -Imm at worst, a simple bracket might be used. 

The optical position measurement system in the module, discussed in chapter 4.-e). 

must be very helpful for this adjustment. 

b) Weight of the supermodule 

One supermodule ouuid. toroid consists of, as illustrated in Fig 19, three 

BW3 theta chambers, four BW3 phi chambers, three BW2 theta chambers and 

four layers of stereo chambers. Resulu of the weight calculations are listed in 

Table 6. The supermodule is indeed very light compared with the other systems. 

6. Alignment 

i) Wire-to-module 

Wires are accurately positioned to the end plate with preCision NC-mill 

machining. The precision of this machining must be better than SO I'm. 

iI) Wire-to-cell 
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As shown in Figs. 12 and 13, cathode plates are supported with narrow 

insulator strips which are fIXed to the side frames and the middle plates. Cathode 

plates and this strips form a matrix structure with sufficient rigidity. Although 

there may be many materials suitable for the cathode plate, we are going to try 

conventional 1 nun thick GFRP plates with copper clad for the R&D prototype 

chamber. 

d) Feed-through and wire support 

Plastic feed-throughs and wire supports can be made by an injection mold 

method. Since high voltage applied to sense and guard wires are comfortably low 

of -2 kV (summarized in Table 2), conventional materials and techniques can be 

used. We have made several pieces of the feed-throughs and the wire supports for 

R&D and will make severa110 pieces to be used for the R&D prototype 

chamber.The design drawings are shown in Figs. 14 and IS. They are made by 

machining in the present R&D stage, while in a future mass production they will 

be made by an injection mold technique. The design will be modified so as to be 

optimized to the technique. 

e) Wire Stringing 

Similar technique used for CDF-CTC, illustrated in Fig. 16, can be used. 

Since the cathode plates are simple flat plate and wires are moderately thick, wire 

stringing must be relatively easier. 

f) Middle support adjustment and position monitoring 

To make a middle support adjustment easy and reliable, a LED-lcns-CCD 

optical system, illustrated in Fig.17, will be implemented inside the chamber. 

Utilizing this system, we can always monitor the position of the center support in 

chamber fabrication, mounting and aligninl on the truss and usual operation. 

91.10.09 
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Positioning of the cell walls( cathode plates) does not require good aeeuracy. 

They can be placed within -I nun accuracy. Since positioning of the cell walls 

are completely decoupled to the wire positioning, inaccuracy of the wall 

placement has nothing to do with the wire positioning. 

iii) Chamber-to-charnber and Cbamber-to-supermodule 

This issue is not yet worked out seriously. We only say the following 

statemenu: The chambers are simple rectangular rigid boxes. They can be 

fabricated with the great precision of a few 100 IUD. Laying the precision boxes 

each other and mounting them in a supermodule must be relatively easier. 

We need to study in more detail how to fix and adjust the chambers on a truss 

to assemble the supermodule. One possible scenario is illustrated in Fig. 20. 

7. Cost issues 

Most of the basic parameters relevant to the cost estimation, such as the 

chamber size, cell structure, channel count etc. , have already been covered in the 

previous sections. Conceptual view of the module fabrication processes was also 

described in chapter 4, though we have to proceed more R&D to make a complete 

plan for an actual mass production process of the chamber. 

8. Planning, scheduling and facility Issues 

Not covered in this draft. We will work on this issues, as soon as possible, 

with help of a company. 

9, Development prototype description, schedule and status 

a) Large prototype chamber 

A prototype module of 3 m (width) x 8 m Oength) x 0.42 m (height) has been 

under construction. Principal items to be studied with this prototype are i) 

mechanical rigidity of the module, Ii) wire stringing and cathode plate furnishing, 
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iii) perfonnance of the chamber, iv) mass production capability and so on. Some 

detailed drawings of the R&D chamber are shown in Figs. 9, 10,20,21 and 22. 

b) Shon prototype chamber 

Basic chamber studies using shon Jet chambers have been also going on. 

We have abeady obtained some useful data to optimize wire diameters and 

operating voltages as discussed in section 2-a). A shon Jet chamber of the largest 

orientation of 30 deg. is almOSt ready to operate. 

c) Schedule and status 

The NC-mill machining of the frames and their assembly will be completed 

in the middle of October '91. We could stan measuring mechanical propenies of 

the R&D module by the end of October. 

10. Comments and questions to WBS 

In the WBS table for the jet chamber cost estimate, honeycomb plates 

dominate the overall chamber cost 

Now we bought a two honeycomb plates of 3m x 4 m x 4cm thick for the 

R&D module. The company charged us 1,200,000 ien which is about $8,600 

with an exchange rate of 140 yen/dollar. This price is very close to the unit cost 

used in WBS, which is S329/m2 for 40 mrn thick plate. However we were told by 

the sales person from the honeycomb company (Showa Airplane Co. Ltd),that the 

price might go down significantly, say 1(1., if we order hundreds of plates. Has the 

WBS already taken this factor into account? 

Apan from the middle plate, we need not to use aluminum honeycomb for the 

top and bottom lids which we don't need great accuracy. As discussed in chapter 

4-b), thin corrugated aluminum plate might be a good candidate, then the price for 

the lids may easily go down to 1(1. or lower. 
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Table 4, Number of measurements along a muon track and summary of the 
channel count. 

measurements cells sense wires 
BW1(a) 6 3.5k 10.5k 
BW2(a) 6 4.Sk \3.5k 

BW2(s) 4 13.9k 13.9k 

BW3 (,) 6 6.9k 2O.n 
BW3(a) 6 4.9k 14.7k 

total 28 73.3 k 

Table S. Summary of the module weight for the BW3 a-chamber. 

ComE,0nent weight Q:g) Eieces/module 

Frame Side frame 98 2 
End fnune 59 2 
Center suppon 32 I 
Middle Elate 83 2 

Frame total 512 

T02/bollom Elate 83' 4 

ToEfbottom Elate lotal 332· 

Cathode Elate etc. 90. 

total 940 
·We tentatively assume that the material is the same honeycomb plate as is 
used for the middle plate. 

Tobie 6. Summary of the chamber weight in each supennodule. 

BW2 (a/s) 
BW3 (+) 
BW3(a) 

total 

weightlmodule (ton) modules weight (ton) 
1.3 3 3.9 
0.72 4 2.9 
0.94 3 2.8 

9.6 

U780 
Table 1. Parameters of the wires and the cathode ~lane. 

material diameter tension voltage wires/cell 

sense W 7Ol1f11 400g +2.1 kV 3 
potential CuBe 14Ol1f11 690g 0 4 

guard CuBe 200 I'm· l.2kg. +2kV· 2 
cathode - 3.0kV 

'Yet to be optimized. 

Table 2. Summary of the dead area for triggering in BW3, to be caused by 
module boundaries,-

position dead area 
e{deg) !J <19 (mrad) <111 (xlO- 2) 

80.9 0.16 8 0.8 
64.3 0.46 18 2.0 
51.3 0.73 15 1.9 
41.7 0.97 13 1.9 

total 54 6.6 

·The estimation is based on the LOI geometry and our previous module 
design (9 modules/octant). 

Table 3. Summary of the module size. 

length (m) width (m) height (m) 
BWI (a) 

BW2(a/s) 
BW3 (~) 
BW3(a) 

5.4 
7.3 
7.5 
9.0 

25 (20) 
2.5 (2.0) 

2.15 
2.5 

0.40 
0.54 
0.40 
0.40 

Jet Cell Chamber Module 

Tol.P. 

Ground (0 V) " 

3 HIIH wire Jet Cell 

3 •• " .... Ir. Jet C.II 

Cell Structure 

Ground (OV) 

Q"""'- Guard 
"em .0____ . '-.0"""'" Potent'al 

, , , 
,\e 

o-~ Sense 
o·...f!..l em 

o 
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14 em 

Fig. 1 Jet cell arrangement in a chamber and an 

oriented Jet cell 
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Fig. 11 Configurations of thin aluminum to produce a 

rigid plate for the top and bottom lids 
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1st and 2no . .Level Muon Triggers 
Based on the Jet Chamber Design 
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1st and 2nd level muon triggers 

based on the jet chamber system 

KEK Hiroshi Sakamoto 

1. Introduction 

2. Level 1 trigger architecture 

3. Level 2 trigger architecture 

4. Swnmary 
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2 atlrlO 

Toroid 

WC1 
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Fig. 3 

1. Introduction 

1.1 Trigger logic 081" 

How to make a trigger decision? 

i) Finds a track segment in cachjet cell. 

ii) Connects track segments in staggered cells. 

iii) Connects track segments between two superlayers. 

1.2 Requirement 

a) Spacial resolution of around 0.2mm (4nsec). 

b) Chamber inefficiency (5/6 for example). 

c) Tunable threshold momentum (lOGev/c-SOGeVlc). 

32ns in one cell, 8 half-cells between 2 superlayers. 

1.3 Levelland Level 2 

Levell Level 2 
Prg. step ;:;100 fIXed ;;;10000 variable 
Resolution coarse fine 

Programming LUT/gat~ array software 
Dala transfer heavy light 

local global 

=SDCCO_Ioo ......... ssa..I3 ___ I"1 ========== 

=1 ..... 2M ..... _ ...... _ .... jII __ ======== 

2. Levell trigger 

Hard-wired logic /Look-up table fGate array 

16nsec pipeline. 

Input. Discriminator output signals 

21 Finding a track segment in a jet cell. 

0819 

3 anode signals in one jet cell. 3/3 or 2/3 coincidence. 

Maximum lilt around 16nsec between two anodes. 

I 
I 

Wire 1 ITIDITIIIJ] 
I 

Wire 2 ITIDITimJJ 
I 

Wire 3 ITIIJtmm anode plane 
¢::= I --I 16nsec time slot , , 

muon track 

=SDC ........ Ioo--..ssa..'S-.... -,,,, ========== 
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c::::=l1.I .. WIl¥tl ................. jII~.,.. ======== 
2.2 Connecting track segments in staggered half cells. 

Track segment information from staggered two layers. 

Timing signal from the trigger scintilator. 

t 
" 

T. '" (t., - t.) + (t.1 - t.) 

delay in L1 trigger time slot 

scintilator signal delay .. full drift length of the cells 

0821 

=SDC~Ioo-....ua.I)_-I"1 c::::========~ 

~.3 Connecting track segments between the superlayers. 
: Extrapolates a track segment in BW2 toward BW3. 

Finds segments consistent in position and direction. 

2.4 Level 1 Trigger Circuit 

0823 



=1 ..... 2M ..... _ ..... _ ... jII __ 

3. Level 2 triuer 
Microprocessor/microcontrollerlDSP ... 
lOOmicrosec maximum latency. 
Input. muon TMC output ( 2ns resolution) 

L1 muon triucr information 
3.1 Level 2 trigaer interface 

ASD 
TMC 
UTRG 
1.2BUF 
L2TRG 

Amplificr/ShapcrlDiscriminator 
mllOD chamber diaiti%er/levell buffer 
Levell triuer circuit 
Level 2 buffer 
Level 2 trigaer circuit 

=SDCCO_ ........... ua..U-N .. -I .. 1 ===========> 
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IWI-8 BWZ-8 -IIIW -_SW3-8 Io~ 

samphDa 6 6 13~ ~ 
I 

337~ cells 3500 4500 4900 
sense wires 21000 27000 55600 41400 29400 174400 

~~cbips 52S0 6750 13900 10350 7350 43600 
Cboa .... 164 211 434 323 230 1363 

~Ccra ... 10 13 27 20 14 85 
LI cell cbips 175 1125 0 1725 1225 4950 
Lllupcrlayer chips 3SOO 4SOO 0 6900 4900 19800 
Lllupe,layer boards 109 141 0 216 153 619 
LI IUperla,er en .. 7 9 0 13 10 39 
LlI.l.coin chipa 0 1125 0 0 0 1125 
LlI.I.coin boards 0 211 0 0 0 281 
LlI.l.coin en .. 0 II 0 0 0 II 

Llen~) 17 40 27 :w 24 141 
LI COlt 189 2057 1412 1752 1244 7353 

nec cblllllC~p 4 
nec cbllIIICla/boanI 121 
nec cbllIIICla/c:rale 2041 
cII. ILl cell chip 4 
cII. IL I ...,.,Jayer chip 1 
cII. ILII.I. coin chip 4 
ell. ILl ..,.Jayer lInI 32 
ell. ILl aaperlayer crt S 12 
ell. ILl LI.GDi8l1n1 16 
dL ILl 1.1.coM crt 2S6 
!loud coot (U) 3 
crate cost (U) 52 
boardsIenle 16 

1.2 ente pr_n 141 
1.2 cnlealSIClCr 16 
1.2 _ proc. enle 9 

1.2 ...... y ... m proc. 1 
Data Iizclenle :10 
Datali-'- III 
Data liW ...... yst&m lI96 
Cwaber _paacy 0.01 

r::::::::llal_W....,._ ............ ,.. ....... .,... ========:::s 
1.2 trigger inlcrface 082'i" 

UAa:epI 

1.2 Trigo, Addrcu 

3.2 1.2 trigacr configuration 

Local bus Serial link 

=SDCeoa...doo_ ... ua..', ___ I .. , =========== 



L2 Sector processor concept 

&teDI Builder 
Upper level 12 

lI825 

c::::bSDC~ ........ ssa.IJ-Moo-I191 =========== 

SBS system 
A:t)-tau.l.rminalOr B:W·tau.l.rminalor C:Mullipl ••• r PCB D:C·1IuI PCB 
E:Hormai VMEISBS modul. F:SBS COnlroll.r ( SIoIIO) Top view 
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c::::=»la-.dw ..................... ;.ca.aw.,... ======== 
4. Summary 

Conceptual design of muon L1 and L2 trigger scheme 
based on the jet chamber system 
• Ll estimation of pipeline trigger steps 
• 1.2 interface to L1 buffer 

NellI slep= 
Implementation of these L1 and 1.2 architecture using 
existing technology. 

• L1 prototype PCB al 30MHz 
programmable gate amy I stalic RAM 

• 1.2 prototype 
VME based I TRANSPUTER (1'8OS I T9000 ) 
Bus switch for 1.2 buffer/trigger backbone 

=SIlC~ ......... ssa.I).N.H991 C' ==========> 
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A. Skuja(Maryland) 
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"1 UliUl 

SDC Muon Simulation at University of Illinois 
D. Errede, S. Enede, R. Gardner, M. Haney, 1. Kuhner D. Miller & J. Wiss 

Purpose/Goals: 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon subsystem design(s): 
- barrel & intermediate regions 

• Overall drift chamber design(s) - # layers, 
chamber orientation (9, ¢, stereo) 

• Drift chamber cell configurations, shaping fields, 
DCH gases, etc. 

• Projective vs. non-projective cell geometries ... 

• In-depth studies of relative & absolute performance 
characteristics of candidate muon trigger design(s): 
- barrel & intermediate reg' oos 

• HDL Verilog & VHDL trigger simulation(s) 

• Scintillator & Cherenkov counter Ll triggers 

• Muon drift chamber Ll & L2 triggers 

., E.,al""te trigger efficiend ... , hiases, failure modes ... 

• Evaluate on-line momentum resolution 

• Evaluate trigger rates 

• DACQ pipeline studies, etc. 

0858 
SDC. 
'--G.O. 
""4 
nCJ... 
"',r,..,..., 

0880 
LI - Muon Trigger Simulation: 

Fortran + VHDL 

Fortran 

"fas!" sinwlalioll uf 1l1UUn lrajeclorics for 11]1 < 1.1 

isolHled Il1UOIlS: onc cvcry 10 ~s 

wire hilS US seen al WC2 

projeclive geomelry 

conSlunl so. III ccll-sizc allllid-lillc of WC2 

1000 nll10nS eHeh al IV, 2V, 30, 40, 50, 60, 70, SO, 90,100, 125, 
150, 175,200,250,300,400,500 GeV/c 

VIIDL - /tardwarc dcscriplionlanguagc model of Ll-lrigger 

(8 wires)*(4Iayers) ill 11 module 

201110dules 

all 8 oelums lrenled as Onc 

+/- Z lrcaled as salllc 

Irigger = layer-pair coincidcnce < lhreshold 

basc lhresholds of 10, 15,20,30,40,50 liS 

~ddilional wcigllling - depending 011 rUll 

10% resoluliulI: lOllS +/- 1,2,3 ... JlS 

lrigger suppressiun: 110 morc lhun one pCI' 1.6 ~s 

s. ElTcdc, M. Hancy, 1. Wiss 
U of I 16-0CI-91 

• Need realistic detailed simulation of muons in SDC 

• Event generators for input stimulus 

• Single monochromatic muons 

• Inclusive muons from .,fS = 40 TeV p-p 
collisions 
- prompt muons (heavy flavors, DY, W, ZO ... ) 
- 11":1:, K:I: DKIF, 

- Punchthru background(s) 

• For benchnlark physics processes 
- Use conventional event generators: 
- Isajet, Papageno, Herwig, CDFxxx ... 

• Prompt muons & 11", K, punchthru background(s) 

• Muon transport in jj region(s) 

• Multiple coulomb scattering in cal & toroid(s) 

• a-ray, QED bre= and hadronic processes 

• Detailed muon detector geometries 

• Chamber resolution effects, inefficiencies, noise 

• Chamber front-end electronics, trigger electronics 

• Propagation dispersion, drift time & time-slewing 
effects 

• Event pileup effects 

• etc. 

LI~L <;oc. oo~s 
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VHDL Oliver Trigger 
Oliver, 11-90 

adjustable ~ 
.-------J pulse-stretcher 

~ 
wife adjustable 

pulse-stretcher 

8 wires per module-layer. 4 layers (WC2). 4 modules shown ... 

Input to the Model 
time o LL E 

(ns) S wir MM 
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What's next: 
• rllt Zft ""'11.lN1: __ - ~j,-Z,,*I 

• use "generate" to represent more modules 

• write COF-type trigger model 
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• write Chapman-racetrack model for coincidence detection 

• get other trigger ideas and write models 

• compare triggers 

• get better input data! r...., .. ~ .... -&-«A,s ... 111=-1\. ~) 

• projective geometry from fast muon simulation (S. Errede) 

• interface to SOC-SHELL software development project (I. 
Karliner) 

• <CI'T~ ~"I'W'~ (''''L" ~"t£,~) +- r:F"/~ 
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Table 3- Isajet V6.43 sse Bll -> 1 II Simulation Results 

# Evpllts P.1(B) Lilllits a (mb) 

10000 10· 50 GeV Ie 0.6033E-02 

10000 50·100 GeV Ie 0.5710£-04 

10000 100·200 GeV Ie 0.5223£·05 

10000 200·300 GeV Ie 0.3309£-06 

10000 300·400 GeV Ie 0.5503£·07 

5000 400·500 GeV Ie 0.1412£-07 

104 

102 

:a-
S 101 

~ 10
0 

10- 1 

10-2 
o 

P, B-Quark 
ISAIET Ve.43 

Track P, > 10.0 GeV/c. "" < 3.0 

f I:- dt (mb- 1) 

0.1658E+07 

0.1751E+09 

0.1914E+ 10 

0.3022£+11 

0.1817£+12 

0.3539£+12 

500 
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This note summarizt"s the results of studies investigating tht" ability to match 

muon tracks measured in the Central Tracker (CTO) with hits in the muon system 

without confusion from adjacent putative (candidate) tracks in the CTO. We 

began this study to investigate how the placement of ¢ and stereo planes in BWI 

--+ BW3 and the thicknt"ss of BWI affects the aLility to match CTO tracks to 

the muon system. After describing the calculational technique, we present some 

analytic calculations of a quantity we call the confusion volume which Sen'es as 

a sort of "Rayleigh cnterion" as to when a candidate track has track parameters 

which art" too close to those of a muon track to be resolved within the muon 

system. The (iU\'erse) size of the confusion volume provides figure of merit when 

comparing possIble chamber layouts for the barrel muon system. At low Pl.' 

where multiple scattering efft"cts predominate, it is better to place ¢ la~'ers in 

B\\'l and thus avoid the multiple scattering of tracks by the toroid. At very 

hIgh Pl.' where measuremt"nl error dominates over multiple scattering, one gets 

better matching resolution by moving the ¢ layers to BW3 thus allowing the 

extrapolated tracks to separate more in space relative to the intrinsic chamber 

resolution. An initially surprising conclusion is that in the low P1. limit, layouts 

with two ¢ layers(l) in B\\"l exhibit significantly reduced matching confusion (by 

a factor of::::: 2.6) over layouts with no rP layers in BW1 but with ¢ layers outsidt" 

oftht" toroid. ~early all of this improvement is made possible by the local 0 slopt" 

mt"asurement provided by the two ¢ layers in BWl. This big BWl advantagf' is 

not present in strawman h\youts with only a single ¢ layer. or in arrangf'mt"nts 

WIth a short lever arm between the tb planes at moderate P1. 

In ordt"r to assess the If'\'el of confusion. and find out which P 1. regimt" is rele, 

'""lOt for physics processes Wf' ha\'f' performed ).10nte Carlo (ISAJET) simulCltions 

covariance matrix CI~) -I of the putative track, We assume that this inverse 

coordinate covariance matrix can be computed for the putative track using the 

momentum as measured by the CTD and the known measurement errors of the 

muon system. We further assume that tbe CTD track parameter errors are 

negligible and ignore issues of left/right ambiguity and 6 - ray effects. With 

thest" simplifications, the matching X2 is given by: 

Takins the expectation ,'alne and autocorrelating we get: 

11) 

where: 

1. tlit is tht" transpose of thf' vector describing the difference between tht" 

muon alld putative track track parameters. 

HIP) is the fit matrix for the putativt" track, The inverse of the fit matrix 

is the putative track parameter error matrix. The components are 

H~pJ =C,(:) -I T,aTJJ 

3 C1ld and CIP) an' Ihe coordinHte covariance matrices for the muon and 

pu!ati\'e tracks IOciuding meSS\lrement and multiple scattering efft"cts. 

Thf' secolld term of Eqn.(l) has a straightforv.-ard physical interpretation. 

• If the co\(\riance matrix of the putative track is the same as that of the muon 

which caU$ed thf' hilS. thf' second term will be the trace of the unit matrix which 

is just the the numhf'r of mHon s~'stem coordiOlIlf'S or the number of dt"gre-es of 

freedom ill tllf' \ 1 matching test. If. in addition. ~t = 0, one would obtain tht" 

fClmiliar rt"$ul!' < \ 2 >= Sdof If. on the otht"r hand. the putatin" track is much 

bettf'r meas\Uf'd than the muon (eg resolution is mcs dominated alld the putati\'e 

\rack has a much highf'r momf'ntum than the muon). the second term \\'ill insUlt' 
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of the bi~h PJ.. BB process Tht'se ),{oute ('ClriO studies confirUl thClt the luw Pi. 
I multIple ('ou!omb scattl:'ring dommated) !imlt IS appropriate and a factor of ~ 2 

llllpru\'CIIlCTlt III matchinp; confusion should indet>d be reailzed by plClcinp; two 0 

li\yf'rs In D\\'l rather than p!a~'lll~ them outSide of the muon torOId. 

One word of caution .. the results dlscus!:'ed herf' represent CI lower bound Oil 

the real confusion slOce we have neglectf>d the effects of lI-rays, brem::.strClh!unp;, 

pt, which undoubtedly incrt"ase confusion!!1 

1. Technique 

We aSs lime that the offline matching of the muon chamber hits with a possible 

CTO track is performed using a .\2 test to the extrapolated track trajt"ctory. A 

track is matched if it has a minimum, acceptable confidence level to the muon 

chamber hits where the confidence level is chosen so that the vast majority (eg 

98 %) of real CTO muons are successfully matched (eg , C L > 0.02). Confusion 

results when an adjacent track has sufficiently similar track parameters that its 

extrapolation satisfies the muon confidence le\'el cut. 

It is fairly easy to "simulate" such a matching criteria by calculating the 

expectation value of the ,2 for a given putative track to the hits of a given 

muon track in terms of the difference between the muon track and putative 

track parameters, We can then approximate the matching criteria by declaring 

confusion if <:e > < X2 (CL = 0.02). The matching \:2 is computed as 

follows: 

Let the relevant track parameters be denoted as t~) for the muon and t}!) for 

the puta.tive track, In our studies possible track parameters include the azimutb 

(¢), polar angle (9), and curvature (Q/P). We define a tran.Jport matru T,o 

which multiplies the o'th track parameter to predict the I'th bit in the muon 

system (where we call this bit WI)' In our approach we assume that the i'th hit is 

due to the muon and follows the muon trajectory T,ot~) but suffers 8uctuations 

6w, due to multip!e scattering and measurement error. The matching):2 will be 

constructed from the CTO putative track trajectory and the inverse coordinate 

< ,2 » -"dar even if ~t = O. In this hypothetical case, even though plHatJ\'e 

track extrapolates the same as the m\IOn, the spread in the hits around the track 

is much iarger than expected given the putative track momentum and thus the 

match will typically be unacceptable. 

2, "Analytic" Results 

In thls section we compare the matching confusion characteristics of \'alious 

possible muon chamber layouts which differ in the number and placemf'nt of 0 

layers in BW1 --+ BW3. Each layout places two (prOJective) 8 layers(J) in t"Clch of 

the stations BW1 --+ BW3. Each layer is assumed to offer a spacial resolutIon of 

250 11m. The positions and thicknesses of the BW1 --+ BW3 chamber stations art" 

those suggested by the integration group(4), except we use a 60 cm thick BWI 

rather than the 35 cm allowed in integration group layout. The bt"low tables 

summarize the assumed geometry and various layouts used in these studif's. 

Table 1 : Radial Geometry 

Calorimeter(5) 2.1 m 4.32 m 

BWI 5.67 6.27 

Toroid 6.45 7.95 

BW2 8.18 8.53 

BW3 9.78 10.66 

Table 2 : Layout Description\ 1.3) 

Layout BWI BW2 BW3 

I 2¢ . 29 29 29 

2 29 2". 29 29 

3 29 29 2", 29 

4 2<t> . 28 2. , 29 2" ,29 
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\\'1" fl('Xt rOrnp1\H' the level of matching confusion for the 4 pos~ible layouts. 

A conW'lllE"nt romlmnson measure of matching confusion is the volume of the 

space of p1\r1\mf'tf'r dijf('rt"nces which gives a \ 2 changE> of 1 unit. By Equation t. 

th(' \ 1 = t botlJldalY will form an ellipsoid in ,j,1/ P , .:3.0 . and ~8. The voluoH' 

of thl~ ellipsoid will hE" proportional to the reciprocal square root of the product 

of tilt" eip,E"llvalnf.'~ of the Hlp) matrix (6), In principle OHe can match a putative 

track to muon hit~ using Just the 0 layers (~o). or just 811\yers (.6.1/ P ~8), or 

all la~'('r~ (~I/P,j,o ~8). 

Figure Ia compares the ~o confusion volume for putative tracks at 17 = 0 as 

a function of PJ.. for Layout 1 (41 layers in B\\"l: solid curve) , Layout 2 (0 layets 

m B\\'2 dash), Layout 3 (41 layers in B\\'3: dot). and Layout 4 (dllayers in all 

B\\" : dash dot). We RctuaIl~' plot Pl. x .:3.0 since tl.o ~ 1/ Pl. at low PJ.. where 

mcs effects dominate measurement error. The '1 dependence of the Pl. x .:3.41 is 

proportionfll to 1/ ~ at low Pl.' A useful summary of Figure la and the 

f(Jlegoing i::. thRt the effpctive 0 resolution in the low Pl. < 20 Gtl' limit is: 

( 

3! m,J.;;C," (20 in BWI ) 
(J - P~ Jln 8 
,,- 80 mr~I' (20 in B\\,2/3) 

p .. 31n e 

At low Pl.' cases where 0 layers are placed in BWI (Layouts 1 and 4) h~ve 

ROan! 2.6 times less confusion than cases whele B\\-l contains no cP layers (Lay­

outs 2 and 3). Olll )'Iollle Carlo studies of BE production (discussed In Section 

3) show that low Pl. is the most relevant limit. We note that the confusion vol­

ume for Layout 2 IS exactly the same as the volume for Layout 3. If one must 

put the 0 layers outside the toroid. the radius choice for the outer tP layers makes 

no difference at low Pi.' 

\\'1' llDte the double pl1\teau structure of the volume VerSllS Pl. curve (Figure 

lR) which is most pronounced for Layout 1 (solid curve). The double plateau 

structure is cruc)fll to the case for placing a layers in B"WI. Figure Ib hints at 

thf' explflnRlif)u fOl thi::. ",fff'ct b .... showing the effe('ts of removing one of the two 

III the low Pl. region the misalignment has no effect. We believe this is because 

the match ins information comes from the ¢ slope rather than the intercept and 

the slope measurement is unaffected by station to station misalignment. 

3, Monte Carlo Studies 

The latest version of ISAJET (\'6.43) was used to generate BB pair T\VO­

JET events for";; = 40 Te\' p.p collisions. The B,meson/baryon in each ISAJ£T 

f'vent was FORCEI semi-muonically decayed to allo~ B-decay modes as sped· 

fiN1 in the latest DECAY.OAT table. ISAJ£T runs varying the B-quark Pt inter­

\<11 were made. Information for charged, stable particles with P 1. > 10.0 GeV /c 

<HId 1'/1 < 3.0 were written to a separ~te file for input to the confusion analysis 

program(s}. Table 3 (below) summarizes the results of these MC runs. Figure 2 

shows the BB _ IJI cross section x semi·muonic branching ratio versus Pl.(B). 

Table 3· Isajet V6.43 sse BB - 1 11. Simulation Results 

# E\'ents PJ..(B) Limits u (mb) J edt (mb-! 

10000 10, 50 Ge\'1c 0.6033E·02 0.165BE+07 

10000 50·100 Ge\'1c 0.571OE-04 0.1751E+09 

10000 100·200 Gel·/e 0.5223£-05 0.1914E+l0 

10000 200-300 Ge\'/c 0.3309E·06 0.3022E+l1 

10000 300·400 Gel"!, 0.5503E·07 0.IBI7E+l2 

5000 400·500 Gel"! 0.1412E-07 0.3539E+l2 

For fill dl1\rg.f'd, «t1\hl(' particles generated/event. require: 
,\ I PJ.{frk) > 10.0 Gf'Y/c 
h I l'IUd)i < 3.0 

Ani1I~::'I~ (If thp -.100< p~( B) <500 Gf'\' jc datfl set is presented firs1. foUowed 

h~ result .. for th(' relllainin~ PJ..(BI inten'l'lls. In Figure 3. distribulions for the 

1\rcpptf'd eYe lit multiplicity. the mllon Pi.' and the muon t"/ are shown Wllich 

clUHar!f'f1zr the e"\"f'lIt sample. Only mUOho; satisfying 1171 < 1.5 were subjected 

ill IhC" Illflirillillt allalysi~ 
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j layt'rs ill Layout 1 lowpr CUf\'ps) or in Layout 3 \ tipper ~·\lr\·I'::.I. The '011'1 

,'l\ln·::. have two 0 layers: while the dashed ctlr\'es have (lfliy ,)111:'. :\pp(HI,ntl~ 

7tH' iowe-r p~ plateau u"es information from both 0 layers, while the IlH~hl'r r~ 

p!;\tPRU {'ff('ctl\'ely uses mformation from just on(' lR.\·pr. A 0 mitt,'il ('(\1\ \w Illnd.' 

llsine; both the 0 intercept (which can he measured with just olle layprl ,md 

the 0 slope \ which reqnires two 0 layers). Fisure IR,b suggests that tilt' ",lop,> 

information provided by two 0 layers in B\rl i~ \'flstly superior in discl"llllinCltmg 

among matches at low PJ.. but owing to the short lever firm:::::: 30 cm betwt'pll 

the two planes, the slope information rapidly deteriorates with increasinE!, Pl. 

as measurement ip.formation begins to dominRte over mcs. Red\lctlon in the 0 

lever arm below 30 cm creates an even more r~pid deterioration in tllf' slopp 

information. For example if the radial separation betw('t"n the tWo 41 I"yers i::. 

reduced to 10 cm, a 52o/t degradation in 41 matching resolution will occur relatiw 

to the 30 cm case even at Pl. as low as 25 GeV 

Figure lc shows the matching confusion volunle Pl. ><. l~PJ. ~o ,j,8) RS a 

function of PJ.. of the putative track at 17 = 0 for the 4 layouts. The same solid_ 

dRsh, dol. dash dot code is used in Fig\lre lc as Ia. Again in the low Pl. limIt. 

layouts 1 And 4 which feature two dJ layers in BWI. have about a factor of 2.6 

times less confusion thM layers 2 and 3 which have no cP layers in B\\'1. A 

factor of.$1Il 8 p'2 was included in the calculation of the (.:3.Pl. ~dJ ~8) volume to 

convert from .:3.1/ P to ~Pl.' To facilitate comparisons we include an additiollAI 

factor of Pl. since agai.n the volume (tl.PJ. ,j,dJ ~8) IX l/PJ. in the low P1. limIt 

where resolution is mcs dominated. The t"/ dependence of the Pl. x (~PJ. ,j,o '::::'8) 

is proportional to ~ at low Pi.' 

Finally we consider the effects of an station to station misalignment on our 

matching confusion studies. We assume that all the layers within a BWI _ B\\'3 

station are well aligned with respect to each other. however each station IS mbs 

alisned with an rms error (in R dJ ) of u = Imm with respeet to the CTD. Figure 

Id i~ a plot of Pl. x ~o versus Pl. at '1 = 0 for the 41~youts (using the same solid. 

dashed, dot. dash dot code as in Figure la) under the misalignment assumption. 

For computing expediency, I. racks fallins within ±100 mrad (in both ,j,o and 

'::::'0) of the muon candidate were considered putative trarks for the ronfusion 

test. Computation of muon and putative track confusion is restricted 

to tracks within the flducial conePI Typical vahles for the number of (If 

tracks close enough to the muon to fall into the' putative track category rangerl 

between 0 and 15, as illustrated in Figure 3d. To gau~e the level of confll!-.if)n, 

plltative track pMameters were used to compute the expectation valu(' of the 

matching ,2 described ~bove. If a putative track was fOI\fld to hayp a confitit>llcp 

level greater than 2% then the associated muon was declarffi confused. 

The results of the confllsion analysis on the 400< PJ.(B) <500 GpV/(" I"llfl 

confirm the analytic results regarding placement of dJ layers. W(' considpr first 

matching tests performed \Ising information from the 41 layers only. Tlte fom 

geometry layouts of Table 2 and an additional three layouts, which fire Hlen­

tical to layouts 1·3 except that each cP chamber consists of only one ldt-right 

unambiguous layer_ are used as test configurations. A histogram of the number 

of tracks which are confused is shown for layout 1 in Figure 4a. The points in 

Figure 4b give the average number of eonfused tracks correspondinp, to the ('ach 

of the layout schemes. The case of a single dJ layer placed in B\\'l is layout 5. 

a single", layer in BW2 is layout 6. and a single 0 layer in B\\'3 is layout I. 

The increase in confusion that resuits when the 41 layers are moved from B\\'1 

to BW2 is about a factor of 2.2, consistent with the analytic result gh'en lhe 

average momentum of putati"f' tracks is 25 GeV/c. :-':ote also thM placemellt of 

the ttl layers in either B\V2 or B\\'3 makes little difference in the avera~t> number 

of confused tracks for this Pl. region. When only one dJ layer per B\\' statwn is 

used (the last three bins of Figure 4b) the confusion is 15% to 90(7.- worst> than 

the corresponding deployment with two dJ layers. 

Similarly, when matching is performed using inform~tion from all layers 

(,j,Q/P D.¢ ~8) the avecage number of confused tracks is consistent with RI!­

fllytic calculations. Figures 4c.d give the number of confuSf'd put~tive tracks nnd 

the average number of confused putative tracks for each of the layouts. Confusion 

rates for layouts 2 and 3, which ha,,'e no ttl layers in BWl. are found to bf' a factor 

of 2.4 greater than those hi\\'ing ttl layers in BWI. 

The dependence of the confusion on the P 1. and 17 of the muon is shown in 
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Figures 5a.b for (.j.(t)) matcblll~ using layout 2. i Thf" results for layout 1 arE' !:lIlli' 

ilar hut ..... ith reduced statistics) TIll" '7 dependence reflects the reduced resolvlIIg 

po ..... er of (ol" )oonly mf'a.:.,urements for tracks tra\'ersing p;r('atcr If''ngth~ of matf'­

rial For (olQ/P.j.o ",j,9) matchmg the corn·sponding dependennes arf' ~hown 

In Figures 5('.<1. Cur\7\lure matchmg improves with largf" PJ. and '/ resultlllg in 

a flat 17 dependence 

In Figure 6 the re~u!ts of the confusion analysis of the remaining ISAJET 

~Ionte Carlo runs are shown. Each row in the figure corresponds to one of tbe 

data sets (the 10 < PJ.(B) < 50 GeV/c and 50 < PJ.(B) < 100 GeV/c samples 

have been combined) and gives the number of tracks falling within the fiducial 

cone as weI! as the a"erage number of confused tracks using the two matching 

criteria. :\ote that the number of confused tracks inside the fiducial cone is 

a strong function of PJ.iB). For either full matching or (6.,,) matching. the 

a\'erage ronfusion tends to increase with PJ.(B). Events in the highest PJ.iB) 
sample ha\'e confusion rates which are a factor of 4 to i times that of the lowest 

PJ.(B) sample when i.6.lP) matching is used. When full matching is employed 

thf' rorrespondmg confusion growth is typically a factor of 3 for most grometr_\' 

ronfigul'i'ltions. Figures 7.8 gi\'e the confusion dependence on PJ.iB) according 

to layout scheme employed for both matching criteria. 

\\"e repetl.ted the analysis for a sample of decays TT - J..IX generated ..... ith 

i'I top qUi'lrk mass of 130 Ge\' The a .... erage number of confused tracks in the 

fiducial cone ..... ere found to differ only by a few percent from the BB samples 

\\'hen full matching was \lseci: however the number of tracks within the fiducial 

cone is much smi'lller than in the BB samples. 

4. Summary 

We haw presented studies on the ability to match putati\'e tracks from the 

CTO to hits in the muon system. ,\Ve have concentrated on ho ..... the placement 

of 0 layel'~ ill Ihe three chamher stations affects the le .... el of confusion. These 

rf'sult~ ha\'e JIotential apphcations to both the offline analyses such as B physics, 

illc!tlSI\'e lillian studies. i'lS well as in the 3rd level trigger. In the interests of 

expediency. We ha\'e simplified the problem by ignoring the effects of a-rars. 

If'f' /]il1;hl alllbi!!,\\ity. muon showering etc, and hence otlr absolute estimates of 

Footnotes 

(I)\\'e model this as two independent ¢ measurements separated by an::;;: 30cm 
lever arm. In reality four physical ~ layers might be used because of drift time 
and ambiguity considerations. 

mWe hope that comparisons between one poss]ble layout and another are still 
valid. however! 

(JIOne 8 layer is placed close to the inside radius of each B\V package i'lnd the 
other is placed on the outside radius, The ¢ layers are sandwiched in between 
the two 8Ia.\'ers with a maximum possible spacing between them 

(4)Oated 9/23/91 . distributed a.t the October ORNL SOC meeting 

(S)We model the calorimeter (for scattering purposes) as a 2.22 metel thick slab 
of iron. 

(6)Or the reeiproci'll sq\\Rre root of the H(p) determinant. 

171 The effect of the cone definition on putati\,e track selection is ~ 5o/c underes­
timation of the absolute confusion le'-el over a li'lrge PJ.(B) region. 
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,'ollfll:"\Ull <He n>ally lower bounds: we bope the comparisons of confu~](Hl twt\\'t't'tl 

diif!'l'E'nt layollt '>("('nariO!:l are \'alid 

(Jur c!·ntral (,,0I1cillsion is that the placement of two 0 layers in B\\'l sl.'!.llIfi 

rantly ( ~ 2.6) If'duce!:l Oltl.ldun!l, ronfusion III the low PJ. liullt (·ompared to layoll!~ 

without 0 layers in BWl. At ~uffiClendy hig;h P.J.. (for the putati\'e track). tilt' 

... Iallon rhoice and number of 0 ltl.yers becomes irrelf'\'ant to the lIluon (,TD 
matrhing issue. Beyond PJ. .:::: lOTd' 0 layers III 8\\'3 IS actllall_\' ptdNahlt' lo 

o layers lU B\\'1 If two 0 layers Me placed in BWl. sliorlf'l1ing tllt, If'n't' arm 

bet\ .... een the two 0 layers will sigllificaIllI_\' cf"duce the range of P.i ..... ith f"xcellellt 0 

matrhing resolution. These conclusions foHow from resolutIOn ca\c\]lations. and 

are confirmed in high PJ. BB simulations. 

In addition. analysis of the ISAJET simulat'ions showf'd that reductIOn in 

confusion levels achei ved by pltl.cement of 0 layers III BW 1 with adeq\\ate le\'er 

arm were significant O\'er a large PJ.(Bl momentum range. Typically the aYt"rage 

confusion le\'el for putative tracks ]S O.lo/c to 0.5% when tp layers are placed in 

8\\'1 and full matching is emplo_\'ed. If only CI matclung is used l1utati\'e and 

mllon trarks are confused 20% to 50Y( of the time on aVf'rage. 'The coltfusioll 

levels were also found to exhibit reasonable beha\·jor as a function of '7Ud: the 

confusion grows with !17(J..IlI when only 0 infornwtion was used while bffoming 

essentially independent of 117(11)1 with full matching. 
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Fig 8: Confusion vs 8 PT 
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Jllll Wiss 

~ovember '2D, IDD1 

BW3 - BW2 Radial Separation Studies 

TillS brief note summarizes some cakulatiolls Oil the to'fferL~ of decrNI.SIfl~ 

the radial separation hetwl"en thE' two mUOII chamber stations which he on til!"' 

outsidtO' of the barrel muon toroid. \re concentrate on momentum rE'soilltiofl 

muon confusion, ano changes in alignment toltO'rances as the spacing hetwtO'en 

BW2 Rnd B\\"3 is vaned. All studies reponed here RSSUlntO' the presence of two. 

projective 8 planes in each of the thrl"e muon stations and tWO ¢ layers(l) placed 

in just B\\'1(2). 

The below tables summarize the assumed nominal geometryll) llsed in these 

studies: 

Table 1 : Radial Geometry 

Calorimeter(4) 2.1 m 4.32 m 

8\\"1 5.67 6.27 

Toroid 6.45 7.95 

BW2 8.18 8.53 

8\\'3 9.78 10.66 

Thi::. nominal geometry assumes a 1.25 meter separation(5) between B\\"2 and 

BW3. This memo studies how various performance paramet~rs of the system 

depend on this separation. 

1. Momentum Resolution 

Figures 1 and 2 give the fractionftl momentum resoltltion ((!PdPd ftS a fune 

tion of the B\\'3 - B\\"2 separation distance(5) at PI of 100 . 200 . 400 . &: 600 

GeV The momentum is meRSurro using the 8 plaues of the muon system as a 

3. Misalignment Tolerances 

Table 2 compares the maximum error normalized momentum biases (t1Pd (7 Pd 
induced by rigid body misalignments of BW3 in fits where the barrel toroid is 

used as a stand alone system for P, = 100 GE'V and P, = 2 TeV muons. A more 

complete description of rigid body alignment momentum biases is presented in 

my October 29th memo MlLon SY.Jtem ALignment St1ld~e.J. For pitches. rolls and 

transverse shifts, the maximum nonnahzed bias occurs at the most extreme 'I: 

fOl z shifts the maximum bias occurs at 'I = O. The alignment biases generally 

approximate sinusoidaJ distributions in (j). The table below gives mftximum bias 

found ftfler scanning O\'er all ¢. 

Table 2 : BW3 Misalignment- Toroid Stand Alone 

Max a/(7 vrs BW3 - BW2 Separation 

100 GeY 100 GeY 2 TeV 2 TeV 

1.25 Sep o Sep 1.25 Sep o Sep 

.5 mm shift. 0.15 0.24 1.02 0.97 

.5 mill shift z 0.27 0.41 1.14 1.06 

.1 mraol)itd 0.80 1.18 5.47 4.72 

1 Inrad reI! 012 0.18 083 0.71 

For the Ca<,f' of Pl. = 100 Ge\" muons. reducing the B\\"2 . B\\"3 sparlllg to 

zero. mducE's PIll ~ 1.5 increase In the error normallzed momentum bias oue to 

B\\'2 B\\'3 ali.e;nmelll. Ou the other hand a reduction of this separation rna)." 

Illakf' it e<1!>iel to align B\\"3. The Pl. = 100 GeY case is probablr most rele-vant 

to 2nd [e\'f'1 tll.e,g,erill@. considerations. At PI = 2 TeV, ft case rele\',wt to offline 

'Hltllysi~. I"Nlurtiol} of tbf' B\\"2 " B\\'3 sE'palation results ill a slight deC!"f>a!>e in 

nrcr nOlIlIaliu'd nlOmf'ut um biase-s. I believe that this reflects the increft')f' in the 

Iilomentulll ellor nl.ther thall a decrease in the momentum bias 8S olle lNlucf's 
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~ti\lld nlollt.> ~::stt"'m. TillS 1ll0nlt"'ntlllll p'solutlon is rc!e\'nllt to hoth a "f'("olld !f'Vf'! 

.11) tn,e,ger a:; well a:> for off Ilile applicatIons sllch as the llse rf'dlllldallt momPIl' 

IlUlI nwasurpment in order Improve muou matching ano reduct' punch tl\loup.h. 

Fl).!,llre 1 l~ fdr " = () Il\uon~: FUI,lIre 2 IS for '/ = 1.j muons 

Th('sf' fie,urf's show that illcrf'a~ed B\\"2 B\\'3 len'r allll a.ppcars to .~i,l!,lllfi· 

("cHuly improve stand-alOlIt"' 1lI0nlf'ntum resolution only for JIllions with P, > 300 

Gt"'\' The fie,ures also iJ!ustra.tt"' thf' pOlllt that banel torOId p(.>rfol"lllance IS h('ttf'r 

at large 'I than small 1]. At low PI where the mOlllentum measurement IS :--'ICS 

dominattO'd. one can show that (7PtlP, :x 1/~ 

2. Muon Matching 

In an October 31 memo entitled Mllon Matchmg Studle.J by Steve Errede, Rob 

Gardner, &: Jim \Viss. we discllss a quantity called the con/tmon uol!,me which 

serves as a sort of "Rayleigh criterion" as to when a candidate track has track 

parameters which are too close to those of a muon trftck to be resolved within the 

muon system. \Ve assume that the off line matching of the muon chamber hits 

with a possible CTD track is performed using a \ l test to the extrapolated track 

trajectory. A track IS match~d if it has a minimum. acceptable confidence level to 

the mllon chamber hits. Confusion results when an adjacent track has sufficiently 

similar track parameters that its extrapolation satisfies the muon confidence level 

cut. We define a conjuJion volume 8.3 the volume(6) of the space of parameter 

differences which gives a X2 change of 1 unit. 

Figure 3 shows the matching confusion volume: P1. x (t1P1. t1t/J a9) as a 

function of P 1. o( the candidate track at 71 = 0 (or the case of the nominN 

BW2 - BW3 spacing (solid curve) and for the c~ of zero separation (dashed 

curve) where the inner boundary of BW3 just touches the outer boundary of 

BW2. Below PI < 100 GeV, there is essentially no difference in muon matching 

confusion. Even at Pt of 1 TeV, muon confusion increases by only 31 % if the 

BW2 . BW3 separation is reduced to zero. We note that our assumed chamber 

layout (¢ layers in BW1) has been chosen to minimize matching confusion. 

4. Conclusions 

A series of st udies are presented on the effects of reottcing the BW3 - B\\":? 

radial separation. For muons with PI'S up to severftl handred GeV, the only 

deleteriom effect J W8.3 able to find was an lllcreflsed sensitivity (x1.5) in BW3 

rigid body alignment. Beyond P, > 300 GeV a noticeable degradation occurs in 

the fractional momentum resolution obtained u!ling the stano-alone nluon Systelll 

as one reduces the B\V2 - B\V3 sepc..ratlon. ~iuon confusion stuoies show thaI 

muon confusion should be relatively insensitive to the B\\'2 - B\\"3 separatio11 

up to very large P,. These studies assume(.}) a relfttively thick BW3 package of 

88 cm. 

Footnotes 

(I) \VE' model this as two independent (j) measurements separated by an ~ 30clll 
lever arm. In reality four physical ¢ layers might he used because of drift time 
ano ambig\lity considerations. 

(.!)One 9 layer is placed close to the inside radius of each BW package and the 
other is placed on the outside radius. ThE' I;f) layE'~'s are- sandwiched in between 
the two 9 layers with a maximum possible spacing hetWE"ell thE'm. 

(3) The nonlina1 geometry is based on the SOC intE'gl ation group documE'llt DatE'e! 
9/'13/91 , oistributed at the October ORNL SOC IllPeting, except we assume a 
60 cm thick B\V1 station rathet than the 35 cm assumed in that document. 

(4)We model the calorimeter (for scattering pmposes) as a 2.22 meter thick slab 
of iron. 

(S)Throughout this memo. the separation is defined as the radial distance between 
the outer boundary of BW2 and the inner boundary of BW3. The nominal 
separation is 1.25 meters. 

(6)This is the volume enclosed by an ellipsoid whose principle axes depE'nd on the 
fit matrix of the candidate track. 
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Muon System Alignment Studies 

Jim Wiss 

October 29.1991 

This note reports 011 studies of the effects of muon chamber misalignment 

on the momentum resolution and muon matching obtainable for several off line 

and 2nd level trigger muon scenarios. We hope such studies can serve to set 

alignment criteria on the components of the muon system. Presumably the off 

line criteria set tolerances on the knowletlge of muon chamber misalignment as 

opposed to trigger criteria which set tolerances on the placement of muon chamber 

components. This memo augments the work described in the July 31, 1991 memo 

Alignment ReJoluhon Stu4.tJ 0/ the Muon SY3tem by Jim Wiss. The previous 

memo concentrated on the question of how Gaussian distributed chamber station 

misalignments degrade momentum resolution. This work concentrates on the 

momentum biases created by rigid body chamber station misalignment. We 

begin by describing the technique, and then show results. 

1. Technique 

In a linearized fit. changes in the track parameters (to) are just a linear 

function of changes in the measured coordinates (WI)' We will call the linear 

transformation the p matrix. Systematic residuals in the coordinates created by 

chamber misalignment will create average biases in track parameters given by: 

< Ato >= POI < AWl> 

The calculation of alignment biases involves both the p matrix and the depen­

dence of < aw. > on the- misalignment ps.ram~ers. We begin with a discussion 

of the p matrix. 

The Po, matrix ele-ment serves as a direct measurement of the importance of 

the information of the I'th coordinate in determining the o'th track parameter. 

The p matrix depends on the coordinate covariance matrix assumed in perfonning 
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nonnal (r}), and an arbitrary pant in tbe plane (D). The below table gives a set 

of these vectors for two types of projections at radius R. The y geometry serves 

8S a non· projective ~ geometry for tbe first octant (the octant normal to ¢ = 0). 

In the projective 8 geometry, each plane (drift cell) is orientated such that its 

normal points back to the origin. 

Table 1 - Deteetor Geometries in q,::::: 0 Octant 

Geome-try jj ~ w 
y (R 0 0) (\ 0 0) ( 0 \ 0) 

projective 6 IR 0 RIT,) (5, 0 C,) (-C, 0 5.) 

Where 5, == sin 8 , C, =: co.!! 8 T, =: tan 8 

Let us imagine a track which passes through a point Ai and travels in a 

direction jJ. The intersection (i) of the track with the detector plane is given by: 

i= J..i + .(p. where (=I}' (D-Ai) 
p' 'I 

\\'hen \'iewed relative to a chamber station, a shift misalignment (6.) can repre-· 

se-nted as a cbange in .60111/ = -6. of the track origin and an angular misalignment 

can be a rotation (oJ of p = -0 x p. The misalignment will create a change in 

coordinates given by: 

The partial deriVfltives of Eqn. (2) are: 

fr;, ~ ~ (. _ p,;,,) 
op) p.~ '1 p II 

C'omhinin,!, Equ. (3) aod (4) we bave: 

au' = -y. 6- ~9'O xp 
p. II 

where 9 = Ii, _ r, ! .. Ii' 
p' 'I 

Figure 2-4 show the re-siduAls wrsus 4> res\llting from a 0.5 mm x shift (Fi,ll,uu> 
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tile fit Glj (IS well as the transport matrix which (T,o) which relates the predicted 

coordinate from the track parameters (WI = Tlo-to). 

To )!,et the best (minimal variance) results. the coordinate covariance matrix 

.,h()uld reflect mUltIple scattering as well as measurement errors 

Figure I shows P matrix elements for the two () and the two ¢ layers placed 

il! BWl as a function of P, for muons created at "1 = O. The P matrix is for a 

fit where information from the beam constraint (a = 2O}.t), silicon, CTO , and 

BWI _ B\V3 is combined to find the track curvature. The P matrix depends 

significantly on "1. We consider a muon layout with two 8 planes in each of the 

three muon stations and two q, layers placed in just BWl. The rapid growth in 

p with increasing P, for the two q, layers shows that they play an active role in 

determining momentum even at modest P,. The growth in the P elements for the 

two 8 layers is considerably more gradual. Evidently the muon toroid acts as a 

si~nificant sonrce cUrvature information only at large P" 

We note that at low P, the p elements for the inner and outer ~ planes have 

the opposite signs. This means that the curvature fit is using the ~ coordinate 

differences or essentially using the q, slope in BWl. Rigid body misalignment of 

the whole aWl station will create nearly equal displacements in the two ¢ layers 

and thus a canceling momentum biu in the low p. limit. At larger Pit the p 

elements for the two q, layers have the same sign and rigid hody misalignment 

becomes more important. Evidently in the hi!b P, domain tbe fit is concentrat­

ing on the the ~ intercept rather than the ~ slope. In the 1 TeV P, domain, 

the 8 layers become as important as the q, layers in BWl in determining track 

curvature. 

We next address the calculation of the chamber plane residuals (aw.) induced 

by rigid body misalignment error. The barrel muon system consists of a series 

of detector planes which can be specified by a read·out direction (tV), a plane 
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2) ,a pitch rotation of 0.1 mrad about the x axis (Figure 3), and a roll of 0.1 

mrad about the i axis. The solid curves are for aw. ; the duhed curves are 

for aw,. The figures are for muons prod\lCed at q = 1.5 (or 8 = 25.2°). The 

residuals are computed using Eqn. (5), where p = (C,5, 5.5, C,), and D , 
~ , and tV are taken from Table 1. 

Several features are apparent from inspection of Figures 2-4. The residual 

pattern for (transverse) shifts and rotations are roughly sinusoidal with the uw. 
being goo out of phase with the AW, phase. Significant discontinuities ru:e pl't'Sent 

which reflect the octant structure of the muon chambe-rs. The curved sections are­

essentially due to the same effects which create the ¢ lmgular factors described 

in my September 23, 1991 memo, Octagonal Geometry Ef/ecb. At "1 = 0, the 

transverse shifts create AWejr residuals hut no Aw, residuals. The aw, resid\lals 

grow from zero as "1 increases. This pattern is rever~ for the case of transverse 

rotations (pitch and yaws). The approximate amplitude and phase of the various 

misalignments follows from simple trigonomett·jc arg\lments and is summarized 

in Table 2. 

Table 2 : Residual Envelope Fullctions 

MisAlign amount 

A.1.!!1n (¢-~,) .60.1 C038 C03(41 - ¢,) 

Rotl. (0.1C03q,. O.1.!!IOq,,) 0.1RC03(q,-~,)/tan8 -o.1R.!!in(¢-¢.J/siIl8 

Roll 0. R 0, -R 0, C03 8 sin (¢ - ~ocd 

4' - q,oct is the angle of the track wrt the octant nonnal 

2. Results 

In this section we develop alignment tolerances for rigid body motions of 

BW1 for a variety of curvature fits. We are guided by selecting misalignment 

tolerances which insure that P, biases are always Ie-ss than some fraction of the 
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Pt resolution up to some desired P, over all ¢ and the "I covered by the barrel 

mtton system. The criteria can be computed using the calculations summarized 

in Tables 3 - 6. Throughout these calculations we assume a "minimal" muon 

chamber layout with two projective 9 layers in BWl _ 8\\'3 and two tP laYf'rs 

in BW 1 only. The r!\dial geometry is summarized below: 

Table 3 : Radial Geometry 

R," R.., 
Calorimeter 2.1 m 4.32 m 

BWI 5.67 6.n 
Toroid 6.45 7.95 

BW2 8.18 8.53 

BW3 9.78 10.66 

(a) Full system fi ts 

We begin by illustrating the effects of rigid body misalignment on BWl 

in a curvature fit using the complete SDC detector (beam constraint, silicon 

, CTD, and muon system). Figure ~ shows the error normalized momentum bias 

(APt! (1" P,) a.s a function of P, for the case of "I = 0 , ¢ = 0 muons for nrious 

misalignment errors ( a 0.5 mm y shift, 0.5 mm .i shift, a 0.1 mrad yaw, and a 

0.1 mrad roll). The orientation of the shifts was chosen to give a maximum bil\.S 

(for "I = 0 muons) at ¢ ;::: O. The magnitude of the misalignments were chosen to 

give a roughly ±lu bias at P, = 2 TeV • 11 = O. Figure 5 shows that misalign­

ments which primarily affect .6w. are far more important than misalignments 

which prlDlarily affect AWl in the domain P, < 200 Ge V. The relative impor­

tan('e of 0 layers rathf'r than 9 layers at low P, is demonstrated by thf' strength 

of their respective p matrix elements shown in Figure 1. 

Figure 6 shows the maximum APt!uP! as a function of ¢ for P, = 2000 Gel' 

muons for transverse and longitudinal shifts and rotations. For transVerse shift!> 

Table oS - High Lum Option: B.C. , Si &: 1rltlon System only 

~laximum & RMS Deviations at P, = 2 T e V 

BWI BWI BW2 BW2 BW3 BW 

max m"" ,ms 

.5 mm shift x 1.03 0.61 1.09 0.77 0.61 0.43 

.5 0101 shift z 0.2~ 0.25 0.56 0.56 0.31 0.31 

.1 mrad pitch 2.79 1.67 4.65 3.26 3.26 2.29 

.1 mrad roll 1.22 0.90 0.70 0.41 0.49 0.28 

We see from Table 5, that the shift z alignment tolerances can be relaxed to 

about 1 mm for the high luminosity fits. Transverse misalignment must be kept 

to within ~ 0.5 mm. 

(c) Muon Toroid l\.S a Stand Alone System 

By a stand along system, we mean that the muon system provides momentum 

measurf'ment by mel\.Sttring the 9 bend through the 1.5 m toroid without any help 

from the beam constraint, CTD . or silicon. One can imagine the stand alone 

use of muon system as a second level muon trigger l\.S well l\.S an off line tool 

which provides a redundant momentum measurement of muons for the purpOlle of 

matching and punch through rejection. For triggering purposes a P, = 100 Gel' 

seems appropriate, for off line purposes the 2 TeV scale may be relenmt. Figttre 

9 and 10 show error normalized biases for aWl misalignments subjecl to our 

standard misalignments (( a 0.5 mm Ii shift, 0.5 mm i shift, a 0.1 mrad pitch, 

and a 0.1 mrad roll) for PI = 2 TeV (Figure 9) and P, = 100 GeV (Figure 10). 

Table 6 & 7 give Ihe error normalized maximum and rms biases over the range 

(0 < 1"11 < 1.5 for misalignments in BWI _ BW3. 

0925 

and all rotatIOns the maxim\lm misalignment efi'f'ct occurs the iargf"st ,/ (drawn 

for tia = 1.3); for:: shifts the rmve is drawn for Tl = 0 where the f'ff'ect of a:: shift 

creates maXimum bias. )'luch of the 0 residttal structure seen ill Figures 2 4 is 

recognizahle in the 0 bin:' strurture shown in Figure 6. For PI = 2000 Gd' . '} = 
1.5 muons. both ~H'41 and ~1I'~ residuals play important roles <Iod plu\sf's othf'r 

than 0 and 90"'s act' observf'd in thf' transw'rse shifts and rotations. The f'fl'f'cts 

of shifts <lIHI rolls (rotations <'Ihotlt :: \ are wf'll ba.lallced; the efi'f'cts of 1I<lI\SW'rSe 

rotations (pitches and yaws) is illOff' important by a factor of:::::: 3. ).ltl('h of thf' 

increased bias created by pitch and yaw relative to shifts and rolls is dlle to the 

aspect ratio of the harrel detector ( it is about 2.12 times longer than its radius 

if it extended out to Tl = 1.5). Thf' below table give5 both the maximum and 

d> averaged rms values of APt/uP, for the case of P, ;::: 2 Tel-' muons. We also 

summarize calculations for misalignmellts in BW2 and BW3. Recall that in these 

calculations BWI is the only mllon station which contains ¢ layers. 

Table 4 - Full systelO :8.('. , Si , ('TO, & ~Iuon System 

11aximum & RMS Deviations at P, = '2 Te\-' 

B\\"1 BWI BW2 BW2 BW3 BW 

mox nns max 'm' m"" 'ms 

.5 mm shift x 1.19 0.79 0.61 0.43 0.98 0.69 

.5 mm shift z 0.91 0.91 0.48 0.48 0.86 0.86 

.1 Dlrad pitch 3.60 2.34 2.59 1.82 5.20 3.65 

.1 mr!\droll 1.09 0.64 0.39 0.23 0.79 0.45 

The momentum biases simply aeale with the magnitude of the misalignments. 

One can simply scale the indicated misalignment in column one by the ratio of 

the desired error normalized tolerance to the maximum or RMS compu ted bias 

to set alignment tolerances. If we wished to limit biases to less than 1 (1 over 

the full "I - ¢ range at 2 TeV Ph shifts will bave to be kept to less than ~ 0.5 

nun • rolls will have to be kept to ~ 0.1 mrad and pitches and yaws will have 
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to be kept to ~ 27 prad of aWl relative to the CTD. These tolerances mean 

that aJ.I corners of the barrel muon detector should be located to within ~ 0.5 

mm relative to the CTD inaure good performance over the fuJI detector up to 

2 TeV. These conclusions are conaistent with those reached in my earlier memo 

Abgnment Re"olution $tuliie, 0/ the Muon S""tem. 

(b) Hi Luminosity option 

We next consider curvature measurement in the high luminosity limit where 

the CTD has too high an occupancy to be useful. In the high luminosity fit, tbe 

curvature is measured using information from the beam constraint. silicon. aud 

muon system. Figure 7 sboWi the momentum bias divided by the momentum 

enor (APt/uP,) l\.S a function of P, for the case of 11 = 0 , ¢ = 0 muons for 

various misalignment errors ( a 0.5 mm V shift, 0.5 lmn t shift. a 0.1 mrad yaw 

. and a 0.1 mr!\d roU). We see that the misalignments which most affect tV, (2 

shift and yaw) a.re about a factor of 4 less important relative to the misalignments 

which primarily affect WI. This is in contrl\.St to the results of Figure 5 for the 

full muon fit and reil.ects the much smaJ.ler siZ(' of thf' sum of the 8 plane p matrix 

elements in this type of fit for muons produced at 'I = O. 

Figure 8 shows the maximum .6P'; (1 P, l\.S a function of ¢ for P, ;::: 2000 Gt V 
muons for transverse and longitudinal shifts and rotations. For transverse shifts 

and all rotations the maximum misalignment effect occurs the largest "I (drawn 

for 'I ;::: 1.5). For z shifts the curve is drawn for 'I = a wherf' the effect of a i 
shift create!> maximum bias. Table 5 gives the maximum and (41 averaged) r10S 

enor normalized momentum biases for misalignments in B\\'l __ BW3. 



Table 6 - Toroid Stand Alone 

Mrucimum & RMS Deviations at Pt :::: 2 Tel-' 

BWI BWI BW2 BW2 BW3 BW 

.5 mm shift 0.81 0.57 1.83 1.29 1.02 0.72 

.5 mOl shift z 0.90 0.90 2.04 2.04 1.14 1.14 

.1 mrad pitc 2.35 1.65 7.83 5.49 5.47 3.84 

.1 mrad. roll 0.36 0.21 1.18 0.68 0.83 0.48 

Table 7 - Toroid Stand Alone 

Maximum & RMS Deviations at P, = 100 GeV 

BWI BWI BW2 BW2 BW3 BW 

max rms max rms max rms 

.5 mOl shift x 0.08 0.06 0.23 0.16 0.15 0.11 

.5 mm shift z 0.18 0.18 0.44 0.44 0.27 0.27 

.1 mrad pitch 0.18 0.13 0.98 0.69 0.80 0.56 

.1 mn .. .droll 0.Q3 0.02 0.15 0.09 0.12 0.07 

The results of Table 7 indicate that the R8 misalignments of BW2 must be 

kf'pt helow ~2 mm to keep APt < aPt at Pt = 100 GeV. Since the second J.eyel 

triUt'r dOf's not have the time to put in alignment corrections. this means that 

BW2 must really be placed in space within this ~ 2 mm tolerance. To maintain 

APt < aPt at P, = 2 T e V over the full '1 range will require R8 misalignments of 

less than 0.25 mm. This is a tolerance on the knnwledge of the BW2 position. 

As olle would expect, the roll tolerallces in this type of fit are rather loose 

(d) 0 Second Level Trigger 

:\ext we discuss studies of the alignment tolerance for a 4> second level trigger 

when' I1lfnrl1latioll from a beam constraint, the outermost two layers of the CTD 

line matching of the muon chamber hits with a possible CTD track is performed 

using a ,2 test to the extrapolated track trajectory. A track is matched if it 

has a minimum, acceptable confidence level to the muon chamber hits where the 

confidence level is chosen so that the vast majority (eg 98 %) ofreal CTD muons 

are successfully matched (eg, CL > 0.02). The \2 is kept as low as possible 

(consistent with keeping muon efficit'ltcy) to eliminate confusion resulting when 

an adjacent track has sufficiently similar track parameters that its extrapolation 

satisfies the muon confidence levt'l cut. A study of matching confusion is pre­

sented in the memo Muon Mtlkhing Studle~ by Steve Errede, Rob Gardner, and 

Jim \Viss. 

The effects of misalignment will be to create a t/J dependent average X2 in­

crease of which is proportinnal to the square of the misalignment strength. If the 

0.\ 2 were sufficiently large, real muons would fail to satisfy the matching:\ 2 cut 

rt'Suiting in efficiency losses. To get a fet'l for tht>Se efft'"Cts we compute the :'(2 

increase due to mis8lignments as: 

0. \ 2 = U II', C.~ lAw) where AU", are due to misalignment 

Figure 12 shows ~ as a fUllction of ¢ for 2 TeV muons for our four standard 

misalignments. Table 7 & 8 summarize the maximum and RMS .,,;t;:;! as Oale 

scans over d! for the case of 2 Tel' 8IH! 50 CeV muons. 

Table 9-~ 

Ma.'Cill1l1m &: R!\IS ~ at Pt = 2 TeV 

BWI BWI BW2 BW2 BW3 BW 

.5 mm shift 2.27 1.82 2.07 1.46 1.42 1.00 

.5 mOl shift z 2.55 2.55 2.33 2.33 1.71 1.71 

1 mrad pit~ 6.91 5.34 8.89 6.24 7.41 5.20 

.lmrad roll 2.08 1.73 1.35 0.78 1.12 0.65 
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(JJlo,·lding au angular resolution of ~2 mrad) is combined with infoa·mation from 

the two f/> layers in BWI to measure momenta. ~o uS{' is made of the torOId 

The only releVRnt misalignment is for the f/> planes in BWI. Figure 11 shows 

the error normalized biases for our standard list of misalignments ( a 0.5 mm .j. 

~hift .05 mm i shift, a 0.1 mrad pit('h . and a 0.1 mrad roll) for muons WIth 

'I = 1.5 &: PI := 100 GeV. The maximum and R11S uOI·malized biases ale 

summCLfized in Table 8 for PI := 50 , 100 &: 200 Ge II 

Table 8 - ¢ 2nd Level Trigger 

Maximum & RMS DeViations for BWl t>.lotions 

50 GeY 50 GeV 100 GeV 100 GeV 200 GeV 200 GeY 

max rms 

.5 mOl shift) 0.0644 0.0466 0.1057 0.0765 01663 0.1203 

.5 mm shift z 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

.1 mrad pitc 0.1067 0.0739 0.2017 0.1397 0.3843 0.2661 

.1 mrad roll 0.0543 0.0489 0.1026 0.0924 0.1954 0.\761 

Table 8 shows that BW1 alignment tolerances must be kept to 3 mOl in the 

R4> direction to keep the maximum biases to less than 1 a for Pt :::: 200 Gel' 

muons in the range 0 < '/ < 1.5. If one is only interestt"d. in maintaining thIS 

performance up to Pt = 100 Ct.", the alignment tolerance can be relaxed to::::: 5 

mOl. Presumably alignment corrections cannot be made at the trigger level and 

hence BW1 would actually have to be placed relative to the CTD witbin tht'Se 

tolerances. The tolerances required in the 2nd level t/J trigger are presumably 

looser than in the 2nd level 8 trigger since the CTD does much of the measurement 

work in the q, trigger. 

(e) Muon Matching 

Finally we address the effects of chamber misalignment on the ability to 

match muons with putati"e tracks measured in the CTD. We assume that the off 
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Table 10 - .,;t;Xi 
Maximum & RMS ~ at PI = 50 GeV 

BWI BWI BW2 BW2 BW3 BW 

.5 mm shift 0.30 0.22 0.65 0.46 0.54 0.38 

.5 mm shift 0.48 048 0.82 0.82 0.62 0.62 

.1 mrad. pHrl 0.96 0.68 2.83 1.99 2.45 1.72 

.1 mrad roll 0.17 0.12 0.43 0.25 0.37 0.21 

Table 9 suggests that the alignment tolerances required to keep U\! < Iftt '2 

TeV correspond to 0;:,,: 0.25n1m position uncertainties. At 50 GeV, the matching 

alignment criteria can be relaxed by roughly a factor of 3 (~l mm po.o;itioll 

uncertainty). 

3. Conclusions 

This work has concentrated on setting alignment criteria both for liS{' in pos· 

sible 2nd level triggers and off line applications including momentum resolution 

and matching muon tracks in highly clustered jets. We been guided by the ('011-

cept that momentum biases induced by misalignment should be less thal\ the 

momentum resolution over the full '1 - q, range spanned by the barrel muon dt'· 

tector up to some desired nlomentunl. For oft' line studies we choose a maximum 

Pt of 2 TeV : for triggering we typically use a maximum PI of 100 Ge\'. 

Although each type of misalignment has its own unique pattern of momentum 

biases within the context of a given curvature fit, a general picture emergt'S 

for what we hope are reftsonable alignment tolerances. Generally the position 

tolerances for triggering purposes must be kept within 2 _ 3 mm. To maintain 

performance from 0 < I'll < 1.5. this implies pitch and yaw tolerances of roughly 

150 j.lrad. These are probably tolerances on the actual transverse and longitudinal 

positions of the muon ch8mber stations relative to the CTD. 
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MOMENTUM RESOLUTION FOR VARIOUS e CHAMBERS IN BWI 

BARREL REGION ONLY 

v(O(I/P)/(ljP))% 
Point; Resolution -= 200 p 

P(G.V/c) 
2 , layon 4 , layen 

Dy= 24. em.. Dy=1 eml. each 

2~ 18.9 ± O.~ 18.~ ± O.~ 
60 19.2 ± O.~ 18.9 ± O.~ 

100 22.4 ± 0.6 22.1 ± 0.6 

200 28.2 ± 0.8 28.0 ± 0.9 

500 69.2 ± 1.7 69.6 ± 1.6 

1000 113.8 ± 3.2 113.8 ± 3.0 
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Scintillator SysteDl 
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PRELIMINARY PROPOSAL FOR SOC MUON SCINTILLATOR SYSTEM 
V. Rykalin, R. Thun ...... 21 Oct 91 0950 

We propose two possible solutions for the configuration of the 
SDC muon scintillation counters. The first of these eliminates 
the need for elaborate light guides through the use of special 
phototubes with long photocathode surfaces. Such tubes have been 
developed at IHEP. A second, possible configuration employs 
standard 2" phototubes which are coupled to the scintillation 
counters via adiabatic, twisted-strip light guides. The dimensions 
of scintillators is the same in both configurations. The precise 
thickness has yet to be determined, but is in the range 6-10 mrnm.. 
The length of the counters dependS on location and on final SDC 
dimensions but is approximately 1.8-2.2 m. With either readout 
scheme we expect to obtain 20 or more photoelectrons for all impact 
points. (Note: preliminary tests of light collection using waveshifting 
fibers or simple, tapered light guides have given poor results. 
Further tests are planned and will be documented elsewhere) . 

We have not yet atudied in detail the time resolution of these 
counters vis-a-vis unambiguous identification of bunch crossings 
(which occur every 16 nsec). In the barrel, we are planning to span 
an octant side with four counters. In BW2 this requires counters 
approximately 1.8-1.9 m in length, corresponding to light transit 
times of about 12 nsec. In BW2 the length is about 2.2 m giving H osec. 
These numbers are uncomfortably close to 16 nsec, and hence we propose 
that matched countars in BW2 and 8w3 be read out from opposite ends 
and that their signalS be processed by a mean-timing circuit. As will 
be seen below, for the aecond configuration the counters at the octant 
edge in one of the two layers will require 180 degrees reflectors, 
which have not yet been tested. 

1) Configuration with long phototubes (PMKS) 

The transverse layout in one of eight identical octants looks es 
follows in the barrel: 

P 
111 

sssssssssssssss sssssssssssssss sssssssssssssss sssssssssssssss BW3 
1 2 3 4 

P 
111 

P 
111 

sssssssssssss ssssassssssss sssssssss.sss sssss •• ssssss BW2 
1 2 3 4 

In this picture: 
s-scintillator 
l-Short light guide which could consist of scintillator material 

to avoid inefficiency at counter boundaries. 
P-phototube with 20-40 em cathode .urface, oriented transversely 

to counter. 
At the location of the light guides, the scintillator (or light guide) 
is cut at a 45 degree angle and a mirror is attached to reflect the 
light through 90 degrees. This has been tested with good results. 

The number of required phototubes can be reduced from 8 to 5 per set 
of 8 counters by sharing readout. as indicated above. For example, 
in 8W2, counterS 1 and 2 share s single phototube placed at their 
common boundary. 

0952 
A proposal wherein IBEP become. the primary supplier of scintillator 

and phototuba. would require: 
a) A long-term, scientific corrnitment by IBEP to SDC. 
b) An R,D plan to develop the phototubes and acintillators for 

counters up to 60 em. in width with a goal of detecting >20 
photoelectrons/m.uon at all impact points. Such R'D would have 
to be completed by m.id-1992. 

c) Demonstration of long-term reliability of phototubeS and 
.cintillators. 

d) Proof of industrial capability to produce special (PMKS) 
phototube •. 

e) Funding plan (rubles and $). 
f) At leaat one senior IBEP physicist or engineer in re.idence 

at SSCL to help coor<1inate deSign, te.ting and a •• embly of 
muon counters. This per.on would al.o act as a liason between 
SSCL and IBEP. Reddency would begin in 1992 and continue through 
1997. The position could be filled on a rotating ba.is. 

g) The provi.ion for short-term travel «1 month) between US and 
IBEP for the purpose of completing R'D work and coordinating 

h) i~~e=~int.o design the counter system in .uch a way that either 
configuration described above (long tubes or twisted-strip 
light guides) could be implemented at any time during the 
construction pha.e. Thi. condition requires a coft'lnOn set of 
scintillator and mechanical box dimensions. The purpose of 
this condition i. to provide a sure alternative in ca.e tI~e 
long-tube option is chosen with subsequent failure to dell.ver 
such tubes. 

i) An overall agreement on who does whst for the complete counter 
system. 

I 
o 
\ 
\ 
\ 
\ 

2) configuration with twisted-strip light guides 

Bere the layout looks as follows: 0951 

2 
IlllPl sssssssssssss$sllllP2 P41111 
sssssssssssssss P3111lsssssssssssssss Sssssssssssssss BW3 

1 3' 

2 3 
P21111s s ss ss ss ssss s • s ss sSSSss s sllllP 3 

sssss.sssssssllllPl P41111 •••••• s.sss.s BW2 
1 • 

The symbols are as given above. 

In this scheme, counters 1 and 4 in 8W3 require 180 degree reflectors 
at the light-guide end. Unlike configuration (1), each counter has 
its own phototube. 

3) General comments 

Configuration (1) with the long PMKS phototubes has two major 
advantages over the ot her layout: 

i) Channel count is reduced by a factor of 5/8 for a total count 
of about 3800 in the barrel and 1800 in the forward system 
(both ends combined). Where two counters are read by one 
phototube there is, of Course, a left-right ambiguity with 
its attendant loss of absolute position information. 

ii) The need for elaborate light guides is eliminated. This 
further reduces cost, and provides better mechanical stability. 

However, there are some risks. The PHKS tubes have been produced 
only in small numbers and are not conmercially available enywhere 
in the world. Moreover, while PMKS tubes with photocathodes up 
to 20 em have been produced, counters at the ends of the barrels are 
60 cm wide and require photocathodes of about 40 cm. 

TO achieve a uniform pt threshold independent of angle (or eta), 
counters in the barrel must have a width that follows a 1/sin**2 (theta) 
pattern. We propose that this shape be approximated by a number of 
finite stepa in width (e.g. 20, 25, 30, 35, 40, 45, SO, 55, 60 cm). 
One possibility is to further reduce the number of differently 
dimensioned scintillators by combining two narrower pieces lengthwise, 
for example 30 + 30 - 60 cm. The impact of this segmentation on light 
collection has not yet been studied in detail. 

4) Proposal 

The possibility has been raised that IHEP might deliver most 
and perhaps all of the scintillators and phototubes of the SDC muon 
sy.tem with .ome relatively modest contribution in hard currency 
(about 2 M$ equivalent). The scintillator con.ists of extruded 
polystyrene with properties similer to Kuraray SCSN-81. The phototubes 
could be either conventional or of the type with the long photocathode. 
For the latter (PMKS), a special arrangement would have to be worked 
out with Soviet industry. If the USSR delivers most or all of the 
required scintillator and phototubes, the US and other countries would 
concentrate on bases, HV power supplies, preamps, triqger end readout 
electronics, calibration systems, and design integration. The US would 
become the site for final testing and assembly into the muon 
supermodules. 
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V.Molchanov 
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Possibility of constructing first 
level muon trigger with 
adjustable PI threshold 

Th~ foU,""a. ia & Itady of Ul.~ fint lenl maoa inuer in the ceatral repon, 
baaed oa aciatillaUaI eoaahn. Two tns.r layen of tht coa.ten are _umed 
oabide the band toroid, coy~rini approsiDtaidy 1'71 < '.1 r"'~ in patado­
r.pidity. The acm'illator. are .ea;meated projettiYe'y in the f.dirtcttoD, ud 
c~ntre of tb~ coua. in lite Int layer iI projected _to bcKckr beiweu two 
coantell in the aeco.d. To form a irioer aipal we «que limuliueoa. hib io 
tbe fint laJtr C01la'et ud at leut in o.e of the two coneapoadinl to it couDter. 
io the~oll.dla,.er. 

A. it wu .h_ by R.Tha. [lJ, width of to •• tell .boald be acUed pro­
portlollal '0 l/Iia' 9, ill order to set roaably .aifOC'Ja ", eRideac,. ~er 77· A. 
iaitial width Wo = 15 tm will proride lit ca'-O« ia the repoa of 10 GeV, &ad 
1lI0re 'baa to" eftieieftty for muou witlt PI > 20 GeV. Th., model ,,1UDH 
iadhid.al lise for NCh e01l.a'er, 10 tou.! umber of dift"erot .on ill one layer 
wotIld he .boa' eo, Uleu widtll an ..... witll I'll from 15 cm k) U cm. 

From tecltnolosicaJ polat offlew,ltoweYer, it ilmote coa"aiea' '0 _mhle 
coaaten witll deaired wid'il &0IIII lCiIIiW&tor nripl of .... dud..... N.tua.l 
.tep iI '0 Ib. few "but" tUn, _d form t .... kn with .~,. dimeuiou 
from ,11_ hue _n. Let u Par' wi,1I but width of T.I em. la ihat cue we 
e_ .pprCDim.te _y a~ widih wi,1I KC.r&Cy T.5/2 = 3.15 em. So wllea 
we aeed couter .;U wWu.. ... lJlaa \IUS tm we will combiae 'wo T.S em 
Killiillator nripl lato oae t ..... r, for co_ten with wid" ill. 'he r_le 18.T5-
26.25 tm _ wW _ three 7.5 em Itripl, ud 10 _. a..i, of ISch a procedan 
iI lOIIIe addit.ioaa1 aoa-aaiformit,. of ihe triger "cleaty ~et 1'1. But ,h., 
noa-.aiformity" r.tllet nnaU (_ Ple. 1), ud •• et .. 0YeI 1'1 dicieaey car.~ 
aIm .. t cobcWn witll We" oae. CakalaUo .. Wete d .. e ,"'h & plOll&ll1, Iimila.r 
'0 ,It&t of d..uibecl a [I]. 

In ,.da. &a..e it. potIlw. k) read .. a, each T.S tm nrip oflCiaiWa'or. If 
oae. ,obC '0 da ,au. with coaYe_tioaal pho'omaltirlien (PM), 'hen anmher 
of PM'. will M iIIcreued nbnaati.aDy. Cheap mwtianode PM', are • ..lla"lfo 
.. 'lte USSR., tlley are '"ted r_uy .t 'lie Uai.enity of M~I'" MakiJlC 
_ of '11_ PM'. wollld ~ .. ble O1I.e to ruel·ou' eatb Kialill.tor "rip without 
aere_ .. PM,' .. mber. 

ladmd.al adaiillator read· .. ' makH triger .ynem r.,her Ae:lihle: on(' 
ma,. a.-.. m.oa lit 'iuellIo&cI muply by ehuPI 'he triger locic· SdteD1~, 
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FilEan 1: Variation. of thl muoa triUer ~fficieDt"\· o:I:u~ to discrete width of 
COBoten: W = n )( 7.5 tDl 

described 'wo paraSraph. nr~~r, tan b~ .traBforwalCUy impl~mnted by Josical 
OR of n~c" .. ry n.m~r of ItCUItilla'or ,'rip into oa~ conAt~r. But other l08ical 
lChemes at~ also poDIble. A. u uample, kt .. considu foUowinl option: 

• For t"~ count~n i. th~ r~poa 1771 < 0.75 we form t"'1ft -ilnalwhen 'her~ 
are hit. u.. fint layer couatet _d in on~ of 'h~ ~ correspo.dinl '0 it 
COUftt~r. u.. th~ ~oud Iay~t. 

• For the cou.hn u.. the rf'lion I'll > 0.15 we form triger .C.&I when ther~ 
art hit, in fi,,' larer couater ud u.. one of Ule f2lll corrapoadial to it 
COU.tn. in the ~ond layer. 

AYe~"~ (~er I'll h"i"~t efficif'ncy for nch _ optiou g Ibowa ia ril. 2. Ac­
cordia. to estimates, triq:er rate {or lach optioa will drop by • factor of 4.4. 
That coald M a.efal for th~ oper.tio. uod~r ltiCh lamiaMit,., or it: dae k) IOm~ 

reuo •• it ia delir&bI~ to 110. dowa inpa' rate {or Ule leCoad left! t~r. 
In order In atca.tomed to 'h~ idea, caJculaUou Weft doae &lao for tlte 5 COl 

hue •• e. R~ .. ltI are .bowu in Fl •. 3,4 rHpettiYely. 1. Fis. 4 hardest poaibl~ 
nlaon ", thrHhold for 5 tm wide .dntillator .tripl ia abo .how •. It iI wort .. to 
me. 'ion 'he p_hWty of .ttia. iJltermed.i.te threahold .alaea. Duhed CDrn 
totrespoad '0 the followiD. oplioa: 

• For tbe co.aten in 'he resioa I'll < O.e we form iriner lipa.lwbea ,here 
.r~ hib ill fillit layer tonntet ud ia oae of the f2Il toueapoaclial '0 it 
co •• 'en ia 'he aec_d laJtr. 

• Fot 'he co.ntnt ia 'he rep.n o.e < I'll < 0.9 wt form triger lipalwhea 
~bere are hi~' u.. fin, laJtr co .. ter &lid ill o.e of ,)ae iii. eonapoaclia, '0 
It coaa'en UI the lKOad Ia,.er. 

• rO"l' the coaaten ia 'lte repon I'll > 0.' we form 'riaer aa-a1when ther~ 
are bib ~ fln' ",.er to.ater _d in ODe of 'he !!I!!. tOfleapoadiDl to it 
couaten Ia the aecoad IaJtr. 

Ellpected rednt'ion of ihe flnt Inel 'riaer rate" 2.4. 
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1be SOC muon system will povide muoo coverage over JJ)(ft &han 2SOO square meters 

of Ihe detct ... and and over JIWIy depth scpnentations in both Ihe ...... and phi di=don •. The 

individual chamber lengths vary rrom opprol<imltely S 10 9 melm. As or this writing. then: are 

four distinct chamber desicns under considr::ralioa for this function. One oIlhesc designs, or a 
oombination of r .. ~ from _. wiD u1dmotdy be choacn ror SOC. The tota1 chonnd oounl 

varies CODsidcnbly for the different chamber deai,,,, and. il anticipated to be in the tIn,C of 40,000 

to 138.000 electronic chonnelL The fronl end decDonics discuxscd in thix report is «>nftned to that 

r<qUim! to biu the chamber>. omplify and shipe signols. injecl tesl pulses into .... charnben. and 

send discriminated outpull 10 Ihe rqionIIfronl end entes ror _I and triper generation. The 

electronic. is .ufftclenUy gcneraI!ha11he various chomber deligns con be_ 

The electronics ror this function is bein, devdopo:! in two pIwes. The linl phose utilizes 

sin&le ehlnnc\ monolythic p-eompliIien, sinsIe channel hybrid circuill ror poIc-=o IIlI 
_tion, and=ilJly I_ble qUId diseriminatorcbip&. Thae wiD be _ on I 

siateen chInnc1 board and wiD be .dlixo:! ror Ihe inilill pIwes or elwnber pcrformonc:e testin •. 
A muldple chonnd chip oontainin. prwnp. pole·...., IIlI sblper. ODd discriminator is 

under development 11 University of Pennlylvania. pimarily for use in the Itraw tube central 

tJac:ker. It is anticipated that this chip will serve the function of muon amp/lhaper/disc (ASD). A 

similar device is being developed at KEK. The second phase of muon front end dcclrOnics will be 

Ihe testina or such monolythi< ASD devices with muon clwnI>m, Ihe selecdon of I .uillble device 
and the incorporalioo 01. monoIythic multichlnnd ASD into the front end muoo boI.rd. 

Two CMOS inlO""ted circuits wiD be devdopo:! ror the fronl end muon boon!. The linl 

wiD be • device ror injectin,tesl pulse chqeI into Ihe muon chamber> while mointaitdns chlnnel 

to channel timin, accuracy required for in-situ latin, of the Ll-triuer. The second is a low power 

differtntial <:able driver to buffer the lianaJs fronI disc:riminalOl' chips 10 drive twisted pair cabJe to 

Ihe ,".ionaI LI·tri"..._1 cmos. Thae _ wiD be describo:! in detail Iller in this ,"""". 
Thi. rq>orI will describe Ihe _ orehi ....... or the fiora end dectronics, Ihe specifiC 

r ....... of Ihe eIecIronics UIo:\ ror phue-ltesting. and Ihe rCllu'" or monoIythic ASDs for 

phose·n. 

front End EJ«cmnic3 CDDfjCUljlQon 

Figure \. .hows Ihe oonIi.uratiOll 01 the rronl end dectronic •. The foilowin,speciflC 

description i. bIISed on Ihe Booton muon chamber dclicn with field shlpins electrodes, however 

1002 
_ble level wiD probobIy lie in .... _ 01310 10 fe. 

The _limitolduahold -. is _ by I)'.tem noise. This ralls into two 

blood CIlqorieo; ......... e1ec1r<>nic and IhemsaI noise, and noise induc<d by pickup in .... exposed 

electrodes ond cable_doru. 

The inherenl noise is _bly easily lnIIyzed by SPICE simulation. and raulu from 
prwnplifter inpul vol..,. noise (tnnsUtor bose resi.1InCC IhemsaI noise and eo_shot noise). 

thermal noise ill the chamber wire raistlnCe. and IhcnnaI noise in the chamber tenninatinl mislOr. 

The PaIn pr<ampIificr his been describo:! in .... U......,. and in Ihe Snw Tnckcr Conceptual 

Design Report ond wiD ... be describo:! here. A SPICE model or thix device WIS .upplio:! by Penn. 

and used for these simulations. 

The chamber is modeDo:! .. llouy ..... mIssion line or cIwoeterisdc impedonee 360 

ohms with • wire raisllnCc 0130 ohmI per meter. conapcmdin, to • SO Jl tun,lten wire. For 
.imulllica purJIOOCI. Ihe Iouy line is opproxirnIted by I lumped porametcr line with eoch hunp 

cDI'1'eSponding to 10 em of wire. The raults of noise simulations are shown in Fi&- 2. The thrc:c 
nces comspond 10 Ihe equivalent noise charge ror llouleu untamlnatod line, llouy 

untenninated 1ine,1nd. lossy line which his I tcrminacion. For I nine meier chamber. termination 
is required 10 l¥Oid unwmted Ji&nal teI1eeIIons.lts contribution to noise is not sianifieant compared 
10 Ihe thcrmal noise ..-by Ihe sense _ ...u1lnCC. The upper curve or 2100 dectrons 
indicates thai to be If. ~sir;ma above the noise. the minimum threshold level at the disc::rimiDa1or is 
atleutl femptooouloml>. 

To ochieve Ihe I re one would hi ... 10 pllce Ihe prwnpIifter di=tIy on Ihe wire oulpul 

and use lubstantiallhiddin& to pcvenl pickup 01 external noise. In pracUcc some clblin, is 
r<qUim! between wire ond prwnp ond .... ondcipolO thll pickup in Ihe coble will r<qUin: nising the 
Ihr<shold to several fe. T .... will be performed 10 determine _ble coblin,len,th. quality.ond 
intereonneetions. We anlic:ipaIe that aome lorm 01 shiekled twisted pair will be acceptable. 

Sh..,mg ta:hniques 10 handle the lorw tails produced in win: chambers hive been 
described. by Boie Ct. aJ (I), The lenenI pI'OCCCIuK illO approximate the rail shape by the lum of 

thn:e exponential functiOl'll. In the frequeney domain. this is equiVllentlO a function with three 
poles and two zeros. The shaper il then tailon:d 10 have poles and zeros in the location of the 
unwonted....,. and poIa 0I1he inpul pulse. The conc:elWicn !elves only Ihe hichesl rJOqueney 

pole of the input pulse and raults in a nanow lienal whose width is of order lSn$. The shaper we 
hive employo:! in Ihe pbose·I bouds is I bybrid circuit shown in rlJ. 3 ori,m.lly desiped and 
produeo:! ror Ihe E66S m_ seoaerin, experiment It Fennillb(2). 

Fipra ... and 5. arc the results of SPICE aimulalionl and represent the waveforms al the 

inpul and OUtpul or ........ pe< n:specdvdy. due 10 I chomber sipW with Ihe chonctcrisdc Ion& 
tail Fia. 6 shows ond oscilJcscope nee or Ihe shaped .ignols from Ihe E66S jel clwnber produced 

by I Ruthenium source. The hori_ta1 scale is IOns 'howin& lpement with the SPICE model. 
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only ....... rnoctifieolion is ~ for Ihe other chomber deaips. A PDIII piDted cUeuil_ 

which cootain. I hiah vol..,. ...ud ... divider ror field Ihopin .. bypoa ~ton, and I pulse 

..... sformer is _ted 10 Ihe &onl or each .. be. HiP vol..,. is distributed fran conuncn:ia1 bulk 

supplies throup local distribution bo .... to Ihe chamber end cards. It is ondcipated !hat 96 tubes 
will be fo:! by I single ool1UllCt:ial hv OUtpul An RC laminator is IIlached 10 Ihe far end or ClCh 

lUbe. Signals from the blbe are oouplo:! vis pulse tnnsronner inlO lhielded twisted poir coble 10 Ihe 

ASD <ltd. Testing wiD determine occepIIble coble len&th ror Ihe imerconnecdon. r.on,.r CIbk 

lengths ore desinble ror mechonicol .....,.. and ror _ility 10 Ihe electronic. bul.utrcr from 
incruscd noise and .usceptability 10 pickup oI .. t<maIlipWs. 

Generadon or Levd·1 trigger is bIISed on time dilf_ ............... between signal in 

to"NetS which project SO the inlerlCtion poinL Tbcsc sianaJ.s. &enetIIed in the L1 c:ma, must be 
tested by it1jcction or IICCUnltdy dm<d pu~ into .... chomber parnpIif ..... A sepcnte _ poir 

cable for each channel for this:PWJ'OlC is pouible but would repac:n.I subsllDtW cable plant 

InslOld ..... pn:1pClIC 10 distribulO I 16 twisted poir TimIn, BUI. orilinltin. fran "_ in Ihe LI 
crate, to many from end board to eany accurately timed test sipilL A sin&1c ENable line is 
di.tributed 10 eoch fl'Onl end boon!. On receipt or. puJse <XI Ihe TUDin, Bus. charge i. injected inlO 

Ihe correspondin, muon clwnberon bouds which 1>Ive been ..... 1od. ChorJe is injected by 
copaci ... discblrge through In flIT. A lis .... cbannd wide CMOS cin:uit wiD be CCXIItructed 

which containl the necessary line rcceivas.loJic. and FETL 

Cbam~ Signals Noise and Pulse Shapin, 

Chamber signals are produc<d by IU ompIiftcodon and bove Ihe r.miIi1r long tails due 10 
posiuve ion driftln particular. a lingle eleclrOn drifting to the sense wile produces I current in the 
wire with the functional shape 

i(1) - COft$talll (I + I(J) 

where 10 is a constant typically in the range 1 to 3 os. In order to maintain hi,h chamber resolution 

.... wiD need 10 trigger Ihe discriminator on I PDIII number or primary chqeI hillin,lhe wire. The 

r<qUim! thn:shoIds are eapectod 10 be in Ihe """e 3 10 10 primary dectrons. Ga pin depeads on 
vol..,. Ipplied 10 Ihe ...... _ and 10 it'J diarneIer. Win: __ sipiflClllllJ .......... 1he 

presenlelwnber delign "'""" ond raul .. in I large _ty in ...... pectod value or lU'ain. 

Currentes_ are between 10"4 ond_ timeo 1O-'!i depelldin.on chamberdelign. Mool 
or Ihe charp: in Ihe puJse _ in the IIlI and doa not _1010 Ihe signal delivered 10 the 

discrimina .... The clliciency is detennined by SPICE _WionI and is on .... order or 20'6. Thol 

is, only 2ow, oftbe pi Cain il Ulible in deliverin,l,ianaI SO 1bediscriminator, orequivalendy. the 

bIIlisdc deficit is 8O'JI.. CombininC these numben Iiva I desired duahoId ICIIin& lllhe 

discriminator inpul or .......... Ifc ond over SOlc rdcmd 10. ddll functicn charge iI1i<cdon. A 

1003 

Fi,. 7 shows Ihe r<qUim! Jocic ror injecting test pulses II pn:viously described. .. anIer 
10 operate at iow power and to inlure small ehannel to channel timinl variatioos. we propo&e 10 

implement thix function in I 16 channel CMOS chip. The line r=iver will operate from low input 

swing ditrerentililipalllO minimize RFl aenaation. Initial simulations of the receiver shown in 
Fie. 8 indiCIIC that I 2 micron ._ CMOS _ is IdequIIe ror thix rUIICdon. The.,.,­

dissipolica forthis einooil wiD be in 1he .... ,e)oS mw/chlnnc1.We plan 1D utiliu Ihe roundry 
services orMass. Microeleclronlcs Caller (M2C) which his I low coot 2 .. CMOS _ 

available to member Massac:husetD univcnities. u weD u 10 III.tionallabomoriel. 
T_ ortiminc sip&IJ IIkeJ r>/O«- I 34condu<:torrwiat and ftatClbk...meh 

wiD be tcrminIted on Ihe Iosl card in • bus. The signals on the bus wiD be differential with I 

nominal.wing 010.8 volU in Ihe middle orlhepower'upply nil •. TImin, si .... l. will be Ie 

coupled 10 that de level is nOC importanL'Thus the driven which are located in the L1 crates could in 
principle be ECL bUI wiD men: Iiltcly be low.,.,- CMOS driven 

Pisgjrnjn'tgr Ogtpyt Cable Prim 

The monoIythic omp'sbaperldilC under deve\opmenl is expectod 10 operate II signif_dy 

lower power Jevds than a discrete desien; approximatel)' IOmw for the preamp. 7mw for the 

shapero and ISmw for an output stage at low power operation. Such an output stase cannot drive a 

differential sign of .m:qUIe size into a lel'minated twisted pair cable u required to send signals to 

the L1 cates. We propose to construct a CMOS cable driver lor this purpo&e. For the muon 

system. one can take advantage of the low data rale and use a cable which has an Ie coupled 

lennination at the receiving end i.e. al the L1 crate. This is shown in Fi,. 9a and implies essentially 

uro ltandby power. A cable driver wbose output sllge is lhown in Fig. 9b il bein, consideJed. 

The output nnliston arc of suffIcienl aiK 10 drive III adequate siJnal into the cable but require no 

.tandby power. 
The disaiminator OUtpul cable will be 34 eonduclOl' twist and tlal and carry 16 differential 

signals. Thenominailwin, wiD be O.'v. Theuscollipallwinp which are smaller than theECL 

standard have been IUpestcd and discussed IS a means to reduce emission of rf interference 

p:nerated by fut edp:s in lon, cable runs. We propose to sci the lipal levels by an elllenlal 

reference voltaae (e.1- diode drops) 10 that output cables can be driven at lower voltage swin, if 

desired. 

Power DiS5jpation 
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(I) ltizh VaIU&e 
(a) For field shapin, deli ... Ibis is appro>imau:d by 

BkV x 1!I\lA - 2SmW,dwIneI 

(b) Sense wire bias 
(Stv)'2 II Gohm _ 2SmW 

TaW.SOmW/dwIneI 

(2) Phue·) 'JOn' end desi", 
(a)Prump 20mW 

(b) Shaper lOOmW 
(e) Di"'r. 
(d)Misc 

lOOmW 
SOmw 

TOIaI- 500mW I channel 

(3) Plwe-D wiob monoIythic ASD chip 
(a) ASD chip 35m ... 

(b) Test pul .. 
chip SmW 

(e) CJbIe driver 

chip ISIUmina Ie cable 
lennination SmW 
(d)Ov_ IOmW 

TaW. SSmW I channel 
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/ion ..... ASD'- will be 1Ifti(onnIy di,tribuu:d duouChou. !he muon detector. This 
procludes !he use of ....... ceolinl and im_1ow power dissipation on !he front ends. Ambicn. 

air !low is thaef_ roqairld 10 remoYOIhis bcaL 
Tho!*b&in& and Clblinc queoti ... wIIich need 10 be __ ... dri_ mainly by 

Iht IOq1Iirement of shieIdin& rho front .... __ .. u:maI If pickup. These i ..... can only be 
mclYOd by ............ 11 on prototype muoa chamben.1IId will_ly vuy amon, rho four 

proposed chambercleli .... These tlforts ... _ .... y as oflhiJ wrj';"G· 
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Drift Tube Development at Minnesota 

K. Heller(Minnesota) 
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Drift Tube Development at Minnesota 

Tbe idea is to make electrode structures by extruding 
plastics with different resistivities into one tube. It 
sbould result in very economical drift tubes. 

Ground 

1016 

• Hilh Conductivity 

Ground 

REAL-IT'/. 

i)j"'~ 1Mole! e)(I\ts ~ ....,4'~. 

• LoW' Conductivity 
o In,ulalinl Jackel 
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Endcap Design 

Tb~ current idea is to use the plasticity of tbe tube for 
a gas seal- shrink a plastic slug by cooling it in liquid nitrogen. 
tben let it npand into the tube and seal against tbe walls. 

Connections are made to tbe strips by putting screws 
tbrougb tbe strips into the endcap. This also immobilizes 
tbe end cap . 
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Prototypes 

R. Loveless(Wisconsin) 



-+-----1:'!~_a=__l:_=_=_,.__---~ !? I Lo v£t..ESS 
• /~NW~/ 

1021 

, 1020 
c:t.c.vc.lop ?'I'ocl.I>c:t.l<." te.c.hni,I>u, 

~"\y''''''iW''\ """" -- 14 "'''' .polc. .... \ ~no.kc. i 
.... ;, ..... '1 & ...... ~. f .. "" ..... _ .... 

04 ...... ' ..... '-1" 

f,. __ ~ ~\~ ~ q .. -' .......... 

III"''''''' 14 ..... l'-"'~ i.. a.c:t..ol p...-\~pc. 
'11'1<4 ... , .. c.Y\~ hole. I.o .... ~ _ ",;'\1.;",\ \v.l.ni~v .. 

~ 'fI'I»K 'c.Uf plA-\u c.ol 

.Iiw , .... pu. fIt."" 0"'... ~ .. i ....... 
"'.~ ol I'~\. .., <Me. ... ;11. 

....... ot 'P'tuj- ~ """- VV\iu.l ~ .... I.c.. 

• Ib-<.Lll ?'I'otot~~ I ..... '-~ (~-t. .... v .... .o-) 

Q.~ ,"'.~ ~"'" ~ "" P"-~ 
..;,,~ ~':,t~ -cu. ,.;,-\1. 1,.1< ...... _t ....... '" 

-t~ 0111: oJ.. .. ,,.;"-$ "' ..... -t;., ... 

• ~~-~..u ~pc.. q", '-~ 

-bo.u\,14 "'~ .. ". ~ txt,n.u.t\6' 0»;"""\.,... ....... t~ "''''9 ..... ':) _ ... t ~ .... lIw.t c.vt 0" 

~ 'llUcl ~ ~ ~ 'tI\1IOII1l~\'Co I 

• Ib-u.1i ?"~fW- \ WI "'~ l", .. cl .... ;"") 

fc- ?\oc.u ... ~ -- ... "~,,,* 

PIICIIIII:!IIIY PIP 
ON 10130,~1 AT CI'Itt2 

1022 1023 

~ 
i 
~ 

~.~ 

i ,,. ,.." 

.11 ~ t!Jd l ~ ". ,.. .. 

~ I L =i 

~~ ........• la 
I . ' ;;:'C ,. ....... 

I 1 i: ... 3"1 ~ 
!~ 

~ > n < < 1.Jl 
:r~OI~ "0 

t'1~ ~; 
;~ 

II; 

~~ III Cl ~I • .e - ..Q II 'I h 
\I " • ~ ~I .".: IX IT- <t 1-1 

I I: 



,; 
0 . 
E 
(; 8 
~ 
D 
E 
" " 7 

6 

5 

4 

3 

2 

o 
-400 

-J 
i 
f 
.P • 

Wire Position Deviotion 

.JI • 
i .. 
('I 

r 

0.4331 
7.430 

-10.51 
84.50 

200 400 
Y position(microns) 

I 
I 

~ 

=u:~::::: , '~"'l ,r 1 r:"~J 
*llJ..k:~Hf.~: "".\;' I~~,~.=~EB~':'::;I~T'::: ~- ~ T ;'1 T- L ..... :--. ,- - -r II._::~J \ ~1"';,1- ""'0::' 
~ I.".,:: I . lil+ ... 1 .• t1'~AI 

"·.'-I."·I~ 

I UNITS - ... 1 INCH) I 
.. rn _.. __ .... . , 
...... SYStUI ........ ===:-.,IT .... ,,,., -.. - .... If") __ ___ 

i -- W'lIIllCUlf -.... '" ___ PHYSICAL SCIE~ •. LA~ORY 
~ ,-- .... I"'_~_ --r __ 

~:::::--__ :;:. ~ I '62680'5 

_"" ClRMfltCf'llOIIfI[ ft4I2tIk, 
aN 111 •• '" Al "'03 PlOn[O "f StM.l '" 

WIT$ e Millon 

PMYSI 5 AI 

-.-~-- -- _. '626C0lI _. - -.. ,~-
....... at ",.. 1'Ufa" tcU 



..J • . " ... " ...... ::> 

'i 

H 

.. ~. l'tK' __ "" __ 

--------------I~ 

~ 
i 
7' p 

~ 

i~ .... - < 

I~l r 
M 

f 
i· 

... 
p 

J 
~ 
0 
G 

f· .so 

I 
---- I 
:f-e 

j~ i ,. -J~ 

~ 
t: 

~ 
r 
14 

~ 

g 
El~ 
~ 

120 

100 

80 

60 

40 

20 

0 
0 

-- 1-
~~ 

, , 
.- ~--------------------------------

+ 

75mm oct"90n extrusions 

input power 35 watts + + + + 
+, 

+ 
+ 

+ 
+ 

• • • • 
• • 

+ • 
• 

• 0 o 0 0 
0 0 

+ 0 
0 • . . 

0 

+ 
0 

• 
• 0 

0 . 
100 200 300 

Thermal Measurements 

+ 
11 

• 
T2 

0 
T3 

T4 

400 

+ + 

• • 

0 0 

500 
time(min) 

T,~",~,.../ll.. 

l'6.5.T 
~"'\Jf> 
\00 toI\t-o\ 

.,. ... >W<. 

.... 
Q 
N 
CD 



1031 
TRACKING 

(PARTIAL) 

WEDNESDAY, NOVEMBER 13 

Silioon Tracking Colla!ptual ~ Report A. Seiden(UCISC) 

Modular. Straw Outer Tracking System 
Conceptual Design Report H. Ogren(Indiana) 

Conceptual Design Scintillating Fiber Outer 
Tracking D. Koltick(Purdue) 

Conceptual Design Report for the Siraw-Fiber S. Reucroft 
Tracking System for the SDC (Northeastern) 

Progress towards the Colla!ptual Design Report 
for the SDC Intermediate-Angle 
Tracking Detector A. Sill (Rochester) 

TlRRSDAY, NOVEMBER 14 

Pattern Recognition in Silicon and Siraw 
Tracking System B. Hubbard(UCJSC) 

Pattern Recognition in a Silicon and Scintillating 
Fiber SDC Tracking System D. Adams(Rice) 

LPBautz:I2112191 



1032 

, Silicon 'Aracldng Conceptual Design 
Report 

A, Seiden(UC/SC) 
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Table 1. Summary of Requirements (or Tr&ekins Syslem 

-:l; (I) I'll coYer ... OUI. LO I'll :5: 2.1. implyinl H' - .. dlarled IeptoA lcomei.rle&i efficienc), 
~ ~ ror mil 2: 200 eev . 

• (2) ~clioa efficienc), 2: 90" (rorl'1l < 2.5) rQl' H' - .. char .. IeplOnl. ror each 
k:p ... bavinl p .. ~ 5 C.V. a' de.i,. lamlnc.,), (.xcl","", at lepton tdenl.ificaLton 
aad 'rilP' cuc.). but ...... minll.wlt.e die occupancy c&lculaLed by Monw <:Vlo ror 
pp _ X. Number oC ralM tracb or PJ,. ~ 5 c.v ~ 0.1 per evenl. at 'hite cI ... 

." (3) [\econ.uvdloa eflktency (or lame u in (2) ~ 75~.t 10 x d.ln lumilKWil.y. 

-1: (4) Rac:oMvuc&ed (u oppmed 1.0 parUMUIC)...cncx cOfWraincd momee''''" raoI"Lioca 
at "..J'1 < ~lC1O't1') (TeV- 1

) rOf I," :s (2:;)1.1 Cot H' - .. diupd ~WIftS. 

(5) ElBeine, contrihlll.lon rrom 'raellinl to IepLOn id •• ,lIlea,ion oC 2: II" ror electrou 
WII.. P .. 2: 10 C.V &ad 2: g5~ ror mUGU with PJ,. 2: 10 e.v . 

.,.. (II P_Lioa raoiuI.ioa a& the caJorimew or:$ 2.5 mm in r - ~ QI' • (want error ~ v/2 
oC ~mtIeI' pmiLioa ,"",raey). 

(1) No 1peCi" ,.."- NIOIu'" NClui.....u. at LIM mUOO .,..... AdaievaOle DUm-

"Slcaa . 

..,. (') B ..... Lagi_ • .aa-cr ~ ~ rot IU a.v S .... '" S 210 GaV • .nu. S l~ i",.,.L,. 
(I) Fi ....... kiaPrwiUl ............... LioIl''',,'''l S lO(TI;V-I)-illl,_ .. l~ 

...... l.o-V..,... 

.. (10) s..u. ..... ma- .nUl ...... _,..a.LioIl ,,,,,/I"! • 2.1 (T.V-'). Gi ... a 

l~ ... Ior."OG.V""'loririgwia._ Z_.+.-. W- • .,- ..... . 
~calibtatioe • 

.,. (11) DiIcotwr' poIaiiai -,,&rei &0 quaDiir,. 110 .... aI ... Ill ..... capabiliLili hen 
...... BUIld on .. -., hi ...... ,rioril,. ( __ Wa ....... IeptoA olllilP 
~ .... ) _ . .1.. be ~ IIItd 'mpR,., ...... ~t. ol", 
loaM .nUlia jN up 1.0 lM lar.- je& P£, pcIIIiWe (u ...... ~ 600 G.V). o-ind 
NCIOUttvct.ioa .meine, ~ 5n>. 

It (12) M .......... ' ol;.t ~ a& ....... lumi ... " ror QeD lIl",d_ aad ror 
mDcMana. kiackpou_ rrom jfta. 

(13) S","iftbilil,. a& .u.adard £. ror ~ 10 ,..,. . 

.- (14) AI""'" aa&ural ,.u. • u,cradi .. &0 • .,.c.an wiu. IUmvabilit.,. or:!:: 10 ,.an 
a& 10. Kudatd £. _iUt ... ,.... (10.1. IIIDIMDL",,. NIOIut.ion, pM&oenI f'eCOIDi­
Lloe, iIoIaYd uack .f&cienc,) &0 k decided b...d 011 _ha4 iI ....... d",rinl iniLi&l 
rua.,al· 
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Design # 1 (All Square) Y.Unno 1991/11/1 
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Silicon Detectors: Radiation Effects 

1.-Leakage current generation. Not too serious if de­
tectors run at OoC and fast amplifiers used. Expect for 
OoC, after a fluence of 1014 particles/cm2, a leakage cur­
rent of .5 /Lamp for a strip of dimensions 12 cm length 
x 50 /Lm pitch x 300 /Lm thickness. Gives 350 e- shot 
noise contribution for 20 nsec rise-time electronics. Small 
compared to typical signal which is 25,000 e-. 

2.-Changes in doping concentration (fixed electric charge~ 
in the silicon), necessitating changes in. detector voltage 
for full depletion and efficient charge collection. Describe 
by: 

N = No e-C«I> - {3q,. 
No = Initial donor concentration. 
C - Characterizes donor removal. 
f3 - Characterizes acceptor creation. 
q, - Fluence. 

3.-Trapping of drifting charges by defects: 
-Not a large effect for q, .!S 10 14 particles/cm2. 

Need more quantitative understanding for 
5 x 1013/cm2 :s: q, :s: 5 x 1014/cm2. 
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Ta.ble 1 S. Efficiency of the da.,a.-driven I.rchit~ture 

No. of lou'ionl 
per ch&rlneJ 

Level-I LueDey = 128 

Dol'. recordinl 
efficiency 

Tabl. 18. Sumnwy of tb. Morita of the Architect ..... 

Archit.ectun Power dissipation Lactb 

Level·1 l&teacy - 128 

dat .. drivea 197 pW 8.30 mm 

elock-driwo 330 pW 12.22 mm 

Level·1 l.atency - 258 

d&f.&..driven 2MpW 8.SO mm 

clod· driven 520 pW 22.~mm 

10 

d:rp (CMOS.)) 

0+ 

or 

low srJ. 
P"~/d:(J 

F,' b..cz-y--/~~k- ~ 
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MAJOR .TEM COST va - Vena or quole 
CAfter q & Dl EE . Engr est 

UNIT C • Catalogue 
ITEM COST UNIT NUMBER TOTAL, K BOE 

Barrel detector 5750 each 3600 52,700 va 
Frwd detector 51,500 each 3384 55,076 va 
Barrel readoul 536 each 18000 5642 va 
Frwd readout $36 each 30456 51,086 va 
Modules 5107 each 3492 5374 va/EE 
Dala cable 515 each 9462 5146 EE 
Sus selector chip 510 each 5862 559 EE 
Opl.c.1 trans:rec 5500 se! 123a S61 9 C 
Optical fiber 5160 run 1238 3198 EE 
Enclosure 5633 k each 5633 EE 
Space.. frame $599 k each 1 5599 va 
Ctrl cooling rmg 530 k each 16 5480 EE 
Ctrl support cyl 5108.3 k each 2 $217 EE 
Clrl mount $0.7 k each 72 550 EE 
Ctrl coolant dist $0.7 k each 16 5107 EE 
Ctrl allgn/assy/test $11.4 k each 12 5137 EE 
Disc cooling ring 515.7 k each 44 5691 EE 
Disc support ring 54.2 k each 24 5101 EE 
Disc mount $1.5 k each 144 5216 EE 
Disc coolant dis!. $1.5 k each 44 566 EE 
Disc align/assYitest $31.2 k each 24 5749 EE 
Power cable/bus $177 k each $177 EE 
In!. optical sys $300 k system 5300 EE 
Slow control $40 k system $40 EE 
Heat rejection sys 5595 k system 1 5595 EE/C 
Gas system $35 k system 1 535 EE 

TOTAL $16,092 

Total w/o contingency 532,428 
Total with contingency $42,615 
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Tracker requirements 

The charged particle tracker has an important role in 
almost aU of the physics questions we wish to address with 
SOC. 

The list of require.ments is daUnting. but we believe that a 
str~w outer-tracking system and a silicon inner tracker can 
satisfy them. 

1) Eta coverage < 2.5 
2) Reconsauction efficiency> 90%. with pt>5 GeV at design 

luminosity with false tracks 1<0.1 for p[>5 GeV/c 
3) Reconsauction efficiency >75% at 10 x design L 
4) dplpt~ 20%TeV-l for eta < 1.8 
5) Efficiency for electron ID >85% 

Eff for muon id> 95% for PT>1O GeV. 
6) Position resolution at the calorimeter< Imm 
7) Position resolution wn Muon 100 microns in transverse 

1000 microns in z. • 
8) let charge mUltiplicity measurement with in 15% for jets up 

to I Tev. 
9) B single tagging efficiency >50% for 125<Mt<250 GeV 
10) First Level trigger with dpIpT.IOTev- l implies a 10% res 

for 10 Ge V leptons 
I I) Second level trigger with sIpt~ Tev- l which gives 

20% resolution for 20 Ge V Lepton 
12) Discovery potential 
13) Measurement of jet fragmentation 
14) survivability for L- 1033 fODIO years 
15) Natural upgrade path. 

. 1063 
Modular Straw 

Outer Tracking System 

Conceptual Design Report 

Overview of Requirements 

Five Layer system 

Simulation 

Straw Drift Tube Systems 

Straw Tube operating conditions 
Modules 
Electronics 

Interface 
Frontend 

Support and Assembly 
Module 
Cylinder 
Spaceframe 
Assembly Procedure 
Alignment 
Computer study 

Materials consideration 

Cost and Schedule 
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FlVE SUPERLA YER STRAW TRACKER 

The straw tracker we have designed is the 
minimal wire system that satisfies the following 
very important requirements for the outer tracker: 

1) High Pt track segment trigger 
Level I, Level 2 trigger 

2) It can meet the momentum resolution 
requirements with the silicon system. 

3) Pattern recognition capabilities 
for segment linking to the silicon 
system. 

4) Z coordinate measurement for 
improved invarient mass resolution 

Two outer axial layers can be used for the Level 1 
trigger .. 

Two stereo layers for the Z measurements and 
pattern recognition. 

Inner axial layer for linking to Silicon system. 
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Superlayer McaaRalius Saaws/LIyer ModDIos L.a~uper _(m) S ..... Angle 

(m) Ia_ (") 

1 0.7096 1060 80 6 2.00 0 

2 1.0670 1590 120 6 3.20 +3 

3 \.3510 2014 1S2 8 (ai"") 3.90 0 

4 1.4877 2226 168 6 3.9S ·3 

5 1.631S 2438 184 8 (aim:r) 3.9S 0 
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SIMULATION 

This is system is being studied by a combined 

Silicon . Straw Monte Carlo as part of SDCSIM. 

Tbe complete tracking detector bas been modeled, 
the material In all systems Is real, tbe straw tracker 
responses are correctly modeled, and loopers from 
all previous events are bandied correctly . 

The study of tbe combined system Is just now 1 

beginning. Future studies will belp guide us to tbe 

optimal layout. 

I)Lcc:,.oo.l\,u'- c.L.u'lTC4U - l;l!~"''TS 

a.) LII"'I<-,iJf- 1:E ............ rs IUT'<> TllACICS 

'1) P,Trwf. T~C'" 
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STRAw DRD7 TUBE -
4_ --.. straw 

~ -..-. Kaptoa 

15 e OIL A.-w wire 

CJ'4-.... taae (2',,) 

DrIft II-. 2t • at 2T. 

1072 

.. 

1071 

:'o, .. oLe-V "i,..e suppo,..: 

020 

A bfJ/flld 0' 
~t;" •• I~""" 
~OC~ pGlflUd "",..e­
fI ... ChicM ••• , 

Id.nCICOl PI'C'. (Jr' snopped tog."'.,. 
Co .trot'e 0 C:ouoL.-V wire coLlOl"". 

AU~ I .~;3',l.J ~a~l':;.v 
A"':"" 

.CO<>, 
.. Id~"' • . ~ 

ScoLa, 20X 
II..-i .. ct, 8-JUN-90 

Fig. UI.2. A detailed drawing of the double-V wire support. 
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20 

'9 

'8 

,7 ,. 
,5 

~ 
14 

: ,3 

e '2 

~ " i '0 
~ g .. > 

'" 25 

, Electric Field (kV/cnvatm) 

Fig. m.4. Measurements of the drift velocity in CF4-isobutane 80:20 as a function 

of electnc field strength. The squares are from R. OpenshaW$f ai .. the + are from 

T. Yamashita. er at and the x are from J. Va'vn.. er aI. See the references. The 

curve:: is drawn through the points ceva'Yra and continued according to the:: shape 

of the p~ CF4 and CF4 • 0i4 mixture curves. 
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Fig. Ul3. The gain curve of a 4 mm Slr'aw drift rube with CF4 -isobutane 80:20 

gas. The absolute calibration of the CUf"to'e is accurate to about 15'*' but the 

shape of the curve n::flects the true dependence of the gain on voltage. 
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Table 111.1.0 

Supodayer RocIilll(m) l.aIpI(lD) """'-Y I(CLPIItl 1(1'«11) - -I .708 :LM 0.105 J,9 2.1 
2 •. 04 3.20 0'!1T 0.1 1.0 
3 1.35 190 ~ 0.37 0.6 
4 1.41 1" 0.03 0.27 0.5 

5 1.61 195 0.02 0.11 0.4 
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OVERVIEW OF MODULES 

Mechanical properties of straws 

a) Straws are not strong 

They must be supported. 
They cannot support wire 
tension. 

b) Straws are not round 

1078 

Use internal wire supports 
for close packed alignment 

c) Straws are not straight 

Align straws in module 

1080 

/~~i 
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Fig. IV.3. A 64 snw test module With a leRe of 30 em. 
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\------- 116,00 MM ---------1 

NON TR 1 GGER MODULE 

FLAT 
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! 
21.32 MM 

SUPERLAYER 3.75' INCLUDED ANGLE 
WITH 3 MM GAP FOR,OUTSIDE AXIAL TRIGGER LAYER 

1------120.00 MM -------\ 

TR IGGER MODULE 

CURVED -

Fig. JV.2. The basic module design is shown here schematicl.lly. The twO basic designs 
arc shown; a 6 layer module for non-alger layen and stereo layers. and a 9 layer aigger 

module thaI has all straws on a f3dialline. The present design will probably use an 8 layer 

trigger module. 
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Fig. IV.4. The croSs secnon details for the full size prototype module, showing the 

RohaccU foam sandwich construction. A dewl of foam consauclion is shown in the insc:n. 

59 
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Assembly considerations. 

For a five layer straw system there could be 
130.000 

straws to assemble. 

2.5meters-4 meters in length 

• Modules allow us to assemble, 
units of about 200 straws. 

• 

• 

• 

• 

Each module can be pretested, 
calibrated, and measured prior to 
installation 

Module can be replaced and 
repaired. 

Work can be done in parallel. 

Final assembly and alignment of 
about 80 -184 modules per 

1084 

Alignment precision requirements 

cs2 superlayer = 
(CS2lntrinslc+CS2wlre place)/6 

+CS2module Intrinsic+CS2module place 

a intrinsic= 100 microns 

a wire placement= 30 microns 

a module intrlnsic= 50 microns 

a module placement= 50 microns 

Super layer resolution= 82 microns 

1083 

PARALLEL ASSEMBLY 

• Use several assembly sites 

• This could be done at several 
University sites. 

• Require about 300 modules 
produced, tested and calibrated 
at three sites in a a two year 

1085 

Alignment of straws in a module 

• require an error < 50 microns 
Straw-to-straw. 

• 

• 

measurements with clamping of 
wire supports for precision close 
packing are within tolerances (30 microns) 

Intrinsic module straightness is 
being tested with tirst 1 meter 
module. « 50 microns). 

4 meter module. Mold in 
production measurements in 
December. 
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lOSS 

z.c..~~ .. \ 

E¥-. IV.6. The verucal displacement of the snSlde shell corner as measured In the firs! 

prototype one meter sto .. U. 
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Test and calibration of each module 

• 

• 

• 

• 

• 

check gas tightness 

test module with HV 

x ray for wire positon t 

cosmic ray tests 

Detennine best fit to close 
packed geometry at each 80 
cm point. 
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Assembly of straws in modules 

• Carbon composite shell 

• straws and wire supports 

• endplates 

• wires 

• Prototype of 64 straws 

1092 
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F:g I'\" - a) Delaljs of the end or a moduie. The end of the sua~s StOp sr.0rt 0: :;".~ ~:'.c 
;J;ale. T.'i.e End plate hoids the "loire tenSion clips. provides the gas mamfoio. Jr.c :-:0:': ::-:e 

..:ap plate whlch CJr."les the eiecC'on:cs. bl An isomerric view of the end :enSlon pi::~ '.:-. .'.!.: ".5 

~oncec ,0 tte she!] 
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Fig. V 3. Blcxk dlagram of the straw readout sysfem with \VBS numbers indicated. Note 

thai this particular \VBS numbering scheme is ouuiau:d and incomplete. 
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Date 

-- Design of endplate for deti.chable readout board 10/91 

---:!> Evaluation of first preamp/shaper/discriminator prototype 12/91 

",.~ .. I .. 
~ Completion of full-scale prototype _I&i ._ .Ie ...... t 1/92 

Develop HV distribution with failure confinement (e.g. fuses); 
establish cable and utilities plant requirements 2192 

COmplete consln1etion of second plOlDtype multi-straw element 4/92 

---> Pl&otype suppon strucrure assembly of full-scale 
scctor/superlayer 

Auto assembly and manufacturing design 

Complete evaluation of efficiency. ~olution. and attenuation 

10/92 

10/92 

of full-scale multi-straw element with prototype of full 
electronics (preamp/shapcr/discriminatorrrvC or TMC) 12/92 

( Construction of full-scale sector/supcrlayer 

!' Test beam studi~s 
'-

5/93 

93-94 
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Mean TImer Trigger (8 Tubes) at Design Luminosity 1100 

Trock Pt (GoY) 

FIG. 3 The efficiency .. & function 01 P, for & dicit&! ., .... timer b .. ed tri"", 

operoting on signw from &n 8 tube deep .uperla.yer 01 ~ Itra", celb. The 

point, :lrC £rom. & (;EANT .imuladoll of Hi&.;. .... _ ZZ events at IOu luminosity "'1d 

the shaded rustogram is for & last parameterized limul&tion tuned to ma.tch the 

GEAST point •. 

be eff.:cted) and the stiff track mOJ:Jantum mo!ution req:wr'!:~t~ {approximately 10% or 

One of Eight Patterns 

... 

~D Z of • 
CD.lIIc1danc. 
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Fig. V.22. A representative mean timer ~lion for &D 8 tube superlayer. The 
connection shows twO mean rimen each requirin, big to be consistent with a preset 
momentum lower limit and OUtput pulses avera,eeI in time to I common radial position. 

The third mean timer averages these outpUt pulses to mive " I final pulse whose timing is 
fixed relative to the particle passaIC time plus the sianaI propaption time from its z position 

to the end of the straws. The panem shown is one of 8 used in a two-fold coincidence 10 

produce a stifftrac:k mller. 
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1101 

~9.0ns 

45.0ns 

30. On. 

25.0n. 

20.0ns 

15.0na 

O.Ona 

O.Ons 11.0n. 22.0n. 33.0ns 4~.On. ~9.0ns 

TL 

Fig. V.24. A teSt plot of the PT CUt panion of the;,mean tima' Ie .. The axes are the times of 

the aligned wire inputs and the plotted points are those values Df the lXis coordinates for 

which an output wu lenerated at a ~etermined value. A falling 45° is expected fOr" 

correct averaging of the input limes. ibe cutOff' of the line at large coordinate differences is 

due to the time difference resmction (momentum cut). 
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CYlIt.OER SUPPORT RINGS 
5 PLACES 

SUPPORT POINT 

SPRCE P .. 1ME 

SUPPORT POINT 

MODULAR STRAW TRACKER CDR 

THE DESIGN USES; 

YIN ..... 1t 

• u 

1) Compo.lte Cylnder. of Graphite .lamlna With ~ 

Core On Which The Detector. Are Mounted 

2) Cylnder. u .. Commerdaly Avalable Technology 

,HeiCUII.;"]iiM 
3) Need At Lu.t Twc[O.oQg~ Inch 6 Ply Layups with 

5 Mlmeter t:D!llnch Thick RohaceU 3,!!!L Core 

4) Meets Radiation Lensth Requirements 

5) Advocate Graphite Bolts For Cylnder Spaceframe 

Interface which Are Commercially AvaDabie 

(K·Karb from Kaiser Aerotech) 

~ Wellinlhouse 
\81 Science" Technolosy Cenler 

t­... 
o .... 

... ... 
o 
CII 

_ . 
.... 

_" .... 

MODULAR STRAW TRACKER CDR 

1.1 SUPPORT STRUCTURE OVERVIEV'( _ ." 

THE REVISED MODULAR STRAW TRACKER GEOMETRY 

1) Five Superlayer. of Straw Modules 

2) Two Triller, Two Stereo. and One Axial Layer 

~ Weslinlhouse 
\81 Science" Technolosy Cenler 

MODULAR STRAW TRACKER CDR 

THE DESIGN USES: 

1) Simple SUStfraq WhIch Utilizes Commerclany 

Av ...... TacIInoIoU [Beiser Aeroi!ii!l 
o HIP StIffne .... Gr."ii!!· :ihlte. e __ ;;.;FIber;'::..lStru~e. 
o Molded GraJl!l!t!JoInts • 

2) A •• embled and Machined to Form a Precision 
Cylnder Interface 

3) KeI.er Issued Written Estimate on Spaceframe Costs 
(11-04-91) 

~ Westinlhouse 
IeJ Science" Techn%lY Cenler 

t­... 
o 
N 
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SPACE PRAMES WITH CYLlNL~RS, RINGS AND MODULES 

MODULAR STRAW TRACKER CDR 

2.2 SUPPORT CYLINDERS (continued) 

THE MANUFACTURING PROCESS USES: 
10 __ ..... _,-. 

1) B Stalad Grtph!ta Tape Layup. wfth RohlceN Core 
2) Steel Man.. For Each Cylnder 
3) Cu.tom Machlq. Too! to Apply Tape 

o Concept Drawfnl II Made 
o Specification I. Written 
o Quotation. Are Belnl SoIcIted 

~ Westinlhouse 
\51 Science ~ T echnololY Center 
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SUPPORT CYLINDER 0: ;ENSIONS 

CYLINDER SECTION 

CYLINDER END SECTIONS 

/ 

~\~ CYl 10 00 J ~ 

1 132.15 133.~2 57 . ~ 

2 2"-.12 205.39 6 C> 

3 260.22 261.~9 7 a> 
~ 288.27 289.51. i 
5 316.32 317.59 !IX) i ALL DIMENSIONS ARE IN CM 

"rrrTh· ... " ..... " ... ,.. ~lnT Tn erOI r 

SPACE PRAMES WITH CYLII~DERS AND SHIM RINGS 



SYSTEM FOR MRCHINI~b SHIM RINGS 

"'" . CYLINDER SECTIONS WI I H SHIM RINGS 

~ 
CYLl~ S AXIAl. TRIGGER 
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.... ... ... 
I\) 

SUPPORT CYLINDER wiTH SHIM RINGS 
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ANSYS 4. 4A 
5EP 5 1991 
15:57:49 
PLOT NO. 1 
POST 1 DISPL. 
STEP-I 
ITER-I 
DMX -1.45) 
ERPC-O 

"D5CA-IO 
XV --1 
015T-96.445 
XF -5.998 
ZF -87.677 

POSTI NODES 
TOlS 

XV --1 
"DIST-96.445 
"XF -5.998 
"ZF -87.677 

CENTRAL AND FORWARD TRACKING SUBSYSTEM 

7 MANDREL STRESSES It DISPLACEMENTS 

FROM FINITE -!LE~!~!~I\I~~'t'~1§ 

.... DI.k h • 

.ft O.k Nom. Dllk DI.k 01. n kip. DI.k I. 
~ Cyl Cyl Local I!h Ja. :.10. .. DI fr 2\'2i52 2~1J ~ 2%i 

Min. 
2m6 1.0 1.0 170. 0.0111 74.1 13.7 2.12«1 2.32441 2.32413 .- 2.32177 

~t! 1.11147 1.11151 1.11710 UUI 1.6137 I.D 2.0 IU. 0.0002 67.0 75.1 1.11142 1.11172 1.11715 
Shaft 1.11134 

1t! 1.11005 I.IGHI 1.11011 1.1107 1.011 10. 1.0 03. 0.0001 34.1 31.2 1.11001 1.10011 I.U~OO 
s_ 

1.10021 

T~B 0.10374 0.11371 0.10422 D.IDII 0.1016 10. U 404. 0.0062 41.4 41.S S • 0.11311 0.'0311 UU25 
.haft 0.11352 

~t:. tum 0.5OD71 I:mH 0.1005 a.SOD4 12.0 1.0 U. UOS! 17.1 11.1 0.1D005 
Shaft O.IOUI 
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MODULAR STRAW TRACKER CDR 

THE ASSEMBL V PROCESS USES: 

4.1 Ca...". Bum Melli Allembly Tool With Two 

Mov.... End S!IR'ort. 

4.2 Spacerramt Ind Cylnder Components are Simply 

Shuttled Into Po!ltlon Allembly 

4.3 Module. can be Placed on Each Support CyOnder 

Before or after Allembly to the Spaceframes 

Quail! A .. urance 

4.4 Conventional Optical Laser AUgnment System 

to Loelte and Cont1nn Locations of Modules 

In Assembly 

~ Westinlhouse 
\SI Science " Technology Cente, 

WESTINGHOUSE STC 
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MODULAR STRAW TRACKER CDR 

2.5 MODULE ATIACHMENTS 

, , 

/ 

THE DESIGN USES: 

1) .Mr5banlcll A"""'1.n" S.cted to Attach Modules 

Directly to Shim Rin •• 

2) U.e. Pred,loo Machined Hllher Density 300 WF 

Rohacel Block Ineart. a. a Load Bearlol Interface 

3) Location. IrI Machined Directly Into Shim Rlnl' 

4) Replacement of Module. After Assembly Is Feasible 

5) Attachment Procell I, Being Worked on- Needs 

More Engineering 

~ Weslinchou•e 
'HI Science II T echnolollY Cenle, 

WESTINGHliu:JE STC 
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SPACE FRAMES WITH CYLlNC~RS, RINGS AND MODULES 

CENTRAL TRACKER KJ; .'=MATIC MOUNTS 

flAT PLATES 

... .... 
I\) 
Q) 

, BfU fNl SOC~£T 

R LOCRTlt4; PIN MAY BE tnOCo INTO THE MOOUlE COVER OR TO THE 
tmlE'S BOTT!J1 StJlFRCE. THE PIN LOCATION RELRTlVE TO THE 
IIOU INSIOE SUlFRCE IS FIXED BY MOLD. 

fllX.(lFl. IBOTH SIDESI 

~ 

THESE REf'£JlENC£ LOCRTIONS MAY 
BE R!J.t(lIO.ES OR SLOTS . 

SUPPORT CYLiIaR 

LOCRTIN: SOCKET 

----------SHIN RING ISTEREOI AT 10 eM fRDM MODULE END 

"­MODULE AT'I rlCHMENT 
MECHANICAL ATTACHMENT 

troLE SIlIll. Willi LOCRTlt4; 
PINS. BOTH SIDES 

"a ............. 

LOCRTIN: SOC~ET 

S\fPMT CYLINDER 



COMPOSITE TABLES 

TABLE VI.I.D 
SUBJECT: COMPOSITE VARIATION ESTIMATE. (0 +/-60JSYM 

MATERIAL: (P75/ERL 2939-3) ASSUMPTION: LOW STRAIN APPLICATION 

Modulu. Low Ma'''''' 
Wrllp Analu (0 +1·551 P +/.6~5 
MoI.t"'e.... m 11.1% 
colilli1li NumLer 1 r-
EX. MSI 11.900 22.100 H.700 22.1100 
EY. MSI 9.020 8.170 24.600 U.588 
El. MSI 0.924 0.900 0.897 0.874 

H .... Material .. e +/.551 .. (~ +/·651 

P ~ ~ f'lli 
16.1100 16.100 11.600 16.S00 
22.800 22.700 20.100 20.700 
1.060 1.030 1.030 2.000 

GXY. MSI 5.170 5.240 3.628 3.5110 7.320 7.270 $.l00 5.060 GYZ. MSI 0.421 0.421 0.4.4 0,423 0.513 0.513 0.546 0.5411 GXZ. MSI 0.446 0.446 0.423 0.4011 0.548 0.548 0.515 0.525 
MUXY 0.451 0,451 0.211 0.211 0.461 0.461 0.216 0.216 MUYX 0.342 0.342 0.263 0.263 0.348 0.349 0.271 0.271 MUYZ 0.201 0.201 0.222 0.222 0.266 0.266 0.328 0.328 MUlY 0.021 0.020 0.014 0.013 8.022 0.022 0.016 0.016 MUXZ 0.163 0.163 0.241 0.241 0.2411 0.2411 0.326 0.326 MUlX 0.013 0.//12 0.//18 0.028 0.016 0.015 0.020 0.020 

ALPHA·X· ·0.182 ·0.189 0.149 0.135 ·0.337 ·0.343 ·0.200 ·0.111 ALPHA·Y 0.234 0.219 ·0.115 ·0.223 ·0.039 -0.052 -0.286 -0.296 AlPHA·Z 22.980 22.900 22.900 22.900 20.000 20.100 20.100 20.100 

CME·" E.6{,% Moliture Ablorbed 
CME" E·6/¥. Relatlve Humidity 

• f.·I'.' •• ~ JUIE ..... III/IS' • ::: 'er P7JI " ... , • 0.115 ........ AN.tJtH • "" •. H •• hlT ... ' ...... 
.... ...., •. H"' ........ ("tel E.d ...... 

Mean Material 
(0 +/·601 
~- ~ 
g- 10 

14.700 14.600 
24.700 140600 
0.982 0.957 

5.570 5.530 
0.498 8.498 
0.499 0.499 

0.318 0.318 
8.318 0.318 
0.232 0.231 
0.816 0.015 
0.232 0.231 
0.016 0.015 

·0.255 ·0.164 
·0.155 ·0.164 
20.50 20.600 

118.000 
0.397 

fit; W.slinchous • "'-.,,,., - Science &. Technology Center RU /O't.' 

-..,," .. , 

MODULAR STRAW TRACKER CDR 

6. SUPPORT STRUCTURE ANALYSIS 
6.1 THE FINITE ELEMENT MODEL 

THE MODEL USED: 
i. Spac:afr8llle @em. and Cylnder layered Sh!L 

Element. u.ed 
2. Quarter Model Symmetry U.ed 

~W .. tinlhou .. 
\SI Science &. T echnololY Center 

.... .... 
Co) 
N 

MATERIAL AVAILABLE 
TutII. Voh ..... ERective 

flo"" _oil, CTE Ulthn ... C .... " ... hrl c"·,,c- 1ta41.,hI,. ........ 
~ • ShU"" s ........ 50% H .. mldlt, Lt.,th 

M!IIII16L .!:M!L II!!lf -II!!.- --l!!L- ~ .....ks!!!....-
MATER!AL CANDID!TES 

!ir4R!!! •• Relln-- XIZ_I 14.10 ..... 0 :!J! 
YI" D .. ' 14.1. 
S ... ., 5.57 

C_C ........ 16." .. - ,'.11 
AJ.MMC .... ,. 53.17 ..... 7 0." 
AJ.MMC ... , .... 15.07 '.IDOI 5.10 

R ..... !! 11 II 1.105 .... 12 UI 
51 WF '.011 .... 10 L!! 

300 WF ' •• 52 '.01" I 
I!EfE/!f!lCf MAlE RIALS - I .... D.SIU 12." 
...,- 4US '."'1 I .•• 

'- I .... 0.S2l1 1.31 

.0._. f1Nr IP·UI, MMC-_"""'~ .. __ -. 
·'1' +/,"1',. c_ "-'"' 
···C.,.E ., D.JIl .. "..''' •. H .••• T . 

•• .. P .... R:~" NUC-U .... M.arb: c..,. ..... ~ ......... 

4U 22.7 !!!i ... 25.7 

73.1 3U 
20.0 
41.0 48.0 0.0 11.1 

110.0 40.0 0.0 II.' 
75.1 75.0 0.0 u 
'.142 '.057 ~ U6.6 

'.232 '.116 ~ 576.4 

1.450 2.320 ~ Uo.g 

JU .0.1 0.0 1.1 .... 27.8 0.0 15 .• 

10.' 10.0 0.0 0.0 

_ . 
~ Westinghouse 
\SI Science &. Technology Center 

Ruin 
§!!m 
TYPE 

T_h St ..... Kif 
Tenal .. Modulo •• K.I 
T ...... SInIn. % 
Water Abaofpt/on. % 

COI1IIItIoM 
DeN/ly. 1I>m/ln3 
CTE. _""IF 
Cure T emp .. atwe 

CONDITIONS 

COMPOSITE TABLES 

TABLE VI.1.C 
SUBJECT: NEAT RESIN PROPERTIES 

DATA IS SOURCE SUPPLIED 

ERl.1962 ERl-I939-3 

A!l!!!S! ~ 
Epoxy 7 

10 U 
0.540 0.480 
U 3 
3.4 2 

• • 
0.046 0.045 
U.,05 
350 350 

HX 1553 
l!!!gl. 

Epoxy 
Cyanate 

12 

2 

0.046 
3.5le-05 
350 

954 ·3 
Flberlte 
Cyanate 
Elter 

11.4 
0.44 
2.5 
0.95 
b 
0.043 

350 

034 
Flberlte 
Epoxy 

7.20 
0.6 
1 
4.6 
b 
0.047 

350 

•• 2 weeh .oak G 160' F 
b. U hrl G bol' 
c. 24 .... G boll 
d. 100% RH/88'C to oqullibrlun, -, 'u 

3501.6 R500 
Hercules ;lM 

Epoxy Epoxy 

10 8.3 
0.643 0.507 
2.7 2.9 
2.2 2.56 
c d 
0.046 0.045 
2.43.·05 

350 

lUI." 
iUP\ Westinghouse 
\gJ Science" Technology Center 
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ITlIR-1 
DIIJ{ =0.145412 IIUII 

.. DSCA-lOOO 
XV E_] 

D1ST""Z112 
XF -809.1 
&r =t915 

TRACKER SUPPORT CYLINDERS 
CENTERLINE OCFLECTIONS ,{~i c::r9~s) 

c ••• 4 -- Slllcpn •• igh~ Included 

+--------------------+----------------+----------------+--------------+ 
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I· ANSYS 4. 4A 
NOV 4 1991 
16:05:48 
PLOT NO. 1 
PP.EP' ELEMENTS 

,II,'IT NUM 

XV 0-1 
YV 01 
ZV --I 

'OIST-2500 
'xr -800 
'yr --300 
'zr -1800 

PRECISE HIDDEN 

PREP' ELEMENTS 
MAT NUM 
TOts 

XV --1 
YV -I 
ZV --1 

'OI5T-2500 
'xr -800 
'n -·300 
'zr -1800 

.... ·'arter-mod.l of tiv.-eVl tracker st:ru,.. .. I1,. •• C!lIo.I _ _ I __ ~ 

_ ..... 
Ill. 

MODULAR STRAW TRACKER CDR 
6. SUPPORT STRUCTURE ANALYSIS CONTINUED 

6.2 THE MATERIAL VAR1~I!9.1!J~~NSITIVITY ANALYSIS 

THE ANALYSIS PROCESS USED: 

1. Property M."", of Hlt&beat .nd Lowest Valuea 

o Modulul. CTE. and CME 

o One G Gr.vlty 

o Thermal Delt. of 30 Degree. Fahrenheit. 
DEFLECTIONS CAN BE REDUCED BY: 

1. Spac:efraroe .nd Cylnder Act like Springs In Series 

o Spaceframe Tube Wan Thlckne .. can be Increased 
THE RESULTS ARE: 

.':.' 

1. DeRectlons and Loads or Forces are SmaU 

2. Gravity Producea Largest Deflections 

3. Axial Thermal Miss Match of CyRnders Produce 
Laraest loads. 

~ Westin,house 
\5J Science II Technology Cenler 
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Material in modules 

The material in the tracker is mainly at 
smaller radii. 

Effects of material: 

Electron! photon ID problems due to 
electon bremsstrahlung 

Electron trigger inefficiency due to 
electron bremsstrahlung. 

photons conversions confuse track finding 
and cause higher trigger rates 

Detail of material in the straw tracker 

straws and supports (double v's) = 0.32 % radiation length 
shell =0.23% 

cylinder =0.25% 

total 0.8% 
(0.77% UV,O.84% trig) 

1139 

Module Alignment 
on support cylinder. 

Alignment points are at 80 
cm wire support points 

• Placement precision of 50 
microns required 

This will require more engineering, but 
it doesn't look impossible 

• Module straightness of 50 
microns required. 

This will require detailed study of 4 
meter module, measurements on 1 
meter module are encouraging. 

Finite element analysis will detennine 
whether the system is stable within the 

required tolerances of: 
Rotational stability 10-5 radians 

displacement centroids 15 microns 

(Material considerations) 

Module endplates 

A) Electronics end: 

Plan on about 2% of a radiation length for 
nonnal incidence. Expect that PC boards will 
add about another 3-5 % (with capacitors-8%) 

B) Z=O end, no electronics 

The goal is to keep the dead space to about 
I cm at the end of each module. 

1141 

Dead area is only about 1/400 of tracker 

Total material in the last I cm of each 
module will cause 0.02 photon conversions 
each crossing. 

Compare this to 0.4 photon 
conversions in the 6 layer straw 
system each crossing. Therefore the 
end effect is very small. 
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RESULTS SUMMARY 

TABLE # 

i .. 

TABLE NUMBER 1 
SUMMARY TABLE OF RADIATION LENGTH CALCULATIONS 

SUPPORT CYLINDER SHIM MODULES MODULE- PERCENT 
GRAPHIT FOIW. RING GRAPHIT FOIW. EDGE RADITiON 
TK/LAYER TYPE TK EFFECTS TK/LAYER TYPE TK EFFECTS LEN/LAYR 
INCHES INCHES INCHES INCHES CM 

2 0,0045 311G 1 NO 0,006 51Wf 0,14 NO 0.S7 
2 0.0045 51Wf INC 0.006 51Wf 0,14 NO 1,04 
4 0,0045 311G 1 NO 0,0045 51Wf 0,14 NO 0,93 
5 0,0045 311G 1 NO 0,0045 311G 0,14 NO 0,88 
6 0,0045 311G 0.59 NC 0,0045 51Wf 0,14 NO 0,S3 
7 0,0045 311G 0,59 N(; 0,0045 311G 0,14 NO OJS 
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9 SAMEN>. ABOVE El CEPT EDA - 1-63 2,11 
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MULTIPLICITY V. LUMINOSITY, Option 0 

~10 J~ .loutelS (.: ------• T"'j,f:R u"D !! 
(3.1,2) . / .... 

.... Z .- . • "3 .s: "".,. llID"t 

.x ~outel5 . / .. LA'1I!I:~ 0 S out el 5 • /1. ... A 

010 F" • / ;' ~ ;: .. 'u .. 
jt ~. • • • • ~ • "3 / 2. 10-1 ""._t __ t_t_t 

.. .. , .. :t,,\"I,ER U~I: 
10-% ... 

"1\ 5 L*1ER .. .. .. .. .. ;. , 
IO- l r 

/- -E 
10-' r ,. 
10-' / 
r.-~ .... .-· 

;) 10-' 
10"1 ,..U IOl3 tolt 

Luminosity 

FI.- 3.1-1. Tri .... oa:idonIaI ..... (porc:nlllin&) [3-51 far.- combinaIkIaJ of 
bornl superiayen. The _ ~ CIIlIIWIPOII'I ........ _I.,... cue C345 
__ iD .... '"'" II1II .... _1riIDI\OIuc .... r..n 11 ... ·1.,... 1)'l10III. 
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II. ea._~ 

The co.lin, UId scIIoduIin, far rho Scinlillalin, Fiber Tracltin, .y._ CUI be _ iaID_pora; .... ___ II1II .... in __ • The COlI of .... 

burel • ____ led ro be S30.7M indepeDdeat of .... i_. _ 
_ . The~oulcr .... lo:rhu_COIIed_ldW"" __ is boiD,_ Wlrh rhis.........,aan. ............. IIIC011of .... in __ is 

cscimued .. 57.IM. The CDSIS an: shown in 1II1II& 11·1 below. 

Tabl. 11.1 T~. TOIal C_ oil. S,...m 

Cost ~::." ~:. Commem 
I_TracIo:r S30.7M 0.37 S42.OM I_t 1=, .. 0- 57.8M 0.39 SIO.8M 

Depeadearon _ 

The COII_ .... _on .... ..--... fonb by SOC __ Over 
rho put 2 yean each _of .... _. ____ II1II _ The 

IlWIpower. maoeria\. roo\in .. flCilltiea UId ____ hu been __ UId 

COIte<l. Tbc result of this cffon is the Work Breakdown SInIC1Ure (WBS) &lid die 

IlWIpo_looded schedule. EacII_t!eqainld far rho fll>rlc:alion and _yof 
rho fiber _ i. idemified in .... Wad< Blakdown SInICtIIre (WIS). The COlI _ 

i. __ by ....,..m' .... 11111 m&IIIial_ far each i_ idomified in .... waS. 

The sdIeduIc is ptqIII'ed in • __ • The was -.. _ usipted. 

dumion and lope seq ...... in .... __ lCbodole. Eveaalllly, .... """ wiD be 
conllined in .... ___ byUliptaI-.:aID_ was i-. _ .... COII 

UId scbeduIe have _ campiIed II1II _.-.. ...... ODd althil_ The was is. 
dlfllcu\t -.10 -''''''' f« __ ,-"" __ W. b.WI_ ... 
prepued • dictionary dIAl •• plains rho _, of each line i_ in .... was and what 
mocIel __ ro cIevelop rho CDSlS, _II1II __ ro constnlCl rho 

fiber_. 
WbIle rho dictionary wiD noed updaIin, u ___ avai\able. iI is 

.... ndaUy • srep by .tep IUide on how .. build .... scImillalin,lIber 1l'aC1o:r. A. new 

techniciaal. enpnccB and physicists enlCl' the poup. they can quic:kly learn how to 

1\·1 
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Ma,or Barrel CO.tl 

Estimated Cost Cost and Connngancy 
(Millionsl (Millions) 

SClntiliatino Fiber $4.3 $5.86 

Support Structure 1.9 2.5 

Assembly 1.3 1.7 

Tooling 4.7 6.2 

Utilitie. 0.4 0.5 

Photon Transducer 12.8 18.7 

Shipping/Assembly .8 1.0 

Tasta/lnstallation 1.0 1.4 

Facilltle. 0.5 0.6 

Manegemenll7 years 3.1 3.8 

Total COlt. $30.7 S42.0 
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10.0 ai •• a. ........ " 

10.1 l'UC1 - coI""nUaIIU1'J 

The co.~ •• ti ... t •• prepared by JtoalNell Intem.ational OYer 
til. pell: lix __ tIlal: I procIucl:1cm lNil4 of be"_ 
600.000 and 100,000 vt.JII'C pixel. ill cani.ter/cJ:'Y'O.tata w111 be 
of til. ori ... of no 1:0 sn p..- plol. Thix "'iaal:e il ba_ ::. ~.r:nry .. -:~!.~ ~~!::'t~=;;;~ll~D=:I.:: 
should r .. ",lt in a co." per pixel red.uCtl¢'Il, u ncurrlft9 
.,.,,1, UMl t •• t11\9 costa are .~ over acre cbanMl •• 
The quoI:ed price per p1o1 l.Jlcl_ III .-.qu1"­
non-recurrift9 enqin •• r1nCJ, .. veIl •• recu ... ··, ~D9 fabricatlon 
cOlt.. .\ bett... utiUl:ion yill be ~."Ualll. at. tile 
conclW1ion of the current conceptual cl·,~.-i.9ft effort at 
IIOCkV.ll. 

A very prel1a1nary .... .-nt of ri.k 1. ehown 1n Tabl. :'0-1. 
It 11.0 10 based on the .... li •• t vue pecJcaqiJ>f conoept. It 
.a'YaeI the ue of. co14 pre-Uipl1f1er, will_ 1. bei.nIJ 
..... _ out. in tile ""'"""" de.19ft. TIll ~ continued 
4eV.l_t of vue _1097 _ the _ _..al yeaN 
_14 al.t1,at. ev ... the __ to r1.,. in VLfC _l-"'t 
and ~,.ction. 

1.' •. ,,,, '<<.,;0 ..... 11 I!LT(! -DL-C.'JR. 
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POL YSTYRENE: after anneahnq process 
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3-way movement OPticafinstument RotatlOn allows 

r" ,"Wum"t ;/;; ::~::odJ"'tm,ot 

Stable base cylinder 

Computer controls rotation 
of cylinder, and 3-way 
movement of platen 

Fiber ribbon placement 
Attaching the ribbons will require a large, stable, 
computer controlled arm for placement The cylinder is 
indexed. An opt ical instrument is used to check the 
alignment. 
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M.jor Intermedl.te Tr.cker COila 

Estimated Cost Cost ~~d Contingency 
(Millions) Millions) 

I SCintillating Fiber $0.9 SI.1 

Support Structur. 0.5 0.6 

Assembly 0.5 0.7 

Tooling 0.8 1.0 

Utilities 

Photon Transducer 4.2 6.1 

Shipplng/Ass.mbly 

Tests/InStallation 0.2 0.2 

Faciliti.s 0.2 0.2 

Man.gem.nt17 y .... 0.7 0.8 

TOt.1 COlli 17.8 '10.8 

Fil- 4.2-S. C<>mbilwion of two of die wedpel ribbon fiber disks to show bow an rand. 
__ beaOWnollby 1o<:aIina!be~sbopId""'-I!be-

MI. 4.2-6. Layow 0( the sdntillatina tile plateS used ~ conjunction with the ndi&l fiber 

sySIr:ID Itt obtain 1ft r meuuremr;aL 

4-12 

11::JV 

Fli. 4.2-3. Disb are formed. from fiber vted&cs which are COIII_ from ribbon. of 

poraUcl fibers. Sublaycn can be fClnllOd IllinIIWO of !be .. disks to pnMdo bod! rand. 

iDfClllllOliaG-

Fll- 4.2-4. Flben In P_IO IIw Ihcy ovcrUp coch _ Oldie inlier ndiuo and fin 00' 

to be flat It 00 .... ndius. These wedl" ...,!ben placed ... t to cocb _ and ropcatod to 

ferm. disk. 

1192 

FlI.4.2-7. EIICl on view of. rodiaJ fiber wqc, 01 inner and 00 .... ndi ... Notkc thlt 
ribbons can be COIIIaucted from dlese smaller (Iluec fiber) __ ThIs fact _lcod 
unn eu:ia' COftIII'UdioIL 

F",bef'" reodout '. > 

............. Wedged SCintillator 

Fil_ 4.2·8, VuWion on the radial fiber wedae usinl wed,eel SCinrillaIDl' with scindllal:iD, 
fiber radout. ThIs approadi hu die adv ....... that it II easy 10 c:onsrruct, bu. may havo 

problems in pttinl6p' out .... readout fiber. 

4-13 
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• Excellent position n:lOIution. Multilayer SllUCtureS of 83<lJlm diamercr 
fibers In provide n:IOIutioo on the order of or better than 10<lJlm . 

• Fino p1IDuW:ity n:suItinl in low oa:upancies UId excellent two-trlClt 

separation. 

• Intrinsically fast n:sponse aIlowiD, sialle-aossinl time n:solution. 

• Insensitivity to mapetic fields UId 10 RF noise. 
• Simple elccllOnicl: a biliary (yelhlo) radout is used. 
• No power dissipllion or eIcctroaicI in the ttacltinl volume. 
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Straw tubes and scintillating fibers have 
different intrinsic merits 

SFTS is a natural arrangement that 
optimizes the use of both techniques 

Straws for precision where occupancy is 
low (large R) 

Fibers for stereo where most crucial 
(larger R) 

Fibers for full tracking (precision and 
stereo) at low R 

Several benefits (simplicity, performance 
tI. cost, trigger, ctc.) 

Both long straw tubes and long fibers work 
well enough for this concept 

HYBRID (Duke) 

Measurement of attenuatioa lenlth 
ina 

7 meter lon, Itraw hlbe 

A=510 em 

200 400 100 

Distance (em) 
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100 

II 
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Stringing Sense Wire 
in 

Assembled Straw Tubes 

Insert wire 

HYBRID 
(Duke) 

7 Meter Long .traw Tube. with B wire .upporte. 

I I: 
100 
~'" 

I r 
I 

HYBRID 
(Duke) 

r * II 
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Measurement of the resolution of straw tube drift cells in a 2.7m 
long superlayer with simulated SSe background rates. • 

H." 

cosmic ray 

2.7 meter prototype. I 
I i 

o 
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o 0 
~. I 
Each 10 MIII·Curle Sr90 source 

/ 0 
/ 

singles rate 1·2 MHz 

current draw - 5 IlA/wir.: 

gain - 105 
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High rate test of straw tube position resolution. 

_ cr = 120 Ilm / straw tube 

-~ cr Ifl = 42 Ilm / 8 deep superlayer 
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240 Normal . 

200 sse rate. 
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Pertinent Results 

7-m long straws have been constructed and 
shown to wor~ (Lilt - 5 m) 

2.7-m long supedayer has been 
constructed and operated for - 1.5 years 
with cosmic ray trigger in multi-source 
simulated SSC rate (radius of 70 em and 
L = 1033 cm-l-s·t ) 

Signals indistinguishable from low rate 

4-m long, 1.5-mm diameter G2 fiber and 
APoa gives tracking efficiency > 97')1, 

{and we can do better: fiber; VLP~ 

Ribbons manufactured with < SO ~m 
precision 

Similar functional fiber-ribbon system in L3 

(I Caveats 

8 
N 

Straw HV/gain/electronics 

APD dead time 

VLPC not available 
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TRACKING ELEMENTS 

. CYUNDRICAL SUPPORT SHELL { 
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DESIGN 
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FIG. 3.1. Typical straw tube drilt time spectrum, for 40 ns gate width. 
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Item 

1. SimuJ.ition procedure 

2. Reconstruction procedure 

3. Reconstruction efficiency 
venus luaunoslty 

4. Single track resolution 

S. Two track resolution 
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TABLE 9.3 

Physics performance 

Comments 
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()pera.tiDc within SOC shell Inner and outer tracker 
~ "Ov.nc.... lntennecliate tncker not yet 
indudC. Staled portion of outer tracker not yet 
in<:iudod. 

UtMl2 ' ... points pbaa outa', .... vector at R. 160 em. 
Stapel iI)W will live adcI1tional , ... , vector at R r 60 
em. 

>9Katl()l3cm·,.·1 
>95' at 5x10J3 cm-2s·1 

-so ~ per stnw tube luperllyer 

-750 ~ for outer ftbers 
-500 ~ for inner ftben 

E--

6. Momentum resolution versus 10.13 TtV·1 at loll CD\'2s-1 
hmunollty (apl/P,2) 0.23 TtV-1 a1 Sxlol3 cm,2,-l +--

7. Position resolution at 
calorimeter 
Position resolution at muon 
systrm 

8. Mass resolution of 300 eev Ie 
H- -+ 4 leptons 

9. High luminosity performance 

-3 mm in % 

4oIOt ..... 
Not yet evaluated 

-17CeV/c2 

:t:~. ,MHo. 
=\\'·S~. 

...... 

Initial SFTS (superlayers 2-6) acceptable up to 
luminosity - 5xl033 cm-2s·1. Stasmg (super1a.yers 1·6) 
needed for higher luminosity. 
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TRIGGER 
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• ~ ~ .. ~"l •. ~ ~H- I~ \~ 

HT 

To 2 of 8 
Coincidence 

1246 

Design exists based on S-straw-tube 
superlayers (Jay Chapman) 

Single superlayer stiff track trigger 

Trigger superlayers located at large R 

Preferred solution uses 3 superlayers (2 
stiff tracks out of 3) 

Unique feature of SFrS 

1245 

__ T ....... _'0' De.,," Lumlnoolly 

1 
Trock Pt (O.V) 

124'1 

INTEGRA TION 



Support for silicon system provided 

Space for silicon utilities provided 

• SFI'S can accommodate any proposed lTD 
design 

1-m access for straw electronics (move 
back lTD) 

Few fiber channels (SCk) and possible use 
of APD's simplifies electronics access 
requirements 

• APD's must be outside calorimeter 
because of fut neutron sensitivity 
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( 

COST AND SCHEDULE 

STRA'W-FIlil£R TRACKING SYSTEM 
SCHEDLl..E s.~Y 

illS nr~rDrpT"" 

I.c.1 STRAII TUI[ SYSTEM 

1c.2 nlER SYSTEM 

1.c.3 SU'PORT STRUCTURE 

1.2." Sl.PERLAY[R ASSV 
1.a~ TIACJ(ING SUI-ASSY 

I.c.6 [lUI'_ TID..ING , 'In. 
1.c.7 CIIl.ING SYSTEN 

1.aS • UTII.ITJ[S 

I.c.9 I(IR[ tLECTRCHICS 

.. 
I 
I 

1252 

1254 

7 

l.c.IO "':-I!lSTAU.ATIIJI T[ST 

1.c.lI SHIPPING PIIIIIIISIOtS 
1.2.12 lNSTALLATro. 

1.c.13 rACILJTJ[S 
I iT= 1.2.14 PROGRAM MAHAGCM£HT 

FIG. B.1. Schedule sunrnary "'or t"e straw-f'iber t.aCking system. 

94 

TABLE 9.4 

Cool 

Item Comments 

1. Nwnb« of straw-tube channels 106,200 

2. Number of fiber channels 54,200 

3. Number of suppon cyUrulm 5 

4. Total C051 plus contlns-Y Includ1nc all tIoctronics S38.5M 

5. Total COlt plus contingency without straw tube S28.7M 
electronics 

6. Total cost plus contingency without tiber electronia $24.3M 

7. Average contingency 29 .. 

.. Number 01 staged. fiber channels 62..100 

'ft..<~~ t 1M. ~ ~~t ...,.,~ ~~ 
(l?~e~~ ~...o....) 

W-t. o.dJ..Aj.: 

To ~" 

Schedule feasible because of engineering 
simplicity 

e.g., unified repetitive support structure 

superlayers composed of ribbons or 
single straws 

Detailed schedule analysis performed for 
earlier (more complex) SFTS 

No critical path items that jeopardize the 
schedule 

e.g., only 53 ribbons, technology in place 

SMD fiber readout .. SFrS readout 

12'53 

~ 

~ 

~ 

125:1 

Assembly task has been analyzed in detail 
(ORNL video) 

SFTS can be constructed and installed by 
mid 1998 
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SUMMARY 

1251 

Straw·flNw tracker " .... '-
advantales ., w .............. ~ 

.. - with NO COST ftNAln 
and no schedule 4IiIfiNItJ 

Advanced SIMPLE d .... 

same support for all _tector elemenla 

all straws axial ~ _ifonn constructioa 

fiber superlayen for alereo purchased 
u ribbons; no impouib" precision or 
alilnment constraints 

Fiber readout same u SMD (not truly 
an extra technology) 

Provides 4 r-. vecton and 28 r-+ points 

Outer vector (uling luperlayen 5 and 6) 
independent of pattern recognition 

Inner fiber luperlayer a natural upgrade to 
high lumillOlity 

Optimal straw tabe trig" an:hitectue 

Appropriate ,.,... pedw mre 



Progress towards the Conceptual 
Design Report for the SDC 

Intennediate-Angle Tracking 
Detector 

A, SillCRochester) 
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Progress Towards 
the Conceptual Design Report 

for the 

SOC Intermediate-Angle 
Tracking Detector 

SOC lTD Group 

125:J 

(Liverpool, Rutherford Appleton Lall., Brl.tol, Oxford, 
Carleton, Montreal, Rocha.tar, Taxa. A&M, Purdue) 

ow.,lla. of tTD CH: 
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3·2.\ 
2.2.2 , .. 
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2.1 
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M. Edward., Editor 

Editorial Commltt .. : 
Garald Oakham, Carlaton 

Alan Sill, Rocha.tar 
Eugana Baruch, Taxa. A&M 

Mlka Edward., RAL 
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SOC -91-

DRAFT 
Noycmber 8, 1991 

Intermediate-Angle Tracking Detector 
Conceptual Design Report 

SDC ITO GIOD. (M. ED.AIDS, EDITOI) 

Reasons for the ITO: 

1) Provide a level·1 and level·2 Trigger 

2) Improve Pattern Recognition 

3) Track Matching to SiliCon, calorimeter. and Muon Systems 

Improve Momentum and Invariant Mass ReSOlution 

1262 

4) 

S) Reduces length Needed lor, and Occupancy 01, Elements 01 
the Outer Barrel Tracker 

6) 

7) 

8) 

Reduces Amount 01 Material Between Silicon Tracker and 
the Calorimeter 

Assists in Separating Particles In Closely Spaced Jets 

Advantages of Gas Microstrips: 

Devices can be Made Intrinsically Rad·hard and should be 
Able to Withstand High luminosity 

9) Fully Projective layouts Possible in both Eta and Phi 

10) Pseudo· rapidity Binning can be Matched to Needs 01 the 
Trigger 

11) Tile·oriented Device __ > Modularity. Ease 01 Construction • 
Failure Modes Contained 

12) Technology lor Readout Similar to (some parts possibly the 
same as) that tor Silicon 



• Factors to be considered : 

technical feasibility, 
performance, 
engineering feasibility 
coat, 
triggering capability, 
impact on electronics system, 
cable plant, 
material budget, 
uPll'ade potential, 
high luminosity operation, 
risk, 

-)0 
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Technical Feasibility: 

This field is in its infancy. However. gas microstrip devices 
of similar design have already been used in a high·energy physics 
experimenl and In medical applications (imaging of X·rays) at 
high rates and with good results (see following Iransparencles). 

The devices world The problem at this point Is to 
understand lhe reasons thaI Ihey do work, lhe extenl to which 
they do or do not continue to operate as a function of rale, 
technical design (substrate, voltage settings and gas 
composition etc.). operating conditions. time. and so on. 

Much of whet Is ~nown about the operation of gas 
mlCrostrlps comes from the laboratory and from a relatively 
small number of test beams and sources. Ahhough there II now a 
large and steodlly increasing number of people throughout the 
world who have built these devlCel. many heve been mostly 
repeating the initial successes (and In some cases fallurell) of 
early workers In the field. 

It Is a fair statemenl to make, In all likelihood, that lhere 
are technical Issues to Investigate In detail before we can make a 
deSign for the ITO that II based on sound demonstrations in the 
laboratory thaI mlcrostrlps can handle the rales and other 
conditions for operalion at the SSC. 

Having said thet. It II also true and lhould be pointed out 
that the rate of progress (Increase In capability and also 
Information) has been and continues to be high, and there Is every 
reason to be confident that these detectors can be made to work 
In a manner thaI Is conslslent wHh SOC goals. 
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Micro-Lithographed Gas Avalanche Detectors: 

Microstrip detectors produced by precise 

lithographic methods followed by etching of 

motallization layer on a resistive substrate. 

pr~ce'ssing steps similar in methods and 

detail to those used in semiconductor industry, 

but [P.RGER FEATURE SPACING. Anode size 

typically 10 urn, distance between traces 

of order 50-100 urn. Allows considerably 

easier (cheaper) processing and construction. 

Depends on gas avalanche for signal creation 

no use of semiconductor band gap properties 

needed, theo'efore intrinsically radiation hard. 

Performance: 

Co'nsiderations In this regard can be broken into two 
categories: t) performance of the deteclor components 
themselves on the microstrip·lile level. and 2) performance of 
an outer ITO that is based on \he use of such components. 

The second issue above can further be broken Inlo the 
queslions of 

1263 

a) !he magnetic field raglon available In which to do the job 
of the Intermediale Iracking, and 

b) superlayer and tile layout and distribution options which 
make the most of the magnetic field and spece that Is available. 

Wilh regard 10 detector performance on lhe microstrip 
level. we can say that so far the device looks to be achievable. 
However, basic Issues In terms of performanc:. SUCh as risetime 
of the signal (needed to tag the crossing in the lime available for 
a level·t trigger). minimum·ionlzing efficiency. and so forth need 
10 be investigated within the context of the 20 cm x 15 cm ('A4' 
size) devices Ihat will be required to accomplish the tile pallern 
desired. 

This program is a very strong goal of the ITO group and is 
our highest prior"y Item. with milestones as early as 1992. 
(We should point out thai since the Intermediate tracking syslem 
is the last component of the tracking system 10 be installed 
before closing of the endcaps. there is exira time built Into the 
schedule which we can and do plan to use 10 continue to improve 
on tlleldeteclor development.) 
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Performance cont'd: 1273 

For the int.rmediat.-angl. System with the sol.noid 
magnet lengths being contemplated (on the order of 4 or so 
meters U2). regardless of th. t.Chnology chosen to instrum.nt 
this region th'r. are fundamental limits to th. amount of bending 
(and h.nce to the momentum resolution that can be achiev.d). 
Th.se iSSues have been studied and th.ir .ffect spell'd out In 
detail (see transpar.nci.s) se that th. best possible choice can 
be mad. In this regard. 

Simutation has also been don. 10 spell out and stUdy the 
performance of a microstrip track.r within this magnetic fi.ld 
(se. transpar.ncies)_ The basic concluston ts that the amount of 
bending lor a 10-G.v pT particle between adjacent sup.rlay.rs 
of a 3-sup.rlay.r syst.m varies from 16 strips 10 3 at the towest 
and highest ps.udo-rapiditl.s b.lng cont.mplated pr.sently. 

The sharpness of th. trigger thr.shold for a lo-GeV pT cut 
Is thus acceptable (I .•.• very close 10 the deSign requlr.ments 
docum.nt valu. of 10 inverse T.V algmeJlT I pT··2) lor most of 
th. pseUdo-rapidity r.gion. II soft.ns aliOMy In the highest 
PS.Udo-rapidlty bin (.ta of 2.6 to 2.8. roughly) and II still 
r.asonably sharp; but the majority 01 the accidental .fake 
trigg.r· rate comes from this bin and Should be lurth.r studi.d. 

P.rhaps a 4-active-supertayer system could be us.d to 
reduce the combinatoric noise In this bln at Iev.1 1; but a more 
fundamental advance could be achieved once and lor all by Simply 
making the tracking hall-length longer. You win lik. z_max •• 2 
and hence at a half-length 01 perhaps 4.5 met.,. woudl anow a 
lundam.ntai and perman.nt Improvem.nt. These performance 
restrictions can only be worse for a larger-Pilch ( •. g. liber) ITO system. 

More details need 10 be stUdied. 

1281 
R-TILES at Z = ±4.0 m, ±4.03m. 

Kine 1 0.500 - 0.700 m 
Rioc 2 0.700 - 0.900 m 
Hine 3 0.900 - 1.\00 m 
Hine 4 1.\00· 1.300 m 

. Hine 5 \.300 - \.500 m 

32 til.. 10752 stri", 
40 tile. 12600 strips 
48 tit.. 18144 strips 
56 til.. l8816.trips 
64 tile. 21504 stri", 

lTD 

Super-tayer 3 
,- 4.0m 

Super·tay.r 2 
,- 3.5m 

OCCUPANCY 

Super·lay.r 1 
.-3.0m 

Number orbits/event/plane. -150 
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~G.359 

----.!: O.IU 

Each 1uporIa,...,_ 
4-pl_olea. 

1_ -III , 
R U V • 
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'E t' _dans the composite consistin~ of 6 lien ..... ( .. bUJ8 ellents bunch-crossings worth 0 mm,mum 
+ 1 Higgs event 

Mean number orbits I plane I bunch-c:rossing: 
-20 

Maximum -33 

Define occupancy as: # biWplane{ri1l6)1crossing 
# IlStripSlplane{ring) 

Mean Max Ring occupancy(%) occupancy(%) 

1 .047 .078 

2 .035 .059 

3 .02 .036 

4 .018 .031 

5 _014 .023 

Mean .029 .049 

Low occupancy ~ low probability of '~king' 
of hits by ellents from other bunch-crossUlp 



lTD TRIGGER 1283 

• Exploit projective geometry: . 
• Tracks are straight lines in 41 vs. z and approXllDate 

straight lines in r va. z. 
~ tracks stay in one ring. 

The slope in 41 measures Pt 
• Form. trigger using one R-layer (these measure .) 

from superlayers 1 and 2:- . . 
• For each hit in superlayer 1, look for hita m 

superlayer 2 within ~I strip (in the same ring). 
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TRIGGER SETl'INGS FOR Pt 10GeV/c:· 

~. 

Ring 1 
Ring 2 
Rini 3 

Rini " Ring 5 

00020251680 0.0005843735 
3 O' 0026926502 0.0004986654 
~O 0'0033730555 0.0003462954 

0'0040405833 0.0003339277 
~: 0:0047267745 0.0002921868 

Engineering Feasibility: 

Under Investigation at both the CRPP and Rutherford labs. 
Struct~re based on cones and disks using composites (carbon 
fiber/NOMEXlRohacelllcarbon fiber supported from the ends of 
the coli or from the enclcaps) being Investigated. These 
structures need not be solid and could be perforated to reduce 
material In the tracking VOlume and weight. 

Must maintain tolerance with respect to the Silicon and also 
the barrel -- but structure should separate from barrel to allow 
access for maintenance. etc. 

Tolerance needs are strong but not Impossible: 

-- 10 to 20 microns In r-phl 

.. 200 microns In r 

.. z tolerance not evaluated yet 

Mounting methods for tiles to the disk structures: 

.. shingled tiles vs. tiles on oppoSite sides of the disk 

.. dowel pins versus keys to locate tiles to support 

1284 
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Cost: 

Detailed presentation made earlier to this commiHee. The 
point to be made here Is that we have assigned a very large 
contingency (80%) to a very conservative number lor the cost 01 
production 01 the most uncertain portion 01 this budget, namely 
the production and assembly 01 the basic detector tiles. 

Further experience In the lab will help 10 improve the 
sharpness with which we know th.is basic number. For now, the 
cost to produce, metallize, lithograph, and etch an A.-size 
substrate Is taken to be roughly $600 BEFORE encapsulation and 
gas sealing, a number that Is comparable to the silicon waler cost 
lor a much more complicated (though smaller) tile element. 

Ccsting of lTD 

1292 

6th Novuber 91 
G. o.lthu 

version 3.2 

:-~'l!> !5 th€- latest version that will be presented at Oallal. 

~,.~ f011::wing labour rates have been used 

--:"r,lcal la.bour '" 75K/year 
::.,.~:.n-=,:r labour • llOK/year 

TOT;':' costs of micro·strip chamber modules 

T0'rAL f£ electronics 

nUL Mech Engineering 

T('"!"AL detectc-[ deSign 

T':'TAL mlscellaneous 

E ':';;['"l.;11 ele.:tronlCS 
:::.gq<;;r el<:!ct[OnlCS S 1.6M + JI.R.E 

- 1 -

COST COOT 
1$ 1$ 

7714 4394 

1020 420 

2625 980 

750 210 

1840 490 ................... 
13949 6494 

., 

1294 
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Trigger: 

This is the key to this device. and indeed to the performance 
of the entire outer tracker. It is aiso an area in which microstrips 
should excel. 

The basic design Ireedom which allows production of a good 
lirst·level trigger In this device is the ability to divide naturally 
Into radl., (or pseudorapidity) bins. and to arrange the anodes to 
1.11 on constant phi ~nes. 

ThiS provides a structure which can be made lully projective 
in both eta and phi. consequently allowing a very simple lirst-
level trigger based on comparison 01 strip numbars in adjacent 
luperlayers. 

Common to all 01 the design layouts that we are now 
pursuing II the concept that an Innnlte-momentum track at any 
glvan value 01 pseudO-rapidity would croll the SAME STRIP 
NUMBER in the SAME PSEUOORAPIOITY BIN. in some cases even 
with the seme die in phi. at EACH 01 tha superillyers that it 
encounters. The momentum-dependent width of tha trigger road 
is thus delinad in terms 01 stripl lllat are crossed. This I. tha 
baSI (but not ilia only) way we can imagine doing a last trigger at 
level 1. 

W •• Sai.l. 
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Level-I Pipeline 
and rest of RIO architecture 

64 

Data 
reduction 

algorithm steps 

input data 
latches 

~arallel 
inter-step latches algorithms 

w 
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Electronics: 

No response in detail yet Electronics remain to be 
developed but are expected to be similar to Silicon. especially in 
terms 01 detector readout. 

Front-end electronics will see Ilgnals that are similar in 
size 10 those lor silicon mlcrostrlps. but with lower slgnal-to-
noise and perhaps a different rise time. Signals drift In over 2 to 
3 beam crossings due 10 the drift time In the gas. 

Power dissipation in the electronics Is an Issue Irom the 
point 01 view 01 COOling. but even at a lew tens 01 milliwalts per 
channel in power load. the IOtal comes to only on the order 01 30 
kW per end. It Is expected this can be removed II necessary by 
recirculatin COOlant rings to service the preamp locations only. 

Texas A&M has designed a Iront-end electronics package 
(soon to go to the ASIC stage) which will have as its goal 100 
microwalts 01 power. which would drastically reduce the amount 
01 cooling needed. 

Cabling expected 10 be on opllcal llbers. conceptually (and 
in lact. perhaps In detail) ldenlicel 10 113 of those needed 10 read 
out the silicon. 

While trigger and readout have received an Initial look. 
more work is needed throughout these categories to assess 
differences In detail and to minimize risk. 
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Cable Plant: 

Readout by liber optic cable to external systems. both lor 
micros trip data and also by trigger roads (independendy) lor the 
'''st·level trigger. In addition to data cables. also require high 
voltage. gas. and cooling lines to be run. 

Data cable volume expected to be small. No estimate yet 
lor high voltage and the rest; but this looks to be possible. 

/ Lol '-1 r4.L~ c..I:~::r' 
\-~1 

. , , . , 
~ 

~ • 

Material Budget: 

This Is an Issue that relates to the tayout and transition 
between barrel and disk elements In the outer tracker. 

1304 

Material clearly lavors a low eta breakpoint. Below 45 
degrees Irom the beam line .- I.e. above pseudo-rapidity • 0.86. 
material burden lor a superlayer laid out In the lorm 01 a disk is 
less than that lor an equlvalenl luperlayer that Is a barrel. In 
addition. the pseudo·rapidlty bite 01 a ·'ump· 01 electronics. 
tibers. or cables win be less at lower eta than lor Ihe case 10 the 
same physical size lump al high pseudo-rapidity. 

All these Issues tend 10 lavor a low eta breakpoint. 
However cost. risk. and other considerallons tend 10 push lhe 
transition between barrels and disks oul further In 
pseudorapidity. This Issue needs 10 be r~ and studied in 
detail. 

Pseudo-rapidity breakpoints whICh ·shadow the corner· with 
dlSllS could allow space lor cabtes 10 axil the tracking volume at 
~. /I that were 10 prove 10 be necessary· /I not, then the 
considerations which enter Into the decision as 10 the breakpoint 
between barrals and disks are material, cost. functionality. 
performance. and risk. 

Various layouts are being and will continue 10 be 
investigated In order 10 lind Ihe solution (or solutions) which 
best meets all 01 the above requirements and needs. 
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Material in Tracking Volume 

Full system 
Silicon option 2 

0.00<r<1.70m 
0.00<z<4.00m 
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15 

10 
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Pattern Recognition in Silicon and 
Straw Tracking SysteDl 

B.llubbardOUC/SC) 

1311 



1312 
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_ ~tudy of 11- CiA events 
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Pattarn aecognition in a Silicon and 
scint1llat1ng Fiber SDC Tuclr.ln9 Syat_ 

D. L. Ad.", •• a. Ippley and J. slt •• na 
aie. un1versity 

11 Mov 1"1 

I), 
SDC·91-" 

Tha propo •• d SDC 8Uleon and aC1ntlllating fiber tuclr.1ng .yat .... ha. ba.n 
almuhtad and track. reconatructed for a 300 CaV H199. produclng four 
lepton.. Th. proc ••• h •• be.n .illNlat.d with and without the b.ckground 
axp.ctad at SSC d •• lgn lUlllino.ity. a •• ult. ar. pr ••• nt.d for occup.ncia •• 
track racon.tructlon .ffici.ncl •• and r •• olution. for the param.tar. 
charact.n.zlng the r.con.truct.d l.ptona. 

Introductlon 

The d •• ign of tha c.ntral tracking .yat_ for tha SOC d.tactor ia a 
major unr.aolvad iaau. wlthin tha collaboration. H.r. w. raport ra.ult. of 
slmulation and pattarn racognitlon atudi •• carrl.d out with the pr ••• ntly 
.nvidonad dHcon .nd aclntill.ting fiber d.t.ctor •. 

Thi •• tudy IMka. u •• of two of the .ub.yat ... in the SDC da.i9n; the 
silicon innar tuck.r and the .cintillating fiber out.r track.r. Tha d.aign 
of the .nicon track.r i. aianar to that in the tOI (1). Mo.t r.l.vant to u. 
i. the barral which cov.ra +1-45 deg, i .•.• -0.' < .ta < 0.'. Th.r. ar. 
.ight doubl.-aid.d lay.ra with tha innar1llO.t at a radius of , ca and the 
out.fWloat at 16 CIII. Th. 9.OIftetry waa tak.n frDIII tha .neSIN vOl fila 
st_d •• copa).kumac di.tribut.d with that v.raion of the program. 

Tha .cifi .y.t .. h that da.cribed in the corz.sponding CD. (I] and .hown 
ln fi9UU 1. Thre. inn.r b.rr.l. cov.r I.tal < 2.0 and two additional barr.l. 
al.e. provida information for i.tal < 1.'. Thre. dbk. on aith.r .nd •• t.nd tha 
cov.rage to latal of 1.5. All barr.la hava four a.ial layer. (fib.r. parallal 
to the b.alll axi.) wlth r.lativ. fibar off.et. of 0.0. 0.5. 0.25 and 0.'75 
fibera. Tha •• quartar-fib.r off.ata provide opti.al ra.olution. Th. out.r 
layar alao ha. two paira of .t.r.o lay.r. with half-fib.r off.at.. Th. st.r.o 
angla. ar. oppo.it. in diractlon and hay. a _gnitud. of 15 d.gr •••. 
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MO.t of tha r •• vit. diaeu •• ed het'. ar. ba.ed on two runal !'lUMber to 
including Higg. alone and n\llMber U with the Higg' plus d •• ign 118inosity 
(10-.]] Ic."U •• c) background. lach run con.i.t. of 100 .v.nt. but the la.t 
nln •• v.nta of the run wi th ~ackgrOUfMt w.r. loat dur ing th. aLUIT tracking .0 
only n of tho .. avant. ara us.d. The Hift. alone requir.d 4 CPU-ne/.v.nt for 
gen.ration .nd tha Higg. at d.aign l..,ino.ity requir.d U CPU- •• c/av.nt. 

QV.JI'I" tracking 

Iv.nt. sra tracked through the d.t.ctor uain9 aLUIT int.rfac.d to SDCSIM 
through the ptlCka9. SO. The aubpack.p. ST and sr w.ra used to dtlfin. the 
gaotaatry and .valuate the r.aponn of the tha siHcon and .cintillaUnt' fib.r 
trarking .y.t.... SO provid.a a daacripUon of the be .. Plpe 11 _ thick 
barylli18 at a radius of 4 CIS} and the .ol.nold. All track. ware atopped wh.n 
they reached a radiu. of 110 CIS or I_I of 450 CIS to .. va CPU u.... The .uct 
d.tails of the g.CMHtry and oth.r adjultabl. conatant ... y be found in the 
inltialization fil.a .t_da.rop.,..kUlYc for ST .nd af_optc5.dat for sr. Th ••• 
are includad a. app.ndica. to thLa paper. All 100 .v.nt. of run to and tha 
Hrat 91 avant. of run U w.ra .uccaa.fully pa •• ed through thi •• t.g. at rat •• 
of 10 and Jl CPU-lIIinut •• /av.nt. 

w. racon.tructed the tr.cka in the ev.nt uaing the track r.con.truction 
pad aga Tar which i. contain.d in the SDCSIM packaga ,... call. to TaDln, 
TRIIIT and TUVJrT w.r. add.d to the corra.ponding routin.a in US. Al.o.n 
optional call to SOIWIT w ••• dd.d to unlIT .0 th.t the g.OCMItry could be •• t 
up without calling sa .ach .vant. It i. a.p.ct.d that SDCSIM will .oon be 
cap.bl. of including g.otaatry data .tructur •• a. part of the ov.rall .aved 
data .tructur •• 0 that this la.t addltion wl11 not b. n.cc •••• ry. 

TIlr u ••• a progra-.bl. road-following tachniqu. to find the track.. Th. 
u .. r provid •• inatruction. in .n •• cH fila oft.n called trf .dat. '!'ha u •• r 
chooa •• a lay.r in which to .tart track. and than axtanda the tracka to 
.ach of the oth.r. in the ord.r h. cheo.... E.ch ti ... hit la .dd.d to the 
tracll:. it 18 r.fit and the u •• r .. y d.lat. track. ba.ed on the nUJaber of 
hlt. or chi,aqu.ra. 

ror this atudy. w. r.con.tructed tracka by .tarting in the out.r lay.r of 
the .11iron .nd WlGving in. In.OCMI run •. w. th.n .topp.d and did a final 
fit with. v.rta. con.traint or varied tha v.rt •• and flt at the di.tanc. of 
cloa •• t approach. In other run. _ added the .clfi layar. InDvlng outwarda 
aft.r flttlng the .111con and th.n clo •• d track. ln the •• m. way. we only ",ada 
1.1 •• of the barr.l lay.ra b.cau •• the dl.k-fltting routina. ar. not y.t 
dab\l9ged. Thi. r.atrict. our .ta rang. to -0.' < .ta < 0.'. w. only •• archad 
for track. with pT :> 5 oaV/c to d.cr •••• the a •• cUtlon ti_. w. rejected 
track. wlth chi-aqyar •• bova 50 ln the .11icon or 100 in the comblnad ayatam. 
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The .citi dhk. includa four hyanl two pairs of half-fitMor of bat aplrd 
hyan. All fi'bau run fr08l the inner to outer radius tMo91nnlng 1n the rad!.l 
cUr.etion and than wrapping around the be •••• 1. 80 •• to 1'_.1n clo •• -pacted. 
w. do not .ata u •• of the di.k. 1n our pr •• ant reconstruction. It is 
worthwhila to not. that the fiber count is datara1ned by the inner radius and 
that. detector IUda up of puraly radial w.49 •• with the ..... paclnt' at the 
1ftn.r radius would ha •• the ...... channel count and oceupancy. 

SiMUlation 

Tha ailtlUlation and r.con.truction w.r. carri.d out in the fratNWOrk of the 
SOC .iaulation packag. SOCIIM Ith. -ah.ll-) (l) v.nion vOl. Minor CMnt' •• 
w.ra Md. to incorporat. t.be ... t r.c.nt v.r.ion. of the the packaga •• r and 
TR. W. proYid.d aDIM addit10nd cod., ... tly the fillint' of ntuple., through 
the .tandard u .. r intarhca ptlckag. US. 1'be anely.i. wa. carri.d out in thr •• 
atag.a wh.ra .ach of the latta I' .tag •• uaed tha SDC data .tructur. output from 
the pravioua ataga aa input. In the fir.t atag •• v.nt. w.r. g.n.rat.d uaing 
the SE packag., in the •• cond th.y ware tuck.d through the d.t.ctor and 
digitized uaift9 sa .nd in tha hat tha tracka war. r.conetruct.d using TR. 
Each of tha.a .tap. i. d •• rribad in .aparata aaction. b.low. Th. u •• r i. 
raf.rr.d to the SDCSIN docUIUntation (l] for inforaatlon about the v.riou. 
packag... Wa g.n.rally did run. of 100 .v.nt •• 

Tha work da.cribK h.ra wa. carried out on liN .,6000 .. cbine. at .ic •. 
~.re ar. tva .odal 530 '. and on. 320 for a total of about 100 MIPS with about 
1 Obyt. of availabla diak .pac.. Thia .y.t_ waa .dequata for .tudi •• of 
.iI\91 •• v.nt. and .vant. at dadgn luaino.ity ~t did not allow u. to 90 to 
.ignific.ntly highar lUllino.itiaa. Wa hava begun to carry out .tudia. at the 
ssct cOlllpUt.r ranch pd.f but not. that ona u •• r'. -fair- ahaI' ... y not •• c •• d 
that alr .. dy available to ua. stud i •• at high.r lUilinosity will requira .0lIl. 
rombination of filtering tha ganarata4 .v.nt., i.prov .... nt. in SDCSIN .nd 
incna.ad CPU powar and di.k .paca. 

w. g.n.ut.d Higg. with .... 300 aaV/c u.int' laajat and r.quired that the 
Higg. d.ny intD tva I'. and that .ach of tM I'. decay into .l.ctrons or 
muon.. w. al.o did .OIM runa with a Hift.' .... of '00 aav and found .iailar 
occupancia.. The avant v.rt •• wa. fi.acI to be the origin 11'-0, z_O} to 
provide a unifom g.O/IIatrical acc.ptanc.. .ackground waa g.n.rat.d by u.ing 
Pythia to g.n.rate OCD in.laaUc av.nt. INSEL • l}. .ackground at d.sign 
lumino.ity wa •• imulatad by including 1.6 av.nta/croasing in .ach of bucket. 
-4 through +2 in arcordanc. with the convanUon. of the SDC tracking group. 
wa did run. without b.ckground and with thia baCkground and thr •• U ... thia 
background. Disk apac. and CPU Hmi hUona pravanted u. fr_ tracking runa 
at the highar lUlllinoaity. The SE input fil •• uaed to g.narat. the Higg. and 
b.ckground av.nt. ara includad a. app.ndira •. 
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Each of tha two runa wa. r.con.tnactacl four U ... -- with and without tha 

acifi and with .nd without the radial v.rta. con.traint. One of the .. p fU.a 
ia included a. an append i.. The long.at run. required 2 CPU·_in/.v.nt fOr the 
.v.nt. without background and 3 _in/.v.nt fOr tho •• at d.algn luainosity. 

At the .nd of the r.conatruction, .ach of the r.con.tructed track. La 
compar.d with the .ach of the Monta Carlo track. and the near.at Mont. carlo 
track i. a.signed to that recOn.tructad track. The na.rne •• of track. La 
_a.ur.d in tanu of a .. tch chi-aquara obtained by aquaring the diff.renc. 
b.tw •• n the Nonte Carlo and reconatructacl track vectore _i9hted by tha 
inv.r •• of the .rror .. tria. .ach MOnt. Carlo track 1. only a •• igned to no 
.or. than ona r.con.truct.d track. 

a •• ulta 

w. pre •• nt ra.ult. for occupancia., track-finding and r.con.truction 
.ff iciancy and r.aolution. The data w.r. reducad to two ntupl •• frDlll which 
th ••• valu •• w.r •• xtracted. Th. firat ntupla i. filled onc. for .ach 
lay.r .ach .v.nt and conta1ne the n~r of channala. dig1tuaUone and 
coordinata.. It waa u.ed to calculat. occupanci... "th ••• cond ntupl. ia 
fl1l.d for .ach charg.d Monta C.rlo tr.ck with p" > 2 a.V/c .nd for aach 
unmatch.d r.conatruct.d track (i .•..• ach on. without a Nonta Carlo track 
a •• ign.d to it). '!'h. ntupl. contain. the Mont. C.rlo .nd r.conatructed track 
vactor. and i. u •• d to calculat •• ffici.nci •• and reaolution •. 

Dccupanci.a 

occupanci •• in the .cintill.ting fibar .y.t.m w.r. obtainad by dividing 
tha nUlllbar of dl~iUud fibers by the total nwaber of fibere in •• ch 
aup.rlayer. The .ilicon valu •• w.r. obtained in a .ial1ar way. aa.ult •• 1'. 
give ln tabla. 1-3 for tt.. Hi~g. event. with and without the 10--3] b.ckground. 
Th •• ncon occupancia •• 1'. alway. _11 und.r • perc.nt and the high •• t .ciH 
occupancy i. 3' in the inn.r.aat lay.r. 

Sfflciencl •• 

Ifficianci •• w.r. calculat.d V.ing .l.ctron •• nd MUon. with pT > 5 a.v/c. 
Th.ra ar. '0 to .0 of aach of th.aa on.trurtad tracks.a track-finding 
.fficiency is d.fin.d •• the fractIon of th •• a track. which ar •••• ign.d to .)n. 
of the r.con.tructed track.. '!'hi •• fficiancy wa. ,t ar 100' for the ailicon 
alone for both .l.ctron. and lllUona. Th. track-finding .ffici.ncy for lIlUona 
r.maln. at It, wh.n the .cintillatin9 fib.r. au .dded but drop. to 92' for 
the alactron •. 

Th. tr.ck-finding .ffici.nry do •• not includ. any ..... wr. of how wall tha 
raconatructed track. m.tch up with the Nont. C.rlo tracka ao w. d.fin. a 
r.construction .ffici.ncy for which ... r.quir. the .. tch chi-.quar. to be 
1 ••• than 100. Th. match chi-aquar. waa d.fln.d in tt.. r.con.truction •• ctlon. 
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vith this addition, there h ..... 11 d.er •••• 1n the MUon .ff1cl.anc1 •• which 
at111 ra_1ft above U\ while the alaetron .fftetanci •• drop aignificantly. "'_ 
•• sUllle that the _lactron 1n.fficienci •• ar. due to br_ •• tt_hlunt) and a.lMct 
that Il'IUch of the 10 •• can btl racovered by fitting with. apactal alaetron 
algor1thlll. Tbh h justified Meau •• the alactron track-flnd1ft9 .fficiency for 
atlicon alon. h It'. 

Both track-finding and reconstruction .fficienci •• at. pr ••• ntad in 
tabla... The .fficiencie ••• u not significantly d1fferant for the fun with 
10"33 background and th ••• Yalu •• ar. an avar.,_ of the two. The nWilber of 
f.l •• track., 1.8. tho •• not ••• 1gnad to any Mont. Carlo track varlad fr_ 
o to l in the d1ft.rant run. i_plying 91y1ng a f.l •• /trua rat10 of la •• than 
0.01 aboy. our track-find1119 _ntua thra.nold of 5 aaV/c . 

• a.olution. 

Va hava ayaluated tha ra.olution for vari-ou. tracking p.r ... tara by 
looting .t the diffaranca bet"aan thair r.con.tructad .nd Monta C.rlo y.lua •. 
Tha avant "lIIpl. uaad for tha.a 1ncluda •• 11 found l.pton. that p ••• ed the 
_tch chi-.qu.ra cr1tarion u.ed to dafina the r.con.truction aff1c1ancy. 
Tha ra.olution. quoted ara the JJdI davi.tiona fr_ ,uro for th ••• diff.r.nc ••. 
Tha .... n yalua. of tha d1ffaranca. "ara .lw.ya ... 11 c_pa rad to the 
ra.olut10n . 

• a.olution. for .11 follOWing ar. givan in t.bla 5. Tha tran.yar.a 
~ntUIII ra.olution dpT/pT •• l i. calculated h"_ tha curv.ture. Tha.y 
dir.cUon of .. Uon phlO is _ •• ured at the origin or point of clo.a.t 
.pproach. The i .... ct p.ra_tar 1'0 1. the d1.t.nc. of clo.e.t .ppro.ch 14 tha 
r·ph1 pl.na. 'l'ba dip angla tan(lellltMl.) • da/d •• y 1a .ppro.im.taly da/dr for 
.tiff tracta. Th. r •• olut10n for tha a-poaUion of tha yart •• (JIO, is al.o 
gtv.n. In .ddition to th •• a par._tar. which ar. t.kan dir.ctly frOll tha 
tr.ct vactor.. w. u.a tha tan(la.wa) ra.olution to •• timata the a-r •• olution 
.t the .how.r-u •• nd WlUon .y.t.... Th1. ia don. by ••• ua1ng 

wh.ra I' i. tha r.d1u. of the .hower-u. or -uon .y.tam (takan to be 250 .nd 
'00 c .. , r .. .,.cUyaly, .nd rt .... i. tha outer radius of tha tracking ay.t_ 
tatan to be '5 ca for tha .ilicon alona and US for tha c0lab1ned .yat_. 

Va nota thet the l.ptona u.ad 1ft this atudy h.va a .pactru. th.t pe.t. 
around pT • 50 aav/c with '0\ of the tract. balow the .,..k valua. 
Con •• quently. multiple .c.ttarint .till playa •• ign1ficant rob and the 
r •• olution. c.n ba •• .,.ctad to illlproy. for -uon. with hi9h.r .. __ nt.. ror 
••• "pla, .,. find thet the IMMI8ntua ra.olution for lingle • T.V trlUon. h 
1.l T.v/c corra.pond1ng to dpT/pT"a • 0.0' -- • factor of two btlttar than 
for the MUon. h.r •. 

135.1 

J 
~ 

ill l l 

1 1 
~ ~ 

! i 

~-------.~,--------~ 
:--_______ 000" -------1 

conclu.ion. 
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V. find th.t the propo .. d d •• ign for the a1l1con .nd acinUllaUng ftber 
tucking Iy.t_. i. v.ry .fficient .nd .. aUy .. ata the da.i9n raquira_nt. 
for the SOC It d •• i9n luaino.ity oval' the rapidity rant. atudied har.. Va 
plan to •• tend tha ••• tudie. to hi9h.r luaino.itiaa (3 .nd 10 ti_. d •• ign, 
1n the naar futura. .a .1.0 a.pect to i.pl ... nt di.k track-ftncUng in TaP .0 
that the full ranga of rapidity c.n be covarad. 

lay.r radius a ... ... I .han occup.ncy 1356 ,ca, ,ca, I.ida L • 0 10··33 

'.0 15.0 1.' 51000 .oooa. .00032 
12.0 15.0 1.0 11000 .00032 .000" 
11.0 1'.0 0 •• 6'000 .000n .00066 
21.0 21.0 0.' '1000 .00053 .00013 
2 •• 0 1:4.0 0.' 122000 .00011 .00105 
H.O 27.0 0 .• 131000 .OOOIS .00101 
33.0 3l.0 0.' 211000 .OOOIS .00115 
36.0 36.0 0.' 216000 .00Ul .00110 

T.bl. 1. Silicon b.rral ga __ try and occupanc1a.. Tha d1_n.ion. of .acb 
barral .nd the nwdMr of readout ch.nnala on a.cb .1da of .ach barrel 
.ra li.ted. 'I'ha occuplnc, i. c.lculth I --, a ••• -.ah. nUlilbar of 
digitiaaUon. by the IIWItMIr of ch8nnal.. The occup.nc, ia for 

aupar 
l.y.r 

H --, II with I --, • a. a .u or au .... nd a Hi99'. _a. of 300 aaV. 
occupanci •• ara 91,..an for th •• a ayanta .lona and th8 ••• vant • 
• uparimpo.ad on • "in1_ bie. ~ctground at da.ign lu.ino.ity 
(10··" Ica •• 2/.ac). 

r.diu. JI ••• . .. I fiber. occupancy , ... , I Cia' Ilayar total L • 0 10··'l 

165.Z 395. 1.t; llt52 111000 .0021 .00405 
135.3 , .. n'l 7.000 .0055 .oon 
107 .• 315. '.0 777. '2000 .00'7 .OU' 
U.S no. '.0 ',1:4 53000 .01Z2 .0216 
75.5 ZH. '.0 5.72 404000 .OU' .0Zts 

Tabh Z. ScUi barral g.OIMIby and occupancia.. Tha nUlllbar of fiber. in .n 
.at.l lay.r and tha total nu.bar in the auparlarar (two and •• nd 

.up.r 
l.yer 

four or eight laran, .1'. g1v.n. OCcupancia •• u calculated a. the 
nUlllbar of h1t Ubtlu divid.d by th8 nUMber of fibau in a auparlayar. 
Th. ayant. uaed ara tha •• _ .a in t.bl. 1. 

, '''''' , (eM' .t. I fiben occup.ncy 
.'n .1n Il.yar tot.l L • 0 10··33 

400.0 ".0 110.3 ,.0 , .. 40767 31000 .00'40 .00'a 
350.0 ".0 "., '.0 , .. 401" 340000 .00401 .001t 
300.0 4J.5 12.7 '.0 , .. 3575 2'000 .003' .oon 

Tabla J. SC1H 1ntarm.diata gaOWlatry .nd occupaftcia.. The ftUlJlbar of fiber. 
1n • layar and tha tot. 1 nUlaber 1n the d1.ta On both and. ara giyen. 
Th. occupanci ••• ra calcul.tad in tha .... w.y •• tabla 1: and tha 
.v.nta .ra tho •• da.cribad ift tabla 1. 



Trae:k-findinc'J 
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0." 1.00 0." 1.00 

Si + Scif1 o.n 0." 0.70 o.n 

T.ble 6. Tr.ck finding .nd tr.e:k recon.truct1on eff1c1.nc1e. for el.ctron. 
• nd lMlon. 1n the .il1con elone .nd .11icon with .c1nt111.t1ng fib.ra. 

• eeolution 

p.rtie:le 51 .i + Scif! 

dpT/pt"2 w/rvc 1.1 0.35 
(/T.V/c I 

0.1 0.16 

w/o rvc '.J 0.61 

1.' 0.16 

phiO (ud) w/rve: 0.00007 0.00005 

0.DOO06 0.00003 

w/o rye: 0.00027 O.OOOOt 

0.00021 0.00007 

,0 ''''''' w/o rvc 0.027 0.013 

0.022 0.012 

t.n(l • .w.) both 0.011 0.0007 

.0 ,-, both ,., 1.1 

z-.howeE'Wlax ,-, both ". 1. 

.""" 
both U. J. 

T.bl. 5. Ite.olutiona fOr v.riou. tr.ck p.r .... t.r. e:.lcul.t.d •• the ItMS 
differ.ne:e between recon.tructed .nd Mont. C.rlo v.lu... Motaent • 
• re ev.lu.t.d with .nd without. r.di.l vert •• e:on.tr.int (rvc). 
The l.at two p.r .... t.r. (a-.how.nux .nd a-auon) .r. not ev.lu.t.d 
d1reCtly but are •• ti"".t.d frC*! t.nll.IIIbd.I. S.e the text for 
d.taila. 

App.ndix A 

KICOS DECAY TO Z puas 
60000.1000,0,01 
KlOOS ....... 
3001 
OIGI 
Z50,4001 
JrrTYPEl 
'ZO'I 
nTTYPI2 
'ZO'I 
WODEl 
'a+'. 'a- 'I 
VMODII:2 
'W+','WU-'I 

PT 
50,20000,50,200001 .,D 
STOP 

Appendix • 

• - P'iTHIA Control Input D.t ... . 
S.t p-p coll1d.r ltIOd. with 'Cc ... 40 T.V 

LULIST - 1 ! MUIIIb.r of .v.nh to li.t by LULIST 

rUMJ: - CMS 
alAN - P 
TuaET- P 

! Pr._ i. c.nt.r-of-..... (cOllid.r) 
! •••• i. proton 
! T.rg_t i. pl"oton 

WI_ - 40000. ! 1nc1d.nt .n.rgy xc:.-oZ·lEb.a. 1 ... T.V 

t.uaIYE, MOCY (Cll1, 1)-0 
LUOIVI:MDCY (C310,l)_0 
t.UOIVIE:MDCY(ClIl2,ll_0 
LUOIV'C:MDCY (C1122, 11_0 
LUOIV'C :MDCY( C122Z ,1)_0 
t.UOIV.:MDCY(C3312,ll·0 
t.UOIVI:MDCY(ClJ22,1)"0 
LUOIVI:MDCY(CllH ,1 )-0 

! •• k. piO 
! .. k. K. 
! .. t. ai9IM'" 
! .. te .191M­
! .. te lalllbd.O 
! .. t. 1110 
! .. te a1-
! uta OIM9aO 

.t.bl. 

.t.ble 

.t.ble 

.hbl. 
at able 
at.ble 
.table 
• table 

t.UOlv!:PMAS(6,lj-150. ! s.t top qu.rk .... to 150 o.v 
LUOIVI"MAJ(25,l)_600. ! s.t Hiqg. •••• to 600 aav 

PYQlVII:,MlI'CL_1 I Jat .v.nt type by "'IEL to oeD 1n.l •• tic 
·'YCIVE:MS&t.'"U ! .et ev.nt type by ",IEL to Higg_ production 

I'. 
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1. Letter of Intent by the Solenoidal Detector Collaboution, SSCt., .ov It'O. 

2. outer Tr.cker cone:eptu.l Dedgn scintill.tinq riber Option, .ov 1t91. 

3. SHELL USERS QUID'C.DOC in the SOCSI" docUMnt.tion .re. pre.ently in 
SSCYX11 :US'CR51 {SDCSHJ:LL.V01. DOC) • 

Append1c •• 

A. K1gg. event g.n.ution file u.ed with SI/I .. jet 

•••• ckground .vent gen.ration fil. uaed with '.!pythia 

D. sr g.o .... try d •• e:r1pt10n file .f_optC5.d.t 

in II.· ..... 

!! UH 
.oi ••• ...... 

••• oi • 

l~ii!i ii' ............ ;:;. 

.; .. ..; .... 

~ :::'! ~ ~;: 1:;: 

~':'''''~ ~':'''-~ 

iiifl !!!!: 
'fiBi 
iiii! 

~~~~~ }~~~~ ,;:;;:;:,; 

1360 

~ ~:! ~ ~ 

:;"'c.,::= 

~~ . .. 

H g 



'I' n. ". ", "b , ... ~.,. 

~ oor. ~ ""'. ft .. 
,~, 0,. ". 0' IN. , 

~ "O' .••• ,. " • 
"., .••.• e ... 1 

;:!';~ I~" ••• 
" ••• -no ... 

e '.' •• ~" .• " ,',,, ......... , 
00"'.""0'.'" ,.,.1 .••. b,". 
"0",."001 .... 

~ ... ", "". 
........ el.' .. 
Gts ••• , ., .... 

:.:.:~. ::':H'" ... , ..... ' .... i";:::::: .. I:.:' 
;',", 'f, ., H, ........ , ... 
,., ....... 'f .. , . '~' .. ''' .. ~ ..... _ •• ., .... I 

~~rF .. ~!.~ ••. 44 

"".''1),'' 
;',", ". ".N, I 

• , .. ,.u •••.• ;.1 ..... 1 , " .••• I 
.... , .'U." 
,',""'" "". 
•• '1 .... "'. ,e,. " .• ~.N. 
~., .. , 
., iI n f ••• 

"".M.".,,, 
-'".". "". 
'''f. 

." ••.• ,.<, ...... " •. : ; :.:: ':::; .. :~ .. ::~~;., ., .•..... " ....... , .... . 
, ' ...... ~. " .... I '. 

. :;~.; •.• ;.~ •••• dll .... ,,'.'" 
• " ....... f'., •.. 
I,b ........ 04 ... ~ •• , 
"b ...... 1 •••• I"~, •• l ••• J 
' •• 11 .. ,. ". ",Uf '.h ..................... . 
II •••• " • .;., •• ,,, .... , ..... 

;:.::':~:;,...~~.f~:!!! .• 
" ........ 1 •••• '., •••• , •••• 

:;.::':~:; .• ~:,./::!~~. 
, .. " ••• <, •••• , .......... . 
"''''''.'''''''''' 
I"" ....... t •• '."', '~I<'n ... .•. , ... . ._ ••• '1 ...... " ......... -.... _, " .... 'u,." .... h, "."u' 
:;.:!f:::;..'~'~~:! .. , f" ....... ' •• ,.I •• h .... ' ... 4 

;i.::'::!;.·:~';:!!! •• 
n .... ,.c1" •.• 14'h. _ ••••• 
c. '''''', ". , .. 14, n •••••• , ............. . 
fl ...... d., •• 140h. _ ...... 

c. "hat. ", "'"f 

In ....... ' ..... II •• h' ........ 
• •• f •••• _ .. " .... . 
fI ..... _ ........... , 
II ...... <, .. , .• I4t~ ... t .... 
' •• " .. t. ", , .. Iof " ...... h .......... _ .. , 
11 ..... _1 •••• '." •• _ ..... 
.,'''''', ••. ,.r1., 
,; ..... ·." ............. t 
fl ........ e''' •.• ' .. h .... ' .... 

:i.:!I::~; •. :.;./~:!:! .. , 
fl ...... cl ........... <, .. .. 
' •• ff •• " .... '."!sf 

!;~.; •.. ;~ ... <0411. ""1<' •••• 

;~:'c::.:·::~·' ... 4 .... . 
.' •• ' .,.<1., .• 14," ...... H~ 
c .• " .. ,. ' •. , .. a, flb.'.h.' ............ . 
II .... ,.cI •• , .I"~ ••• ' ~ ••• 

I .. [~ .. ,,'''\!H .o"" ".1 50'11' 00'1(1 •• ,,1 

!~~';,.' :~'":: IS •• _ ':'!!~·:::::::::~::L:!~~~.!:·~;.:;:.:· ... 
; ................... {, ................... . 

'. , 
......... RO ••• /.:'. ,," ....... -
'''U.''''.'' ,:.:', " .. , .... , .. -
,"".".1.'. 
,~' ~" "ft, 'U.'_ 
........ U." 

' •. rr,l,.Il .• Ii."_ 
<."""" .. "'!" I~~ :-' ,f< • 
-. -:~:':i.'::~i'::" .• _ 
,,,,.,.J .•• 
I:':"~ n ... , .... ,._ 

·,:-;i.'·::~.::.JI.'._ 
-. -'"'.'''',''' 1I11.I'.'J.'''.'._ 
•• 'u' 
"'. III"" ........• -.. 

• H' ........ . ;.," .... , ...... ' 
'''',''U.'' ;'1'" '., H .... 
'HI,''''.'' 
1','1, •.• , ...... ............. 
...... 1, H.", .. '''' .. :.~. I!:.~ ...... 

''''.''''.'' ;.,11 ........ . 
'HI,'''I.'' ;.1 ...... ' ..... I 

1 ....... , ........ " ..... le .... .. .•. , ... . _ ... "., ... 
:::: ::::~ .. ::".~::::"~ ...... 
• .• n,,,,,,,, ... llf '1 .......... _. __ , 
11I ...... cl ....... 'h._ •• -.,." .. " ......... . 
:::: ::::~ .. ::".~:t'~ .. , ... J 

:!:=':::~~~:f::~!., .... " 
I •• " •• ' .... , .... ", 

'_.', ........ H". ""'c ...... ".f',·· _""'f'" fI .......... _ •• oo" ... , 
II ......... c1 •• , .. IH". _, .. ... 

::::I::::'::~:~:~:., .... " 
:11o:!'::~::~::~!:" 

r''Pl''''lJSt.'AO~n'I.SO(JSfOO''C.D'''1 

", .... 5. "st. ;l.::I::~::~.'~~~!., 

:.::::: :~I .. : :.. ;;:~,:;~~;:~:;~~.:.' ... . 
'.::;: : :~I .. :.:.. ::~;,::~~';:: ~~~~; .. , ... . 

1,""ItO, I",'"' 01· .... .,,' ~O' I'" {>!\{OOlI' ", .... (.' 
"I',""'"",,, --'.~.'I ",u .... , •• " .. .. " -

.. : : ~ ',r., """'''' " 
'.', .. ' .... ,'." .. 
"1"""'''''''' .. 
,(,.~,,,, .. ,,~ 

" : " .. ,4, ... 1 ., : : : 5',r.H""'''''''' 
"I'J_,'·"· 

-" 
., --",r~".,_," '" ~ "" .. ,""", .. ". S'I'",,,,O<"· .. '" "'UI : : , ~"<.:l_, ... , .. .. , ,. ., 

''''hO .J,. , ........ '.-
5,,0"""'1""· •• 
"1 ....... ' ..... • .,. Il .... 
"Ir."",,·"'·ll' 

, ... -.... ",._, 
., .. .,., .J-, I 
• II'''''' .,. l , 

~"""~, •• ",, , 11 II. 'l • 
5'1"''''''I'''U.II '"~ 'l • 

•• U.". _, •• , 
... 1 ..... , •• , 

",r~" .. ,,",," •• 
S"'~""'.~"" , ,e 
~',r.t""''''''''' 1 1, 
S" ........ ,'"'". I U 
Sl,o.:l~'''''I •• 11 

., ... It. '. _ l,. 4ft ....... .. 
1J. .... • U.'" II' U" .. ".l" ... n. '''ltll. 

"1"'010" .. ·,,,, .~ • Ii I .. I .... 

... 'IJo"'" 
mEE§~g . u. ~;.; OIl' '.11""1 f1. ' .• 1"" 

n ..... z" .. 
I ..... _ 
II •• 110 .. .. 
., ••• 10 .. .. 11. • ,"II" 
U. ' ... IU" 

",r., ..... " ...... /I. Ii .... I .... 
" •• U'II41 ••• '11"". 

S"· .... , ...... Iii 11. 
I"el"", ... "", , H 11. 
5""' .... ' ... " .. ,,, 11. 11. • .. ",. • 
SI,(l.OII/'''''. 4" ". U. • .. ,.,.. 
"/'''''''''''I~ J"I'I"OO<'"'''' ". )I'''''''', .... ,. Jl1 "1""""-"· ." 5.,0;(001,..'). 'Il 
"' .... 001/1.".11. 
5" .... ""' .. ". 'Ii 
::~:::::~:: :;; 
J.,o.:lOM/ .... t'" 4 U 

.,. ".'" I .. , 
,, •• ~. • " .. 1&1 

". ••• '.'''"01 h. ,.. • .. zu .. 'G.' U' '.n" .. 
" •• Ii ........ l,. .•• '.1)"'01 
n.' U' '.n""1 
lI. ". ..nn" ,.. Ii. • ... u, .. 

mE:~:::: ;I~::I!:: ~:I:"I:~::::m 
SI,CI'OOI'_'''' J .. 5 •••••••• "Utl 
5"«00<".f(. '''1'''1 ••• • . .,,,." 

.- .. , ... , .... , 
-z )-.' 
'1-.'" 
·1 •.•. 1 

·1"-1 
-1-'-1 
·z ••• _I' '1 
-....... _s 
·1-2-1 
-, •• 1 
·1' .1 

·.·,-1 
-•• '.1 

• M .• '._1 
·I_.)·j 

-.·.'-1 
·) •.•. 1 
-I' •• 

-- .... _, 
-J·.l_1 

-, ' .• 1 
·1. '.1 

,h. p'~.,.". ,~ .. , •• 0' "., "" ••• h' ......... ,. tho 1 .•• "'op •••• , ••• ,· ...... ' •• II •••• '.'tl ••• '.ft. . ;:::: !:~~'~~~ ';~~7:.'::-:::':.'';' I ,!:;:;'~:!. '~',' ~:h! •• ::: ... 
,,'1f'9, .,. _ ". I,h ••• 00Int In (1 ..... "' , ........ J '.Gft 
" ..... 1'0""41. 

" •• ." ... ~H ••• ". ( •• <I ••• '.' .... , O. ht"< •. 5_ II •• ," 1ft 
",. ,::~!:;!~ .•. l;:;;.::':!:':.::;.:: !:;!:i .... ,tCKU.. lAo ... ~'ft •••• 
, .......... , ....... n-" 

C •• ,.' •••• R ... '.".n.'.oc'."' .... R.' ....... <.'R ........ " •• , •• 
, •• ~I" UC .1_' ••• _. • .",1 ••• , •• ,_ ........ 11 ..... , .i., ••.•• _ 
,"' ,h •• h ... n' ,h ...... , ... ,_'''_ •• 4"" •• , ... ..,. " .••• "c ... C,. •• ",.41.ft •. 
' •• '.R, ••• 'M' .. , "",. ' ... '" I. '.I .... ~ .,,~ .~. 11o ........ n •• h. 
...... , ... ~ ..... LI .. ~"", •• , ' .... 
",Ilil" .eoH" .,,"Olf 00'''10 r,."". ",,'f' "'''t .. U100'1 ... _. Y'IO 

:'~, ;!.::, .~:.~i:::I!, ':I:':"OC~;:'~' ';:' ::h~~e!!~.!.!::; •• ~.!~"'.'" ., 
~';!:~~: : t::~:::· .~':~:~::. '7.:::.:7 ,:1 .!;~:.::' . ~w. ·!.:;:~::n:;·"" 
'fI" ... "'.R.'"'' , •. ,,~ In ". """'Io,ln. nhAr . "'00" •• " ........ , ... " ... 1 I, •• · ., ..... '1 ••• 
~'''''IIf .......... f". I •• ef .f ....... , .... , .. , .. 
Y51<'1 •• ~ •••• f .h .1 ••• 1 I •••• I •••• C""J !J.,."" ........ I ... "' •••• lln ...... I •• ' ... 'h_, .... ' , I" n. It. 

: :h:'f.,,:.~~: •• ;~:,: .••• ~ ... ,,~z' .... t&!:':: , ............ f. II ... OA' 
• • 1 .~ • _, .... 1~. , ... In .... n -.. .eeop' .11 .,_t , .. U.I ... ~. h •• ....... , ........ , ..... " . 
4.,'.1 .. " •• ' ... _ ... . 

/U.' !'.:. :~.: •• 1~ .• I'" '" H-" 
11 .• ' , ... 11·4' 

'. , .. ~" ... ., ... 
:~5 ~t. ,n ". ' •. 
.... Of •• ,n," 
t:.r-"::l~I:: iI. 
':':~:~';::J~f:: n. 

.~ ft:,;" • ':: I :i: : Ii. 

, ..... I." ••• f_.h .... '_ 
, •• , ...... ,~ ....... 1-1_.,. 

; .. '_ ...... 
, .. In •• 41 ••• _ .... 41 .... I_ ••• {_) . ,.<., ..... , <_, ... , .,t'~ ... .. n_.'.''' ..... I., ... . 

; " .... lhe ...... ~ ... , 
: 'I ...... ",,1 •• ( •• ] •• ,"" IC.]. ~ ...... 
" ••••• 11 ••••• ' ...... , ... ,"'.,<.) . ,; ..... "" .... ~ ... . , " .... .,.e' •• C<'I. _'''~ Ie.) .••• ~'H ; ," .•. w" ........ _ " ••• I'''',,''J 

; l:t ••• ~ ....... 4n' 
• ""'" •• ocl.1 ' •• 1 •• I"h I •• ) .•• , ~ .... 
;'.'" .fI ..... , ..... 1 ... I",d,< .. ) 

• " ............ ~.d ; "h ... 90c!R.' .. ' ..... hl._).·., ..... 
.", ••• " •• , .• "", •• 1 ... 1".,,",) 

, ''l ••• h •••• , •• ~ ••• 
; "10 ..... I •• I."" .• I,th I<-J ••• t .... ,ft •••. , ..... , ...... 111 1 .~ • ' •• " ........... 1 ••• ' •• " •• 1 

, "iR, '~"' .... ~ ... , 
o "., , • .,... , I"" .,«' •• ' .. 1 •• 14.~ C<'J. ft., ... G 
,~. n .... II •• ~4 •• ICIIU ./~. '; .ff.~~:."t: ..... 1 ... 1 .. 4"~1 

i 
'! 

I 

;i 
'I I, 
I[ 

~"., "",' .. ,., 
!::~~::;::::: 
~, , .. """"., ~ 
5'1"""1"'"'' 5",;1"",."" 

,., , ••••••• G., .... 
, " .... I .. " ...... ~,,, , ........... " .. .. 
,.1 I',.' .. I'G" ..... " .... ,., ... " .. " l"".' &I' •• " .... 

) .. , , .. , 

'''0 .... ' I"SlR'''''~51l.l 50<)5' 1JI"1{iO.';, 

• ... , ..... J ••• I II ....... 1 ... C •• , ..... ,~ C'.I. "., .... 4 
:~_~I .. " 'l.' •. -' .. ,.1 1· •• • .• " •• , ... •• ... ·'·'-1··.'<-) 

;'1 .................. , 

~.:~~;.'I=;·i, ~ : "." "It! , " ........ I~. i •• ). "4th ,.-1. '" ..... ;c'. , .• ,10., .• ' .. c •• ,.,.in"/ •• ) 

•h.f'~·._:.·~e_ •• _, .• , 1M I ;'!-;:-.::;~:. _ ..... ~ •. , ••• ,h I_I 
I , ••• ".~., <_to<.1 e,II ..... 
,_ ••• ,,, ... 10 .... . 

I. , ,,, .................. '" ''''. '''1.'' ,II .... ,ac, .. I<_I, ...... 1«'1 .... , ...... 

r~r·.I:~:.::". ,:,;;::.~:=::;~~;~~~·::.:~:.II~.:~:: .... 
:~I ~ ...... U ........ _ ,II~:.; :...:::.;~;.::-- ., ... 1 .... /.00) . . ., .... l.... I ,' ..... 'o<l·.I.·I.·'''hC •• I .... ' .... 

l:.:~·.·::~~'~ :.11 .•. - I :I:;:~.::::~~:;~:;~:.::~:.:: .. ::::_ 
:~ •. :'. '91.".' ft ••. - .','i:.: :;'':~:-::!~4:::·· .. ·,· .. I''''''''' 
... ' .... 1... ,1' .... 'oc, .. C ... ) •• ,. •• lc_I .... t._ 
::I.~ •. I ........ ' .•• 111 .',~:.; :;..;~~-;~.:!:'" .,_ C .... , ... 
"". "Il." ," ......... ' .. Ie.) •• '''h Ie.), _t,,'" 
:~'.:'. In II.' N ..... "1 ,'I~:.; :,.:~:';!;.4:~:-." "'- '''''''' 
"or, •• n... I" ............ C'oo), .,.Uo Ce.l, .... ... 
• .... 1.1 .. ." .... -.... 11. , •••••• II .. ' •• ' .. _.,_C ... ",.., I. • ", .... _., ._4_' 
• .. , .••• )... ,'I ....... ec' .. Ce·),· ..... Ce.) ..... ...... 
1 .... 1. " •. 11 .• " ...... 111 , ••.••• ".".at ...... I_C ... ' .... 
, ................. (1 ............. .. 

:.I~;I:~.!::,.: ,... : C:~;::!;:~:;~ .. ::':;il!=" ,-, 
,._ ••• ''' .... 1.,''''. 

!."~ .• 'II. •• ',':~:::::::I.;j~:;~ _,""" (coo), .. t ..... :;1::'. m.II ............ ,',~:.; :h.:::';!;.,,::'" .,_ , ... , .... 
........ S.... "' ...... , .. I ... C.oo),.,,,""Ccoo) ... t .... 
:;.:~.,lJ'.", ........ _ 1 •••••• II •• '.at .. _.I.,..' ... ' ... 
• "'. '.IIS, •.• I/:~::::-'::I";C::;'~ ...... )c.), ... " ... 1I'.i'.I1I.".'.H,'._ , •• , •.• ,,_ •.• , ..... ,_, .... , ... I,'. ,f1._ ...... , ........ , 
"" .... ,.... ,'I ........ e' ... C,.),.,"'''' I.oo) .... t .... 
11 •. 11.11 ....... ", •. _ , •• , ••• II ... ' •• t..r.. •• '_I ... '.., 

!;!~:~.;!:;~ aM . 
, .. ,_ ....... 

,.,~ ''''w •. _ ..... , ••. ,_." 1_) 
, l.uU .... , <_"' •• , e,II._ ._ ... ,,, ... 1., ... .. , 

''''.''''.'' 
!~:~r' .':~:.~ : " ... -
r:~r .. I:.~':: N .•. -
!~:) .. IJI." ••. ZI ••. _ 

,,, ...... "" •• _4 .. t 
,I, ......... ' ... lc.) .• ''''·C •• I._Io .... 1· •. · .. " .. ,.·' .. _·'_1".·' ... 
," ...... h ••• ,._ ... , ,f' ......... I .. lc.I •• ''''. 1<00)._'" ... 
"""'''_'. '''c_.I_C''',,,, 

I, ':~:':::::I .. :·~:!i~ "40h 10-). '" .... 
, ••.•.• " •• , ......... 1_1· .. ·' .. ' 

, f~~~' .~ ... 1 .. ~ •• ~. 



, 1365 

APPENDIX 

LIST OF PARTICIPANTS 



1366 

PARnCIPANTS LISTING 

~IQST NAME INSTITunON 

Adorns DavId L RiCe Univ8f$ity 

Amendollo Salvator Roberto INFN-Piso 

Arci VO$UO Not'llob. tor High Energy PhYSICS (l(EK) 

ArrTmoge John Coneton Unrver5ity 

Atoe Muzaffer univef5lty at Califomia - lO$ Angeles 

Avery Pcut Ii university of Florida 

Boll Robert C. UnlVersrty ~ MiChigan 

Borosch Gene Te)(os A&M UnIVersity 

Barnes Viro~ E Purdue Urwel'Slty 

BomeH R. Michael Lowrence Berkeley Laboratory 

Bortou:ek lorry Fermllob 

Boumbough 

Boutz Pot lowrence Berkeley laboratory 

BelleHini GiorgIO INFN-Piso 

BenSinger James R Brandeis University 

Beuvllie Enc CEN-SoCIOY 

Border Peter Universrty at Minnesota 

Brisson Jean Claude CEN-Socloy 

Campbell Myron Unrvef5lty of MlChtgOn 

CO<den Martyn J Hondo State University 

Donlon ..IeI'm Unl'versrty of Uverpool 

OOVlsson Richard UnIVersity at Washington 

Dougherty Wltllam M University of WaShington 

l STonley OhIO State UnlVersrty 

Edwards Michael Ruther1'Ofd Appleton Laboratory 

1363 
SDC 
SOLENOIDAL DETECTOR COlLABORATION PARnCIPAMS LISTING 

lAST NAME FIRST~ME INSTITUTION 

Kephart RObe<t D. Fermilob 

Kirk Thomas Argonne NatiOnOlLabOratory 

KaltlCk OovdS Purdue Universrty 

Kondo Tokahika Nat'l Lob. for High Energy PhysiCS (KEK) 

LonkfOfd Andrew J Unlvefslty of California - Irvine 

Lorson ErleT Fermilab 

LeDu Potnck CEN-Soclay 

Leitch Robert M Dok Ridge NotionolLaboratary 

leVI Michael Lawrence Berkeley Laboratory 

LeWIS Raymond A Pennsylvania State Un/versrty 

ling Ta-Vung OhIO State Unrverstty 

Luehnng Fred Indiana Universrty 

Lyndon Louisiana StaTe Universrty 

Makl AklhlrO Nofllob for High Energy PtWSlCS (KEK) 

Mantscn Po",M Fermllab 

May Eaw-ard Argonne National Laboratory 

Hannul Rice University 

Mo luke W Virginia Polytechnic Institute 

MaTI St'ugekl University af Tsukuba 

Moroni INFN-Mllona 

Nadulman lorry Argonne National Laboratory 

Oakham F Gerold Carleton UnlVersrty 

Odako Shlgeru Not I lob for High Energy PhYSiCS (KEK) 

Ogren HarOld 

OhSka TOkiO NOT I Lob far High Energy PtlYS1CS (KE~ 

lAST NAME 

Einsweiler 

Elias 

Emwein 

Feldman 

'()fd 

Frisken 

Gobriel 

Gochehn 

Goines 

Gilchriese 

Goshaw 

Gourlay 

Green 

Groom 

Hagopian 

Handler 

Honsan 

Hearty 

Hill 

Hubbord 

Hubbord 

Inzani 

Iwasaki 

Job 

Kadyk 

lAST NAME 

Ohsugl 

On 

Palounek 

Partridge 

PelleH 

Polmignan 

Pope 

Price 

Proudfoot 

Rouse 

Ruchti 

Rusack 

Rust 

Sadrazlnskl 

Sakamoto 

SolO 

$elden 

Siratenka 

SkuplC 

SkuJa 

Taklkawo 

Taros 

SDC 
SOLENOIDAL DETECTOR COLlABORATION 

Kevin 

.k:>tY>E. 

Jean 

William T. 

William R. 

Tony A 

MurdockG.O 

Alfred T. 

Stephen A. 

Don 

Donald E 

Vasken 

Thomas 

GoiG. 

Christopher 

Norman 

Bradley 

Richard 

Plerino 

Hirayukl 

Panakkal 

Jo!1nA 

SDC 

INSTITuTION 

Lowrence Berk_y Loboratory 

Fermilob 

CEN-SOcloy 

Horvord UniYersltV 

University of ColOrado 

Lawrence Berkekty Laboratory 

OOk Ridge Nationot Loborotooy 

CEN-Socloy 

FermllOb 

lawrence Benceley Loboratory 

Duke Unlverstty 

Fermilob 

Fermilob 

Lawrence BerkMY Laboratory 

Florida State University 

University of Tennessee 

Indiana University 

Lawrence Berkeley Laboratory 

Argonne National Laboratory 

University of Colifomio - Sonta Cruz: 

CEN-SoclaY 

INFN-Milana 

Nat'l Lob. for HlOh Energy Physics (KEK) 

Argonne NotionolLabofatory 

Lawrence Berkeley Laboratory 

. SOLENOIDAL DETECTOR COlLA80RAnON 

Rim NAME 

Tokashl 

Robert S. 

Andrea 

Richard 

Doniele 

DovId E. 

Jean 

William L 

LalNtence E. 

James 

Forest 

Randy 

Roger W 

oa",d 

Hartmut 

Hltashl 

Silvlna 

Abraham 

Alan F 

Vladimir 

PatnckL. 

AndflS 

Wesley H 

KOJI 

Poul 

INSfIlUnaN 

Hiroshima Unlverstly 

University of Toronta 

Los AlanOi Notional Laboratory 

Brown UnIversity 

INFN-Mllano 

University of California - DavIs 

CEN-SocIoY 

Lawrence Berkeley LabOratory 

Argonne Natlona/Laboratory 

Argonne Nationol Laboratory 

unIVersity at California - Davis 

UnlV8l'$ity of Notre Dome 

Rockefeller University 

Indiana University 

Unlversrty of Califomia - SanTO Cruz 

Nat'! Lob tar High Energy Physics (KEK) 

INFN-Miiona 

University of CaJlfamla - Santo Cruz 

University at Rochester 

Northem lI~nois Unlversrty 

universrty of Oklahoma 

University at Maryland 

University of WisconSIn 

UnIversity of Tsukuba 

UnNersltles de Montreal 

136; 

PARTICIPAMS USTING 

PARTICIPANTS USTING 



13,t) 
Sf)C 
SOLENOIDAL O£TECTOR COLLABORATION PARTICIPANTS LISTING 137i 

lAST NAME FIRST NAME INSTITUTION 
lASl' NAME FIRST NAME lNSTllUTiON 

DuYl William Quantum Research SeMces. Inc. 
Terada Susurnu Not" lob. for High Energy Physics {KEI() 

Elam AnthonyJ IBM Federal Systems 
TnUing George H lawrence Berkeley laboratory 

Ennis Robert IBM 
Trost Hons-Jochen Argonne Nationotlaborotory 

Flvckt Essc PhilipS IntematJonoi 
Vidal RIchard A Fermllob 

Kubena GlennT. IBM 
Weinstein AlanJ CofIfOlT'UQ INf. of Tecl'vlok>gy Uao Kenneth -Gap. 

Williams Hugh H. (Brig) Umersily '" Pennsylvania Shaffer Howard westinghOuSe Science &. TechnOlogy Center 

Willis Suzanne Nor1tlem Illinois Ur'IIVersttv Swensrud Roger l. WestinghOuse ElectrIC Corporation 

WIS$ JomesE. university of illinoiS. Urbano-Champaign 

Womble Ed Draper laboratory 

Youssef Soul Florida State University 

Zhao Tlonchl University at Washington 

Zlock Hans-Joochlm los Alamos NotiOnal lobolatory 

SDC 1372 (SSCL) 

lAST NAME FIRST NAME INSTITUTION 

Adoms Thomas sse la_at"", 
Bi,d Fred sse labOratory 

Coupal David sse lObOratory 

Fredetikson Soren sse laboratory 

F'Y Alan sse laboratory 

Hendel'$on Peggy sse Lobolatory 

lubottl Henry sse Lobototory 

Roe Byron sse laboratory 

Siegrist James sse laboratory 

ThUl'$fon TimOThy A. sse laboratory 

Turcotte Morc sse laboratory 

Western Jeffrey sse labOratory 


