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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. Zicsweiler(LBL)

A. Lankford(Irvine)

J. Siegrist(SSCL)
T. Kondo(KEK)
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CALORIMETRY
(PARTIAL)

THURSDAY, NOVEMBER 14

Report of the Committee on Absorber
Configuration

Preliminary Results from Hanging 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 of the Hadron Calorimeter Absorber
Choice on the Solenoid

Calorimeter Cost Comparison
Lead vs. Steel in HAC1

FRIDAY, NOVEMBER 15

SDC Forward Calorimetry

Impact of EM Calorimeter Thickness
on Resolution
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J. Siegrist(SSCL)

A. Byon-Wagner((FNAL)
L. Price(ANL)
D. Green(FNAL)

C. Hearty(LBL)
D. Groom(1L.BL)
R. Kephart((FNAL)

D. Scherbarth
(Westinghouse)

W. Frisken(LBL/York)

C. Hearty(LBL)



ELECTRONICS

(PARTIAL)

WEDNESDAY, NOVEMBER 13

Options for Electronic Location Inside and
Outside the SDC

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 of Sub-Detector Crates

SDC Second Level Trigger Using ASP

Report on Location of Electronics Inside or
Outside Muon Steel

Technical Assessment of the Electronics for
the Central Tracking Options
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C. Bebek(LBL)

T. Thurston(SSCL)

H. Sadrozinski(UC/SC)
J. Oliver(Harvard)

H. Sakamoto(KEK)

E. Barsotti(FNAL)
J. Brisson(CEN Saclay)

Electronics Working
Group

Electronics Working
Group
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(PARTIAL)

NOVEMBER 13-14
Design of a JET-cell Chamber System for the KEK Muon Chamber

SDC Muon Detector Group
Concept for the Intermediate Region 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 of Illinois Errede, et al.
Muon Matching Studies S. Errede(lllinois)

BW3 - BW2 Radial Separation Studies

Muon System Alignment Studies

Muon Momentum Resolution

J. Wiss(Illinois)
J. Wiss(Illinois)

V. Slonim(Colorado)

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

Possibility of Constructing a First Level Muon
Trigger with Adjustable Pt Threshold 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. Loveless(Wisconsin)
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TRACKING o

(PARTIAL)

WEDNESDAY, NOVEMBER 13

Silicon Tracking Conceptual Design Report A. Seiden(UC/SC)
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 Straw-Fiber S. Reucroft

Tracking System for the SDC (Northeastern)
Progress 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(UC/SC)
Pattern Recognition in a Silicon and Scintillating
Fiber SDC Tracking System D. Adams(Rice)
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SATURDAY, NOVEMBER 16
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STATUS OF NEW APPLICANTS

VOTING-UNDER-WAY- New MempBeRsS
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 (SDC), 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 SDC group to Beijing and IHEP
Group strongly involved in radiation damage tests in
collaboration with Fermilab

Taiwanese visit to SSCL expected in near future

Jaganefe visits: Schwitters/Happer/Friedman/Weinberg/Wojcicki
romley
Admiral Watkins/Happer
President Bush visit postponed; new Prime Minister
may go to Washington in near future

1100

First East Asian/Pacific - U.S. Symposium on SSC Physics, Experiments,

&Technology (Beijing May 21 - 24, 1992)

c100

COLLABORATION MEETING
(November 13, 1991)

G. H. Trilling
Future meeting schedule
Status of new applicants
International news
HEP funding issues..relevance to SDC
PAC meeting
Comments on proposal

Major goals for this meeting

FUTURE SDC MEETINGS (1992)

Pisa Jan. 8 (PM) to Jan. 11 (Noon)
SSCL Feb. 26 - 29

(Special meetings Feb. 24 - 25)
Fermilab Aprit 13 - 15
KEK May 25 - 28
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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:

racking (Seiden), Calorimetry (Green), Muon system (Bensinger),
Electronics (Lankford)

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

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

€100
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HEP FUNDING ISSUES
(and their impact on the SSC program)

FY1993 HEP base program must take a 10% cut in
"as spent” doliars 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 misconception that SSC transition occurs only

at SSC commissioning time or at most two or three years earlier.

In fact the SSC pl;ysics program (SDC) has already started, and
and capabilities of the detectors are being defineJ NOw.

Pianned sharp rise in FY1993 base program support of physicists
working in SSC/PRD has been eln’:n(i’r?ated. PP phy

Ability of base HEP program to help support activities relevant t
the SSC detector effort may be n'r)uchpl!)educed. °

It is extremely important that the new subpanel, in its planning
exercises consider both the base program research and the
simultaneously increasing level of ssg detector effort.

There may be moves n Congress or elsewhere to relieve base
program tightness by subtraction of SSC funds, This would call
into serious questiop the HEP community's commitment to SSC,

and could underming our strong efforts in international collaboration.

€100

100



Technical Proposal Sch |

October 1 Assign coordinating editors

November 13  Detailed outilne + finai 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 overali editors

January 31 Submit second draft to overail editors

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

February 26-29 Review of finai draft by coilaboration and editors

March 23 Final printout of text with figures
March 25 Assembie, print and bind 40 copies
April 1 Submit 40 copies to SSCL
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CONCERN ON PROPOSAL PREPARATION
Chapter on Physics Performance

Since physics discovery is the total justification 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.

0200

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 of 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...

L100

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. Surerconducting polenoid - A. Yamamoto

6. Calorimeter System - L. Nodulman

7. Muon System - G. Feldman

8 Electronics, Data Actxjisition,Trigger and Control 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

8100
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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 proposal chapter outlines and full definition of all
writing responsibilities
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Report by Technical Manager

M. Gilchriese(LLBL)



T ical P | Pr i
Overall editors: D. Groom, W. Chinowsky, G. Trilling and M. Gilchriese
Page
Allocation

The SDC Technical Proposal - Coordinating Editors

1. Introduction - G. Trilling 5
2. Overview of the Detector - M. Gilchriese 20
3. Physics Performance - K. Einsweiler 100
4.  Central Tracking System - A. Seiden 100
5. Surerconducting Solenoid - A. Yamamoto 25
6. Calorimeter System - L. Nodulman 100
7. Muon System - G. Feldman 100
8. Electronics Systems - F. Kirsten 150
9. On-line Computing - A. Fry 15
10. Ofi-line Computing - L. Price 50
11. Safety - J. Elias 10
12. Experimental Facilities - T. Thurston 20
13. Installation and Commissioning - M. Harris 20
14. Test Beam Program - J. Siegrist 10
15. Cost and Schedule Summary - M. Gilchriese 5

TOTAL 730
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October 1 Assign coordinating editors

November 13  Detalled outline + final writing assignments and/or dralt text

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

January 3 Submit first draft to overail editors
January 31 Submit second draft to overall editors
February 21 Deliver finai draft to SSCL for duplication ot 150 copi

February 26-28 Review of final draft by collaboration and editors

March 23 Final printout of text with figures
March 25 Assemble, print and bind 40 coples
April 1 Submit 40 copies to SSCL
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SDC Meeting
Section Coordinating Editor Status i y
1. Introduction Trilling OK
2. Overview of the Detector Gilchriese OK
3. Physics Performance Einsweiler Heard from November 13 1991
4. Central Tracking System Seiden Preliminary ’
5. Superconducting Solenoid Yamamoto, Fast OK
6. Calorimeter System Nodul OK i H
7. Muon System F:l;xu:l:n OK M' G' D' GI|Chrlese
8. Electronics Systems Kirsten OK
9. Online Computing Fry OK
10. Offline Computing Price OK
11. Safety Elias Heard from .
12. Experimental Facilities Thur ston Heard from - Status of Technical Proposal and related documents
13. Installation and Commissioning Harris Heard from
14. Test Beam Program Siegrist OK
19. Cost and Schedule Summary  Gllchriese o - Detector issues and decisions at this meeting
S . Status of underground/surface facilities -> R. Stefanski
=
=)
\. m R




Design Decisions Other Documents Related to Technical Proposal

. » Cost/schedule book. Coordinators: W. Edwards, D. Etherton
« Technical Proposal must represent a consistent

and coherent design with minimum number of +  See schedule of events. This is very tight and requires detailed

knowledge of detector parameters => design decisions!

options _ _ _
» SDC Project Management Plan: Coordinators: T. Elioff, T. Kirk
+ "Freeze" paramete:ls \ti‘vith m(i’nimal number of well - First draft by December 2
i ions and then reduce options - see
g(e::-::g&g ption P +  Preliminary hazards analysis. Coordinator: J. Elias

o = Schedule and preliminary assignments established
« Many changes will occur later(after submission of

Technical Proposal).
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Decisions and Review Milesone -
+  Tracking system - initial cut . This meeting Rickoff Technieal | Cosing/Scheduling 02451
i igurati This meetin Submit Revised WBS & Dictionary 1170891
«  Central calorimeter absorber configuration g Release Costing/Scheduling Procedures Book 11/119]
Thi eting Submit Dmoped'(l:oa timate & Contingency 112291
. i il i i cto 1S meetin c -up 1 1,27/9]
Electronics inside or outside detector DmopeS m‘%;ﬁlfw , Comple 12781
i i i ubmit teration WBS & Dicti
» Radius of barrel toroid This meeting St o Im’:g:c‘:p ion WS & Congno:%y mg’g%
This meetin Descope Rotl-up#2 12292
+  Freeze basic layout of muon system is meeting cade Reviews Completed 2/19/‘)%
Final Cost Book Complete ;ﬁ.,”,gz
. Central calorimeter design frozen 7?M Submit Cost Book w12
Scheduling Mil .
- Electronics baseline(+ options) frozen Feb. 1,19922? Kickoff Technical Propogal Costing/Scheduling ~~ 10/24/91
Release Costing/Scheduljng Procedures Book 11191
Feb. 1,1992 2od leraion of Subsyseem Schedules Submied 1172251
. ion(s) selected eb. 1, teration of Subsystem Schedules Reviewed 1200291
Forward calorimeter option(s) se lnmpang‘;fszcnd lmtiaﬁcch:'d:lcs Complete 120791
Prelim. hedule lete 1 1
- Barrel muon chamber selected Feb. 1,1992 Submit 3rd lieration of Spbsystem Schedules b
Feb.1,1992 S Inograte 0d iraton Scrots 792
i . eb. 1 tegrate ion Schedules 3/02/92 S
. Tracking system option(s) selected ) § i ration Sch 4//81 /,32 . g
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Barrel Toroid Outside Radius (meters) Barrel Torold Length (melers)

e ™
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,........
Option [ R(inner)(m)[R{outer)(m)] (L/2)(m) J$Amuon(M)[$Acable(M)
dist. Fiber 16.950 8.450 13280 015 |-
: dist. Straw  [6.830 8.33 13.13 1.6
ﬁfg:::éer length rack Fiber_[6.750 8.550 13.766 0 |
rack Straw_|6.407 7.907 13766 34 ]
out Straw__[6.150 7.650 13.766 59 27
out Fiber _ [6.450 7.950 13766 23 7777
+  Better estimate needed but
» -Integration easier and muon system slightly cheaper with o
straws >
-
« Incremental cable(and other) costs to remote electronics o
uncertain but may cancel cost savings in muon system. P
. B N —
Muon System Cost Sensitivities
Muon System Radius Muon System Barrel
Cost Sensitivity Length Cost Sensitivity
130 < 130
¥ =30.000 +9.3000x lm-q»mo y = T1.741 + 1.9257% RA2 « 1.000
B : s
c Baseline ($124.8M, 8.74 md-n_) |°: Baseline ($124.8M, 27.6 meters)
2 12 : £ 120 |
E H E
. 2 s
" 3 $1.9M/meter length
8 8 10
i 1101 .8M/meter radius K 1
2 105 © 105 ]
100 v — v v 100 v T T
60 63 70 75 80 85 90 200 220 240 260 280

s700
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SDC Experimental Facilities
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I T |
b 1o SSC Laboratory Physics Research Division
b s
IR 8 593
——] Detector Requirements
S5 Y Vot Z;2 R + In the long term (10 years) the detector floor must remain aligned in
c o c respect to the beam within a reasonable limit estimated as of the order
s m-**uﬁ{‘: of +25mm. The compensation for such movement would be carried out
! using jacks.
Larion
- AUIHHIBTY o (g + In the short term (] year) the floor must remain stable in the lower
FEEIE -
¢ - ] I millimeter range so as not to affect alignment of the trackin
1] G” . ; Sustw CaLn 9, . _g . g
I : j J0aaiA components. This implies that there will be no appreciable change in
BN | ) T meatnatior g0 AL detector position during beam running. Realignment, if necessary, will
B laniiis . £\ 268 11 N B be carried out during long access periods.
ELEy. 241'L,> - 4777““»‘““;7
g - —Y e | +  The low beta quads have alignment requirements of less than a
i millimeter. A stable floor is also required to meet this requirement.
e TR * For the smaller, special purpose detectors, the site should be consistent
L FY 0T SSC o= with the schedule for choosing those detectors. Furthermore,
SbC construction of small cavern-like halls is better done in chalk.
PROPOSED PROFI E
A gR5eR8 1o =3
ﬁ“‘»(ms%;'gnu METERS UM ESS 3 " SLON0NING 8 ‘:‘
o . S N e T s ~ 10/15/91 =
4 T '
L E— I
SSC Laboratory Physics Research Division 0 e for Wl .
s tor ot O 1o
v.869 1 |
SpC_P ; o
- IR* 1 1
» Large detector will move to East Complex pending DOE approval. —— -
Preparation for Title I design and critical path building must begin 3 - soom e s b0
in earnest. T W e s rece
Muon Assembly building will be discussed this morning. ¢ c
Will have presentation on SDC hall shortly, 3
4 AEY. SOt
+ SEFUR (SDC Experimental Facilities User Requirements) PR A
Draft version transmitted to CCD and PB/MK on 11/8. ¥ /_\ I 4
Will be used as a start for facilities design. HEP AL fore 1o Poor
Periodic updates may be generated as needed, or will replaced b I\U I g
with PB/MK reports. n.‘,hf‘;h“;,'.:;." NI s A i = e
8 E55 ] . > B
« Change Control Board Action. aev o
Establish baseline for detectors in project. T f E e s 4
Will include surface facilities and halls, and small detectors. .mnﬁ'm/ l U | %ﬁfﬁ
Schedules: late availability of halls. Temca RS L L L L ﬂ e —— - —a T
= — oy PRI ‘t e
+  Test beams 4 d 4 sl oy (3 ,
CERN beams. Need a guess by late December. pes ]
Trying to accelerate SSC test beam program to Jan ‘96. 4 A L | i ROPOSED FROFILE
o BRI s s ad e B R4
11/9/91 w —1C SCD00QI0S

i T—
2 e 13— -

1600
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FNAL Test Beam Efforts

D. Green(Fermilab)
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0056
Ps/SM

1841 PRESHOWER RESULTS
AND FUTURE ANALYSIS

1) DETERMINE SHOWER WIDTH VERSUS DEPTH
IN RADIATION LENGTHS. (See plots)
PS (2RL) FWHM = 4.7 mm
SM (6RL) FWHM = 11 mm:

2) P1/ EL SEPARATION USING ENERGY IN PS,
VERSUS DEPTH, ENERGY. (See plots)
(pion tail increases with RL, not shown in plot)

<racw 3} TRACK/SHOWER MATCHING RESOLUTION
MATER VERSUS DEPTH, ENERGY. <=1 mm sigma

4) CORRECTING EM CALORIMETER ENERGY
RESOLUTION WITH MATERIAL UPSTREAM
USING PS ENERGY. FOR INSTANCE:
18%/SQ§E without material in front,
227%ISQ E} with 1AL Al + 1 RL PG (car we fix?) ™

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

ALY

N/e

(1]
MAsSLESS
Garsh

Dan Green,

resuits for items 1,2, and 4.

ohillp Melese 212-570-8826
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dewy - fs-
[;(F,:n'o( in  Prechower

At varioul 5!6/9‘“"" in
15 GeV Flecirens (rt :v(,-,oscr{wrv-ffﬂ()

Digorre 6 L(4'xa LS o i:

Encrcjv

N/e ReJE<Twn

P .

0058

I

\ o8s11/91 12.03

{2841 PRESHOWER RESULTS, 35 GeV ELectron
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M@ - 3SM TESTS
SHOWER MAXIMUM BEAM TEST MEASUREMENTS

(LSS
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Shower-Max
Detector

Qutout Connector
ANUWestinghouse EM

Calorimeter
Fiber reaaout
bunate
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Horizontal ties

We are equiping 8 out of the 10 towers of both calorimeters with
arrays of tiles reag out with waveiength-shifting fibers.
n botn cailonmeters the fibers ga to a 64 cnanaek connector—

-
-
-
‘.

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

0062

SM/es

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?

» Absorper Thickness
c=1% 2 semanl conrianT TERT
s Optical System
Testing system f saovnce Scan
Light Yield 3 p.e./mip-layer
Transverse uniformity - /2
Longitudinal uniformity o = 8%
Seintillator thickness o = 3.6% [\
Fibers + splices 0 = 3.8% ;
May want to mask X

Q€ FwAL fAsS
<2, ro

< 0.57¢ CONITANT TERM

Ynit srm iy
’ 0065

EM Test Module No. |

i

T T T T T
>, oo l
ra%
u = 5028
o = 0.049
!
i
I
i
i
~
— 1 i = I —t. = L

46 47 48 49 5 51 52 53 54 65
Absorber Thickness (mm)

Absorber piate thickness distribution
3 Points per plete: left . center. right

0064
ot ik TEAT meow I
SDC TILE/FIBER CALORIMETER
Truncated EMC Moduie for Testbeam .
-—— —— ppppe—— 3 ,5\

N -

i

Tihg Al AQVIING

CAsT Pb N Te UL SmEND
STRULTVRE
Figure 4.12 Truacated EM Test Module Desiga
GCBr

How good is the whole calorimeter?
¢ Testbeam measurements
September 1-6, 1991
3 towers instrumented
¢ Beamline setup
Momentum tagging to ¢ = 1.5%
2 gas Cerenkov counters to tag electrons
Beam 30-50% electrons

Tunable 15-35 GeV. Can go to 100-150 GeV but rarely
PWC's Oata ar i, /T, 285, PTG

¢ Resolution

Matches calculation of 18%VE XK

No evidence of constant term (< “t 03
¢ Uniformity
Undersize scintillator emphasizes dip at bulkhead

...Which is mostly correctable "c taew scan”
o Light yield

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

MUON BEAM TESTS

e Tevatron Muon Beam
- Locate downstream of E665 in the New Muon Lab

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

e 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 mm

Window 1/2 mil aluminized Kapton
- Fe absorber (25 in.)

Last 8 in. magnetizable

- Cerenkov counter has 2 mirrors, each 50 cm?

o Data Acquisition System
- FAST BUS TDC'’s and ADC’s
- Op-line VAX 3500
- Log to 8 mm 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 ¢ chambers, especially in
BWI1.

2. Review of the amount of iron at the
1 = 1.5 corner.

3. Review of the BW3-IW3 arrangement.

Gary Feldman
November 15, 1991

Track Matching 0085

Rob Gardner presented an ideal-
ized calculation from the U. of _
Illinois. They studied high p; bb

production.

There was perfect 6 and ¢ resolu-
tion in the inner tracker, and no
background or d-rays in the muon
system.

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

0084

We use ¢ measurements in the
muon system for three reasons:

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.

0086

Table 2 : Layout Description(!-3)

Layout| BW1 BwW2 BW3
1 120,20 2 20
2 260 (29, 26| 26
3 20 26 |20, 20
4 [26.20)26,26 (20,20
5 |[1¢,20] 29 29
6 2 |14, 26| 29
7 26 28 114, 20
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0085
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 descoped design has ¢
measurements in 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 ¢ 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.

00380

This requires 85 cm thickness for
BW1 allowing for all chamber op-
tions.

History: LOI had 28 barrel layers;
we descoped to 18, and are now rec-
ommending rescoping to 22.
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1.5 Corner

Description of the SDC Detactor
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Amount of Iron at n

Leave as is.

Conclusion is that improvement is

not cost effective.

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

0100
Online Computing

0039

Recent Activities

o Workshop October 28-November 1
¢ Organization of SDC computing at SSCL
o Writing of SDC Proposal computing section Draft 0.

Assumptions/Principals

vwwwel
e www

e

.‘ﬁ?!‘.‘?".’!“.’!‘!‘.‘!‘

o Operating systems
Unix and subsequent evolution —» Pes/x
o Programming Languages (ForTRAV Y, cet)
o User interface , Aromewe~fs
¢ Data storage and access
Database model
¢ Software engineering standards
¢ Distribution of computing
¢ Programming for analysis
o Stando-dr

wsery: Irn,.mcuw. Fex n“f] tpter .
0101

A.fry 91.11.06

OUTLINE OF CHAPTER 9 - ONLINE COMPUTING
eee DRAFT e

Online Computing System i
.1 Overview

.2 Operstional Cencepts
.21 Purpose and Goals
.2, Modes of cperation

Functional Requirements /-
.1 Acquiring and recording data y
.2 Insuring data integrity

.3 Physics processing

.4 Softvare Tools

w7

4 Relationships and Impact on other systems
4.1 Front-end electronics
4.2 lavel I and I1 TrigQer systems
4.3 DAQ and Level III wwk
4.4 offiine computing
4.5 Test-beam system(s) o
4.6 Slow controls
L% ] User Code
S implementatioa
$.1 Methodology
$.2 Operability and Reliability
3.3 Functional Implementation
Fig. 1 Funrtional Svent-like dsts flow
Fig. 2 Primary contxol paths
rig. 3 Online process
Fig. 4 Nardvare diagras
5.4 Run Control
5.5 Configuration Control and Monitor
5.6 Data Logging .
$.7 Dave Monitoring
$.8 Condition Monitoring
$.% Calibration
$.10 Interlocks and Failsafe systems
$.11 Physics Processing
5.12 Alarms and Limite
$.13 Database
$.14 Documentation -
.15 Software Tools and sundnrda-'—-“ L-‘n*
L] Schedule
6.1 Testbeam January 1996
6.2 Data Format
6.3  Sub-detector installation c
6.4 lavel III, Data routing and legoing



9.6.5  Cosmic May runnning March 1959 010¢
6.6 Detector turn on Octobar 1999

5.7 Oorganization 'w
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Etc. monitor
J
Full
analysis tools
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Offline | Reconstruction

On line

il 1|

Offline Computing 0105

o 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: 10° MIPS

“Near real time” reconstruction
Master DST at SSCL: 100 TB

Working DST: 10® events, 1-10 TB
Probably copies at regional centers

Database organization of data
Metadata: keys and index files widely distributed
Hierarchical storage

Longer access delay times for less filtered data sam-
ples

Ability to read slected portions of event
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Online documentation on data formats, etc., accessible SDC Technical Proposal
across netWOrk COMPUTING SECTION DRAFT QOUTLINE
Communications 10.1 Executive Summary (Larry Price) (2]
LAN 10.2 Computing Model and Operational Concepts (Dave Miller, Bob Ennis) [4)
. 10.3 Functional Requirements (Andy White) (11]
MAN 10.3.1 overview (Block Diagram & External Interfaces)
10,3.2 pata Reconstruction (Andy White)
WAN 10.3.3 pata Storage Management (Andy White)
- 10.3.4 Analysis (Drew Baden)
10.3.5 Software (Irwin Gaines)
i 10.3.6 Communications (Ed May)
Conferencmg 10.3.7 System Services (Chris Day, Glenn Kubena, E. Poole)
10.3.8 Simulation (Shuichi Kunori, Soren F.)
Simulation - 10.3.9 Performance Goals (Glenn Kubena)

10.4 Relationship of Computing to Detector Subsystems (Irwin Gaimes) (2] ~

Processing: 10% - 10 MIPS

10.5 Generic SDC Computing Model (Tony Elam} (2]

e Design 10.6 Hardware Design (Larry Price, Brian Scipioni, Ken Ljao, K.Amako) (6)
10.6.1 Overview
10.6.2 Architecture
Systems at SSCL 10.6.3 Hardware Development Process
10.6.4 Upgrades and scalability

Regional Centers 10.7 Software Design (Drew Baden, Chris Day, Harald Johnstad, Glenn
Kubena) [6]
e . 10.7.1 Overview
Local institutions 10.7.2 Architecture
10.7.2.1 Software Architecture Overview
10.7.2.2 Software Infrastructure/Framework

10.7.2.3 Common 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 Programming lLanguages
10.7.3.5 Validation & Verification
10.7.4 Software Sources

10.8 Organization & Policy (lLarry Price) (1)

10.9 SDC Interactions with the Computing Industry (Larry Price, Tony Elam) (1]
10.10 Computing for SDC Outside of SSCL (K.Amako, Andy White, (Europe)) (4]
10.11 R&D Required (Drew Baden) [3]

10.12 Technology Forecast (Terry Watts, Tony Elam) (2]

Session Name: ANHEP2.HEP.ANL.GOV 0105 Page Z

10.13 Schedule and Milestones (Larry Price, Phil Liebold, Larry Cormell) (31 0109
10.14 Manpower and Cost (Larry Price, Phil Liebold, Larry Cormell) [3]

Oclober 24, 19
Fle Server
& DBMS

speed Sysem
\

Hgh Reed Dot Path

?wmuﬂ

Future Generic Compuiing Mods!

i




Small Cluster Optlons.
November 5, 1991 $DC Concepiual Archltecture Dlagram october 2 1991

Optien 0. Option 1b.

Switch Clurtered Workstutions

LAN Chatersd Wortations

|

Option le.

Share Memory Clustersd Workstations

3

[ Common bus ]
2 | 2
: = =
Opilen 2 N s Hardware Opilon la, 1b, le. November 5. 1991
Hardware Optlon 2. ovember 5, 1991
'-——{7 Level 3 Form, 100 MBjs, Raw Data r__L Level § Farm, 100 M5, Raw Dato
| 2R T =
: {o‘c:f'o fo'g'g_'é'o i —
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Novembser &, 199)

SDC OFFLINE COMPUTING MODEL

Hardware Optlon 3.

0115
4, 10" *S Reconstruction & Sim
100 S bytes raw/yser -- slow
10°% 15 bytes processed/yeer
109 14 bytes reduced eemple
medium
100 MIPS
5 U S REGIONAL CENTERS
1046 EVENTS/ 10 MIN,
> 10 **4 HIPS
i - 5 JOBS/DAY/USER X /6 HR.
2 ®) 10%% 10 BYTES x 30 SAMPLES - FAST ( 300 68)
! § | e O 1089 11 BYTES x 30 SAMPLES -- MEDIUM ( 3 TB)
g e li O 12 ACTIVE USERS
3 S ]'
8 s It O b
. = ] it
i : :
2 5 < EE?_? 10%*5 EVENTS/10 HIN.
1 Y e - -~ 1000 HIPS
z i 10 GB x n USERS
>
: NeT (4 @) roomes
3 T 189
1 19Q
A 8g
ASSUMED 10 MIPS-sec/EVENT FOR ANALYSIS

,_
|
|
|
|
X

Fig. 7. First assessment of SDC Offline Computing rates and resources.
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Software 0115 X-windows, Motif 0119

® Requirements Database access to data

Kerna] software provided by systems group Standards
Physics/detector software provided by subsystem Operating System
groups Histogramming
Modularity Application Graphics
Portability Design
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

oNon

0120 R&D Plans 0125

ey Loz, vTe, Ul“/,
Ssee, ...

Progom bletore

AP -

¢ Database project HP<ce :

Expanded Software Architecture Model

¢ Software design and engineering Ssge ¢ o +h ez
£

¢ Architecture and performance modeling £, ssec

in.

] a'./:.e ampy’ﬁ;: v. ﬂ/c’/.

orage Mgmt,
Accgslouw
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user Interface | S)
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Common
Physics
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Services
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SDC Computing activities at SSCL

¢ People
Gaines
White
Roe
Frederiksen
Johnstad
Fry

ﬂ-ylﬁﬂ*
Song

Nixdorf
Liu

e Projects

Software development methods

Adens v sl tren
Data storage and access

Database project

Advanced storage devices

B Selpen )
(2. Cormett)

I M.-,,et}

frcddortoc JBedom mance epelcaten

C-ff

0124
Schedule and Milestones
Hardware
Baseline design 92
Modeling 92-95
Final design 96
Procure trial devices 94-96
Prototype system 96
Production system 98-99
Analysis system 96-99

Distribution system

Software
Identify software development systems

Core system
Requircments Analysis
Functional specification

Design

Coding
Testing

Physics/Detector systems
Requirements Analysis
Functional specification

Design

Coding
Testing

Simulation
Reguirements Analysis
Functional specification
Design
Coding
Testing

92

92

92.

94
95

94

94

92
92
93
94

93

-95
95-
97-

98

-95
-96
96-

98

/o/"‘"l

Oa““ (s

R R

/‘/Ar/v‘r¢
_/’

'Schedule for SDC computing development

Conceptua’ design

Design, code, and test SDC kernel
Write software for subsystems
Review and te§t SDC software
Design SOC computing hardware
Acquire and install hardware

Simylation System

Co mp-T1

étﬂ/;! ﬁ/‘".} ~
Basc [lae ¢ st e sFTRATE

Final
ot
het D odvcTein

Desis4
SsTe~

45!’,{‘-" ‘Y‘J"N
Sttvare
JexTwar® o

J’/p.-/ffy PRETIY deve

N

Fiscal Year

91 92 93 94 95 96 97 98 99

— ~f
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- F7 e T OAES
0125
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SDC Computing

Cost Elements

Production system:
Tertiary storage system
Raw data
Pass 1 output
DST
Communications link to online
Network/switch
Input to production farm
Output of production farm
Production computing farm (1045 MIPS)
Production disk system(s)
Printers

Software

0126

IYAL
1/9.7

Le Y
PR Y, 7
VR4 '
PR V2.4
s //’(
A.e A/,?
0125
Costs
MS
3.7
0.2
0.05
6
1.5
0.02

Cost

» SDCSIM
¢ USE of PDSF
e SDCNEWS

Data distribution system:

Processors
Disks
Distribution media devices

Express line system:
Processors
Disks
Network

Simulation system (10A5 MIPS)
Local analysis system:

Networks
Workstations
Batch processors
Slorage
1 TB disk, 9 TB tertiary system
Printers
Software

External Networking
Video conferencing (2 centers)
NREN Coanections

Effort
SDC Computing Support (25 FTE-yr)
Hardware (23 FTE-yr)
SDC Software: (60 FTE-yr)

Computer systems for development

Developmen: software

Current Computing Activities

0127

0129



PLANNED PDSF WITHQUT OFTION

013

T.SONG /1491

Effort FTE-yr

SDC Computing Support group 4(1992) - 10 (1999) 25

Hardware
Requirements analysis
System design
Sysiem modeling
Procurement
Installation
Testing

[L RV NN NE- YW

Software
Core system (Production and analysis)
Requirements analysis b
Design 1
Coding )
Testing s
2
3

Reviews
Documentation

Physics/Detector systems 100 SSCL.: 20
(Written by SDC collaboration, including SSCL)

Stmulation software 50 SSCL: 10

A
£y
3
N\
™
]
¥
PHYSICS DETECTOR SIMULATION FACILITY NETWORK

0132

R




0135

Physics in the Proposal
K. Einsweiler(LBL)
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Front End Electronics, Triggering, and DAQ

A. Lankford(Irvine)
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10 Interactions/second @ 103
10° Interactions/second @ 10**
60 MHz beam Crossing Rate

DETECTOR

Full Event Data

| Trigger Data Subset

Y

L1
[TRIGGER|
¥ Fixed Decision Time
accept 10 KHz 10 100 KHz I 16 nsec/Decision
- . ! t 3-4 psec Latency
_ Pantial Event Data for I_.Z_Txy;ggr_l ¢ 1K 10 10K Rejection

Yy

12
[TRIGGER;

! Variable Decision Time
1 10 pusec/Decision (avg.)
t 10 - 50 usec Latency

— = - 1010 100 Rejection

accept

100 Hz 1o 1 KHz

_ _ _ _IrggerData_ _
100 - 1K MIP-sec Processing/Event- -

10° - 10° MIPS Total Processing Power

10 to 100 Rejection

Output: 10 - 100 Events/sec @ 250 KB - 1 MB per event

FIG. 1. Trigger and dats acquisition dataflow for the SDC.
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QCD 2—Jet rate  20—200 GeV
z
g Jet trigger
o
Solid: 8x8 Trig Towers
! E Dash: 4x4 Trig Towers
E Dots: 2x2 Trig Towers
: 1 Trig Tower = .1nx.1p
—1
10
-2
0
-3
10
-4
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S D T S TP =
[} 25 50 75 100 125 150 175 200

Threshoid (Gev)

Figure 2: The level 1 inclusive jet \rigger rate versus tbe Er threshold for various

tower sizes.
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Level 1 Clock and Control Distribution System
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% Beam Pickup ——> | Crate €—— Operator Comrol ) b s inieraces
0 = -3 10 other systems as shown a1 left.
F =]
& x3 m
> ° - 4 =]
iorTe ass
T ae 11
z =0 @ Sz
2 s ] :!:FE Upto 16 Level 1
- & w2 Level 1 Distribution Crates. Each
- 3 1] = Distribution Crate contains 1 LICCB
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Front end read out components

1024 "Phi"dh

thitb

1024 "phi” x 30 “eta”

I]:? today status ‘
Level 1
Trigger

R

Lavel 2
l ml —%
-
’

RS

e

’ s
Photo Preampl . .
- = I - -

|

|

|

APD ?
Avalanche
Pholo Diode

or

MAPMT ?

Multianode

Photomultiplier
el

Shaps ¢ Kag
depends
of the
Photo
detector

3 to4psec
Analog
fDia'u taf ?

|

|

Dynamic range
12 bit or more?
—

Speed
Multiplexing ?

Technique
(FIFO or RAM ?)

Size ?
DAQ ?

Nooeu

SDC ShowerMax - Sacldy

9/6/91

Front end read out partition

« In tegration with the rest of the calorimeter (EM + HD)

nﬁ, « Read out organized per octant inslde the detector

+ Assume

read out channels per Front end board

END CAP Elem. El Ch. FE cord

EM towers 180 720 3

HD towers 60 240

SM xtrips 544 544

SMy stri 544 544 vy 4

1328 Channels N 4
---> A crate 3K\ BARREL

2 = Yuwe /mh.f B

= Z vechns feach
END CAP

N -

D

ONE HALF "OCTANT"

. “’g ; SARREL Phl Eta Elem. E. Ch, FE card
EM towers 8 28 448 1792 7
HD L] 14 112 448
SM
SM

towers 2
xtrips 126 7 898 808 4
stps 4 224 808 808 [

4032 Channels

¥

-~ 16 "End cap" crates

TOTAL= 48 crates
"Barrel"” crates

SDC ShowerMax - Saclay

_
9/18/91

LSTO

ecTo
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(a) Hybrid IC
orhn
i
(b) Front<€End Board
«-33.4mm /84ch -~
4 mmd
i LA, 1
(.I. ; .X. X . -X.
20.4m r

Y > HV Capacitor
4 mm
8ch Hybrid IC
(P/S/D+TMC+L2B)
Data Coilection Chips

v
Cable connectors or
direct cabie sttach

-—

Front-End Electronics Mounting Exampte
0183
Scintillator
0,0, t
,@%Q\ Wirgs
6, R
o
Scintillator
Wires
¢
. 1 Fast
Trigger «<— Control

DAQ Slow /O

FIG. 2. An octant section from the barrel portion of the SDC muon system beyond
the toraid for the option that includes two scintillator stations radially,

the muon system at modest tr t falling dr jcally with
The output rate from the first trigger of these muons has yet to be determined and is a

h(ﬁn -
———1T0em —

(c) Detector End

70cm >

12 om

~200 ch
{b) End Plate

{a) Moduile End

Event Data Fragment Sourcea & Locations
{October 28,1991)
# Cratesl
Front-EndTrizer Svatem DAQCPLs ¢curces  Crate Trs
Inner Tracking Silicon Strips & [ ) SDC DAQ Sid
Inner Tyvacking Silicen Pizels
Intermediate Tracking Gas Microstrips » » SDC DAQ Sid
Contral Calorimeter (SCAal, » SDC DAQ Bud.
Contral Calorimeter Shower Max &
Outar Tracking Straw Tubes!
Central Calorimeter (Flash ADCs)? - - Special
Forward Calorimetsr ] 3 SDC DAQ Sud.
Muon ] - SDC DAQ Std
Lavel 1 Trigger (<= 1 XB/cratal o o SDC DAQ Std
Lavel 2 Trigger (<= 1 Kerate) » »  SDCDAQS
— —

Totals: = 419

0164

Lomtion.
Counting Room

Counting Reom
On Detecter

On Detactor
Counting Room
On Detactor

Counting Room
Counting Room

Natax:

1. Each of the 96 crates has eme Dudn Collsctar module with ene Calarimetry and
ane Shower Max souwrcs. Rvent dots sre tranamisted directly t0 the Fvent Builder
8 from Colk

4 of the 98 crutes have Straw Tubs

ovent dats read out over the crate’s bus and trassusitied 10 the Event Builder
module.

Subsywtan by the crate's DAQ CPU
2. Central Celorimetar (Flash ADCa) was net counted is totale

Duscoped Quantitiss
Crates With DAQ CPUs & Front-End/Trigger System Event Data Sources
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SDC Fiber Tracker Reciever Board
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SDC Fiber Tracker Electronics Block Diagram

64 Inputs.
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SDC Tracking/Trigger 0185
Segment Finder ASIC
Stores all "Hit" information locally while trigger is formed
Provides serial readout of selected events
Provides “Track Segments” for trigger
3 Fibers to
Neighbor
A
Output W
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Track Segment Finding Algorithm

oK
e
Accepiance sones fer 10 QeV vecke
I halt fber bing, sertared en 1M fber die.
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Il me

+++DRAFT+++ 0176

SDC Data Acquisition System
Technicai Proposal Outiine
(11/14/91)

8.9 Data Acquisition and Slow Control
8.8.1 Data Acquisition System Overview

8.9.2 Data Acquisition System Requirements
8.9.2.1 Data flow and event coliection requirements
8.9.2.2 Data monitoring requirements
8.9.2.3 Slow -controt requirements
8.9.2.4 Partitioning and stand-alone operation requirements
8.9.2.5 ...abilities requirements

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 trigger system
8.9.3.3 Relationship 10 slow controis system
8.9.3.4 Reiationship to On-line computing system
8.9.3.5 Relationship 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 paths .
8.9.4.4 Control paths and siow control system
8.9.4.5 Partitioning and stand slone operation
8.9.4.6 Major DAQ components and channel counts

8) Event data read-out modules

b) Subsystem unto

c) Event builder uubly:tcm

d) Event data flow: control

o) On-line processor subsystem

f) Control computing interface

g) Rack protection ' subsystem

h) Software systems

0172

Event Dats Readout Interface

FI'M!-EM ADCs, TDCs, ste. Frent—£nd Buf fer Modules

(not used)

g 5]- .n~

"i’d

Event Dau/ 4' n +
tink l} “
l

DAQ Control/Monitoring
Network interfacs

MERRG, .
R

Send Event Link

;__v___/

Event Data Links
{to the Event Bullder Subsystem)
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Event Data Readout interface
(to Event Bullder Subsystem)

-

%

DAQ CPU Module

DAQ Contrel/Monitoring .

Network interface
DAQ Control/Monitoring Network
Remote LInk Interrace

DAQ Crate Adapter/interface Module

017

8.9.5 Additional DAQ Component Details
8.9.5.1 Front-end & trigger syslem event data readout & cantrol/monitoring
interface
a) Crates, backplanes and power supplies
b) DAQ CPU madules
c) DAQ event data readout bus slave interface
d) DAQ crate adapter/interface module
¢) Event data links
f) DAQ contrel/monitoring network
g R DAQ Vmanitoring network interface, links & repeaters
8.9.5.2 Event builder subsystem
a) Input interface & data balancing/input queueing network
b) switching network
c) interface 1 online processor subsystem
8.9.5.3 Event data flow control subsystem
a) Interface 0 trigger subsystem
b) Interface to other DAQ subsystems
c) Event data flow and trigger inhibiting
8.9.5.4 Online processor -subsystem
a) P ing a e develop envir ent
b) Interface to other DAQ subsystems
8.9.5.5 Software systems
a) Run controt
b) Runtime user interface
c) Control and monitoring interface
8.95.6 Stand-alone DAQ 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

0174

Online Computer System Coart
. | Computar
(e.g.. Several I d Work ) Syoom

o oty Ooes Trnsitng Oowe & bt S Cotiamer S0
bt St ety 8 B b
Sy Py 4 Coms g W, ) Wt

=Y

- = Thinwire Edhrnec cobl. 29 Crates por wire saasimwem (30 nodem), 125 meter weal mgeh mazimeon.
e = Eihermat cablie. 100 nodes per wise Sadintamm, 500 moter tial kngth maaimmem.

. or7e
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 beams/llabs 1994
Prototypes of all DAQ components 1995
Delivery of partial DAQ systems dJan, 97
for subsystems

Muon subsystem ?

Calorimeter subsystem ?

Tracking subsystem o ?
Installation of complete DAQ system Jan, 99

Certification of full, working DAQ system July, 99
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Report from Committee on Absorber
Configuration

dJ. Siegrist(SSCL)
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Calorimeter Configurations

Model A Model B Reentrant
Endcap EM
Longitudinal segs. 2 2 2
Xverse seg. .05 05 .05
Pb thickness (mm) 6.3 8 63
Scint. thickness (mm) 4 4 4
absorber layers 18 15 18
X0 21 21 21
Endcap HAD 1
Xverse seg. .05 A .05
sbs. thickneas (wm) 51 Fe 315Pb 51 Fe
scint. thickneas (mm) 2.5 25 25
absorber layers 21 24 21
A 6.4 44 6.4
511/14/91 JIs o

-~ ===gDC / SSCL Physics Research Divislon

’

/ y /
< -ﬁ,_,./ Calorimeter Configurations

Model A Model B Reentrant
Endcap Had2
xverse seg. 3 .1 3
abs. thickness(mm) 102 Fe 102 Fe 102 Fe
scint. thickness 25 25 25
abs. layers 7 10 7
A 43 6.1 43
total depth 11A 1A 114
barrel .
resolution (e,x)
stochastic
constant
<
-
P
611/14/91 JIs c

= SDC / SSCL Physics Research Division
4, . . )
= Calorimeter Configurations

Reentrant

3 7 Model A Model B
Total Depth eta=0 9 9A 9r
Total Depth eta=3 11 1A >11A
Barrel EM
;.(ongitudinal segs. 1 1 1
verse seg. .05 05 .
Pb thickness (mm) 3.2 4 352
Scint. thickness (mm) 4 4 4
absorber layers 36 29 36
X0 2 21 21
Barrel HAD 1
Xverse seg. .05 1 .05
abs. thickness (mm) 25.4 Fe 21Pb 254 Fe
scint. thickness (mm) 2.5 25 25
absorber layers 32 24 32
A 48 3 48
3 11/14/91

jis

G810

Calorimeter Configurations

Mqdel A Model B Reentrant
Barrel Had2
Xverse seg. J .17
abs. thickness(mm) 51 Fe 51 Fe :’:1 Fe
scint. thickness 25 25
abs. layers 12 18 12
A 36 55 3.6
total depth 9 9 9
barrel .
resolution (e,n)
stochastic
constant
411/14/91
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=" SDC / SSCL Physics Research Division
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f Single Pari n

< -o/E >
ehecalb 300 GeV calib

£Qo0 eh
{ 157 | 066 0054 | 0.73 0.060
B Barrel ‘ 117 | 055 0.042 | 0.58 0.051
I
|
|

108 | 065 0000 | - -
1.47 | 083 0051 | 0.83 0.074
BEndcap| 1.12 | 079 0049 | 0.80 0.052

Barrel e- resolution 0.115~E + 0.003

. 0193
180 -- I

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

» linear mode! B:
oo/E =0.57NE®0.042 (n-)

» good resolution:
oe/E =0.40NE®0.030 (r-)

* very good resolution:
Go/E = 0.40NE (1)

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

Jet Response

Single particle response (Emeas/Etre,
sigma_g/E) parameterized as a function

- of energy.

- Isajet twojet events, various Et ranges,
|etal<1.2 for barrel studies.

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

» same cone used for all calorimeter
cases.

Calorimeter response to-a jet is the-sum-of-
the responses to the single particles in the
cone:

it oo @ D Emas ; SusmoOuer nown- v,
Eemens = StnOc g; T in cone N
< _ N . Qewm y 9_-5‘ ; : Gousss
Bro = Eltm [CERD + X (B)] 1% S
E'u.(’ . a2 .
e = Sl E Eie ) (Mon-p i)

0194

Interpr

Understand jet resolution by studyjng:

compositeness

dijet mass resolution (Z')
H--> jet jot e+e-
missing-Et



*
. 0185 N
Compositeness e o196
« Linearity (after correction) most § g 85341
important. _ 33 giié ,EE
- determine using single particle test w s~§"‘5
- beam data + MC jets (need to know T T F,é;; |
fragmentation functions and be able to - T2 RS \Qﬂ 48 1.33%
extrapolate single particle response) H P \ ’\\-, 1 %32 5«-:
- use gamma-jet events? 2 KN N PRt tE5s
B K e deiiEs
Bigger correction ==> bigger error (?) S 3 ‘ o & §§3§§E§
. T \\\ ‘\:: 48 3 ;:_% %:;
- non-Gaussian tails must be small and vio]oe §s.:§‘§}§ g
understood. 3 VA Jg e 22idisd
W 3‘; 13433
< \‘.g 1a g ia q g
L W 18 Faseipd
Y d HEEELE
3| i 1. fi E’i 339
& . = : 8
g L . —g &} 3 ;5;5
-~ mo‘,/,, "" g! ] -g _;_.-g
4;1 s ¢11E8E]
v < 3
3 - - 0197
= Dijet M i . 0198
: s b :
'dzl ;} 33 - Use Isajet Drell-Yan events to make
¥ {; heavy vector boson of fixed mass.
Jf 3 : " Mass of two-jet event:
's'_:'s',‘:s_txs',‘

- Pjet = 3 Eifii, cones defined above. (use

S St )R true particle direction or nearest .05 bin
<2 'H = center).
1 LI 35 .
wgl: P H R N « event mass is the mass of the 4-vector
it < 4" it Q:" sum of the two jets.
' o T
ok 5 ik « excludes pileup, combinatorics and
i Y i o leakage.
I Rl . + includes calorimeter resolution,
. : |ef I . underlying event, fragmentation
2 . ‘ fluctuations, gluon radiation and
X SO | =B 1= neutrinos.
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= SDC / SSCL Physics Research Division

S )
SN 7 Recommendation

The Calorimeter group recommends adoption of an iron
hadronic calorimeter in both the barrel and endcap .
* physics performance of lead and iron comparable
* lead verslon cost + 8 M$

* re-entrant version has additional breaks In the

EM coverage
A new consensus baseline (14-Nov resolution) has
been adopted
=
-
7 11/14/91 jis W

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$

- Contingencles Included in These Cost Comparisons
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= SDC / SSCL Physics Research Division

3 L 14-Nov Consensus Design
P
Barrel EM Barrel Had2
Longitudinai segs. 1 Xverse seg. 1
Xverse seg. 05 abs. thickness(mm) 51 Fe
Pb thickness (mm) 3.2 scint. thickness 25
Scint. thickness (mm) 4 abs. layers 13
absorber layers 36 A 4.0
X0 (inc. coil) 22(1.12)
Barrel HAD 1 total depth 10X
Xverse seg. .05 . barrel
abs. thickness (t?m) ) 25.54 Fe
scint. thickness (mm) 2.
resolution (e,n)
absorber layers 32 stochastic (12%, 50%)
A 4.9 constant (1%, 4%)
[
o VWooh s e . ,!,-’yl -6y Eg
8 11/15/91 b ()._,\!t ils
= SDC / SSCL Physics Research Division
2 "I 14-Nov Consensus Design
A /
Endcap EM Endcap Had?2
Longitudinal segs. 2 Xverse segq. A1
Xverse seg. 05 abs. thickness(mm) 102 Fe
Pb thickness (mm) 6.3 scint. thickness 25
Scint. thickness (mm) 4 abs. layers 8
absorber layers 22 49
Xo 25(91)
Endcap HAD 1 total depth 12
Xverse seg. 05 - barrel
abs. thickness (mm) 51 Fe
scint. thickness (mm) 25
absorber layers 21
A 6.4 <
2
9 11/15/91 jis
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Report from Tracking Evaluation Committee

T. Kondo(KEK)



N (691 T. Kondo

Schedule of SDC Tracking Group

version 9
NOV.12

20:00 Tracking Evaluation Commiittee (ciosed)

NOV.13° Conceptual Design Report
14:00-14:40 A.Seiden Siticon tracker
14:40-15:20 H.Ogren
15:50-16:30  D.Koitick Fiber tracker
16:30-17:10  S.Reucroft Straw-fiber tracker
17:10-17:50 A.Sil Gas microstrip tracker

Nov.14 Pattern Recognition Report :
8:30-9:00 M.Corden Si + Straw-fiber l
9:00-9:30 B.Hubbard  S! + outer (all straw) Pcm-em
9:30-10:00  F.Luehring Sl + all straw gw;‘r;
10:30-11:00 D.Adams S! + all fiber

11:00-11:30 H.Ziok St + outer (ail straw)
11:30-12:00 T.Thurston Integration comparison of
fiber and straws
13:30-14:30 D.Etherton Review of cost & schedule
H.H.Wiillams Front end electronics
W.Ford Tracking Requirements
14:30-16:30 Questi and Answers to each COR

$:00-18:30 Cost and schedule (chaired by D.Ethenon)}

023

ws

Modular straw tracker .
LOR

1. Modular straw tracker: -
2, Straw-fiber tracker 3 & I A

3. Fiber tracker
17:00-0:00 Tracking Evaiuvation Commiittee (ciosed)

Nov.15 .
9:00-19:00 Tracking Evaivation Commiittee (ciosed)

Si COR

S: S+ Straw
T T

i _e
L~

counts/8 um

100 | -

o . 'y 1
—a -oet L) LY 1 008 -oo% 001 L] oot cos

{ impact parsmeter (cm) ]

Fig. 5. lmpact paramneter distributions for ¢~ (cromes) and g~ (histograma) ingle
track events gemersted from s = 0 ot Axed P, and uniformly in n over the range
inf < 2.8, Impect parameter determined from the silicon system alone for P, = 5.10
and 50 GeV/c iracks [a)-¢c). reapectively] and for the combined silicon and oiraw 1ube
sysiem [d)-N}
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Silicon Tracking
Conceptual Design Report

1991
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Fig. 1.2 A side view of the proposed tracking system design. The figure shows the
beam pipe, the descoped silicon tracker, a five superlayer straw tube sysiem, and the
solencidal magnet

Straw CDR ’
© 02385 ®

fUHEE-91-10
SDC-91-00125
November 7, 1991

sDC
MODULAR STRAW
OUTER TRACKING SYSTEM
CONCEPTUAL DESIGN REPORT

B. Adrian, D, Alexander, B. Corliss, F. Ells, E. Erdos, W. T. Ford, D. Johnson,
M. Lohaer, P. Rankin, G. Schultz and J, G, Smith
Usiversity of Colorado
R. Foster, G. Hanson, F. Luchring, B. Martin, H. Ogrea, D. R. Rust and E. Wente
Indiana University
Y. Arai
KEK
1. W. Chapman, A. Duan and J. Mana
University of Michigan

J.M:lyml.‘l‘.ll and J. Shaffer
Osk Ridge Laboratory

H. M. Newcomez, R Van Berg and H. H. Wiliams
University of Penasylvania

R. L. Swensrud and D. T. Hackworth
Westinghouse Science and Technology Center

DRAFT
Strew COR @
0244
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Fig. V1.29. Deuils of the cross-sectional view of the non-trigger module,
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Fiber PR (@
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Conceptual Design

Scintillating Fiber Outer Tracking
Fiber Tracking Group (FTG)

B.Abbock, D.Adams!, M.Adams¢, E.Anderson™, T.Armsuongi, M. Atacd-D,

AB 5B $. M.Binkleyb, F.Bird®, J.Bishop$, N.Biswas$,
A.D.Bross®, C.Buchanes?, N.Casons, R.Chaney?, D.Chrigmagd, D.Clined, C. Collins8,
M.Corcoran!, R Daviest, J Elias®, G. Eppiey!, EFenyvesO, D.Finleyd, G.W Fosterd, R.

Fox®, H.Goldberg®, HiHammackO, A.Hasani, S.Heppetmanai, K Hess8, J. Hylead,

JJaquesd, J Kaucfmani, R KeboeS, C.Kelley®, M. Kelly$, V. Keancy$, R Kephartb,

D.Koltick, J Kolonkot, . J.Kubic®, LLoedomf, RA Lewisi, R Leixchh,

CLirskis(, J.L s, , I\ 8. R McCurcheoo®, R Mcllwaisk,
s iesS, H Meadex€, F Miered, H.Mi |, R Moorel, RJ Mounmin,
R .Nelsond B.Ob!, T.Okusawa!, J.Orgeron®, H.Paikd, J Park3, J.Passaneaui,

K Penmingun®. M.Peqoff™, J. Piles®; A Pix-Ditrima®, SRéteroif, C.Rivewad,
R.Ruchof, R Scalisei, J.Schmnrk, W.Shephard, E.Shibauk, J.Skeens), G.A Smithi,
J.Solomon®, K.TakikawsP, T.Thurson?, 5.T) 5, W.T , Bal i V8,
D.Vandergnift®, K. Vasavadad, R Wagner®, u.JSU_-. M.Wayne$, J. Whitmorei, and

T.Yasuda!

Tracking Review Committoe
November 12, 1991

D.Adams, A Baumbaungh, F.Bird, R.Chaoey, C.Collins, W.Gall, K. Hess,
D.Koltick, R Lzich, A.Odetse and R.Rucht
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CALORIMETRY

(PARTIAL)

THURSDAY, NOVEMBER 14

Report of the Committee on Absorber
Configuration

Preliminary Results from Hsnging 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 of the Hadron Calorimeter Absorber
Choice on the Solenoid

Calorimeter Cost Comparison
Lead vs. Steel in HAC1

FRIDAY, NOVEMBER 15

Jet Tagging

Implications of Missing Et on FCAL
Specifications

SDC Forward Calorimetry

Impact of EM Calorimeter Thickness
on Resolution

dJ. Siegrist(SSCL)

A. Byon-Wagner((FNAL)
L. Price(ANL)
D. Green(FNAL)

C. Hearty(LLBL)

D. Groom(LBL)

R. Kephart((FNAL)

D. Scherbarth
(Westinghouse)

K Einsweiler(LBL)

M. Barnett(LBL)
W. Frisken(ILBL/York)

C. Hearty(LBL)

LPBautz:12/11/91
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4) Provide the integrated mechanical
design of the

electronies and cabling.

apphcatmn,
mcludlng dark current pulse rate,
noise, speed, ete..., using SDC type
electronies.

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

3) Demonstrate that the fibers have
sufficient radiation hardness.

4) Demonstrate the_ light collection.

in scintillating
fiber/clear fibers with two optical
couplers in series using fibers
properly chosen to match actual

expected lengths.

0295

6) Understandof the capabilities of
the system as the luminosity rises

g"ond the design

Juminosity of |
(e.g. pattern
recogmtxon. er, and radiation

damage issues).

0294

Common Issues for Stra r Fi :

1) Provide a table of parametric
resolutions.

2) Provide simulations of efficiencies
and resolutions using practical and

realistic pattern recognition.
programs.

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

4) Provide a metl‘liod to reduce the L1
fake rate that does not
significantly impact the overall
efficiency.

$) Address performance of the system

‘when used for pattern recognition
in the absence of the silicon_
Sevstem,

0296
Near Future Schedule

* Engineering review meeting on modular

straw design

December 4 (tentative)
organizer : W.Miller, H.Frisch

* Pisa Meeting

- CDR presentation of gas microstrip
intermediate tracker

- alternative proposals for intermediate
tracker

- high luminosity performance of silicon
and straw systems

- simulation reports

- tracking requirements summary
- discussion on n division between barrel
and intermediate trackers

* Fipal CDR deadline : January 20, 1992
* Tracking committee meeting

- final recommendatiop on the baseline
dewign Proposal

Sor Technical

&
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ndation

The committee was impressed by
the great deal of effort and the rapid
progress of the fiber ttl'acker design.
.This Jhas gone a way
towards xvelopmg a tmmg
concept capable of meeting the
physics and technical requirements
estoblished by the collaboration for
the outer tracker. This desi

number of unique capabilities and
should be pursued. The fiber system
as also great potential and looks

very promising for possible high
luminosity designs.

Nevertheless the committee felt
that the fiber tracker uses some_ new

and presently risky technologies that -
muast be hetter understood before the
design could be considere

2 e. The committee felt that
ig more may be known with
regaril w its feasibility as a result of
comtineeedl RED. The design report
lacked fxiformstion h & ramber of

6

0291

2) The committee focused much
attention on the relatively new
YLPC technology. These devices
are not widely gvailable and not
L'Luﬁ characterized. ThlS
technology will remain .
unacceptably risky until such time
as a broader effort in the use of
the VLPC's is 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 ether this

.gD could be satisfactoril

completed within a reasonable
period.

)

0290
key areas (discussed below) and did

not vet give a credible demonstration
that the technical goals could be

satisfied.

1) The principal concern of the
- committee was the lack of
robustness i e pa
recognition due to the limited
number of superlayers. The
arrangement of fibers has the
limitation of providing only two
space points and three in xy.
Adding more fibers would increase
the cost and add unacceptably to
!:he track.ing volume material. The
information content of the fiber
rlavers ints) is si cantly
less than the information content

dsegments). The capability of the
System is a_ fundamental issue that
must be resolved.

v 0292 @

Recommendation IV
In addition to previous

recommendations the following 1[sfsues

adequately
answers cannot be provided by the
next review a timetable should be
produced.

Straws:

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

current draw) corresponding to
SSC operation.

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

3) Demonstrate electronics
robustness to noise and oscillation
at operating conditionsina large
scale test.
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- Recommendation 1

The present balance as desqribed in
the draft CDR's between the inner
silicon and the outer barrel trackers

is approximately correct and the '
comEm: ed descoped system appears to

i 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.

oy @

3) The Committee would like to see
an all-straw design for the
Technical Proposal with robust
capabilities in the following areas:

recognition and
system to exlploit fully the large
magnetic volume for

measurements of momentum
and position.

b)ALl trigger that uses more
e axial 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
capahilities of the system, e.g.
pattern recognition, trigger, and
ratiation damage, as the

0286 @

Recommendation Il

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

2) The Committee saw Qo strong.
justi i L Lnglpsion of

fiber layvers in a predominantly
straw design. We believe the Z
#easurement requirements can be
met by an all-straw design avoiding
the complexity of another readout
tecimology.

0288

luminosity rises beyond the
design luminosity of 1093 up to
1034

4) On the mechanical design, the
Committee notes:

a) A modular approach provides a
c le way to make stereo
straws.

b) Aéxgr credlilble design must
address the issue of replacing
the inner layers for higher
luminosity operation.
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SDC Tracker Preliminary Cost/Schedule
Review Meeting

* Nov.12, 1991, D.Etherton

The Immediate Goal « Preliminary cost estimates incl:idinc
tingency and readout electronics
(Nov.12,1991) con
o2
Among the issues to be considered, ) Silicon tracker . $562M. (mistake??)
1. relative balance between inner and Fiber Intermediate $13.6M
outer trackers
i i 21.7M
2. selection of options for outer tracker Gas Microstrip $21
3. relative balance between outer and Modular Straw $49.6M  [-$47M)
intermediate trackers Fiber . $50.3M [~$55M]
4. selection of technology for intermediate
tracker Straw-Fiber $45.1M [~$52M]
committee has made recommendations on L
#1and # 2. { ] =adjusted by D.Etherton's prediction
» gomclusion:

o clear winner for the barrel outer tracker
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Tracking Evaluation Committee

members: M.Edwards/J.Dainton
J.Elias

:m'“w (vice chal )

v rperson
A.Goshew

. results are coming oul ¢ R Honebeek
T.Kondo (chairperson)
M.Levi (vice chairperson)
(H.Llynch )

d R Rachl "
* bea -Ru
300 d news exo‘st A.Seiden

(Y.Unno )
suparyeed

"Pa'"em ‘Eecq’m",i'm Stolus

A.Weinstein
constltants;

engineering:  W.Miller

o lols of assumplions B oo

culs M.Harris/T.Thurston
t/'schedule: D.Ethert
. need ,.F t‘""‘ﬂ CosTSCneti® W.Edwards
pattern recogn: K.O'shaughnessy
R &S M.Corden
' F. U‘"‘"”’) veli D.Ad
+ ol texcept D fome

RN !
wm Silicew ! G.Trilling, M.Gilchriese

0279 @: @
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Charge of Committee

- If at all possible, select a single, baseline
configuration.

Siticon
" Ownter tracker
tracker "
BASEUNE

rlatve batance 7 < |
./
T3 g

- If options are necessary, the recommendation

i
[
0
2
2
a
®
]
c
shall include a schedule and description of the ) S -
criteria for selection subsequent to submitting = 2 g
the Technical Proposal. g .
0 o
+ Evaluate the draft CDRs § s &N\_S 2
> ] = [ -~
+ Recommend b¥ Nov.17 the minimal number of _ e 9 s2 Yg 8 3
o fions fo be i « £ ° e & § <« i
e LI02 THIS 3 £ %8 § 3
* Recommend the relative balance among the “T)mME o 8 L
silicon, barrel, and intermediate tracker. s 8
2
- Preliminary recommendation by Nov.17 G 2
Final recommendation by Feb.1,1992. s
= Ay ey
§ [ [
H g
ns® -
& 53 ¢
5 212 Es &
P2 553 iz &
s Th= o ©
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Read Technigve;
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-.02 -0 -.01 —Ari - .01 015 .
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-findi econstruction
Track-finding R e s‘+ Fiéef\
31 alone o.99  1.00 0.94  1.00
sesnoamoan a2 sm 0275
Table 4. Track findimg end track ion efficy for ol
and wueas in the silicen eleme and silicon with scintilleting .fiders.
Sssslution
particle 51 =D 81+ seift
dpT/pte*2  w/rve . 1.1 0.18 -1
(/Tev/e)
- 0.8 0.16
w/o rve 2.1 9.41
- 1.6 0.1¢ A, ‘ (!:\"'
V3Gl A
phio (rsd) wrve o 0.000e7  0.00008 . .
- 0.0000¢  4.00003 l'-'-'-? SONTERAS
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re (mm) w/o rve o o.027 .3
- 012 o.o12
tan(lewbds) both .01 .. 0007
0 (am) both 1.6 1.1
T-shotosuss (am) both 2. 1.
z-muon (@m) both 2. 3. J
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0o2¢fq .

Number of hits/event/plane. ~150 0270

‘Event’ means the composite consisting of 6 -

bunch-crossings worth of minimum bias events
+ 1 Higgs event
- Mean number of hits / plane / bunch-crossing:
‘ ~20
Maximum ~33

&ﬁne occupancy as: # hits/plane(ring)Veroesing

# pstrips/plane(ring)

Rin Mean Max
i occupancy(%) occupancy(%)

B 1 047 078
035 059

.018 ‘ .031

2

3 .02 036.
4

5

.014 .023

Mean .029 049

Low occupancy = low probability of ‘masking’
of hits by events from other bunch-crossings

SAUNOHLOFIZ HUM 3L

M. Corda, @ }iégnkw @
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Report of the Committee on Absorber
Configuration

J. Siegrist(SSCL)



Report of the Committee
on Absorber Configuration

v ampact on BM calorimeler
v oampact on other systems
+ cost and engineering

These issues are briefly discussed below: addiiional information is
contained in the attached noies. The report conciudes by outlining
the 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
CALOR89.  Monte Carlo methods have been used to study the
resulting jet and mass resolutions and linearity. Conclusions are:

* model A requires a larger correction to achieve linearity and is
more sensitive to the relative weighting of the EM and hadronic
compartments.

» modet B is not an optimal design for a lead absorber calorimeter
due to cost constrainis.

+ either calorimeter will require exteasive test beam calibration 10
the highest available energy and in site  study.

- the performance of models A and B is comparable in single
particle, jer and mass resolution 2nd both satisfy the SDC
requirements.

« no physics processes have been identified that require bener

performance. The possibility thai new physics will place more
stringent requirements on the calorimeier is a3 technical risk.

3. Impact on EM Calorimeter

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

0239

0301

Deaft

Report of the Committee
on Absorber Configuration

Recommendation

“The commitice recommends thai the hadronic calorimeter absorber
be iron, and that the endcap not be reentrant. The basis for this
decision is:

. the wwo proposed absorber configurations have comparable
physics capabilities and satisify the SDC requirements.

« the lead absorber configuration cost is approximaiely $8M greater
than the iron configuration.

+ the reenirant geometry has addition breaks in the EM calorimetry.

1. Description of options

Elevation views of the configurations that have been considered are
shown in fig. 1 (model A, iron HACI), fig. 2 (model B, lead HACY),
and fig. 3 (model C, iron HAC1 with reentrant endcap). The
calorimeter par are ized in table 1. Models A and B
have the same EM compartments but differ in the absorber used in
HAC] and in the HAC! thickness. The HAC2 unit cell is the same in
both cases, but the number of cells is selected to give a totad .

hick of nine i ion lengths in the barrel and eleven in the

endcap.

The reentrant endcap design places the -iron of the hadronic
calorimeter within the currens sheet, thereby terminating the
solenoidal field. This version has a different geometry than model A,
bur the response is expected differ from this option only near
e1a=1.6. The physics analyses have, therefore, concentrated on
models A and B only. :

Issues that have been considered include:

+ performance (hadron, jet and mass resolution and linearity)

are sull underway,. the conclusion of the calorimeter 2roup is that
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 scatiering per interaction length than
iron. The momentum resolution for muons at the level one trigger is,
therefore, slightly worse for model B and results in an increase in the
level one trigger rate. The rate is less than 5 khz for either
configuration for a 20 GeV pi threshold --- an ptable level.

As indicated in fig. 5, the reentrant endcap requires the muon sieel
to be 1.2 m longer to allow the endcap to be retracted enough for
access to the wracking detectors.

tracking

The field uniformity is noticably betier with the reentrant endcap
than for either other case; the ficld at the ead of the tracking
volume is within 0.1T of the nominal 2T, compared to 1.3T in model
A and 1.0T in model B. The tracking group has. however, concluded
that all ihree cases are acceptable.

The neutron fluence in ihe tracking volume is approximately three
times higher for the lcad HACL. When an endcap moderator is used,
the fluences for models A and B are 3x10**1{] and Ix10**12
nlcme*2.

solenoid

The forces on the solenoid differ sub ially between the three
cases studied. The compressive loads are 308, 1150 and 1700 t. for
the reentrant endcap, model A and model B. The solenoid group has
indicated that 2 new slloy developed for this purpose will. enable
even the largest of these values t0 be iolerated. The lower values
represent a larger safery faclor. I necessary, it may be possible 0
increase the safety factor by increasing the conductor thickmess or
reducing the nominal field.

0300

0302
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5. Cost and Engineering

Both the iron and the lead hadronic calorimeters are technically
feasible. The lead casting method has a larger technical risk, which is
* eefleceed in a larger contingency in the cost. The cost of model B is
estimated 1o be $8M greater than that of model A. Using {ead only in
the barrel HACI would increase the cost by $5M. The largest
difference is fabrication of the absorber,

The Model B barre| calorimeter is heavier than Model A by 211

tonnes (10%); each endcap is 136 tonnes heavier (19%). The support
Structure would reflect ihis difference.

Detailed engineering has not been done for Model C, and
NO cost estimate difference i
increased lengih of the muo

. therefore,
S available for the calorimeter itself.  The
0 steel is estimated to cog $1.5M--$2.0M.

6. Consensus Design

The calorimeter group has reached a consensus on the design
summarized in Table 2.  The design is similar to that of model A,
with the calorimeter thickness increased from nine to ten interacyion
lengths a1 e1a=0, The reduetion in leakage simplifies the calibration
and Wweighting of the hadronic calorimeter, which is likely to be

complex.  The thicker calorimeter will have better efficiency for high
Etjuevmsdnem,m ¥ i . The cost i is.

estimated to be less than SIM.

Other parameters that are still under study include the endcap EM
configuration, which is different for models A and B; 1he optimal
location for the HACI/HAC2 boundary; and the transverse
Segmentation of the HAC! <compartment.
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' 7" SDC / 88CL Physics Ressarch Division o Toble |. Parametes bcm’ﬁ'hmc‘ﬁms ConNs | aurcw

" T™SDC/SSCL Physics Research Division

Calorimeter Configurations

r Calorimeter Configurations
ModelA  ModelB  Reentrant A

' A ModelA  ModelB  Reentrant
Endcap EM

Total Depth eta=0 9 91 9
Longhudinal segs. 2 2 2 Total Depth eta=3 1A 1na >11A
Xverse seog. .05 05 05 Barrel EM
Pb thickness (mm) 6.3 8 ¢3 Longitudinal
Scint. thickness (mm) 4 4 4 Xverso seg. g5 o 05
%o yors n 2 3 Pb thickness (mm) 32 4 32
Scint. thickness (mm) 4 4 4
Endcap HAD 1 aggorber layers 3261 2219 ]
21
Xverse seg. .05 A
abs. thickness (mm) 51 Fe 315Pb sﬁ. Barrel HAD 1
:c;nt. thickness (mm) 2.5 25 25 Xverse seg 05 1
sorborx layers :1‘ 2 21 abs. thickness (mm)  25.4 Fe 21Pb 254 Fe
. 44 64 scint. thickness (mm) 2.5 25 25
absorber layers 32 24 2
A :
5111381 s § 48 3 48 =3
b 311/13/91 s =t
-3
=== SDC / SSCL Physics Ressarch Division
L0 e SDC / SSCL Physica Resserch Division
Caiorimeter Configurations
: Calorimeter Configurations
Model A Model B  Reentrant .
Endcap Had2 Model A Model B Reentrant
Xverse seg. 5] R 4 Barrel Had2
abs. thickness(mm) 13‘5“ Fe 1& Fe g Fe Xverse seg 1 1 1
:cb';'i ;;'ggs‘“'“‘ 2 0 7 abs. thickness(mm) 51 Fe 51Fe 51 Fo
- “ 61 43 scint. thickness 25 25 25
A - . abs. layers 12 18 12
A 3.6 55 36
total depth 11A 117 11A — — a—van
barrel total depth 9 9 9,
barrel
resolution (e,x)
stochastic
) ) resolution (ex)
nt stochastic =
8 constant =3
6 111391 jls= ®
41113891
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from: CSA::GILG 20-3EP-1991 16:12:35.60
To: @CAL_ABSORBER
o ATECHANICAL_BOARD
Sue: U,.u:.._..aﬂwn absorber configuration owﬁw
m»n¢un repiy tO me and 5 Jim Siegristissivxl:iisiegrist) if ycu are

wili tO Serve On the ccTmisi:ee presented velcw. We muit put this group
together very quickly. Please respond ASAP,

PREAMBLE

Scintiliating tile/fiber calorimetry has been selected as the choice for
the central calorimeter of the SDC detector. We now have before us three basic
choices for the configuration of the absorber in the hadronic section of
the calorimeter: (1) a lead section(HACl) followed by an iron section (HAC2)
in both the barrel and endcap cegions: (2) an iron HACl and HAC2 in both
regions: and (3) a lead HACL and iron HAC2Z in the barrel region with an iron
HACl and HAC2 in the endcap region. In the case of the iron-loaded endcap,
the possibility of having a reentrant endcap to provide a more uniform
field must be congidered. We must move as rapidly as possible to
select a single absorber configuration.

CHARGE

The hadronic absorber evaluation committee is charged to evaluate the
relative calorimetric performance and physics capability, as well as cost
and engineering feasibility of the configurations described above. The
Technical Board will make a recommendation for the optimal absorber
configuration, based on the committee’s ewaluations and on its analysis of
the impact of the absorber choice on the other detector subsystems.
The committee is charged to prepare the appropriate reports and presentations
for the collaboration meeting of Novembur 13-16. If sufficient data
are in hand at that time, the Technical Board will be requested to make
a recommendation for the hadronic absorber configuration. If not, another
date will ba set to formulate a recommendation.

MEMBERSHIP OF THE CCMMITTEE

Chairman. .. ... .. ..ievniianeeinnan J. Siegrist(SsSCL)
Calorimeter options............... D. Green(FNAL), G. W. Foster(FNAL),
L, Nodulman(ANL), J. Proudfoot (ANL)
Physics performa C. Hearty(LBL), M. Shapiro(LBL)
Cost/schedule. W. Edwards, D. Etherton and WSTC personnel
Engineering... L. Bartoszek(FNAL), N. Hill{ANL), W. Pope(LBL)
M. Harris/T. Thurston($SCL, ex officio)
Others.. . .......civiniirennnnrnns G. Abrams (LBL), J. Erwein(Saclay),
W, Frisken(York), K. Takikawa(Tsukuba),
B. Wicklund(ANL)

>383Qr.h A Comm, Thee 3~§wc,w?1 and mrovwﬁ
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Preliminary Results from Hanging File
Calorimeter

A. Byon-Wagner((FNAL)
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* Some Mumbers in M- Tech : : C ¢ 40328
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bem spill time = 19~ 33 ¢ec
= ok (10 GV W)

# of FNJRUe_s /sri“

a5k (366eV )
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3M (a3 GN)
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Rune o —Jme EPPEY
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ROOQ507FO1 . FSP 11780 7-0CT 07:12 227-pi
ROO0B08FOL. FSP 12028 7-0CT 07:20 150-pi
RCOOBO9FO1 . FSP 13144 7-0CT 07:25 100-pi
ROOOE10FO1 . FSP 13082 7-0CT 07:32 60-pi
ROOO11FO1 .FSP 24118 7-0CT 07:39 - 28-pi
ROOOS12F01 . FSP 3999 7-0CT 07:61 [
ROOOS13F01. FSP 682 7-0CT 0809 pedestal
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CO00SAFO: .FSP 908 20-0CT 08:18 pedestal
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AOG0BETFO1 .FSP 2844 20-0CT O7:8¢ S0-pi
MOLOBEIFOL . FSP 0442 20-0CT 00:13 286-pi
RODOSSEFO1 . FSP 744 20-0CT 00: 44 podestal
AOV0SEOFO1 . FSP 33048 20-0CT 08:83 18-pi
MO00S43F01 . FSP 568 20-0CT 10:08 podestal
M000644F01 . FSP 2004 20-0CT 10:10 -
ROD0SASF0) . FSP 20212 20-0CT 10:38 -~

>qol @ usaye R Beamtime



ADC Counts

Mognalia fald (Coum)

)
ey R T Walic
X ALL TRACKS mn
1 A o ignificant Source
] ¥ | of material
3 ig _
e T b Run 672 Electrons (Total Triggers 16740)
-2040 -2000 -1960 -1920 140 160 '
Position in Bend Piong (mm) oV .
et wovswcran Total Trks Reconstructed . 6730 o7
angle
~no\e .
Doint
g — Vi ® 4676 (2t
0333 &
0334
M-Test Magnetic Field Linerity Pl:{“m .00 11/ 1651
‘: T ::: \' T 1 T ;é ] . 1RUN 6‘72 —FELECTRUON'S e
0 . o ? cos E Sewv _.i §5°° B Enrien |‘|‘02::11
' Jentf if : 5 35
. 'S0 : 602 F 41 w b z:m\ :;;::4
(X 10 3 3& Sigme 2.048
! s 1 Leiasd ) R ° M Z L ]
02 o4 08 O 0:1 A 0“ .f. .“
Cpicure Sotte Vaiue (hewmpe) Epicvs Sot =t Yoius (Whsemps) 300 | “
9000 [ T T T T
2000 ] omf E
7000 4 0018 E ;
so0e 4 ooz ER 4 200 4
:: 4 ocoe | E "i
»00 : el 3 R ir '
000 b O i ! 100 | B
1000 B F mauadl 120 - g 1
o et e heet 0 ik T )
Upicurs ont-te Yaiue (amee) Estoure Set-10 veive (empe) b
0\00 102 1(;6 \0‘? A“é! \:0 - 1'112 114 16
P "‘sloc Counts/Narmemum (Gev™')

20000

18000

18000

14000 F

12000 |-
oo Lt

0331 . 0332,
R. W. Kadel

Nov 11, 1991

Magnetic Analysis M - TEST

(ISD GeV) 00/11/91 1254

RUN 672 — ELECTRONS

T

0

4

B!
J

test beam ) CDF

cuk on P&‘M n BUJPM -> 2.'/“3?&‘1
'Eyd‘ ad on W—U&er counters > ~O5% .?&d



335

Raz Plan of of Reconfigurable-Stack Calorimeter - T841T
JAugust 16, 1991

** 1 caiendar week = 4 successful data points ~ 5 shifts of muon calibrations
1. System Debugpng (2 weeks: Aug 19 - Aug 31)
2. Checkout configurstions (1 week: Sep 1 - Sep 7)

* Muos running : d calibration proced
» EM resolution tests (1/8" lead)

3. Ref H parison ith published data (2 weeks: Sep 8 - Sep 21)
.1/2° 1" P
o 1%, 2" Fe

4. CDF configurations : (7 weeks: Sep 27 - Oct §)

o Pb EM + 2° Fe + 1/4” Pb ' (Pb upstream or downstream of acintillator)
« PbEM + 2" Fe + 1/4° Pb + 1/8" Al (teas of cladding)
o CDF Central Calorimeter 1/8° Pb EM + 1" Fe hadronic
. SSC BADRON coufigurations (3 weeks: Oct 6 - Oct 12)
o Lacd insert tests: 1° Po + 1/4° Pb (Pb spstream or dowrastream
of sciatillator or baried in middie of Fe plates)

¢ Claddiag tests: 1° Fe + /8" Al (Al upetream or downstream of scintillator) or
1"F 41/ Pb + 1/8° Al :

o High-lead tests: 1/2° Fe + 1/2° Pb or 1/4" Fe + 1/4" Pb
(PY apstream or downstream of sdntillator)

. §SC Hybrid/back-catcher configurstions (2 weeks: Oct 13 - Oct 28)

® 1 A PY + Pe/scintillator Hadron
¢ 3 2 Pb + Fe/scintifiatoc Hadroa
© 3 A Pb + Fe/scintillator Hadroa
¢ 4 2 P¥ + Fe/scintillator Hadroa

. Messurement of albedo loss (1 weeks: Oct 27 - Nov 2)
. Data 10 tune up Hadronic Cascade M dos ( ind
« Rua with "dead” plastic inserted into stack

o =

of run: Nov 3 - Dec 15)

metassessessnatcsstitntan

o« BN o (7/8% Pb o+ SCin)e20 ¢ (1

ROO0721F01 . FSP
RO0Q723F01 . FSP
ROOD724F01 . FSP
ROOO735F01 . FSP
ROOO738FO1 . FSP
ROOO7S7FOL . FSP

o Additicasl configurstions to darfy say di bet the M e
and haaging-le data
1CDY mdping s PV EM 4 3° o plases + X
1
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estesesseeessrtceteenntrae

in)s36
1900 227 -pi
1400 160-pi
2300 100~pi
1400 50-9?
1300 26-pi
1100 10-pi

o Blo (1°Fe o

ROCOT48FO1 .
ROCO749F01.
ROOO750FOL .
ROOO781FO1.
ROCOT§2F01 .
RMOOO7B3FOL .

444344

1/8°A1 » Scin » 1/8%A1)e21 o (1°Fe ¢ Scin)e34
850 s-MOV 227-pi
00 80V 180-pi
1000 -0V
00 N0V
900 N0V 28-pi
600 &MV 10-pi

o (1/4%P% o 25cin)e20 o (2°Fe o

AODOS11F01 . FSP
ROOOS18F01 . FSP

25cin o 1/8%A1)e27

12-40v 227-pi
12-M0V 100-pi

1850
1300

For  now
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" Bean Emay'
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evergy

Run Run
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¢ (1* Fo + Scin)ebs
RO00897FO1 . FSP 1700 24-0CT 227-pi
N00704F01 . FSP 1100 1-NOY 150-pi
AD00708F01 . FSP 3000 1-NOY 100-pi
RO00706F01 . FSP 2900 1-NOY 80-pi
ROOOT07FO1 . FSP 850 1-ROV 28-pi
ROOOTCFOL . FSP 950 1-N0V $-pi
s B e (1° Pb o Scin)eg2
ROO0E79FO1 . FSP 2800 11-0CT 227-pi
ROC0E04FO1 . FSP 2300 13-0CT 100-pi
ROOOEBSFO1 . FSP 2500 13-0CT 60-pi

1.FSP 3300 13-0CT 25-pi
RO00E97F01 . FSP 1200 13-0CT 10-pi
. 1.FSP 1700 13-0CT 16-pi
s WY lowerad by 30V for sl! channels
RO00824F01 .FSP 1900 10-0CT 100-pi
R000828F01 . FSP 2000 10-0CT 50-p!
RO00026F01 . FSP 800 10-0CT 28-pi
o B e (1° Fo o+ Scin)es

P 2200 20-0CT 227-pi

AW008E4FO1 . FIP 2100 20-0CT 160-pi
A0008EEF0L. FIP 8400 20-0CY 100-pi
J000SS7FOL . PP 2500 20-0CT 8O0-pi
ADCOSENFO1 . FOP 1000 20-0CT 2-pi
AO00SE0FO1 . 850 20-0CT 16-pi
RO00E78FO1 . FOP 600 21-0CT 8-pi
o B o(1°Fe o 1/8%AL o Scin « 1/8%1)eS8
AO0OTE4F01 . FSP 2900 8-N0Y 21-pi
ROYOTEEFO1 . FSP 1200 | aeid 160-pi
A0OTETFOL. FSP 3000 | aeeiid 100-pi
ADOOTENFOL . FSP 1300 -0V 60-pi

1.FSP 900 | aeid B-pi

1. FSP 600 [ il 10-pi
AOVOT1FOL . FSP 800 -0y 16-pi
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e/h Simulation
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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 = Gi@if ©.C1>

(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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0413
ingle Particle R ns

Goalis to find a set of weights for each
case:

Emeas ==\A/ngf5nu + WemEBem—+ WmEn +
Wh2Ehe

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.

0415
T : Homogen Model

Divide 81 layers into 3 sections:
EM, HAC1, HAC2
Code gives weights (e/h method):

89.2 91.5 92.4 (expect same value for
all sections)

. eh=1.08
. E/E=(0.37 £ 001NE (o)
=(065+0.02NE (n-)

(no constant term)

Linearity AMDB pi, 0. 89.2 89.2 89.2

0414
Method Used to find Weights

> goal is achieve linearity, rather than best
possible single particle resolution
(linearity ==> better jet resolution).

» MG and EM weights selected to give
pest e- linearity 210 GeV

» ratio Wn2/WWhi selected to give best
resolution for 300 GeV pions. (i.e., make
Hac2 look like Hac1).
> two different values found for Whi:

- fit measured e/r for E> 10 GeV to
extract e/h and Wh1 (use Groom's
formula for e/r vs E).

- Select Whi to give e/n=1 at 300 GeV
(using all pions)
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E/pi vs E, AMDB, 0. 89.2 89.2 89.2
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0419

Nonhomogen Model B

« e/h weighting gives hac1 weight = 90.6
- very close to correct (homogeneous T
case) value.

-eh=117

Tllr_rll

« 0e/E = (0.55+0.03)/VE & (0.042+0.005)
(pions)

==> EM section results in lower
stochastic term but induces a constant
term.

(calibration at 300 GeV gives slightly
worse 7- resolution).
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Linearity AMABy pi, 23.2 9.52 86.7 170 barpel |
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SigmaE/E **2 vs 1/E, pi— AMAB all 300GeV Wt

Barrel e- resolution 0.115~E + 0.003
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A Endcap || 147 | 0.83 0.051 | 0.83 0.074
B Endcap| 1.12 079 0049 | 080 0.052
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Jet Et Nonlinearity

Jet Response

Single particle response (Emeas/Ewrve,
sigma_E/E) parameterized as a function
of energy.

> Isnjat twojet svents, various Et ranges,
|etaj<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.
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Calorimeter response ta a jet is the sum of
the responses to the single particles in the

anuay g / sesuny
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(0p/E)? vs 1/E, B Barrel, e/h

ases 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:

ce/E =057NE®0.042 (r-)
« good resolution:

ce/E = 0.40NE®0.030 (r-)
* very good resolution:

ce/E = 0.40NE (n)

All of these have e- resolution of 0.115~E
and have < Et-meas/Et-true> = 1.
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Interpretation 0455

Understand jet resolution by studying:
* compositeness

* dijet mass resolution (Z')

* H->jet jet e+e-

* missing-Et

BNOVe1

HEA12:03

0454

Jet Resolution -- Endcap
» 20<|eta| <25

- single particle resolution flat in Ez
across endcap.

» ce/lE approximately constant, Et=200
GeV:

model A: 6¢/E = 0.030
model B: 6e/E = 0.022

0456

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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FIG. 42. The ratio of the observed jet cross section including compositeness to the QCD
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SUMMARY 4 Jet Resolution 0464

pion resolution barrel

barrel model A: (0.61+0.02)/NE & (0.016+0.002)

model A: (0.66£0.03)NE & (0.054+0.005) model B: (0.51+0.02)NE @ (0.011+0.002)
model B: (0.55:+0.03)/NE & (0.042+0.005) endcap

endcap model A:  oe/E = 0.030

model A: (0.8310.03)/NE & (0.051+0.005) model B: ce/E =~ 0.022

model B: (0.7910.03)/NE @ (0.049+0.005)
t Lineari arrel

ion lineari rrel and en
A: < Et-meas/Et-true> = 0.93 - 0.95
A: < Et-meas/Et-true> > 0.85 - 0.90, E210 B: < Et-meas/Et-true> =~ 0.97 - 0.99

B: < Et-meas/Et-true> > 0.95, E>10
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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Analytic Characterization of a Two
Compartment Calorimeter

D. Groom(LBL)
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Impact of the Hadron Calorimeter Absorber
Choice on the Solenoid

R. Kephart((FNAL)
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Purpose: To _study the effect of barrel and 1
endplug proximity on the coil -
compressive and decentering forces. With <
20 cm reentrant endplug, model __‘L -
corresponds to that used by Bill Foster T g
in EGS simulation. s &
ot
<5 N
] Approach:ANSYS 2- i etric finite element __LO .z
- model, vector potential formulation v 3
€
H T
Endplug: Modeled as iron/scint, with haci and 1 A "';
¢ hac2 regions based on Fermilab <
calorimeter conceptual design. lron _and i é
air_ modeled as discrete finite elements. AN LY
s
At
Barrel: Modeled as iron/scint, with haci and 4 &
hac2 regions based on Fermilab L §
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M_\ .
‘i § PO
8§
| Q\E-E{
0478
0473
y —
: 3 L3
a 1 3 g &
« % - -
5 1 o . A B
=301 oaany % o 217
258y 5. 38 2 =, . tE & =«
FaZEr z2sel) 5 g8y _2leg f_\ E
— < CHE I NG 525
— Jis & v ittt 3 3 053
A I 1 3
© 3 L = < " ~]
~ pe M :y- i ‘; : \' U %—"' =
S e < = p r 7 -
_ I i A
2 E ......... . & o o
. \Z ] ; TE s PR
r ",!' \t’ -
“ < ¢
h; cX
o e }2
S| N rS
of ¢
Y
= L2
gz 3
\vi x b 9
ol T 3 %7 =
ity i —]
: o
N 2
¥ g
3 ~ 3

9]

154

Gurs

3
(2%
2.0

10 -

os-

e
Y



e

45

RS

20~

WlTE st

16187143

Be - anahiz Lol

10 Gt nbioy Ur vty
am——

2

J TS
*D1sTe3. 008
o ep a0
ST a-b.88
L nad
»w

Bz -Awal 4 hd

20 o peest o endyggll

(Tu for )

€8V0

359

2

A1 4]

WRIE et
1667148

PO M. 2
PREP ELEWENTS
TYPE sam

Bt arnd V4400
Eodurlt ¢Gre.
b(:aw\«\(\/\'cn\ b |

vl
1.

~ FIsT (ren Ead wall
= reentront Em

WOTE W
18cdria

MOt M. 2
PREPT ELEMENTS
TIPE N

v

Bz axgd 15 fiedd

odwall o L,
qurrent sﬁn'

1sto

0870



Coll rorce (ronnes,

T WPTD alet?
esrian (?)
50 POT 0. 3 -
PREPT ELEMENTS
Ve
w o
357 *D15Te2 408
P ot.d0s
oF =-2.68
Nezese
30 e
25
eo-
15 -
Lo -
&
&
U5 tw
? Br-radicd P Geldd
20 e rectbont Crdand
T T T T T
(o} 0.5 10 15 20 25 3,0 55 46 45 so
[ =]
-
w
=2}

S L.;’-.y do I cate abed  Ziea fegalion Hrswcr

,/:‘I(f, t

Coil Force vs Central Field 7™ "

for 20 cm reentrant endwall

it
18167100

PLOT MO, 2
PREP? ELEMENTS
TYPE w

v e
+01s1a8 u0s
oxXf of. 400
ofF eeg.86
oniese
et

cpt il EnpwnLL

_E)_r rodiol W el
Codeooh Loy

S0

OtTw— x

200
0 - ~ — 3 \ .
~ o -~ -
~ ~ d: ‘ii (& e-l-..’ T2}
—-200 = e <
~ d= "-li)_‘cmtl\du(;”\+&
—400 i 1' EY N - cnl(-’cfrl
Sdao] (Flosh E.\awﬁ .3
~ N
-600 -
N\ <~ Guesg
-800 \ *
d= | +20un endhipadl fae * R
- ~
-1000 -~ A
"I
Elt}£rd u_-:)l 41 con endusall 3
- i uso
-1200 . 1 T o
000 025 050 075 1.00 1.25 1.50 1.75 200 225 2.50 g
~1

[&:141)

AT Lixed  sTress fovel /': The cuil Central Fleld (T)

== fouviol chaedd
4Ky (uTérvaly
WETE et
18167140
Berodat i
Gduott Ho b0t
currend tha |
[
'
@
3]



048s

&
ot
z
o0 o
- [
° {8
(=}
Wl
o
|8
<
iz
o
=
¢ o]
2
[
3
2
o
N
s
{
2
3
2
z
T
|
p
7N
.
It
°
o
w o~
ed ~
<
L .
g =~
=~ H
T
oo
¢ A
IN
“ £
H
by
~n
N «
s 7
. <
i
~ .
“ o
o <y
.
~f -
[
©
<
S
.
AP
~
k]
L
IS

|

SAMPLE D

Lc MPA

are

7 levels

Siress

snductor

"/ Y]

1 mMp =

~
~
red. T g

(2]
us)
LN 1]

~

1

.\l
(1o}

> REDUCTION 5% +130°C x 10H
AEDUCTION § % +130°C x 15H"

o NOCURE (=1

|
|
soc.»

EL Limt
Tr0e P11

66 MPa

O.l MP v ifPE2
Table 3-6. Mechamcal stabulity of the SDC cou.

ATm

1
Element

were

1

H

Qeoe PsI

. REDUCTION 10 % +130°C x 10H

HH

59 Mpa

59 MPa
k]

pure Al (3N8)

Conductor

;'3
.
>
[ad
T
)
J.'l
I T
vl
o e
xcﬂ
J
Ple s
3=
T
23

= REDUCTION 10
REDUCTiom o

[

a00
200

<! } I't(l;‘.'lzfy ot §

59 MPa

<4

>100 MPA
169 MPa

(8x173)
o

GFRP/KGEPP
A-5083
Epoxy

Cylinder
Cyl.. Bonding

Insulagon

neek

O bt yov

— = -

us. (@a K) Elogaton

147 MP2

155

of pure Alas 3 fi
Y.5.@77 Ky

31 Mpa

76

Reduction

Table 3-4. Yield s

51.71%
42.6

0

626
-2

330

0.2% YIELD STRENGTH (kgt/mm2)
RRAR v.s. Y/S in SAMPLE D

10% + cure

—26s PPN

153 46.1

9

0%

485

(mpurity

amouaT of cofd wark ?

Can  ve canlrel

1) erry:

/.
-2
~
N
14
f
k]
7.&0—-.
~Ee
L v o,
:.
<R
[ VY
[N 1
-
LY
5
£i
m A
o
mnl
T 8
L
<
¥
v
~
31 k
e 3
MR
o
¢
)
13
—~~
L .Y

~
¥E o
v
P L RY
r"m\
<
e
50 Waa S
- EVERN
e 53
NG B
T S
va Yo
s °
L]
wfn&cfn
- s
I I S
PR °
PR <
G Ry
o 2
sﬂ/w.ld
AN
“
<rb/ G
« e
LT G
;Fom
w
- S
A v oo
e XL
g W
/L-"f,
8 ¢ ¢
-
CuJTu_
i
+-
°
>
- ’

0491

@

0490

&

A::mv\u k..:\....bbf\

1D D2

\ ;xu,i\u.i.\tf\. :u\x;\.nu,\

T

L3 dn motds | mmc% x:\:w \:.t

250D .N.M.\QS ,\\U Joo\ $993

'

ﬁ'."::.

R

34

T

R
i
I

eriting | Pata

- T
T
=
= ]
-1 m
B a
= =
b "
1 x
= g
= z
m .
] (4 J
w i
Zyeem @ ”w
] 3 ¥
A Z
. I " —~
—1=
] hZ
- @
S u <
HE
>
<&




@
= —_——— w
—— e e =
= _—————— w ¥
— s
H
-_——— @
(@]
' J B
T — z ¥
N .
\ ) e/ (8]
5\ — o
' o
N
w
; I
;
S T
3 =) <
- ~ -
0 “ [
> =
1 3 : ﬁ';
o %
-
o H
o
[ 3 u }\
B3 k
I A W
s : - _
N -
n \ .
ol —
) ¥
-
0494 0495
ET PESQLUTICN VS ETA
T -
B ‘ ’ - = i ; T 7
F Fyph peeetss Co
Miggine ToweR 1 L
4 PROTECTIVE 1ReM
SUPRORT PLATES ®
3 modet B P :
E 0.3 SONENSEE ! 7
- 5 Lo i geestes
\ e b /
\ - : ' ! s
z o 4
T O . :
------------------------ - r_—{ y
_____________________________ 5
[ 5
=
(@]
@ 4l
w
W @
H —
a. « o
3
[
z
L L L i L 1 i 1 l )} 1 1 1
O O 1 H 1 iJ ) S T ‘ ) J | l el L 1 \ Il 11
' T n 1 1.2 1.4 1.8 1.8 =
> ° ETA
‘> ‘
Cfeimanry C°"<("Jf TL-T Edqge h {1 e e{‘{ﬂr on
- NOI‘LH—IOSEU 13 ,‘\ Resoit 7 , * ‘ MARS TurreT (55¢

" overall Erm resefulien + [,e,...e'f,“;f’

GEANT B #O
. . . 4

;? e ~ hutar dac



DC Cenrf'r"mq Fcrceg

l\\\

————
AXIAL
"’,/Vo Tren
(HAC-t 2PS) &S5 T/eonm
d=
2o % Aot Jene
° Yet
-0
L 76T e mm

reetnst

T

PRIveitLe A rence

0496

<5'r/a.o... 20

Expeted

Smee lf

5 Tfeamm XoT

s The axie! dece.h,,;,

U
herce ’Z" The  reectrnT  dan Ceses, C"u(DF>

M
radid seo oparT  regeirement

by Ceil werpl 7. Lor ~all

o Much  meTeri! s req-}rn/
CIA( C’pfet-rs on Em

are delermined

de:/’.q;

-por s-y/or'f!.

Cq/-rl'lq',fy e srf// U"J?"

STWBY . .. bot WNe? o mrajer frn‘/e’*)

0498
?,
vy
%l
;;’ ~<
2 -
o 0 -
) P ¥ C
- o 0 -
. HERY
3 ‘;‘7 _C
- N N C
L -—
— C
’ C
o) L. = (({
- RS
< 5 a 2 -
T O %u L2
o - o @ C .
9 S N
5 .
o % o o
B 0 e
g o 23 c
( A< -
@ (=] ~© -
~ 5 2
£ x. ] -
. (%] -t -
g 2 ) -
@ [ £ (T
) - -
A -
' n q
[=]
” ¢
o p
C
o C
o]
o - ) ™ + cu @ - E

BOqQIoou reudip (o)

C\ '
snc.vilenls
-

2)

0407
N
wi
Qw Lot
v e -
> I .3
- - o
= 3 1
¢ M
o 3 1N ©
2 : Z1-
O N - - - -
B <l -
T \t -
)
(i) % o
A\ -
n € A~ ~
a 2 =8 z
> 0l o O
n ", =
\ c S - o
v <« 8 = 2
. o 3 (%) o
a s & -
> & @ ® 3
3 - ‘g (=} 3
2 =
< g e =
-~ ]
D o o o
- © o
C s 273
o 2 o =
- l ' -
1 ‘ =]
C
4 ™~
- =}
O
5 | 1.
T [=]
§ ~ [fe) ['s] ~ L o~ - o
(ox) uwibue uoyoipOY
0499

Fe absarber -/l, HAC-1 in The endwdl

regien can reduce Tie Lorces an

the

5¢ Coil and Jleed ei’ler 7o more censerslie

designs or Ai,l.er ‘Ccentrel  freld

Vl/vf‘.

Trom n close ,’relfh-ﬁ‘y 7o The end of

Tlhe curreal sheet results ia Very Un-.ﬁr-v

p.b(/i /.n rie Tra C.LI.Q’

Volvae.

we are qs:e-.b/u'v, 7e Todls 7o

Varioos  ‘tren ’oo-ufp;e:
96"‘101";93 M-’ Aquc
on EMm herm 07,';.'7'7

F/‘e V/'ous// f-/vevilf.

i detail,

< Sﬂ'!//f’

and reselslien

;ful/

7hoese

rompac?
r"ﬂ







03500

Calorimeter Cost Comparison Lead vs. Steel in
HAC1

D. Scherbarth(Westinghouse)



CALORIMETER COST COMPARISON

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

Vieograph }

ows
QRILT]

AN Parameters For EM and HAC2

Volume, or Envelope, of HAC1

Barrel; 74.7 m’
End Caps; 45.7 m?

Depth (») of HAC1

Barrel; 28 » @ n =0

End Cap; 46 x 0 n =3

Transverse Granularity of HAC1 = 0.05 x 0.05

Total Depth

Barel; 9, Q=0
End Cap; 11 A @ n =

3

€080

 Westinghouse
Science & Technology Center

CALORIMETER COST COMPARISON

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

Descope 20
{Lead)
BARREL HAC1
Absorber Mati. Lead
Cell Depth (cm) 2.55
Abs. Thk. (cm) 2.1
Tile Thk. (cm) 0.25
Tile Clearance (Jcm) 0.2
Tile Volume (m") 6.53
Tile Quality 133,632
Total Mass (Tonnes) 693
END CAP HAC1

Absorber Matl. Lead
Cell Depth (cm) 36
Abs. Thk. (cm) 3.15
Tile Thk. {cm) 0.25
Tile Clearance (;:m) 0.2
Tile Volume (m®) 2.87
Thie Quantity 88,384

448

Total Mass (Tonnes)

Viewgraph 4

ows
nie

Descope 21 A
(Steel) 20-21

Steel

3.129

2.54

0.25

0.339

5.97 0.56
108,910 24,722
482 211

Steel

5.877

5.08

0.25

0.547

1.94 093
54,142 34,242
312 136

Westinghouse
Science & Technology Center
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CALORIMETER COST COMPARISON

LEAD VS. STEEL IN HAC1

D. W. Scherbarth (Dave)

Viewgraph 1
ows
1

1050

CALORIMETER COST COMPARISON

Viewgragh 2
H Westinghouse
Science & Technology Center

COST COMPARISON METHOD

» Cost and Design Data Base for Model B Was Used

* Two Descopes Created
- Descope 20, With Lead HACt
- Descope 21, With Steel HAC1

*+  Descope 21 is NOT Model A, as Described In COR, But a Version
of Model B, in Which Steel Has Replaced Lead in HAC1

¢0g0



L ~ -~

CALORIMETER COST COMPARISON

Viewpaph ¢
DWs.

STEEL VS. LEAD

Steel Absorber is Cheaper Than Lead in HAC1

Base Cost Per Lb for Lead Is Shghtly Lower
Lead: $3.88/b
Steel:  $4.30/Ib

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

Total Calorimeter: 27%

Steel HAC1 is Lighter Than Lead HAC1 by 345 Tonnes

Westinghouse
Science & Technology Center
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CALORIMETER COST COMPARISON

LEAD VS. STEEL IN HAC1

Basefine Cost (Descope 20) Has Lead in HAC1 of Barrel and End Cap

to Descope 20

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

« Contingencies Included in These Cost Comparisons

Replacing Lead with Steel in Barrel and End Cap Saves 7.9 M$, Relative

ﬁ:’. ' Westinghouse
Science & Technology Center
CALORIMETER COST COMPARISON
LEAD VS. STEEL IN HAC1
Total Cost Delta in Favor of Steel . 7.9 M$
Delta Caused Directly by Absorber Materlal 5.8 M$
Deita Caused by Tie Count 1.9 M$
A Tie Count = 58,964
$32.72 Per Tie
Delta in Support System and Weight Bearing Tooling 0.2 M$
ows ! @ Westinghouse §
>

Science & Technology Center
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SOURCE TUBES
"LEAD

Casting into matrix, requires tooling
for positioning and routing.

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.

0515

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.

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?
Who determines the~focation:-on barret®

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

0514

0516

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.
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SAFETY ISSUES

SOURCE CALIBRATION TECHNIQUE
What are requirements from DOE on

Lead handling? ~ EDGE ILLUMINATION
Lab personnel requirements? Easier routing.
Contractor requirements, liability? Uniformity?
Potential for DOE oversight on Tile response?

contractor activity?

FACE ILLUMINATION
More complex routing required.
Improved response.

Improved uniformity.

051y
Eng ree ~g Issues

LEAD RADIATOR EM

Cast
Limit 4 mm thickness.
Source tubes cast in place.

Additional cost of 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.
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Jet Tagging
K. Einsweiler(LBL)
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Implications of Missing Et on FCAL
Specifications

M. Barnett(LBL)
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IMPLIC ATIONS OF MIssING E 0545

ON FCAL SPECIFICATIONS
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Geomaetry of Forward Calorimeter
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18-31/1991 11337 UF ASICS 904 392 @524 P.02

Preliminary Ramaarks: R, D. Field

@ Cell sise and rapidity coverage appear to be the important factors.

o Smearing does Rot seem to be much of an effect,. However, I must do more work bere.

nSunn-rydul-‘lminbr;n.rd(!<n<5)mdbukwd(-5<v)<—8)np'm:
1. 060 colle A9A4 = 0.1 x 7.8° ig excellent. Going to smaller cells does not buy you
aqything since at this cell size {ake missing Er is dominated by the rapidity cut
(i, Inl < 8). a6

2. 20 colls Ago¢ = 0.2 X 15° is still

3. 60 cells ApA¢é = 0.4 x 30° is bosderline. It might be okay if one can still idemtify
“jets" 0 you can make your “no misming Et in the direction of jeta™ cut. If you
£0 10 largee colls you will not be abie w identity jets.

o With forward cnlls larger that AnA¢ = 0.4 x 30° you produce 0 much fake missing
E7 that you oan no longer use missing Er in an effective way to eliminate the QCD
background. In this case you cansot use missing E1 a2 & bandle on the “new® physics.

1 will sxaenine more carcfully the effects of smenriag and run the plots out to higher
Sincerely, Rick
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&

Ar = rAM

Suppose that the forward calorimeter goes from n = 3 to 6.8 and starts
at 12 meters from interaction point.

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

Measuring missing Er does not require fine segmentation; however, seg-
mentation is essential to find jets in order to make cuts that reduce back-

grounds below signal.

n of cell | An|A(radius) radiusxA¢ for A¢
30-32 0.2 22 em 21 em 0.20 = 11 degrees
"36-38 02| 12an 12em 020 = 11 degrees
:4.2 ~44 |02] 65cm 6.4 cm 0.20 = 11 degrees
44-48 |04) 97cm 9.5 em 0.39 = 22 degrees
48-52 |04 65cm 6.4 cm 0.39 = 22 degrees
52-60 |08] 73cm 70 cm 0.79 = 45 degrees

This conclusion based on a parton Monte Carlo study.
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Cross section of towers at z = 16 meters

r=1569m
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SDC Forward Calorimetry
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SDC FORWARD CALORIMETRY

Presented by Bili Frisken, LBL/York U.
SSCL, Nov. 14/1991

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

Frisken@SSCL, 11/11/91 0567
1. INTRODUCTORY REMARKS: The FCal Environment

LY

- Luminosity, event rate
L=1033...510%¢

R=108---5>10% per second

« 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 oF THIS MATERIAL 1S FRoM )"555
S

DC FORWARD CALORIMETRY WORKSHOP
Held at LBL October 31 and Novl 1991

Contents:
1. Agenda

2. FCal Performance Requirements Summary
(This summary of the workshop will be presented to the
collaboration meeting at SSCL November 15)

3. Physics drivers

Missing Et Barnett
Jet Tagging Einsweiler
Shower studies Hauptman
4. Radiation dose/activation Groom
5. Signal distortion by space charge Wenzel
6. Geometry/Integration Frisken/Wenzel/Thur
7. Safety Elias/Lavelle/Leskens

8. Presentations by technology proponents

Liquid Tile/Fiber Kamyshkov
Liquid scintillator spaghetti White
Warm Liquid Ionization Pripstein
High Pressure Gas Ionization Giokaris

9. R&D Plans Frisken et al.

» Short term---> February 92

« Longer term
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Capri 14-18 October 1991
Don Groom Det Act-1

EXTENSION OF SSC-SR-1033 APPROA
TO THE RADIOACTIVATION OF o
LHC AND SSTC DETECTORS

Don Groom
Lawrence Berkeley Laboratory, Berkeley, California
Solenoidal Detector Collaboration

NG

~
The SSC-SR-1033 approach /L

- Plan to include radioactivation '_)\/
- Extension of model to “star density” gﬁ /
Relationship of star density to <y

W~

activation and dose

QSQ«» tbcea,s Sugu e obsabe

M. Meschice

Optimes = Cool domn waillime oo Plonncd AececsTi

Frisken@SSCL, 11/11/91 0571
2. FCal PERFORMANCE REQUIREMENTS

« Physics drivers:
SR
—— + Missing Et (Barnett)----- S555555>

™ + Jet tagging (Einsweiler)----- 555555

+ Geant shower studies (Hauptman)----->5>555>
+ Trigger expectations of FCal (All)
-Smooth transition of lateral seg into Endcap

-Reasonable time shaping (see speed, below)

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

+ Same for the recycling and disposal of sampli
f n
medium and (eventually) absorber. pling

\Sv. = 10°rem : 118y = 0. mrem. 0570

Table 1
Desector radicactivation at the LEC and 55C under nominal operating conditions {6 x 10°
interactions s~} at the LEC, 10 9~} a1 the SSC). Other machine assurnptions may be foand
in RPP.? Following Stevenson® and Hfert,” we assume a 30-day irradiation time followed by

 1-day cooldown: these doses are smaller by factors of two or three than would be nhtained 33
with longer irradiations. For solid lead or iron at a depth + given in the table, the dose, in
Sv hr3, is Beosh?** n/r?, where r is the total distance to the interaction point in meters. '0

It is & surface dose; that is, balf the dose d by & piece of sdi buried in the
absorber. For example: in one version of the SDC detector, the endcap sarts 4.2 m from

© the TP. If » solid lead calorimeter section st~y = 3 were Cut opes at & dapth of 25 cm aler
the radiation history given above, the surface dose at would be

8.08 x 107" cosh?*™? 3.0/4.45* = 200 uSv hr?

Similasly, st r = 18 @ and = 5, the surface dose from s SSC iron calorimeter is
400 uSv be L.

Iren Lead
z(m) a A Brac Bssc a A Brac Bssc

0~2  0.257 0.0708 3.65x10~% T.41x10~* 0.264 0.0970 7.47x10~% 1.52x10~%
2-4 0299 0.0899 4.52x10~° 9.21x107° 0.352 0.1000 7.31x10~° 1.50x120™°%
4-6  0.343 0.0985 4.83x10~° 9.87x10™® 0.409 0.0987 6.98x10~* 1.43x10™%
14-16 0.518 0.0913 4.03x10~% 8.37x10~® 0.557 0.0904 5.85x107% 1.22x10°%
24-26  0.653 0.0663 2.70x107% 5.67x107% 0.675 0.0637 3.84x105 B.08x10-4
34-36  0.747 0.0459 1.77x10~° 3.74x10"* 0.783 0.0382 2.16x 10~ 4.58x120~*
4446 0.831 0.0305 1.12x107 2.38x10™% 0.865 0.0244 1.31x10~° 2.80x10-°
54-56 0.885 0.0209 7.42x10* 1.59x107% 0.932 0.0152 7.87x10% 1.89x10~*
64-66 0.946 0.0135 4.62x10™° 9.95x10°7 1.009 0.0089 4.40x10~* 9.53x10~7
74-76  1.009 0.0084 2.75x107% 5.96x10~7 1.076 0.0052 2.45x107° 5.33x1077
84-86 1.072 0.0051 1.61x107% 3.50x10~7 1.132 0.0032 1.46x10~% 3.20x10"’
94-96 1.135 0.0031 9.38x10~7 2.05x10~7 1.217 0.0016 6.77x10~7 1.49x10~7
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Tuscaloosa, Alabamas, 13-17 March 1989, ed. R. Doaaldson and M. G. D. Gilchriese, World
Scientific (June 1990), pp. §9-75. -

T. A. Gabriel and R. T. Santoro, Particle Accelerators 4. 169-186 (1973).
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G. R. Stevenson, CERN Divisional Report TIS-RP /90-18 /CF; also published in Proc. of the
ECFA Large Hadron Collider Workshop, Aachen (4-9 October 1990), CERN 90-10 (1990).
7. M. Hofart and A. Bonifas, of Rads F Jor the Prediction of Dose
Rotes from Induced Redicactivity, CERN Divisional Report TIS/RP /90-10/CD {1990).
Particle Data Group, J. Herndndes et al, Phys. Lett. B239, 1 (1990), p. IXL25; see also the
erratum.
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FCal PERFORMANCE REQUIREMENTS (continued)

* Rate/Speed/Pileup

+ No spegial 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 (typicaily 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: 25 <eta<60

+ At high Luminosity (later): 25 <eta < 4.5

* Energy resolution

+ 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%. Reguires-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.
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» Eta/phi segmentation
+There are two segmentation drivers:
-trigger--->smooth transition to ECal segments.
-jet recognition: needed in the missing Et cut
strategy, and of course to find forwan:d jets
associated with WW/ZZ fusion -->Higgs

+This requires 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.

+ 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 2 = 16 meters

r=1569m
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Geometry/Integration Frisken/Wenzel
3. INTEGRATION/SSCINTERFACE ASPECTS

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

Note expanded lateral scale in Wenzel sketches.
« FMuon space

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

+ SSC machine elements (Ql+energy shield, etc.) ssmoother transition to Endcap Calorimeter

*better FMuon space/shielding
*Radioactivation and access

*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 particufarly good match to the semiprojective
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 "semiprojective geometry" in the
Endcap would NOT imply more longitudinal compartments,
thanks to the flexibility offered by the tile/fibre readout

scheme.
Wenzel,
FCAL - Ap=An=n/32 - backstop  Wenzel.4/19/91 0 T 1m: I 2m—o 10/30/91
L [ [
| L rapidity units per layer: 0579 14 “ \\ 055¢(
PN 442221111,...,1,1,1 AN
: VY 241 \\ \\
2 O \ VOon Y ENDCAP - FCAL TRANSITION-a
R SCALE: 540 N\
RN z=1/63 PN
: n=3 n=23 p=4/63 ad W
4 N A
5cm diam 5 \‘
beam lipe \ ENDCAP
6 h 6 \\
IT|
| n=
N 7 \ \
| ! \ \ Inverted cone:
' 8 - ‘| \ \ e weighs less
8mp \\ \ ® less interference with muon:
! 9 | o cleaner boundary atn=3
th \ \ N
I \ \ \
| 104 \ \ MUONS
10 | cone ! \ \
\
! \
il preamps \ 119 AN \_;2 5
| & HV /71;3 n=2.
“W | 12 .:_ 124 T . \\
\
il ! H H H H 134 \ backstop \
: ! m 1 Jl' bzix;kstop @ \ 6<n<5
- i ‘ cum N ‘throwawa hl A
1 y' high \
““ \‘H .“ 14 =1 S3Tons 2 - o \ 14 ! “radjation volumé N
] r ' \ \
i f 1 X © ;- o0 1?1 -= e : 2?1 15 { 1 -& ‘I \ % \%
I 6 5 4 n 3



0581
FCAL - Ac:An=_NAo/o=Az/z=7r/32 - integrated cone Wenzel, 5/10/91
I
il N \: . rapidity units per radial layer:
'I'I : N 44,2,2,21,1,1,1,.....,1,1,1,1
\
" 2 NN SCALE:
SCALE: | \\ \ z=1/63
Z=1/63 13 \ -
p=1/63 [ ) .° p=4/63
N | Tl‘—;3 ﬂ=%-5 F
M HIIIIHI\(I!IIIHH.—WMW
] B s *
2cm diam ) ENDEAP
beam pipe CALORIMETER
! !
6 M \ EN
l st
' i v VN a—Access—
| : cone @ K] N
Iy 8my, IREW I e
[ |
t ] b
t i |
] ol uFW2
] 0 m
I
! il
& i
i |
12 m
{ | FW3
I i ’ '
: = \ :
,‘ ) 41'_ e Access toroid
LAl || [heiding ' N
Ly Holor— o+ B | 5+ =
| 6 5 4 n 3
0583
0 T t T i T —
NN 1 2m  wenzel, 11/8//91 3
+ \N N
[N
2 1 \\\\ ~ o
T+ "]=3\\ n=2\
\ =25 N
4 1 ~
IR RIS RNsn g
S —1
T Mao=An=0.13 <A p ok
6 1 F I I I N )
A bR
1 ¥ \
AN
8 + \ \\ N N
Ao=An=0.
| de-anzol &\\ N n=2
\ \ N
10 \ N N
m \ n=2.5
\
+ n=3 \
A \
\
12+ \ \\
L ‘
+ \ \
\ \
14+ \ \
\ \\
+ \ .
\
161717 v
20=3n=08 04 \
1=0.8 0.4
0.4 \ 3
\
184 .
1 \2m
I R i L — ]
6 3 4 n 3

0

582

Wenzel, 11/7//91

0 + t T
N ! 1 l 2m

\ -
1 Tl=3\\ n—Z\
=25 '~

\ \ ~
T A AT T AT TR

10m T+ ] ‘:; }

12 + \ \
14 + X \ N

16+ & L '

3

18

c\_
wn
-
=
w—

9. R&D Plans Frisken et al.

» Short term needs---> February 92
High Pressure Gas. $78.76K
build 4 protoype modules

perform mechanical, electrical testing
continue radiation damage testing

Warm Liquid Ionization $18K

assemble hadron swimming pool prototypes

irradiate same (intense Co60), measure degredation of
lifetimes, repurify, refill, remeasure lifetimes.

Liquid Scintillator Spaghetti $35K

Study (Co60) radiation damage to liquids, glass, liquids

0584

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.

+ Cnl
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- Longer term----- f FY92 .
Longer term-----> end of FY9 Summary of FCal PERFORMANCE REQUIREMENTS

High . 50
igh Pressure Gas 350K - Radiation Survival Strategy (strongly eta dependent):
Finish enough modules for a 40*40*300 cm**3 em/hadronic . . . .
prototype array. (Operating funds to test this array have recycling and disposal of sampling medium and
* - ~deen applied for to TNRLC). (eventually). absorber to. be designed in to cope with

potential lifetime doses up to 10's of Gigarads.
Warm Liquid Ionization $150K
+ Rate/Speed/Pileup:
Design and construct and fill a large FCal prototype, »
tailored to the new FCal specifications. Beam test costs are keep back, so lat seg = shower size

unknown (because of test site uncertainty) and not included.
signal duration = shower decay time

Liquid Scintillator Spaghetti $50K rise time << 16ns
Engineer and build a large hadronic prototype. Study the
light collection problem, More extensive investigation of - Eta coverage (fiducial range = detector range - 1 lambda)
liquid fibers (rad damage, attenuation, etc).
Detector range at startup: 2.5 < eta < 6.0

At high Luminosity (later): 25 <eta < 4.5

+ Energy resolution
<10% at 1TeV

Watch the tails

) 0587
Frisken@SSCL., 11/11/91
» 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.

+ Default position is 10 lambda (2.5 meters in Z),
with (EM) HAC1 and HAC2 segments.
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Impact of EM Calorimeter Thickness on
Resolution

C. Hearty(LLBL)



Impact of EM Calorimeter Fhickness
on Resolution
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Leakage vs EM Thickness

Christopher Hearty
LBL
SDC Collaboration Meeting, SSCL
Nov. 15, 1991
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Leakage from EM calorimeter worsens
resolution.

-Size of effect depends on

Linearity Correction vs Energy

- 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?

* TLCONversions ==> poorer e/t separation
(recover with EM2/EM1 ratio?)

» extra cost

How thin can EM section be for a desired
precision?
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P g EGS Model

« 70 layers of 4mm lead + 4mm LAr (51 X0
total)

)

L s

» EM section is first 22-48 layers (16-35 X0),
HAC1 is the rest.

+ five HAC1 variations considered:
- no HACT
- 8, 16, 20 or 32mm lead sampling
(use every nth LAr gap, weight energy with
value n, forn=2, 4, 5, or 8)

lf\fV\S [ € raan

EM Thickness (X0)

Weighting EM2 or HAC1 differently does not
improve resotutiorn significamtly.

RMS of Leakage vs EM Thickness
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35

-

Application to SDC

e

Three calorimeters under consideration:

LAr: 26 X0 EM, 14mm pb sampling HAC1

1
|
30

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

25

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

Scintillator EM sections are 22X0 in all cases.

EM Thickness (X0)

|
20

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

15

HAC1 of scintillator calorimeter = noiseless.

Resolution vs EM Thickness, 10 and 100 GeV
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Increase in Resolution vs Energy
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Table 1. Increase in resolution (c£/E) as a function of EM calorimeter thickness, calorimetes
. . . as
for various incidenl electron energies and five different HADI sections. cases
11AD] EM Thickness {X;) o
Config |E (GeV) 204 219 233 24.8 26.2 |_ bk 29.2 30.6
NolIADI| 10 | 0117 .0012] 00884 .0011] 0081+ .0010.0053 & 0009 [[.0043 & .0009F .0038 & .0007 | 0034 + .0006 | .0028 % .0006
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Leakage vs EM Thickness, 10 GeV e— and Gamma
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Conclusions
 nonlinearity due to leakage is small and
correctable
* Thickness (X0) required for increase in
resolution to be less than:
Case A0=0003 Ac=0005
LAr (barrel & endcap) 28 26
(HACT not used)
Model A barrel (=8mm pb) 22 20
endcap (=16mm pb) 25 22
Model B barrel (20mm pb) 26 23
endcap (32mm pb) 28 24

Table is applicable to more than just SDC.

+ Photons require slightly thicker EM
calorimeter.



ELECTRONICS

(PARTIAL)

WEDNESDAY, NOVEMBER 13

Options for Electronic Location Inside and
Outside the SDC

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 of Sub-Detector Crates

SDC Second Level Trigger Using ASP

Report on Location of Electronics Inside or
Outside Muon Steel

Technical Assessment of the Electronics for
the Central Tracking Options

C. Bebek(LLBL)

T. ;Ihurston(SSCL)

H. Sadrozinski(UC/SC)
J. Oliver(Harvard)

H. Sakamoto(KEK)

E. Barsotti(FNAL)
J. Brisson(CEN Saclay)

Electronics Working
Group

Electronics Working
Group

LPBautz:12/13/91
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-Optiens for Electronic Location
Inside and Outside the SDC

C. Bebek(LLBL)
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Detector Layouts with Various
Electronic Layouts and Placement

T. Thurston(SSCL)



SDC Mechanical Integration
SSC Laboratory

Detector Layouts

0629

With Various Electronic
Layouts and Placements

Option 1: Distributed 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

|SSCL Mechanicai integration
| 1113191

|

i |
Tables are based on LBL drawing 2300375, 9/30/91. SOC Detector Dimensions
Fixed Values are n bold type. Computed vatues are in piain type. ;
Forward Assy Z Dimensions Barrei / _Intermediate 2 Demensions
Description Delta Boungry Description o] ! a Bou;d Remarks
Z r4
Interaction Point] [ Interaction Point oll
]
Calorm_Length 6,560
6560
Electron._Space. 500
7060
Fw1 430
7490 i
Cieari __1.200! '
: [ 8690 I
Fwe] 900 1
] i 9590 | |
Ciear & FT1 Coit 90 | |
9680 I |
FT1 Steet 1.500 | I
11180 1
Ciear & FT1 Coil] sa] BwW1 | 10.625[Some Octants Are Short
i ! 11270 ]
Fwa| 430! Bw2 8 852] | 13.790!
| i 11700] 1 i
Clear & FT2 Cotl s0i 8W3 8 8S3] 1 14.290'
: ! 11790 | 1
FT2 Steef: 1.500! BT 13,290! {Z ol FT2 |
13290 ! 1 13.290! 1
Ciear & FT2 Coil 90! Space| 500i | i
. i 13380 i T 137900 |
Fwal 660] wa] 350; i
i ;14040 14,140}
FS4/ 150 1821 150] 1
14130 i 14.290 |
FCC (Cerenkov)| 2,000! Entry Accessi 1,0001 !
. 16190 1 15.290¢
FW5 Supportl 150 Wwal 880! :
16340 i 18,1701
FWE: 900 183] 150! |
17240 . +6.320 |
, PSS 380 !
17390 ]

Page *

0630

Distributed Electronics
Around Calorimeter
Barrel

0632
I
SOC tntegration _ { SSCL Mechanical integration
Dimensions of Detector 11/13/91
{Distributed Electronics)
Tables based on_LBL drawing #23D0375. 9/30/91, SDC Detector Dimensions
Fixed Valiues are in bold . _Computed values are in piain type.
——J—_"M_L‘ P_I_!E i
Barrei R Dimensions FMR Dimensions
Descnéuon Deita Boundry Description Boundry R is Calculated As
R R R A Function Df:
interaction Point 1]
0|inside Radius of:
Tracker 1,675 1,248]ETA = 3.0, Z of FW1, +550
1.675 1,485/ETA = 2.5, Z of FW2, -108
Space 25 1.748(ETA « 25, Z ot FT1, -100
1.700 1,834{ETA « 2.5, Z of FW3, -100
Cryostat 350 097|ETA « 2.5, Z of FT2, -100
Zm FW4 & FS4| R221(ETA = 2.5 _Z of FW4, -100
Space 50 FCC! S76]ETA = 2.5 Z ot FCC, -100
2,100 FWS & FS5 L749|ETA = 2.5, Z of FWS, -100
Poly Moderator Q W2 & 182 6.950[1.R. OF 8Tt
2,100 W3 & iS3 6.950{1.R. OF BTY
Calonim _Barrel 2,220
4,320
Eiec/Service Acc. 2,000 Outside Radius of:
6.320 w1 4,772|Theta FW2, Z of FW1, Rnd'd
8wW1 Upgrade ] Fwe 6,110iBT1 4
6.320] FT1 6,110[BT1
Bw1 450 Fw3 6.110(BT1 -
6.770 FT2 6.110[(BTY -
BW1 Rad Space 180 Fw4 & FS4 6.85011w2
6.950 RC .850|Iw2
BT1 1,500 FwWs & FS§ 850{iw2 - 100
8.450 W2 & 152 180[0.A. ot 882
Bw2 Rail Space 230 W3 & 183 12.920|Theta BS3. Z of iS3, Rnd'd
8.680
BW2 350
9.030
|18S2 150
5.180
Truss 1,100
10,280
BwW3 880
11,160/ ANGLE w/r 1.P.| DEGREE | TANGENT
B8S3 150, Eta = 3.0 5.700| 0.099822
- i 11,310 Eta=25 9.385] 0.165284
Theta FW2 32.502| 0.637122
I i Theta 8S3 38.360] 0.791462
Page 2
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{ \ | Ssgtv?:::fl;ﬂ;?;lml':" ration Fiber Tracker Option & Electronics inside Detector Valume!
Tabl i
Fiber Tracker Option & Electronics inside Detector Volume F;e:sv::':e:aas;d ,: losk? Doooo‘& ”a:f lalfoosc ?mm‘:r Dimensions
Tables are based on SDD000043, 11/10/91, SDC Detector Dimenswons - ate in plain -
ixet e i
|Fixe~ Vaiues are i bold type. Computed vaiues are in &ﬂrm Forward Assy Z Dimensions Barrel / Intermediate Z Demensions
Barrel R Dimensions Forward System R Dimensions Description Dezlla Bou;d Desgription Delia Bou;d Aemarks
Descripti “_0"____.._92‘3 __'LBOU:d Descriptign 50“;" :;zn‘-;';“'g:d‘s interaction _Point [ Interaction_Point 0
Interaction _Paint [ . i | Calorim_Length 7,036
= 3 7036
Tracker 1,675 o w1 :- 3.0. 2 t;"FW1 *?503 Electron. Space 500]
[Space 78 FT1 A= 2.5, 7 of FT1. 100 G VT ———
t,700] FWa 1,912[ETA = 2.5, 7 of FW3. -100 7966
Cryostat 350 FT2 2.175]ETA = 2.5. Z of FT2. 100 Tiear 7,200
2.050) FWABFS4|  2.209[ETA = of FW4._-100 * 5766
ce ) ROC 2.655|ETA = 2.5. Z of FCC. .100 W2 906
i 2,100 FW5 & FS5 2,828]ETA = 25. Z of FW5. 100 70066
Poly Maderator - ) W2 & 152 6,750[tR. OF BT1 Clear & FT1 Coil 90
j 2.100 W3 & 1S3 6.750|1.R. OF BT1 16756
Catorim_Barrel 2,360 1] FT1_Steel 1,500
. 11656,
Elec./Service Acc. 1,510 Outside_Radius of: 1
5.970) 2] 4,677|Theta FW2, Z of FW1, Rndd Clear & ET1.Col 20 11746 2 11,072 Some Colants Are Shon
150 FW2 10[BT1 - 840 WA
§.120 FT1 T0laT1 - 840 | 430 e BW2 & 852 14.266
450 FW3 T0[BTY - 840
=575 N 18 :h T Ciear & FT2 Coil| 90 - BW3 & BS3 74.766
. 2266
180 FW4 & FS4 .650/1W2 - 100
5.750) R 650/w2 - 100 FI2 Steeh 1800, BT 13.786 Z o FT2
1,500 FW5 & FS5 650(tw2 - 100 Clear & FT2 Coil 90 13.768
5,250 W2 8 152 0800 R ol 852 3858 Space 209
230 W3 & 1S3]__12,637|Theta BS3. Z of IS3. Rnd'd Fwa 660 14.266
- YT w2 350
BW2 i 450 . 14516 14.616
| 8.930] 150 is2 150
. 14666
T 14,766
BS2 ; 150 55 FCC (Cerenkov) 2,000 Entry Access 1,000
. 16666
Trass 7,000 15.768,
: i FWS Support 150 w3 880
- 16816 16.6
BW3 880! | SWE 5 646
T 16,960l ANGLE wir I.P.| DEGREE | TANGENT 8o 17776 153 150
853 150 Eta < 3.0! §.7001 0099822 FS5 150 18.796
R L S1.110 Eta = 25] 9.385] 0 1652841 T 7856 —
Theta FW2/ 30 418! 0.587125! T i k&-ﬁ
Theta BS3, 36 956, 0 752404 -
Page 2 Page 1
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SOC_integration _; | ; | SSCL_Mechanical integration |
Dimensions of Detector | ] 1 Revised{11/10/91
j(Straw Tracker Opton & Electronics inside Detector Volume)
Tables are based on strawlayout, 11/10/91. SDC Detector Dimensions
Fixed Vaiues are in botd .__Computed values are in plain type.
Forward Assy Z Dimensions Barrel / Intermediste Z Demensions
Description Deita Boundry Description Deita Boundry Remarks
z rd r4 r4
interaction Point [] interaction Point 9
[
Calonm_Length 7,036
7036
Eiectron. Space 500
7536
FW1 430
. _r_nﬁl'
. Clear 1,200!
Straw Tracker Option - 5786
. FW2 900
\!V ! “:‘ 10066
Electronics in Racks Clear 8 FT1 Coi 50
. 10158
Inside FT1 Stee)] 1,500
11658
Detector Volume Ciear & FT1 Coil 90 BW1 11.072/Some Octants Are Short
11746
W3 430 BW2 &£ 852 14,266
12178
Ciear & 12 Coil 90 BW3 & 853 14,766
12266
FT2 Steel 1,500 aTi] 13,766 Z ol FT2
13766 13,766
Ciear & FT2 Coil 90 Space! 500
13856 - 14,266}
Fwa 660 w2 350
14516 14,616
FS4 150 152 150
|4ssel 14,766
FCC (Cerenkov) 2,000 Entry Access 1,000
16666 15,766
FWS Support 150 w3 880
16816 16.646
FWS5 900 153] 150
177186) T 16,796
FSS 150 I
17866 |
! 1
Page 1
4
&
0651 - 8
: g . el 0€52
{ i i ] L i Py S 2 F W
SDC integration | i T 1 SSCL_Mechanical_integration | £ . S L =
Dimensions_of Detector | i 1 Revised[11/10/91 i €2 f< 25 =
Straw_Tracker Option & Electroncs inside Detector Volume) | o5 g
Tables are based on strawiayout. 11/10/81. SDC Detector Dimensions i =
Fixed Values are in bold . _Computed values are in ptain type. 1 52;2 Z‘ § . r
Barrel R Dimensions Forward System R Dimensions 2 o
Description Delta Boundry Description Boundry R Is Calkuialed As T
A ) A A Function Of:
interaction  Point ]
Olinside Redius of:
Tracker 1,675 FW1 1,295|ETA = 3.0. Z of FW1, 4550 . 3
1,875 FW2 1.564[ETA = 2.5 Z o} FW2, -100 I I\ |
[Space 25 FT1 1,827|ETA = 2.5 2 of F11, -100 2 \ [
1,700 FWa|__ 1,912[ETA = 2.5 Z of FW3, 100 g | | w5
Cryostat 350 FT2 175ETA = 2.5. 2 of F12, -100 ‘\ (2] z =
T 2.050 FW4 & F 299(ETA = 2.5, Z of FW4, -100 ] = = ‘6
[Space i 50 R 655[ETA = 25 _Z of FCC, 100 ! r t3 2 v P.
2,100 FW5 & FS5 828|ETA = 2.5, Z of FW5_ 100 l | + t_Zug ce 2
Poly Moderator [1] w2 & I1S2 6.407[1.R. OF BT1 IR} =07 w
i 2.100 W3 & 1S3 6,407[i.R._OF BT1 | - i LR =589, ¥
Calonm Barrel | 2,360 b ! ;e3 L~9 2 =]
4.460 i D M x—Cc3 H
s N T S o z
Elec./Service Acc 1,167 Ourside Radius of: | N . la! { Rz 82 =
5.627 FW1 406(Theta FW2, Z of FW1. Rndd I ey LY s gtoor? b
BW1 Upgrade i 150 FW2 7|BT1 - 840 | > M \\l | 8, wy % 3
T 5777 FT1 7(8T1 - 8a £q l . N 3w - S oy z
BWI | 150 W3 7]8T1 - 84 TEe ] E[) 8 AN . ol H
6227 FT12 7[BT1 - 84 = SN A& | i2 2w OEog =
BW1 Rail Space | 100 FW4 & FS4 .307(1w2 - 100 ! \ [ ZINBp ENJN o - R &2 areo g
T 6.407 RC|_ 6.307]\W2 - 100 3 g EEN N 8 8| EL Y
BT 1560 FW5 & FS5|___6.307/1W2 - 100 P ERNRIECI AN W
7.907] W2 & 1S2 8.737|0.R. of BS2| i C 8 L e
BW2 Ral Space 230: IW3 & 153] __12.247|Theta BS3, Z of 153, Rndd R C 8! N
- i 1 8,137, T [ " 3 Uy
Bw2 ! 450! | ; L= - <
X T 5.587] ! S VEE 2 S
852 150] i o 23 S
i 8.737' ' i I LA 3 l
Truss .__1,e00; i SO0 2 O N ¢
i 9.737 A ' Iz [
Bw3 880 T gb_o ]
. 10.617| ANGLE wir_1P.| DEGREE | TANGENT | R —8—
853 150 Eta = 30 700! 0099822 : .
o T 10.7e7 Eta_= 2.5! 385] 0.165284 - L= 3 :
Tneta FW2'  28.945. 0 55305 H
ii . Theta BS3. 36 099! 0 729175 % —d
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Theta Fw2! 27812 0.527518
Theta B8S3! 35.442° 071177

0857
SOC Integration | ! ! 1 SSCL_Mechanical Integration
Dimensions of Detector | ! i 11/13/81
Eiectronics Outside Detector Volume 1 |
Tables are based on LBL Drawings, SDC Detector Dimensians
Fixed Values are in boid type. Computed vaiues are in plain type.
Forward Assy Z Dimensions Batrel / Intermediate 2 Demensions
Description Delta Boundry Description Delta Boundry Remarks
F3 3 F F
Interactron Point ] Interaction Point [
B 0
| Calonm Length 7,036
7038
Electron. Space 500
7538
FW1 430
7968
All Electronic Crates - Clear 1,200
Exterior of Fue 200,
Detector Volume Ciear & FT1 Cod 50
10156
FT1 Steet 1,500
11656
Clear & FT1 Coil 90 Bw1 11,072|Some Octants_Are Short
11748
FW3 430 BW2 & BS2 14,266
12178
Clear & FI2 Cot 90 BW3 & BS3 14,766
12266
FT2 Stee! 1,500 BYi| 13,766 Z ot FT2
13768 13.766
Clear & FT2 Coil 90 Space 500
13856 14.266]
FWa 660 w2 350
145186 14,616
FS4, 150 152 150
14666 14.766
FCC (Cerenkav) 2,000 Entry Access 1,000
16666 15,766
FWS Support 150 W3 880
16816 16.646
FW5 900 153 150
17718] 16.796
[ FSS5| 150
i 117866 T
| |
Page t
0859 H
5 0660
3 » =
i I . o2 o— .
[SSCL_Mechanical_Integration - = E] - o :
1 111391 B = = 25 A 1 1
i T - - Z 52 zc oo |
=
SDC Detector Dimensions ) ° 23 T 24 =2 = -
Computed values are i piain fype. 1 z 3 % = X - =S oS Y L
i fe, 8 &R 2 2 ~ e
Barrel R Dimensions Forward System R Dimensions - 8 % 2o T T3 &~ \ ~ L/
Description Deita__| Bound Description Boundry R _Is Caicuiated As 3 g £ s = \ 2 { \ \\ \ \\ \ | -
R A A A Function OF: = 52 - J1 ~ N \\ |
interaction Point [} € 9 z z2 A \ |
0linside Radius of: | Ize of
Tracker 1,675 FW1 1.295|ETA = 3.0, Z of FW1, +550 g =5 g —
1.675 Fw2 1,564]ETA = 25 7 of FW2, 100 = .2 __[:
Space 25 FT1 1,827[ETA = 25, Z of FT1, -100 w27
i 1,700 FW3l 1.912{ETA = 2.5, Z of FW3, -100 ] .
Cryostat ! 350 T2 175]ETA = 2.5, Z of F12, 100 2 -8 WM
. 2.050 FWa & FS4 299ETA = 2.5, Z ol FW4_-100 -z >
Space 500 G L655(ETA = 2.5, 2 of FCC. -100 z = A
2,100 FW5 & FS5 \828[ETA = 2.5, Z of FW5_-100 g | N\
Poiy Moderator 9 w2 & 152 .350{1.R. OF BT1 [ | NP
2.100] W3 & IS 6.150{1.R. OF BT1 Q Sl
Caignm_ Barrel i 2,360 i 3 V
i 4460 \O NQ
Eiec./Setvice Acc. | 910 Outside Radiyus of: s
| 5.370 w1 02[Theta FW2, Z of FW1, Rnd'd -
BW1 Upgrade 1 150 Fwz| 101871 4 =53 e
)i 5.520 T 10[BT1 - B4 S
BW1 1 450 w3 10[BT1 - 84 pal £
i 5.970 FT2 .310[B8T1 - 84 TN
8W1 _Rad Space 180 FW4 & FS4 .050(iw2 - 100 =S
: §.150 FOC 6.050[iwz - 100 ~ EA \ \
[BTT . 1,500 FW5 & FS5 6.050('W2 - 100 1 M NN
7.850 W2 & 152 8.480[0O.R. of BS2] = i
BW2 Rail Space 230 W3 & 1S3 11.955(Theta BS3. Z of 1S3, Rnd'd x !
: 7.880) - N
BW2 1 450 i o 2
- : = 8.330) ) g )
852 1 1
: 8.480 ; og :
Truss 1,000¢ . i =t -
! i 9.480 | ] =2 e E4Y
W3 880 i =g
10,360 ANGLE wir_1.P.| DEGREE  TANGENT 4 2o
BS3 150" Eta = 30° 5.700° 0 099822 == £
o 20.510, Eta = 25! §.385, 0 165284: = ;;
=

JARRE L

)

(Al

HAX

Page 2



bhiv JrEw  C TRUUMEERENT 1AL --

AL ORIME TER PMT EABLE LRYUSTACE Bt ING AND CABL ING €ONCEDT ENDCAP (ALORIMETER
OB Lot TRAYY \ 10 INTERNAT ECECTRONIES (RATES CABUING NOT SHOWN
m w!.'”.r:r.{;‘:‘,i.tmlo';.(nz.f:”“ L5 TRATE Lt ottt s tates
B Stumae UM 202093 NOKTH
e WEST jl»— tasT
o SHITH FRALK .
TABLES AND Biit o, SOUTH - NORTH (RAtK
! LT T HGwWH
’ <= NORTH BARREL HACH
, § CIRCUMFERENT (AL
SUCENOED CRTORIEE FABLE COLCECTION TRAYS
CAL IBRAT 10N
SOURCE Buxk _ =~ NORTH (RAUR CABCES AN PO
—

"= BARREL PMI (ABLEN

—-— NORTH BARKEL HAlt
OVERHEAD (ABIL TkAY"

e CALIBRATION SURE HOX

e = SOUTH BARKE| Halt
CIRCUMFERENT 1AL
LABLE (OLEECTION ThAYS

£990
‘./

~————— SOLENOID (RYOF(FE =]
=23
. (<2}
TS~ {RYOSTACK OPENING =
T
H ™~ TR Y VRN
S NV IEW . TRUOMECRE NT AL
CAPORIMETER PMT (ABLE
0 n L COLLECTEON TRATS
i THTLRNAL ELECTRONICS (RATES
Bawel Section - hall quadrant; g motter o crates (OIL CRIOPIPE —
N
beocamEs et CAL IBRATION - ~- ~
Calorimeter/Shower max Electronics Optiops: Mo vty SOURCE BOXE®,
N 0L TANT 7
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Cabling between calorimeter surface and the electronics racks: AT URALK Elz\\lu'/:\'””[[vh
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- Calorimeter electronics:
. 2240 calorimeter channels, 2240 PMTs, 224 mother boards (10 PMTs each)
- 224 - 2" x .04" ribbon cables (data) :11\‘1;‘[;1 (.A(%»} e
. 224 - 2" x .04" ribbon cables (control, calibration and logic power) o
. 224 - 1/4" OD shielded-twisted pair (STP) cables (PMT voliage)
- Shower max elecironics:
- 4480 shower max channels, 448 multi-anode PMTs, 448 mother boards (1 PMT each)
- 448 - 2" x .04" ribbon cables (combined function)
- 448 - 14" QD STP cables (PMT voliage) 4

- Totals:
- 896 - 2" x .04" ribbon cables - 71.68 sq. in.
- 672 - 1/4° OD STP cables - 32.97 sq. in.
- 104.65 sq. in. or .73 sq. ft.

v990

2890




Cabling between electronics racks and outside detector:

- Calorimeter eiectronics:
- 8 - 5" OD muiti-strand fiber optic cabies (trigger and DAQ)
-8 -.75" OD five conductor, ¥10 wire cables (AC power)

- Shower max eiectronics:
- 8 - 5" OD multi-strand fiber optic cables (trigger and DAQ)

- Totals:
- 16 - .5 OD muiti-strand fiber optic cabies - 3.14 sq. in.
- 8- .75" OD five conductor, #10 wire cables - 3.53 sq. in
- 6.67 sq. in. or .05 sq. ft.

c | Track £l . Options;
. R be_trach electronics;
Cabling between calorimeter surtace and electronics racks:

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

- Option 1B - Iif paired with the 'NAL calor.neter electronics design, 1 additional
electronics crate is required to house the straw tube electronics

. Straw tube tracker electronics (same for options 1A and B):
- 16384 straw tube tracker channels, 64 modules, 64 DCC boards
- 64 - 2" x .04" ribbon cables (data, trigger and control)
- 64 - 3/16” OD mini-coax cables {module high voltage)

- Totals:
- 64 - 2* x .04" ribbon cables - 5.12 sq. in.
- 64 - 3/16" OD mini-coax cables - 1.77 sq. in.
- 6.89 sq. in. or .05 sq. ft.

2990

§990

Cabling between electronics racks and outside detector:

- Calorimeter electronics:
. 8 - .5 OD multi-strand fiber optic cables (tngger and DAQ)
- 8 - .75" OD five conductor, #10 wire cables (AC power)

- Shower max electronics:
- 8 - 5° OD muiti-strand fiber optic cables (trigger and DAQ)

- Totals:
- 16 - .5 OD muiti-strand fiber optic cables - 3.14 sq. in.
- 8 - .75" OD five conductor, #10 wire cables - 3.53 sq. in.
- 6.67 sq. in. or .05 sq. ft.

- _digi i s wi wer_max_(EN

Cabling between calorimeter surtace and electronics rgcks:

- Requires 8 electronics crate spaces in the racks

- Calorimeter electronics;

- 2240 channels, 2240 PMTs, direct wiring from PMT bases, no mother boards

- 2240 - 1.2" 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 - 1/4" OD STP cables (PMT voltage)

- Totals:
- 2440- 1.2° x .04" ripbon cables - 117.12 sq. in:
- 448 - 2" x .04" ribbon cables - 35.84 sq. in.
- 448 - 1/4* OD STP ‘cables - 21.98 sq. in.
- 174.94 sq. in. or 1.21 sq. ft.

€990
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Optien 2 - sci-fi central tracker (4 laver tracker) eleclronics:

Cabling between calorimeter surface and the electronics racks: Cabling between elegtronics racks and outside detector:

- Straw tube tracker electronics:

- Regquires 3 electronics crate spaces in the racks

- Sci-fi tracker electronics:
- 39000 sci-fi tracker channels, 3 VLPCs
- 1182 - 1.3" x .04" ribbon cables (combined function)
- Totals:
- 1182 - 1.3" x .04" nbbon cables - 61.46 sq. in. or .43 sq. ft.

Cabling between electronics racks and outside detector:

- Sci-fi tracker electronics:
- 6 - .5" OD muiti-strand fiber optic cables - (combined function)
-3 - .75 OD five conductor, #10 wire cables (AC power)

- Totals:
- 6 - .57 OD multi-strand fiber optic cabies - 1.18 sgq. in.
- 3 - .75" OD five conductor, #10 wire cables - 1.32 sq. in.
- 25 sq. in. or .02 sq. ft.

o
(=7}
~3
[y
. . - CRTVE MG eG YmoEmma o
0 R -fi tracker_electronics: S Fa03E S Zymi Q. 2 &
& as¥UEg 2 Thypg 2 o2 of
. . . 4 ow U3 ~
Cabling between calorimeter surface and the electronics racks: & S22 5 N :Sggg ] é E
T.oooken o
;o Tsfg g B OESS o s g
- These electronics will be housed in the same crates as those used for the centrai g a.a € n T - B
sci-fi tracker electronics Y <hg AoS g R A Do
® 5 4 F 5 3 5 g 5 8
£ s v g Rk E 24
- Sci-fi tracker electronics: 8 5 F 3 a §% 58
e . 3, ®
- 13750 sci-fi tracker channeis, uses same VLPS as central sci-fi tracker 2 3 w3 T . oEw
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~ 38 v e 7 & - s B
g g e g " g e l?‘ o n
- Totals: o v 3 88 R
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4 4 (=]
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- Option 1A:
- 8 - .5° OO multi-strand fiber optic cables (combined function)
- 8 - .125" QD RG-58 coax cables (straw tube high voltage)

- Totals:
- 8 - .5" OD muiti-strand fiber optic cables - 1.57 sq. in.
- 8 -.125" OD RG-58 coax cables - .1 sq. in.
- 1.67 sq. in. or .01 sg. ft.

- QOption 18:
-1 - .5 OD muiti-strand fiber optic cable (combined function)
- 8 - .125" OD RG-58 coax cables (straw tube high voitage)
-1 - .75 OD tive conductor, #10 wire cable (AC power)

- Totals:
-1 - .5" OD muiti-strand fiber optic cable - .2 sq. in.
- 8 - .125" OD RG-58 coax cables - .1 sq. in.
-1 -.75" OD five conductor, #10 wire cable - .4 sq. in.
- .7 sq. in or 005 sq. ft.
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Cabling between electronics racks and outside detector:

- Calorimeter eiectronics:
. 4 - 5 OD multi-strand fiber optic cables (trigger and DAQ)
- 4 - .75 OD five conductor. #10 wrre cables (AC power)

- Shower max electronics:
. 4 - .5 OD multi-strand fiber oplic cables (tngger and DAQ)

- Totals:
- 8 - .5 OD multi-strand fiber optic cables - 1.57 sq. in.
. 4 - 75" OD five conductor, #10 wire cables - 1.77 sq. in.

- 3.34 sq. in. or .02 sq. ft.

- Wi
Cabling between calorimeter surface and electronics racks:
- Requires 4 electronics crate spaces in the racks

- Calorimeter electronics:

- 1600 channels, 1600 PMTs, direct wiring from PMT bases, no mother boards

- 1600 - 1.2" x .04" ribbon cables (combined function)
- Shower max electronics:

. 1792 channels, 112 muilti-anode PMTs, 112 mother boards (1 PMT each)

. 112 - 2" x .04" ribbon cables (combined function)
- 112- 14 OD 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" OD STP cables - 5.5 sq. in.
- 91.26 sq. in. or 63 sq. ft.

GL90

9490

Qution. 2 - qas microstrip tracker:

Not much is known about the design of this tracker option at the present time. From
the information that we have, the electronics configuration will be simiar to that
of the silicon tracker; i.e., the front-end electronics will be located on the micro-
strips and will be cabled directly to the surface via fiber optic cables. Our best
guess is that there will be approximately 8000 fibers connecting the tracker to
electronics racks in the counting room. This would be equivalent to about 900
multi-strand fiber optic cables, .5 OD each.

Cabiing between calorimeter surface and the electronics racks:
- Requires 4 electronics crate spaces in the rack

- Calorimeter selectronics:
- 1600 calorimeter channels, 1600 PMTs, 160 mother boards (10 PMTs each)
- 160 - 2" x .04 ribbon cables (data)
- 160 - 2° x 04" ribbon cables (control, calibration and logic power)
- 160 - 1/4" OD shielded-twisted pair (STP) cables (PMT voltage)
- Shower max electronics:
- 1792 shower max channels, 112 multi-anode PMTs, 112 mother boards (1 PMT each)
- 112 - 2" x 04" ribbon cables (combined function)
- 112 - 1/4" QD STP cables (PMT voltage)

- Totals:
- 432 - 2" x .04" ribbon cables - 34.56 sq. in.
- 272 - 1/4" OD STP cables - 13.43 sq. in.
- 47.99 sq. in. or .33 sq. ft.
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Cabling between electronics racks and outside detector:

- Calorimeter electronics:
- 4 - .5 OD multi-strand fiber optic cables (tngger and DAQ)
- 4 - .75" OD five conductor, #10 wire cables (AC power)

- Shower max electronics:
- 4 - 5" OD multi-strand fiber optic cables (trigger and DAQ)

- Totals:
- 8 - .5 OD multi-strand tiber optic cables - 1.57 sq. in.
- 4 - 75" QD five conductor, #10 wire cables - 1.77 sq. in
- 3.34 sq. in. or .02 sq. ft.
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'NMOS_88872.2 0.79' 0.73! 0.68 0.641 0.621 0,65]
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1 i i H
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Tables 4.1(a) and 4.1(d) shows the elficicacy of the data driven scheme agaiast the depth of the lovel-1
buffes. Table 4.1(a) is for the casc of level-] Istency eqaal to 128 beam crossings and Table 4.1(b) is for the 4.2 Summa n the Merits of both architectyre

ase of level-1 latency cqusi to 256 beam Crosnin
¢ yea . The ables 4.2(s) and 4.2(b) gives the summary on 1he merits of both archliecturcs. Table 4.2(a) is for the

The figares for she efficicncy is obwined using the Verilog behaviorai description simaiator. [a this case level-1 lancy equal t0 128 aad table 4.2(b) for the easc level-1 Isiency equal to 256.
simalstion the {unctions of a chanae! are descrined unng & behaviora: Jescription [anguage and the input W

this channcl is genersied using random eveats generatwr wih o occupancy of 1%. The values for the

efficiency 18 abtained by running this silnulation over 2¢06 Ciock cycics (beam crossings).

Efficiency = (No. of events recorded / No. of (ol events) x 100 level-1 latency = 128

Architecture Power diss:pauon length slficiency
|% oOccuPAnCy = 10X DESIGN AT anen L éina e
M| NIiMUM Q clock driven 3300V 12.22mm 99.99%

Level-1 laacy = 128
Table 4.2(b) Summary on the Merits of the Architaecture @ Tisi128

No. af locatuon per Data recording
channcl. efficiency.
t “% level-] latency = 256
2 4%
3 0% Architecture Power dissipation length efficicacy
4 96.2%
daws dniven 260uw 8.5mm 97%

clock drivea 520uw 99.9%

Table 4.1fa) Efficiency of the data driven architecture @ Ti=i2$

~ oce

Loveii iy - 256 % i pSec —— Table 4.2(b) Summary on the Marits of the Architecturs € T1m236

No. of locstion per Data recordin, 9,

chansel, ctficieacy. lb/p oce 0.570 Gl /°

. poy 33 906

2 52% 86.0 g8.5

3 1% :s; .3

4 25% -

5 92.6% Qe.0 294

s 9%, q4.1

—————’
ESTIMATE = HPISC~
Table 4.1(b) Efficiency of the data driven architecture § Tim25§
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(one hall of required other hatf d
é § § uhnndby.lhbﬁlurlM)
4 § 3 DAQ ContreUMonitering 1 A network ing DAQ subsy and
g g E ] Network A ThUs o both the Online Computar network and the
g % g mnﬂmSlo-Canmummk
Each front-end and triggef system connected to this

netwerk is slectrically isolsted from one ancthar by
network bridges, ete.

DAR Standsrd ~400 Commercially-available crates, powsr suppliss,
Crates, Supplies, Ete. backplanes, ete. with SDC DAQ standerd methods for
é E é poworing the crates, housing susilincy cards,
3 g z %3 rodundancy (f required), ste.
h =
5 Se DAR Standard Event This WS ilers consiste of several paru:
£ E g Data Readout & DAQ 400 * Standard SDC DAQ CPU medules
é § Control/Monitoring ~400 . Event Data Readout & DAQ ControVMonitering
| Network Interface Network intarface (logic on a 6U ta 9U module adapter
module {assumes VMEbus), on an auxiliary eard to &
DAQCPUoerensa front-end or trigger system module

which interfaces these systems 8 the SDC DAQ systam

in & standard way)
by}

m - DAQ Cor ing Network intecface te remotse
sompenents (sarial links which originate at DAQ

resdout crates and which intsrconnect, the DAQ

itering Network to ‘on-detector’
components net housed in Standard DAQ crates with
DAQ CPUo {includes repeatars])

SYSTEMS

FRONT-END

TRIGGE R SYSTEMS
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Event Builder Subsystem t Thia WBS item consista of three parta:
- Data Balancing & Input Queusing Logic
(Receives event data from the near 400 event data
fragment sources (DAQ CPUa, buffer medules),
multiplexas the data sources inte & smallar nusmber of
relativaly evenly distributed dats sets and transmits
data sets in packets to the switching network)
- 8witching Network
< e umﬁwﬂdhm packetsof svent
fragment data e serial links in a barrel shift mode;
capable of one Gigabyte per second typical and ten
Gigsbytes per second maximum ihrbwhput)
- Intarface te ths Online Processor Subsysta:
(interfaces the output linkys of the SmMm‘ Netwerk te
the Online Precessor Subsysum)

Event Data Flow 1 Interfacon the DAQ EVANS Builder & Onlins Processer

Contret Subsystam Subsyotems to the Level 2 Trigger System and is
reaponsibla for the contro] of the flow of event date from
standard svent data interfaces (DAQ CPUs, otc.) through
the Event Builder Subsystam and to the Online Processor
Subsystem.

Also rysponsible for providing trigger disabls signals te
the Lavel 2 Trigger System from the Event Builder and
Online Processor Subsystems and receiving Leve) 2
accapt information from the Level 2 Trigger System

Online Processar 1 ) ilable array of p ] ling
Subsystem xaoxuu's of precessing power
DAQ Control Computing Soft for the felk
~ Runtime user interfacs
- Control & downicading user interfs
i 3 for ing the use of
& intelli
- Applicati ht for ing “slow” (noa-
-vmn dlh acquisition
- i for ing unusual
occurencas
- Applications software far supporting the control &
monicaring of adjustable devices
DAQ Oﬂhnc Analysis 1 C ially network hard &
latarfs for mmfuuu the Online Procassor Subsystem to d\c
offline analysia computer sustem
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Readout Crates

Front-End & Trigger

Level 2 Accept
tnformation ~«

DARQ Sub Detactor Crates

Event Dats””

Link
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One te a fow cTates per sach front-end and trigger system
used te accept that systam's event data fragment sources
(fhn DAQ CPUs, buffer modules), multiplex the svent
and transmit the data both to the Evant Builder
s«bayuu-dunummdd.uukm.mdun
for Jocal p ing (for ealibrati ote)

If thess crates are nacessary, the multiplexing (dsts
balancing) and input queusing of the Event Builder
Subsystam will be done in these crates and the outputs
from these crates will be transmitted directly to the Event.
Bailder Subsystem’s Switching Network over fiber. If
these cratas are not \and.dn e tr-:rﬂm
Subsywtem's t Queveing ¢ is locally
ransmitted mrm copper to tha Switching Nstwork.
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Event Data Readout Interface

Frcm-GM Buffor Modules

,4§ ¥T

Front-End ADCs, TOCS, ate.

(hot used)

l i 1 I I
DAQ Control/Monttoring Send Event Link
Network Interface
Event Data Links
tto the Event Buttaer Subsystem)
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Event Data Readout Interface
’

K Front-End ADCs, TDCs, etc.

Event Data
Link To
Event Bullder
Subsystem s

Remote
C/M Network
Interface . v

: “T=~..  Trigger/Clock Control Module
\ (receives Level 2 Accept, etc.)

DAQ Control/Monitoring
(Commercial) Network Interface

=)
]
SDC Standard DAQ Crate &
(with commercial crate & backplane (& no Buffer Modules))
Event Data Readout Front-End Buffer Modules
Interface To AL
Event Builder Subsystem f Y
(possibly not used) -
h ]
Remote
C/M Network
1 -
nterface \\\ v
e
III .
DAQ Control/Monitoring ‘\
Commerci etwork Interface
(Co retal) Network Inter ‘\\ Event Data Links
. (to Event Butlder Subsystem)
A
A .
Trigger/Clock Control Module
(recetves Level 2 Accept, etc.)
S
SDC Standard DAQ Crate ®

(with commercial crate & backplane (& Buffer Modules))
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Auxiliary Card
(at the rear of crate)

DAQ CPU Madule

interface
ent Data Readout
f:o Event Butlder Subsystem)

DAQ

Controt/ DAG Controls/Monitoring """’“"
nom(or:"\ﬂ Remote LinK interfac
Networ

N
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Time Slot Time Stot Time Slot Time Siot
1,5.9,13,... 2,6,10,14... 3.7,11,15.. 4,8,12,16...
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Event Data
From Front-End &
Trigger Systems

(272 Inputs)

Online Computer System Convn

(e.g., Sevenal I d Work ) Computer

Swuy Trtten Gt Trastmg Cootes & Sumutin Catmstimten BCAY O 115 Cruten
ety Sl S - vt
=rt e G0 o v

e @ Thinwire Echarnet caia. 29 Crases por wive masiommm (30 nodes), 185 eeer total lamgth masimums.
s & Elhcrst cobit. 100 nodes per wire sasumum, 500 st iotal longth maxisn.



Trigger Event Butlder

System Subsystem
Fast Trigger
Signals

¢”- \‘\~‘~
r Trigger Fanout/
' Control Crate
1 ’ O,
1 ’ s
! :l T e, Event Data
H “% Fragments
1 )
1
t
¢ DAQ -
Y Control/Monttoring v

Network

Front-End System Front-End System

SDC Data Acquisition System
(without Sub-Detector Crates)

< 128 inputs
€512 inputs "°’(“sfr‘lgnc°"fa' ete. < 128 inputs
from DAQ CPUs, etc. yv trom DAQ CPUs, etc.
(sertally via sece-slort (serlaily via A
medium-speed high-spee short high-speed Y

copper cables) Links

fiper cables) copper cables)
L

Z -
7 bl l 7
Data Batancing & Switching Interface to
Input Queueing Logic Network Online Processor
Subsystem
With No Sub-Detector Crates
<512 inputs < 128 Inputs £ 128 inputs
trom DAQ CPUs, etc. from DAQ Cpus, etc. from DAQ CPUs, etc.
{serially via (serially via {serlally via ‘;;u”::rm::::;;:;)

medium-speed longer high-speed short high-speed Y

Links

tiber cables) {iber cables) copper cables)

Sub-Detector Crates Switching interface to
with Dats Balancing & Network Oniine Processor
Input Queueing Logic Subsystem

Wwith Sub-Detector Crates
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Event Data
Fast Trigger  gyp-petector
Slignals Crate(s)
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. R ~

N
2

Trigger Fanout/
Control Crates

Event Butider
Subsystem

Trigger
System

Event Data

= Fragments

g mmm e — ey

1 DaQ
7 Control/Monttoring
e Network

Front-End System
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Front-End System

SDC Data Acquisition System
{With Sub-Detector Crates) -

ZhLo
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SDC Data Acquisition System .
Current Status Of CDR, Technical Proposal & Costing Tasks
November 14, 1991

Tasks Statua
1 Design Report - 9/4/91 draft reviewed by SDC DAQ group
Conceptua &n Tepo - 9/24/91 draft distributed and reviewed at
ORNL SDC Collaboration meeting
+ 7 Nextéraft 35%-com ; being
restructured more into Technical
Proposal format

Technical Proposal DAQ Section - Initial outline revised and being sent to
Fred Kirsten
- Will be written by Ed Barsotti & lrwin
Gaines
- Writing just started
- Backup material must be written up into &
single d some not att. d yet

De: d Costin, - Excel spreadsheet M&S 95% compl
scope € oW ¢ 15% complete but
not yev. incorporated into lprudlhoev.
- MacProject 20% completad

Miscellancous Tasks Status
Switch-Based Data Acquisition - Project completed successfully in April,
System Prototype Project Report 1991

- Results report 80% l 10.be
distributed at the February, 1992 SDC
Collaboration meeting as a SSC Technical
Note

Event Builder Subsystem Detailed - 20% completed

Implementation Proposal - Being written using either a commercial
switching network or one built by the
collaboration

074%

+++DRAFT+¢+

SOC Data Acquisition System
Technical Proposal Outline
(11/14/91)

8.9 Data Acquisition and Slow Control

8.9.1 Data Acquisition System Overview

8.9.2 Data Acquisition System Requirements

8.9.2.1 Data flow and event coilection requirements

8.9.2.2 Data monitoring requirernents

8.9.2.3 Slow control requirements

8.9.2.4 Partitioning and stand-aikone operation requirements
8.9.2.5 ..abilities requirements

8.9.3 Relationship of Data Acquisition to other Subsystems
8.9.3.1 Reiationship to front-end system

8932 Rolanonsmp to trigger lynom

8933 R p to slow co

8.9.34 Rolallonsmp to On-line compuung system

8.9.3.5 Relationship 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 paths .
8.9.4.4 Control paths and siow control system
8.9.4.5 Partitioning and stand alone operation
8.9.4.6 Major DAQ componants and channel counts

a) Event data read-out modules

b) Subsystem crate

c) Event buiider lubsystom

d) Event data fiow" control

@) On-line processor subsystem

f) Control computing interface

9) Rack protection subsystem

h) Software sysiems

0746
SDC Data Acquisition
Descoped Costing Summary
(November 14, 1891)
Mas Eatimatnd Cost
- Infrastructure $865.0K
- DAQ ControUMonitoring Network 700K
- Crates, Power Supplies, Etc. 40.0K
- Event Data Readout & Control/Monitoring Network Interfaces
. DAQ CPU Modules 1510.0K
- Crate Adapter/Interface Modules. 120.0K
- Event Data Links 137.0K
+ (Other Items) 15.0K
- Event Builder Subsytem & Links To The Online Processor Subsystem 1100.0K
- Event Data Flow Contrel Subsytem 11.0K
- Online Processor Subsystem 6640.0K
- DAQ Offline Analysis Interface 250.0K
- El ies Rack Py ion Sub 1782.0K
MA&S Total 12540.0K
Manpower Estimated Total 12460.0K
Overall Totals 25000.0K
0745

8.9.5 Additional DAQ Component Details
8.9.5.1 Front-end & trigger syslem event data readout & controi/monitoring
interface
a) Crates, backplanes and power supplies
b) DAQ CPU modules
c) DAQ event data readout bus slave interface
d) DAQ crate adapter/interface module
o) Event data links
f) DAQ control/monitoring network
Q) F DAQ nitoring  network interface, links & repeaters
8.9.5.2 Event builder subsystem
8) input interface & data balancing/input queusing network
b) switching network
€) Intertace to online processor subsystem
8.9.5.3 Event data flow control subsystem
a) Interface to trigger subsystem
b) interfaco to other DAQ subsystems
c) Event data flow and trigger inhibiting
8.9.5.4 Oniine processor lubsys!om
a) P ing and softy | 1t envi 1t
b) interface to other DAQ subsysloml
8.9.5.5 Software systems
a) Run control
b) Runtime user interface
c) Control and monitoring intertace
8.9.5.6 Stand-alone DAQ 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
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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 beams/labs 1994

Prototypes of all DAQ components 1995
Delivery of partial DAQ systems Jan, 97
for subsystems
Muon subsystem ?
Calorimeter subsystem ?
Tracking subsystem o ?
Installation of complete DAQ system Jan, 99

Certification of full, working DAQ system July, 99



0750

SDC Second Level Trigger Using ASP
J. Brisson(CEN Saclay)



C@ Saclay DSM DAPNIA Ce:] Saclay DSM DAPNIA S

Second Level Trigger

==> Tightly coupled to Data Acquisition <= =
Quick decision to refine the selection of triggered events

Better granularity than ievel 1
Better energy resolution : Digital

SDC Second Level Trigger using ASP
Multi-detector correlation

Topological decisions
* In the 5/50us range

November 1991
J. C. BRISSON - O. GACHELIN - P. LEDU - B. THOORIS

=> Needs flexible algorithms < ==

D.APNIA.
R & D for new architectures == => Parallelism CEN SACLAY
91191 Gif sur Yvette CEDEX France
Proposed solution = => ASP : Associative String Processor
< S
3 o
November 1991 2 SDC Second Level Trigger using # November 1991 ' SDC Second Level Trigger using AS
& Saclay : osm oapnia (2T saclay DSM DAPNIA S&
VASP-64 : String of associative processors Event selection at SDC
— Iwo basic concepts (Prof LEA) : ==> At least one event for each beam crossing < ==
* Suppress memory access — Qne processor for each data word
* Suppress addressing — Associative access to multiple data One event == => several Mega-bytes of data._
ASP/ " _ I ’j ==2>_Needs for an efficient selection of good candidates < ==
. e ~ . -
K R
f/eW IntTr APE co’-umcatlon éwo//’/é H LK First leve! Trigger :
0. I -— .
N f‘ Match line HL-L Ip’{j }EE" * — reduction of event rate by a factor of 1000
4 ; o’ 2% A s Second level Trigger :
0] I - .
C Lf Data Bus * — further reduction of event rate by a factor between 50 and 100
oL
L . .
EEC Activity Bus - Third level Trigger :
A
o Control Bus g * - final selection — processors farm (RISC)
(==}
« 64 bits data register » « 64 processors on each chip » » 2K Machine workin %

November 1991 3 SDC Second Level Trigger using Novermber 1991 7 SDC Second Level Trigger using ASP



C@J Saclay DSM DAPNIA Cea Saclay

DSM DAPNIA !
ASPEN Architecture ASP’s Embedded in DAQ as Trigger Processor
72 ASP distributed on front end acquisition boards
. 7% ,
- Data stP Interface’s @ e Data channels connected to ASP string
. Womors “9/599’ - e Logical machine distributed over many boards
— ’7 ASP contraller on board (DSP ?)
ASP String * Correlation network (Transputers ?)
Netwark
« Model Third Leve} }/ —
e uP pushes requests for execution S.‘m“ mml _pa 'L’“{:‘
o - BHS
- of one single instruction 5y w‘fg Asrl
. - h) ) 3
- or a linear sequence of (prestored) instructions (,»'“’ ny
fHE i 4y
. EP hgrldles,: — - kg\nl puffer for triggered eveﬁ
~ control flow
- serial field addressing
o
* uP has memory mapped access to ASP vector - 3
az -~
N o 6 SDC Second Level Trigger using November 1991 4 SDC Second Level Trigger using /
lovember
Cea Saclay DSM DAPNIA Ce:] Saclay DSM DAPNIA S
DSP/ASP Interface ASPEN (ASP Embedded Node)
S « Hardware : Fast microprocessor (DSP 32 bits, floating point) — ASP String
State Machine
4 Concurrent Memory {16k instructions * ASP string controller.
Bequest _type Jiselined Lofe Act e interface to other trigger elements
Addr | Request = —_— e detector interface
FIFO |-ieauest locatign | Address. |  feeseeefeueso] eeeeeed] * use as scalar processar
—_— Generation, sereseeenegenteeene] » e prototype ready in February 92 (1K)
—_ Unit I ASP Activi
osp - » Software : Program written in C language
Pata Dat2. ASP Data * DSP program control :
FIFO Serial Field — Inicroprocessor activity
—_ — ASP activity
Data ﬂ — rendez-vous
* _ASP primitive procedures embedded in source DSP program sequence
M — Compiler builds an ASP “data list” of instructions
Instruction o — Compiler replace initial ASP code by a “move” to ASP interface
s Encoder P ¢ Dynamic interpretation at run time §
ASP_Contr »
No! ber 1991 5
November 1991 7 vemoer

- " SDC Second Level Trigger using A
SDC Second Level Trigger using



Ce:] Saclay DSM DAPNIA

Second level trigger project for SDC

End Cap Barrel €nd Ca
11 T 1T
—1——4 t— - 1
1 1
1 oL g -
1 1
- 1
1 1
—t— Ittt ———1-
I 1
- -1 —{- = - e |
1 1
—4—1 I R
1 1
eofestoy—-d bt b L O R
Calorimeter segmentation : 128 in ¢ =160 in n ! L : L LL !

Data in APE register : 2 APE for each projected pixel

(=1
EMC | HAC | ENC :ncJ Tracking Shower Max Muon o
up down 0
APE n-1 fee=sq T 1 ﬁl APE n !— \ H
et e L | e
November 1991 8 SDC Second Level Trigger using /
Ce:] Saclay DSM DAPNIA SE!
Results of Simulations
Timing evaluation performed on VASP-64 Simulator
Does not depend on the number of towers
Isolated Electrons;
* First threshold = 1 ws to find electron candidate
* Second threshold = 1 us to separate from hadron
e Third threshold on neighbors and electrons counting = 2 us
~ Jotal = 4 us
(=}
-3
&

November 1991 9 SDC Second Leve! Trigger using ASP



Report on Loeation of Electronics
Inside or Outside Muon Steel

Electronics Working Group
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TO: Gil Gilchriese and Tim Thurston
FROM: SDC Electronics Working Group
DATE: November 15, 1991

RE: LOCATION OF ELECTRONICS INSIDE OR OUTSIDE MUON STEEL

The Electronics Working Group considered four possible locations for electronics currently
being located between the calonmeter and the muon systems:

3] Location outside the muon system
2) Location in rack-mounted crates along the vertical walls of BW1
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 withoul craies
Some of the issues in locating the clectronics are:
Electronics Performance
Reliability
Ease of Maintenance
Ease of Design
Cost

Conclusions of the di ion are ized below without full elaboration of the issues.

GENERAL CONCLUSIONS
The following general conclusions were drawn:

I VLPC cryostats must be located in close proximity 10 the endcap-barrel crack to
minimize attenuation of signals to zheVlJ’Cs This conclusion could change as the
artenuation length of clear fiber better und d; however, it
is unlikely that the fibers could be extended more than a few meters.

2) Calorimeter calibration source pigs must be located on the calorimeter.

3 Power distribution for d straw tube el ics musi be located
near the endcapbmel cnck 10 minimize length of leads.

4) For SCA-based calonmewr and shower max readout, pmmphﬁcrs and shaping
L must be ph ly coupled to p
pickup prior to sxgnal amphﬁcanon

0764

2) ics perfe may be d by the longer cables required by the
nck mounted location. In addition, it may be compromised in the rack location by
xheflcldmdwelecmncspwndlslmswel]nedmmepwndofdleupsmm
electronics and of the detector. The particular issues here are signal dispersion,
clectronic pickup, and ground loops.

3) The rack-based system affords more ient access to the el ics; b
access 1o electronics in crates on the i is El ics can be
designed to be sufficiently reliable for location on the calorimeter. Requirements
for reliability are not as severe for electronics on the back of the calorimeter as for
the silicon tracker and straw tube electronics which has similar functionality and is
embedded deep within the detector. Routine servicing of electronics will be by card
replacement.

4 Access 1o most, but not all, ph tpliers is better if el d
An adequate plan for access to phommu.lnpllm has not yet been dcveloped for the
case of electronics on the calorimeter.

5 Access lo electronics on the back of the calori) and 10 ldpliers, will be
different for layout of electronics for different choices of tracking detector and
calorimeter readout  technologies. For instance, the case of a straw tube tracker and

readout of the by itor arrays (SCA's) may require the
least physical space among the current scenarios; wbaus the case of a scintillating
fiber tracker and readout of the cal by digital ph tier bases may
require the mos1. Access to ph ltipliers may be ad in some

but not in others.

The group concluded that locating the electronics on the back of the calorimeter is
preferable 10 rack-mounting next lo the muon system and that an elecronics layout which
affords adequate photomuitiplier access should be developed for each of the different
combinations of tracking technology and calorimeter readout, rather than only for 2 worst
case scenario. The group recognized the need for substantial cooperation with the
inlcgration group in order 1o devclop appropriate layouts. Finally, the group recommends

that pt be d for the rack location as a backup in case no
Ippmpnalc layout ts possible for the ination of tracking and readout
technologies finally adopted.

ALTERNATIVE PACKAGING SCHEMES

With respect to development of electronics to be mounwd on the calorimeter without crates

or in more compact craies, the group ds that schemes be

constdered as well as layout of cratc-based elecuomcs for possible scenarios as suggested

above, but that consideration of crate-based layouts on the back of the calofimelcr be given

pnonry As well as improving access to ph re-packaging may reduce or
cables and with g per and possible reliabili

gains, a1 the cost of increased engineering effort.
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5 For flash digitizer-based calorimeter and shower max readout, current splmcrs,
and must be ically coupled 10
minimize electronic pu:kup prioe 1o signal i mreyauon and digitization,

6] VLPC, straw tube, and all calorimeter readout systems should be located as close as
feasible 1o signal sources to optimize cable length in order 10 minimize:

a) signal dispersion in cables

b) signal ground return paths and ground loops
c) required si; swings

d) power d:sslspn:lnon in cable drivers

e) crosstalk to other signals
f signal feedback to mxlog input of elecronics
g cross section of cabie: X
h) cost of cabies fougivencmsssecnm
T Al ics, including ph dtipliers, must be ible for repair.

LOCATION OUTSIDE THE MUON SYSTEM
With respect to location of electronics outside the muon system, it was concluded that:

3] There is no compelling cost advantage to an outside lacauon Cos! savings due to
reduction in size of the muon system are offse cable
costs. (Please sec report of Chris Bebek y Cable dnvcrs. supplemcnml engineeting
to handle cable di cable costs would likely
more than offset my msldual muon system savmg;

2) Electronics performance with the required cable runs is uncertain.

3) The large aggregate cross-sectional area of the cable planl would introduce
additional dead space in the muon system.

4) Access 1o and delivery of services (o electronics outside the muon system would not
be signil ly i d d. o rack d ics within the woen” -

mpn

sysiem.
The group strongly agreed that the electronics should not be Tocated outside the muon

system and thal the inner radius of the muon radius should be chosen to be adequate for
electronics jocated between the calorimeter and the muon system.

LOCATION IN RACKS VS. ON BACK OF CALORIMETER

With respecl to location of electronics in racks within xhe muon system as compared 0
location of on the it was luded that:

b The required inner radius of the muon system, and hence the cost of the muon
system, is essentially the same for electronics located in crates in either location,
(Please see report of Tim Thurston.)
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RECOMMENDATIONS

In summary, the Electronics Working Group recommends that:

I}] The inner radius of the muon system should be chosen 3o as 1o allow location of
electronics in crates on the back of the calorimeter or optionally in racks adjacent o
the vertical BW 1 muon chambers.

2) Layoul schemes whlch lmehcuunusmﬂwbwkofdw calorimeter with

sS t0 should be

for in the
technical pmpos.ll

P P
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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 development of a VLPC which
meetls the criteria:

Quanium efficiency >80%
Reduced infrared sensitivity
Contact resistance <2000
Smail bias variation
Reduced sensitivity to latchup

The progress to date in the development of this device by Rockwell has been impressive,
but there doas Not yet exist a device that meets alt of the criteria. The proponents of 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 puise that can be ampiitied 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 ampiify, shape. and discriminate the
signais trom the VLPC. This appears from the specification io be a siraight forward adaptation
of the sraw tube ASD. There are Questions about what moditications to the amplifier design will
have 1o be made to alleviate the latch-up probiem. Wa would like to have more information on
the equivalent circuit parameters 1or the VLPC and custom cable in the cryostat.

The mounting of the ASD's on a P.C. board and the mounting ot the P.C. board on the
cassette part of tha cryostat seem 10 be straight forward. However two significant issues are
(1) how the electronics is to be cooted (120 to 160 watts per cryostat) given the high packing
density, and (2) whether the outputs of the ASD can be single-ended over a ground plane as
currently proposed. It is possible that single-anded outputs will not work and that ditferential
outputs will be required. In this case the cabie plant from the cryostat, to the Crata, which is
already large and dense, will doubls in size.

The digital electronics for the trigger and data buffer appear do-able. The number of
iterations needed to make the full custom integrated circuits work has probably been
underestimated. White the boards as designed can probably be mada, the cabling plant will be a
nightmare. The space required for the crates, cryosiat, and the cables aggravate the already
difficult problem of laying out the area around the caloimeter. Much of tha compiexity of the
system particularly the cabling and interconnection has been driven by the requirement to do
tracking reconsiruction using ali superlayers with uniform efficiency in the trigger, at the
beam crossing rate. it has not yet been that this is y to meet the
tnggering goals.

Finalty, since Rockwell is the sole supplier of this device one can not choose fibers for
the outer tracker untit 3 suitable contract with guaranteed price and delivery has been
hegetiated and signed.

076¢

STRAW TUBE TRACKING ELECTRONICS

Most of the electronics for the straw tube tracker will be mounted on a board at the end
of the straw tubes. The ASD circuit for straw tube readout is sl!aighl forward and there are at
ieast two vendors for this chip. An 8 channei chip is in fabrication now.

The time measurement and levei one storage chip, the TMC, has been shown to work,
although the present version, which incorporates 4 channeis per chip, has onfy 1 microsecond
of storage. It is thought 1o be reasonably straightforward to cnenq this to 4 microseconds. The
outstaniing problem that has to be is i ing the 55 The levet 2
buffer as curtently designed is a separata chip. There are advantages 1o combining the levet 1
and level 2 storage on a singie device. The details of the connection io the DAQ and 1o the overall
trigger system have not been worked out. The risk of having a singie source for the TMC is not

‘viewed as being a problem.

The trigger chip for the straw fubes does not appear to have any problems. There are
muitiple sources for this device.

The maijor problems for the straw tube ics are p ing all of the P
demonstrating that the digital logic €an operate without to.much crass talk 1o the straws. and
preampiifiers and design of a satisfactory system for cooiing. Several solunoqs are being
pursued, the amount of effort applied is conmensurate with the problem, and it is likely that one
of more solution will work.

CONCLUSIONS

Overall the signal processing and digital logic for both the straw and fiber sy'slems seem
reasonably straightforward (though not trivial). The difficuities 91 packaging, vcoolmg, and
minimizing cross talk ara greater for the straw chamber electronics than for cnhgr nja ASD or
digital logic of the fiber tracker. However, given the probiem of the interconnection in lhf
fiper tracker and the uncertainty in the operation and delivery of the VLPC, the everall risk for
the fiber system is larger than that of the straw iubes.

A substantial system test of both systems will be required o unambiguously address
these concerns. This test should involve fully instrumenting 256 to 512 channeis of the
detector. For the fibar system this would correspond to at least one lullfy loaded cassetts. For
the straw tube systam this would corespond to at least one module with an attached electronics
board. !t is thought that it is uniikely that either system could produce this fuli system test
prior 1o September 1992,

Review Committee: M. Campbell
H.H. Williams
J. Oliver
C. Bebek
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b) Two-story chamber module
Also shown in Fig 1 is a basic cell amang in a chamb dule. The
hamb dule is ially 8 gular flat box with thin aluminum structure.

The module consists of two half-cell-staggered jet cell layers partitioned by a
middle honeycomb plate. The benefit of this module configuration is to provide a
very effective trigger scheme utilizing & mean-timer Jogic as well as to solve a left-

right ambiguity.

3. Physicai 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 BW3 were originally
considered. The boundary region, where the half cell staggered two layer
ammangement is not perfect, becomes about 6 % of the whole barrel muon coverage
inm. However, as shown in Fig 2 and also as summarized in Table 2, at least one
cell of each superlayer covers the boundary and at icast one superlayer, either
BW2or BW3, providesa healthy trigger at any 1j. Since the boundary is not
very critical, we should optimize the module width by taking the various other
factors into ideration such as mechanical rigidity, fabrication, transportation,

handling, supermodule assembly, overall cost. In this draft we propose a
somewhat narrower module width of ~2.5 m for the BW3 layer as a typical large
size chamber module.

b) Layout of the chamber

Based on this new chamber width, a layout of the chamber moduie and a
supermodule configuration were worked out in accordance with the ‘Muon System
Baseline P; (9/25/91).. Sch ic ill jons of the chamb
arrangement are shown in Figs. 3 to 5. 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
resolution of ~200um  to the muon track measurement for the SDC muon detector
system, which covers ~2000 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 wili 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 final. 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 configuration 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.1. The cells are gradually tilted as they go toward the
edge of the barrel toroid so that any row of sense wires points at the interaction
region. The cathode is made of thin rigid plates which separate individual cell. It
is helpful for tsolating broken wires. Relevant parameters of the cell design are
summarized in Table 1. Those parameters have been modified from the original
one by considering the recent results of the gas gain study 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 Wisconsin design. The sterco layers are made
of thin aluminum sheets and I-beams 1o form a single wire drift cellof 5em x 8
cm of cell size. Half cell staggered two layers are built into one single flat plate
module two of which, as illustrated in Fig. 6, could serve as strong top and bottom
lid of the BW2 chamber 1o withstand gas pressure of about 10 gr/cm?. This kind of
hamber arrang has already been used fully for the L3 muon
chamber system.

The phi chamber that we propose is also a jet chamber; essentially the same as
the theta chamber, but the size is somewhat smaller 50 as 10 fit to the overall size
of the supermodule.

stereo

¢) Chamber size and channel count
The size of the chamber moduies is listed in Table 3, separately for cach
superlayer. Number of sense wires were calculated for this amrang and are

listed in Table 4. The increase of the channel count from the previous number (
59k channels) is mostly due to a difference in the phi chamber arrangement. The
phi chamber was placed in BW| 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 fabrication

a) Frames and middle honeycomb plate

The chamber frame structure consists of a pair of end frames, side frames,
middle plates 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 form a rigid frame structure. In a frame assembly, the center
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support should be properly aligned with respect to the end frames. To this end, as
conceptually shown in Fig. 7, the 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 connection scheme o the honeycomb plate are shown
in Fig. 8.

Holes to fix the feed-throughs and wire supports are precisely NC-milled on
the end frames and the center 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 very rigid sven without having top and
bottom plates, we can work on ‘wire stringing |nd cathode plate assembly on an

open frame structure.

b) Top and bottom lid plates

After finishing the wire stringing and cell structure 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 gr/em® with a small small deformation of a few mm or less, since
they searve as a part of electrodes for the drift cell . As the chamber width
b wide, this requi is no more trivial. A honeycomb plate of ~4 cm
thick with 1 mm thick aluminum skin can be one of choices. Thin aluminum
sheets with I-beam interleaved structure or thin corrugated aluminum sheets with
skins, as shown in Fig. 11, may also be 2 good choice. We need more study to

find a cost optimum solution for the lids.
As discussed in chapter 3, like the L3 Jet chamber, we can use st layer
chambers for the lids of the theta chamber in BW2, With this arrangement, we

can save cost and space to some extent.

¢) Cathode plate arrangement

91.10.09 '
g) Weight of the module 07T
Weight of the 2.5 m wide x 9 m long x 0.4 m thick module is estimated.
The results are summarized in Table S.

5. Supermodule assembly

a) Chamber module mounting

Similar truss structure as the Wisconsin system, shown in Fig. 18, can be used
to mount the chambers into a sup dule. Some complication of the chamb

pp h pared with the Wi in 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 ~1mm at worst, a simple bracket might be used.
The optical position measurement system in the module, discussed in chapter 4-¢),
must be very helpful for this adjustment.

b) Weight of the supermodule

One supermodule outside 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. Results of the weight calculations are listed in
Table 6. The supermodule is indeed very light compared with the other systems.

6. Allgnment
i) Wire-to-module
Wires are accurately positioned to the end plate with precision NC-mill

hining. The precision of this hining must be better than 50 pm.,
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 | mum 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 several 10 picces to be used for the R&D prototype

hamber.The design drawings are shown in Figs. 14 and 15. 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 5o as to be
optimized to the technique.

¢) 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-lens-CCD
optical system, illustrated in Fig.17, will be impl d inside the chamb
Utilizing this system, we can always monitor the position of the center support in

chamber fabrication, mounting and aligning on the truss and usual operation.

6
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Positioning of the cell walls( cathode plates) does not require good accuracy.
They can be placed within ~1 mm y. 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-chamber and Chamber-to- dul

L 4

This issue is not yet worked out seriously. We only say the following
staternents: The chambers are simple rectangular rigid boxes. They can be
fabricated with the great precision of a few 100 pm. Laying the precision boxes
each other and mounting them in a supermodule must be relatively casicr.

‘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 facllity 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 (length) x 0.42 m (height) has been
under construction, Principal items to be studied with this prototype are i)
mechanical rigidity of the module, it) wire stringing and cathode plate fumishing,
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i) performance 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) Short prototype chamber

Basic chamber studies using short Jet chambers have been also going on.
We have already obtained some useful data to optimize wire diameters and
operating voltages as discussed in section 2-a). A short 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 start measuring mechanical properties 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

A4 1

the overall ch cost.

Now we bought a two honeycomb plates of 3m x 4 m x 4em thick for the
R&D module. The company charged us 1,200,000 yen 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 $329/m? for 40 mm 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 1/2, if we order hundreds of plates. Has the
WBS already taken this factor into account ?

Apart from the middle piate, 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 1/2 or lower.
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Table 4, Number of measurements along & muon track and summary of the
_channel count

measurements cells sense wires
BW1 (8) 6 35k 10.5k
BW2(8) 6 45k 13.5k
BW2(s) 4 139k 139k
BW3 (4) 6 69k 20.7k
BW3(9) 6 49k 147k
total 28 73.3k

Table 5. Summary of the module weight for the BW3 0-chamber.

V780

Table 1. Parameters of the wires and the cathode plane.

material _ diameter tension voltage  wires/cell

sense w 70um 400 g +2.1kV 3
potential CuBe 140 um 690g 0 4
guard CuBe 200pum®*  1.2kg*  +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
8 (deg) n 46 (mrad) 411 (x10™%)
80.9 0.16 8 08
64.3 0.46 18 ‘ 2.0
513 0.73 15 19
41.7 0.97 13 1.9
total 54 66

*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)
BW1 (8) 54 2.5(2.0) 0.40
BW2 (6/s) 73 2.52.0) 0.54
BW3 () 1.5 215 0.40
BW3 (0) 9.0 2.5 0.40
- 0782

Jet Cell Chamber Module

ToLP.

Cell Structure

1 Cm_‘_ Ground (0 V)

Component weight (kg) pieces/module
Frame Side frame 98 2
End frame 59 2
Center support 32 1
Middle plate 83 2
Frame total 512
Top/botiom plate 83* 4
Top/bottom plate total 332*
Cathode plate etc. 90
total 940

@ a— Guard

o
:'\\ Potentis}

*We tentatively assume that the material is the same honeycomb plate as is
used for the middle plate.

Table 6. Summary of the chamber weight in each supermodule.
weight/module (ton modules weight (ton

BW2 (9/3) 13 3 39
BW3 (9) 012 4 2.9
BW3 (6) 0.94 3 28

total 9.6

Sense

l

Ground ©V) ,"l\o

,
,
’
/,
’

Fig. 1 Jet cell arrangement in a chamber and an
oriented Jet cell
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Frame structure and assembly procedure:
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Cathode Plate Arangement
(Rerspactie view)
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1st and 2nd Level Muon Triggers
Based on the Jet Chamber Design

H. Sakamoto(KEK)
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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. Summary

=3 SDC Collsboration Mesting & SSCL, 13-Nov-199
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0816 1. Introduction
1.1 Trigger logic

= €70 151 and 2ad leve) muos Wiggers based on e jot chamber system  ——

How to make a trigger decision?

081

i) Finds a track segment in each jet 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).

¢) Tunable threshold momentum (lOGeV/c-SOGeV/c).‘
32ns in one cell, 8 half-cells between 2 superlayers.

1.3 Level 1 and Level 2
Level 1
Prg. step ~100 fixed
Resolution  coarse
Programming LUT/gate array
Data transfer heavy
local
— € SDC Collaboration Meeting @ SSCL. 13-Nov-199] -

Level 2

~~10000 variable
fine

software

light

global

€1t and 204 bevel mucs iriggers baned 00 the jot chambet sywem T

0819

081s
2. Level 1 trigger
rd I -
77777 ?r Ha wnred ‘og;c /Look-up table /Gate array
77777 3 16nsec plpclme.
B 3 Input = Discriminator output signals
§ 2.1 Finding a track segment in a jet cell.
3 anode signals in one jet cell.  3/3 or 2/3 coincidence.
| Maximum tilt around 16nsec between two anodes.
/
k Wire 1 E
180;
77777 il 8 ?
1777 Iy
Wire 2 ]
3
]
p Wire 3 |
. anode plane
= ] 16nsec time slot
2 /
muon track
LLLLL i|
L L LLL
Fig. 3

&= SDC Collaboration Mesting @ 83C1, 13-Nov-199]
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-

2.2 Connecting track segments in staggered half cells.

Track segment information from staggered two layers.
Timing signal from the trigger scintilator.

|<:=|.'

I,

.
°
== T"Q :.
:
.

Tl =('-I-tx)+(‘-)-t-)

delay in L1 trigger time slot

>
drift time in cell 1

—

E!rift time in cell 2 .

scintilator signal delay = full drift length of the cells

=0 SDC Callsboration Mesting @ SSCL, 13-Nov-1991 ¢

2.3 Connecting track segments between the superlayers.

i
'

Extrapolates a track segment in BW2 toward BW3.

Finds segments consistent in position and direction.

] 4
1 i il |
L | 1
] 7
4

J
'I
4

e = e

(] 4
[} 4

2.4 Level 1 Trigger Circuit

+—E‘3 U 'rnd}_ 41501-‘]

.LMBUF ]

——1{S.LTRG 1BUF |
fm—tell RG] —{L1BUF | s.LcaHsur]
S.LTRG| A\BUF
1 TRGL——R1BUF | "L Coin}—JLIBUF
LTRG L1BUF |
<l TRG LIBUF | .LCoil;HiDUF 1
S.L.TRG L1BUF |

== SDC Collaborstion Meeting @ SSCL, 13-Nov-1991 c————
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3. Level 2 trigger
Microprocessor/microcontroller/DSP...
100microsec maximum latency.

Input = muon TMC output ( 2ns resolution )
L1 muon trigger information
3.1 Level 2 trigger interface

0826

ASD Amplifier/Shaper/Discriminator
TMC muon chamber digitizer/ieve! 1 buffer
LITRG  Level 1 trigger circuit

L2BUF  Level 2 buffer

L2TRG  Level 2 trigger circuit

—=> SDC Colisborstion Mestiag @ SSCL. 13-Nov-1991 ————

Je1 type muon chamber readouttrigger electronics

1- - -8 -
sampling 6 6 4 6
cells 3500 4500 13%00 6900
sense wires 21000 27000 55600 41400
'TMC chips 5250 6750 13900 10350
[TMC boards 164 m 434 k7<)
[TMC crates 10 13 n 20
L1 cell chips 875 1125 0 1728
L1 superlayer chips 3500 4300 0 6500
L1 superlayer boards 109 141 (] 216
L1 superlayer craies 9 [ 13
L1 s.1.coin chips 1us 0 0
L1 s.l.coin boards 281 0 0
L1 s.l.coin crates 18 0 0
L1 crates 40 2 M
L1 cost (x$) 2057 1412 1752
TMC channela/chip
‘TMC channels/board
TMC channels/crate
ch. /L1 cell chip

ch. /L1 superiayer chip
ch. /L1 sl. coin chip
ch. /L1 superiayer bed
ch. /L1 superisyes ext
ch. /L] s.].c0in brd

@& /L1 s.Leois ot
board cost (k$)

crate cost (k$)
boards/crate

12 crate processors
L2 enewsecion

L2 sector proc. crate
12 subsystem proc.
Data size/crate

Deta size/sector
Data size/subsystiem
Chamber occupancy

= 185 and 20d level moss Wiggury based 00 B jot chamber system  —

2% sz Bsl ¥5. I8
Buoval ZlwdsilBacasala Socoa

181
0.0t

082y,

L2 trigger inierface 082%
L2 Trigger Pata

Read pointer

L2 Trigger Address
3.2 L2 wrigger configuration

L2 Crate| 12 =
kl‘l;on rate E Sector E:f :::y:tem »t?;m
100MB/s aJB lOMB/jaIB Ja

€= SDC Collaboration Mesting @ SSC1.. 13~Nov-199] —

Local bus

Serial link
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L2 Sector processor concept
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4. Summary U832

Conceptual design of muon L1 and L2 trigger scheme
based on the jet chamber system
*L1 estimation of pipeline trigger steps
*L2 imerface to L1 buffer

Next step =

Implementation of these L1 and L2 architecture using

existing technology.

* L1 prototype PCB at 30MHz
programmable gate array / static RAM

* L2 prototype
VME based / TRANSPUTER ( T80S / T9000 )
Bus switch for L2 buffer/trigger backbone

T SOC Colisborstion Meeting @ 5SCL, 13-Nov-1991 ¢ -
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