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GEM COLLABORATION COUNCIL MEETING

December 5, 1991
Abstract:

Agenda and transparencies contributed to the GEM Collaboration council Meeting
held on December 5, 1991..



COLLABORATION COUNCIL MEETING
Thursday, December 5, 1991 - 9 A.M.

SSCL

Agenda

| Update on Status of GEM (Barish)
I BaF2 Expert’ Pane!l (Newman or Brau)
1 GEM R & D/Engineering Request for 1992 (Baltay)
v Report on Status of First Budget Roll-Up (Sanders)
v Report on Hall Design and GEM Assembiy Considerations  (Marx)
Vi GEM Organizational Structure (Samios)
Vil Reports on R & D Programs of Subsystems Groups

- Magnet {(Stroynowski)

- Muons (Taylor/Ahlen)

- Calorimetry (Brau)

- Inner Tracking  (Baltay/Musser/Morgan)

- Electronics (Shaevitz/Marlow)

- Computing (McFarlane)
ADJOURN 3 p,

A Meeting of the ‘New’ GEM Executive Committee
will follow the Collaboration Councll Meeting, immediately (3 PM- 5 PM)

The PAC will meet to consider our L.OI {copies will be available at the Collaboration Council
Meeting) on December 15-171h. We will present cur LOI in open session on the morning of
December 16th. All are welcome to attend.
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BaF; Transmission Before and After Irradiation:

+ (a) Recovery from Neutron Damage

(b) Typical Saturation Effect
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# B. Studies of radiation damage in BaF; crystals indicate that the damage may
be associated with an absorption peak at 288nm. This peak is suspected to
be caused by Cerium or O3 in the crystals. SIC and BGRI will pursue 2

systematic series of studies to eliminate this absorption peak.

® SIC and BGRI will therefore determine the source of Cerium as a trace

element, and eliminate it from further crystal batches.

® SIC and BGRI also will continue to pursue tests that will determine the effect
of Oxygen(Oz) dissolved in the crystals. SIC, BGRI, Caltech, engineers from
ORNL, and engineer M. LeBeau will work together to improve the growing
conditions, so as to remove O3 down to a level where it does not lead to
significant absorption in the UV following irradiation. In order to achieve
this, the vacuum systems of the ovens may be improved. A production oven
with improved pumping, to achieve a vacuum in the 10~° to 107 Torr range,

will be set up with the assistance of Caltech and the engineers.

® SIC and BGRI will investigate the use, and necessity of the use, of very pure
raw matenals in the crystal growth. This step is recognized to be useful only
once eflective methods of analysis down to a trace element level of < 10~7

(molar fraction) have been established.
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* Oxygen containing fluorides can be considered as a
mixed crystal of MF, and MO, for example, can consider
oxygen containing SrF, crystal as a mixed crystal of
SrF, and SrO. It was known that the UV absorptlon
band of SrO is located at 215-217 nm®?, and. it is
205-209 nm (about 6 e.V) for BaO. They are due to
the transition from O,, state to-conduction band of
Ba*? or Sr*? ions.

* When oxygen contammg BaF, crystals were n'radlated by
€-ray radiation, O*-F* dnpoles decomposed: :

O?-F*— O? + F*

which will increase the concentration of lone O ions
and O ion pairs so as to increase the absorption

in the 190-250 nm region. F* vacancies are easy to
capture electrons to form F centers which are
responsible to the absorption in the visible region.
In the mean time, the hollow at 290 nm was reduced
or disappeared due to the decomposition of O2-F*
dipoles.
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Figure 2. The transmission spectra of SA3, S18 and B26 before and after Co*® y-ray
irradiation. (1)unirradiated, (2)100, (3)1K, (4)10K. (5)100K and (6)1M rads.

Figure 3. Relstive change in light output tested by H4652 PMT for sample2, sample
4 and sample §.
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R & D PLAN

SYSTEM REQUEST PLAN A
1. Integration 1.0 0
2. Magnet 6.2 5

3. Calorimetry 7.8 3.3 + 1.3 for BaF2

4. Muons 3.5 2.7

5. Tracking 1.3 1.1

6. Electrons 0.9 0.8

7. Computing 0.1 0.1
20.8

Reserve 1.0 0.7

21.8 15.0



The GEM Collaboration’s Engineering/R&D Plan
for F'Y ’92

The GEM Collaboration

26 November 1991
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TABLE 1

1. System Integration 6"

2. Magnet 5,000
Engineering design 2660
R&D on conductor etc. 2400

3. Calorimetry 4622
Lignid Argon/Krypton 1170
Barium Fluoride 1209
Scintillating Fiber 610
Forward Calorimeters 75
Preradiators 140
System Engineering 1418

4. Muon System ' 2700
Pressurized Drift Tubes 400
Limited Steamer Drift Tubes 480
Cathode Strip Chambers 500
Resistive Plate Chambers 300
System Engineering 700
TTR Facility 240
SCARF Test Facilities 80

5. Central Tracking 925

Interpolating Pad Chambers 325
Silicon Microstrip Detectors 600

6. Trigger and Data Aquisition 975
Calorimetry ' 385
Central Tracker 465
Trigger and DAQ 125

7. Computing | 100
Software Development Tools 40
Simuiation Integration 15
System Architecture Studies 45

8. GEM R&D Reserve 678
GEM total for FY92 15,000

* Funded by Project Management Funds at the SSC, which are not a part of this request.
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GEM COST TARGETS (29 JULY 1991)
($ MILLIONS)

RSD ($40)  COmPuting ($10)

. Trigger ($10)
Magnet ($100)
Tracker ($40)

Calorimeters ($150)
Muon ($130)

Structures ($20)

Page 1
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GEM COST ROLLUP 12/3/91

OPTION DIRECT COSTS | CONTINGENCY % TOTAL
Lig. Argon/LSDT $394,129 $128,804 33% $524,689
SciFi,BaF/LSDT $415,602 $132,729 32% $548,540
Liq. Argon/PDT $395,984 $129,917 33% $527,657
SciFi,BaF/PDT $417,457 $133,842 32% $551,508
MAGNET $86,319 $18,445 21% $104,764
MUON (LSDT) $71,381 $42547 | 60% $113,928
MUON (PDT) $73,236 $43,660 60% $116,896
SciFi HADRON CAL. $66,283 $18,267 28% $84,530
BaF EM CAL. $67,387 $10,929 16% $78,525
CENTRAL TRACKER $43,630 $13,213 30% $56,842
TRIGGER/DAQ $11,300 $5,650 50% $16,950
COMPUTERS $12,813 $7,665 60% $20,478
LIQ. ARGON CAL. $112,177 $25,271 23% $139,204
FORWARD CAL. $20,167 $6,745 33% $26,912
PRERADIATOR $9,040 $4,520 50% $13,560
INTERFACE SYSTEMS $11,872 $3,205 27% $15,077
PROJECT MAN. $15,431 $1,543 10% $16,974
VERY PRELIMINARY

Page 1
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Proposed subsystem cost allocations - M$

Subsystem Base target Contingency Total
Magnet 30 20 110
Muon 85 25 110
Central Tracker 38 12 50
Calorimetry 129 31 160
Comp. and Control 13 7 20
Trigger & Data Acq. 12 5 17
Interface Systems 12 3 15
Project Management 16 2 18
Total 395 105 500

[G:L NOW 18-¢ -03d

b0 'd



GEM COST REVIEW
1. Scheduled December 10-11 at SSCL. or W -12
2. Subsystem physicists required.
3. Lead design engineers required.
4. Integration team members invited.
5. Cost estimate engineers required.
6. Electronics and mechanical technologies required.

Mechanical engineers and physicists should not present
electronics cost estimates.



COST REVIEW FORMAT

1. Each subsystem to be reviewed.

2. Liquid argon will be emphasized, but brief reviews of
BaF/fiber system and preradiator and forward calorimeters will
be covered.

3. LeCroy will make first presentation of electronics estimates.
Other lead electronics engineers should be present.

4. For each subsystem we will need efficient presentations of:

a. Physics performance parameters and requirements

b. Basic design parameters, dimensions, channel
counts,... |

c. Status of design.

d. Design team members and effort put into design to
date.

e. Cost estimate with emphasis on basis, fraction of
estimate with various bases.

f. Plan for next 2 months and descope options.



Proposed GEM CY 92 Engineering/Cost schedule

&

Engineering

Cost

Technical Propossl
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tectors (October, page 25), while a
magnet study group coordinates
the designs for the big magnets at
the heart of new detector
schemes,

A possible superconducting solenoid design
for an experiment at CERN’s proposed LHC
proton coilider. For giving an idea of the
scale, some peopie have suggested thar the
‘standard man’ could be usefully repiaced by
& ‘standard dinossur',

Around the Laboratories

Schematic of the planned WAS6 {'NOMAD

neutrmo axperiment at CERN.

CERN
Neutrino facelift

With the termination this summer
of the CHARM N neutrino experi-
ment at the SPS proton synchro-
tron (October. page 5), CERN’s 30-
year tradition of neutrino physics
came to a temporary halt. However
with these enigmatic particies play-
ing a vital role in today’'s Standard
Modes! but continually reluctant to
give up all their secrets, neutrino
physics will continue to be in the
forefront of this research,

Thus sfter 15 years of continual-
ly being battered by the intense
proton beams which create the
neutrinos’ parent particles, the age-
ing neutrino facilities st the SPS will
be refurbished to service two major

CERN Courier, Novernber 1991
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Subsystens I LOI Task Force | Executive Committee
Baltay

Marx
- Calorimeter—Breu, Adair " Physici~—Paige, Lane, Zhou, Plasil

General Institutes Bransos
Ar;sembly [ Musas—Abies, F. Tayler Samios

 Tracking——Mergan, Musser, Baktay P
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L.Collaborution Crowth & Life—
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(USSR) (China) (Korea) etc.

Figure 55-1 GEM Collaboratioa Organization



Nominations
GEM Organization
December §, 1991

Co-Spokesmen: B. Barish (Exec. Hd); W. Willis (Tech. Hd.)

Executive Committee: S. Ahien, C. Baliay, J. Brau, D. Marlow, K. McFarlane, F. Paigc,

F. Plasil, N. Samios, R. Sroynowski, M. Shaevitz, F. Taylor, A.
Vorobyov
(Spokesmen, Project Management Office, Ex-officio)

Intemational Commitiee: T. Ferbel, . Friedman, N. Samios, L. Sulak, V. Siderov,
Chinese, . ..
Project Management: Acting Project Manager: G. Sanders

Project Engineer: M. Harris
Integration Coordinator: M. Marx

Subsystems Organization: * Magne: Steering Commitiee

Chairman - R. Stoynowski
Deputy Chairman - (to be appointed)
Members - A. Mashke, W. Busza

< Muon Steering Committee
Co-Chairmen - S. Ahlen, F. Taylor ,
Members - M. Atiya, L. Osborne, Wuest, Polychronakos,
Mitselmakher, McNeil, Nimblett

» Calorimeter Steering Committee
Acting Chairman - W. Willis
Deputy Chairman - Yu Kamyshkov
Members - J. Brau, J. Rutherfoord, H. Gordon, L. Sulak,
H. Newman, M. Rennich

» Inner Tracking Steering Committee
Chairman - C. Baltay
Members - C. Baltay, D. Lee, K. Morgan, J. Musser

« Electronics Steering Committee
Co-chairmen - D. Marlow, M. Shaevitz,
Members - G. Mills, J. Musser, J. Parsons,
V. Polychronakos, P. Denes, V. Radcka, D. Sumner,
M. Atiya, W. Cleland, J. Ritchie

« Computing Steering Committee
Chairman - K. McFarlane
Members - H. Newman, G. Yost, . ..

» Physics Steering Committee
Co-chairmen - F. Paige, K. Lane
Members - B. Zhou, R. Zhu, ... .
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R . STROYNONSK/

MAGNET SMU

12./{ s/ 91

NORX. SINCE LAAT MEETING

| Leter oe LwtewT
2. MAGNET sEcTion oR GEM  RID PRoPoOSAL

3. "HHITE PreER”

LOTL - MAGNET SEcTioN BASED ON THe "THick PoLe ™ cowNcepT.
RERSOR ~ ONLY CONSISTENT SET OF CALCULATIONS Of FIELD,
SHIELDING REQUILEMENTS ,TECHNICAL DEAWINCS AMD
COST ESTIMNTES

RAD - omieinke RESWEST Fok $6.2M RepucED To SSOM.
INcLUDES P 2.6 M Folk ExGinEERING NEEDED Fok
TECHMCAL LEPORY (~2.o pEoPLE)
.$ 2.4 M Fok CoNdvCcTIR MDD KinbDine RED

AHITERRPER - A MTEWmeT KT SVnnatx 0F PhesenT STATYS OF
DESIGw |, |SSVEs RELNTED TO THE CheicE OF
BASE LINE MAGNET ANwD DIWECTION of FVTHRE LD
— PEEDOGAcK  HEEBED



ENGINEERQING ISSUES

Shoer TERM (2-3 MonTH) CoNCEPTVAL DESi6W

I. OPNimizATION O MAGNET SIZE vsS COST s FIELD

2. MODIFICATION oF THE WiELD (N FORNAED DikecTon (7>l)
B&F: BENT PoLE Hiti INTRODULE RADIRL ConfonNENT
*F THE FIELD

= 1S )T ACCEPTABLE foR MUON SYSTEM TECHNILOGE
~WILL THE Lot UARY CALORIMETER FiT W !
3. HOM THE MAGNET S PuT TVGETHER AxDd HAT MysT BE

MOVED ™ ACCESS eo. CENTRAL TRACKER .

4, SHIELDING . CALVLNMIONS DF SURFACE SHIELDING PLATE

EXiST Bur NOU |k HILL BE CuT AND coyecr”. cavw

SHIELDING PLNTE BE INCORPIRATED INTD THE ROOF?

ChAdl ME CET MM HITHOVT SURFACE Swieeoinée

o Lod6 TErM (~6 Mowry)

l.COMPLerion OF ConCERPTUAL DESIGN DRAMMNGE AND COSTING FOR
TECHWICKkL REPOLY
2. SAFETY AND CER\ABILITY ANMNSLS

3. Peivudnty DESICN OF CRYO GENIC SVSTEMS

4. PLEUMINNM DeESIEN 9€ POKER SVPPLIES /Pure«.-nou SvsreM
C-PheLImNNEY DESIeN of MonrTofINE AWD CONTROL SYSTEM



R &£D issves

i. CONDVUCTODQ — Too MANY OPTIoN2

SSC LAtot koY SPoNSORED A  CONDUCTOR WOLKSHOP

STARTED ON MONDAY DEC.2 ,UiLL ONTINVE Fok ~2 HowTH

PRETICIPANTS ;| EXPERTS AND PROPONENTS oF SPECFIC
DESIENS + CRITMCS <+ OBSERVERS + MODERATOLS |
Joun Mirea (NHHEL) |, PeTer CLee (RvmERFoED,
PETer MMSTON (M PFC), GAty DEis (Lean)
 MreToviEcky (VR CHATOY)

Opjecr Coneme VAKoUS DESIENS oN CoMmenN
BASIS AND SELECT ONE For. FVRTHER
PEVELOPMENT . PCOVIDE A BeNInMalx
Fet. ANG OTHER [FuTuRE PlRoPoSeAl’

2, ConNDUCTOR DEVELOPMENT - INVOLYES INDVSTRY
o) PRODUCE sameeEs OF NiTt STRANDS | CONDVIT, STABILIZES
.b) TEST TECHNMIOVE ofF PuTTidG THEM TOGETHER
c.\ VERIFY PgefolmplCE
d) DEVELOP QVUALITY CONTRoOL TESTS Folk PRodveTioN
0E 24 Km,

» 3. JJomtr DEVELOPMENT — DEVELO® TEWNI QUE Tol
SPLICING THE OCONDVCTIER. AND DEveELO? QVALITY
CONTROL TEeESTS

* A, N\ND\RG TOOLINYS AND DEVELOPMENT Awp TESTS
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Insutating Station

Sheath
Spool

[~]

Rollers

Tack weld
at seam

o]

Conductor
Truing

Cable-in Conduit
Conductor (CICC)
Spool

o

CICC-in-Sheath
Take Up Spool

Figure 3 Schematic of Spooling and Insulating of CICC-in-Sheath
(Factory Pre-assembled)

Cond-1n-Stabltev 1



Anti-buckling guide rollers-‘

Traction drive

Insulation inspection/cleaning

Reforming rollers

Coil bobbin

Insulated-
CICC-in-
Sheath
Pay-out Spool

Turn-table ring

Backup
rollers

| Turn table
brake

Figure 4 Schematic of On-site Coll Module Winding Concept

Magnet Winding-Brake



The R&D subcontracts.

1,1.1.2.1 Conductor Development and Testing

Item

Strand purchase
Cabling purchase
Conduit

Al extrusion

Strand verification

Cable verification
Conduit verification

Al extrusion verification

Model coil

{ $600k)
Sample Vendors

IGC, Supercon

New England Cable and Wire
Oxford-Airco, Okonite
Arizona Aluminium

New Jersey Aluminium

IGC, Supercon

New England Cable angd Wire
Oxford-Airce, Qkonite
Arizona Aluminium

New Jersey Aluminium
Everson Electric

1.1.1.2.2 Joint Development and Testing ( $300k)

Item

Test joint parts
Joint verification

1.1.1.2.3 Conductor Tooling Development

Item

Cabling tooling devices
Cond. sheathing tooling
Misc. small proc.

Sample Vendors

misc fab vendors
Koch Engineering

( $500K)
Sample Vendors
New England Cable and Wire

Oxford-Airco, Okonite
misc

1.1.1.2.4 winding Tooling Development (5500k)

Item

Traction drive system

Anti-buckling Guides
syraightening 3ys
Misc small proc.

R&D Subcontracts:

Sample Vendors
misc

misc
misc
misc

Amount

50
35
25
15

75
70
30

25 .

275

Amount

120
180

Amount

250
200
S0

Amount

275

100
75
50

(5k)

($k)

{$k)

($k)



HHY ALL THESS QUESTIONS ARE IMPORTANT

i Teeunmiene Teosten - HiNpint ¢ DonNG AT

RQoom TEMPERMTVRE . AT 4°k MAGNeT RBoBaiN
Hibe SHRINK ~ 13 cm | RADWS HiLL ChaEE TVo,
ALSO CLONDVCTOR LENETH, THE C(ONDVCTVR HAS

TO Q& LoNDED TO THE RoB8IN . ANY MOVEMENT
OF THE conbuema (uuEN PougRep) MiTH RESPECT
TO THE Bo8liN OR OTHER WINDINES MAe EENERMTT
ENOVEGH HEAT 0 INDVCE RVENCH,

2, SLHEDVLING PROBLEM - THE (CHoecs AVD =
DESIEN O® cConpvene AWD HINBDINE HAVE

T™ BE MADEC BEFoRE WD of Svhmee »F 1332
IX ORDER T0 RE AQLEe T /MTIATE PRoCVREMENT




OTHER IMPORTANT 1SSVUES

FicLp MAPPING — Do We NEED 1T ! Hou exTeNsive !
I MyeN REeIod ONLY OR (N CENTRAL

TV8E ALSo !
~ IMPACTS DETECTPR ASEMBLY PLAW

(M GGNERAL A SET 0F CRITERIA Fok Figed UM FPokMITY Awd
hou UELL Do UE NEd TO wlow IT ARE NEEDED ok Au

DETECTOR CAMPONEWTS INSIDE THE MAGNET \
- B Ap bd3a 28-) )
Le. MAXI KV _3: ) ——-..B:. amd b( 3;\ ,D(T‘: )

- HOW BO WE BviLp THiS MAGWET 7.

s PROocvREMENT PLAN
— ACHEDULE REOVIEES PLAN o PLAet By Svmmer

— SEVERNL OPTioxs: PRofPosEDdD S0 FAK

V) GEM MAGNET 6ROP PROVIDES THE LEAD MO
HRTES OyT SVBCONTANCTS TD INDVITRY Foll (WDIVIDVAL

CONPONENTS. PROCESS CAd RE CENTRALIZED AROND
g SSCL, L or M\T
- KDVANTASES : LAMGER ConTROL OF THE PRoCESS
~ D\S ADVAWTAGES LrRSER.  HeromeueS | Cosms (?)
2) ConPemmveE D TO INDUSTEX TV LGLECT OWE
ConpPawy  WMiCh LHLL COMPLETE DESIGN Awd> BuiLd THE
MAGNET . TRIS LOMPANy UOVLD DO Al SVEConTRACTING

NOVINENeES : LOuel st (1) awn Frster nesvee (7)
Hnich AVOIDS Syl (ATED EPfoar

DISADIINTAGES © HO CodTeol |, SHADoOU TEAM REQVIRED

1388



3) ComePeTiTIvE BID T INBYSTRY To 3£¢&ecT L Téans
Felk NARING CONPLETE MANVFACTVRAING DESIGN ., THE
TRO PROPOSALS CVALUATED AND ONGE FiNAL TEAN
I3 décEerEp

ADVANTAGES : ComPETMTION (S Goop Pk THE
CONSvMER
DISKDVANTHOES © NO CONTRIL of MANVELACTVUN G
SNADOW TBAM REGV RED

‘i) FOoREIGN MANVPLACTVRER ( ea. EFREMoV 1w ST. PETERsSVRE)

Can B MA7)ot MANVEACTURER OR MOST COMPONENTS

EXCLPT CRYOGEBHICS AWD owTRolL AND DIAGNOSTICS

SYSTEMS

ADVATAGES : MAV BE L€ss ExPensivVE (2)
DISADVANTHEES : NO cow'rzn.,

INTE CRMI0W PRODLEMS
QUALITY AND TIMING
STAQILITY oF RUsSSIAN (INDVSTRVY
DYRING NEXT § YENLS,
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FET: 2/5/91

~ Status of GEM Muon System:

Lol writing

R&D Proposal

Deftinition of TTR

R&D Efforts

Engineering

Simulation of performance



GEWw Musn Crouwp RéD

SUBGROUP

DESCRIPTION

CSC

| Cathode Strip Chamber

Subgroup; coordinated by V.
Polychronakos, Brookhaven
National Lab,

LSDT

Limited Streamer Drift Tube
Subgroup; coordinated bu L.
Osbormme, MIT

PDT

Pressurized Drilt Tube Subgroup;

coordinated by S. Ahlen, Boston
Univ.

RPC

Resistive Plate Chamber
Subgroup; coordinated by 1.
Pless, MIT, and C. Wuest,

Lawrence Livermore National
Lab,

ENG

Engineering Subgroup;
coordinated by F. Nimblett,

| Draper Lab,

TTR

Texas Test Rig Subgroup;

coordinated by G. Mitselmakher,
SSC Lab.

SCARF

Streamer Chamber Assembly and
Research Facility Subgroup;
coordinated by R. Weinstein,
Univ. of Houston
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Short Term Efforts:

(1) TTR:
- engineering design of absorber iron and frame
- specification of what's needed to test chambers

(2) RPC:
- getting a chamber from ltaly for evaluation
- studying glass prototype chambers

(3) CSC:
- measured the Lorentz angle for different conditions
- developing mechanical design

(4) PDT:
- developing mechanical design
- considering different gas mixtures

(5) LSDT:
- constructing 0.5 m x 6 m chamber
- setting up for Lorentz angle measurements
- seeking ways to reduce material in chamber

(6) Engineering:
- collecting material for cost review
- support structure support and interface hardware
- integration of muon system with GEM

(7) Simulation:
- how thick the calorimeter (punch-through)
- number of layers vs pattern recognition (§-rays)
- B field uniformity
- trigger design and performance
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LORIMETRY MEET
Wednesday, December 4, 1991

(Location to be posted at the User's Office)

Revised Tentative Agenda (12/3/91)

8:30
9:00
9:30
10:00
10:30
11:00
11:30
12:00
1:00
1:30
2:00
2:30

3:00

Meeting opens, General Business

Progress Report on Noble Liquids

The Parallel Plate Liquid Argon Option
Progress Report on Forward Calorimetry
Progress Report on Silicon Strip Pre-Radiator

Pre-Radiator and Isolation Studies

Electronics .

LUNCH

Progress Report on Barium Fluoride, Panel
Progress Report on Scintillating Fiber
Effective Compensation

Progress Report on Engineering

Adjourn (SubGroups may meet separately)

(Brau)

(Gordon)

{Mockett)
(Rutherford)

(Brau)

(Zhu or Yamamoto)

- (Marlow?)

(Newman)
(Worstell)
(Paar)

{Rennich)



Table 1: Calorimetry Budget Summary

R & D (k$) | Engineering (k$)
Liquid Argon/Kr 1170 798
BaF; 1 209
Scin. Fiber 610 250
Forward 75 10
Sil. St, Prerad 140 10
Post decision 350
Totals 3 204 1418

Table 2: Liquid Argon/krypton R&D

k$
2 mm Pb Accordian (RD3) BNL 150
Improve EM accordian (2 mm Kr + 1 mm Ar) § 520
Hadronic module EST 50
Parallel plate EM + preradiator (UW) 205
Test beam support (Arizona) 20
Precision calibration 5
Operation of test beam 50
Cryogenics, purification, for test beam 100
Liquid Argon/krypton total 1170

Table 3: BaF; R&D

k$
UV Performance Monitoring 47
Analog and Digital Readout Testing 50
Radiation Damage Tests 310
Prototype Electronics Readout 117

Rad Hard Electronics Readout 30

Beam and Cosmic Ray Tests 241
BaF; Crystal Matrix Assembly 414
Bal; total 1209

Er\ji&ccr(f\ﬁ
Selit
being

revie wed



Table 4: Scintillating fiber hadron R&D

k$
Engineering and design | 140
Shop time 20
M & S Hardware 200
Tooling 50
SPACAL work 150
Test Beam support 50
Scintillating fiber total | 610

Table 5: Forward calorimetry R&D

High pressure gas tubes
Forward calorimetry total

k$
Liquid scintillator 50
25
75

Table 6: Silicon strip preradiator R&D

ks
Electronics development 80
Beamtest hardware and support | 60
Silicon strip prerad total 140
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Progress on GEM
Scintillating Fiber
Hadron Calorimeter

Bill Worstell

GEM Calorimeter

Working Group Meeting
December 4, 1991

SSCL



Collaboration & Mission

1) We have made progress in coordinating and

synthesizing the capabilities and efforts
of the former scintillating fiber and
liquid scintillator groups.

We have expanded our research program to
more directly address several Key issues ™
which were raised by the GEM calorimetry
working group during our recent technology
decision meeting:

a) Longitudinal Segmentation

b) Long-term Stability + Radiation Damage
c) Calibration Systems

d) Photomultiplier + Readout Systems

Our R & D Budget request has been modified
to reflect the increase in scope of our
mission and the strengthening of our team.



Status of 4-Ton Prototype

We are constructing a total of 6 1-Ton
supertowers:

(4 physics towers each, each tower would
be 0.05 eta x 0.05 phi at eta=0)

a) One cast tower with splice joints for
fiber bundle readout is complete,
“machined and under bench test.

b) Four towers are under construction,
a subset of which will be tested at
FNAL subject to beam schedule
( December 23 - January 8)

Characteristics:
No splice joints (scifi bundle readout)
89% eutectic/ 11% 2mm fibers

First ready to cast, second being
threaded, fibers cut for third

Four towers at FNAL by Xmas.



1)

2)

Key Questions to Resolve
for 16-Ton Prototype

Supertower dimensions/segmentation:

2.5-Ton Supertowers 0.16 eta x 0.16 phi
may be optimal in long-term but
may not be feasible short-term

16 1-Ton 0.10 eta x 0.10 phi supertowers
takes advantage of existing infrastructure

Degree of fidelity to long-term design
which is feasible for short-term
construction (August 1992 CERN Beamtest)

a) Spherical vs. true GEM geometry

b) Mesh dynode PMT readout ($)

c) Specification of sheaths and mechanical
support structure

Longitudinal Segmentation:
a) Specifications for physical segmentation

b) Off-shelf vs. dedicated electronic
segmentation



3)

Schedule & Deadlines

4-Ton prototype:

a) To FNAL by Xmas

b) Lead shot supertower in January

c) Fiber splice readout tested by January
d) BNL spring run?

16-Ton prototype

a) Request for Quotations to Fiber Vendors
Division of inside/outside preform
preparation is key question

Purchase order placed before Feb. 1

b) Photomultipliers selected and ordered
before Feb. 1

c) Special order for splice/spacer plates
by Feb. 1

We expect to begin construction of first
new supertowers in March/April 1992.
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SCIENTIFIC - INDUSTRIAL ASSOTIATION
ELMA
103460 Moscow Russia
Telephone: (7)(095)531-7651, Fax: ( 7)(095)531-0976

Prof. P.F.Ermolov
Dr. G.L.Bashindzhagyan
Moscow State University

According to your request we have investigated and calculated
a cost estimation for a possible strip detector production at ELMA
for GEM detector at SSC,

Size 64 x 64 mm 2
Thickness 0.4 mm
Pitch 1mm

Leakage current S - 15 aA/strip

for 95% of strips

Leakage current up to 200 nA is acceptable for 5% of strips
Bias voltage less than 100 V

A cost estimation for a lot of 10,006 detector production is $ 400,000.
400 kg float zone n-type silicon ingots with resistivity 5-10 kOhm*cm
and 100 mm diameter have to be supplied by customer.

General Director
L.A.Ivanjiutin
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lectroni a

9-9:30am  Discussion of Submitted R&D Plan, White Paper,
Organization,etc.

Electro-Optics Revi
9:30-10 am Review of BNL Work (T.Tsang)

10-10:30 am Review of NRL Work (M.Seman)

10:30-11 am Possibilities for Chinese Involvement (W.Wiilis)
11-11:20 am Progress at LLNL (M. Lowry)

11:20-11:50 am Overview of Possible GEM Applications and Needed
R&D (V.Radeka)

11:50-12:30 pm General Discussion of R&D Plans and Efforts

12:30-1:30 pm Lunch

1:30-2:15 pm Review of Muon Pad System Readout (V.Polychronakos)

2:15-2:45 pm Rad-hard First Level Processors for Large Detectors
(Robert Wixted, Q-Dot Inc,)

2:45-3:45 pm Other Working Group Reports



Electronics R&D Plans

Central Tracker
Coordinators: J.Musser, P.O'Connor
¢ Silicon Microstrips (LANL: G. Mills, S. Hahn) ($325K)
¢ Pad Chambers
- Rad. Hard Front-end and Analog Pipeline $315K
(BNL, ORNL)
- Electro-optic Modulator Readout $150K (plus Subsystem
(BNL, LLNL, Columbia, Indiana) R&D Funds)
Calorimetry
Coordinators: J. Parsons, B. Sippach, P. Dencs
e Analog Pipeline and ADC Development  (Columbia) $200K
» High Speed ADC and Digital Pipeline  (Princeton) $ 50K
e Level 1 Triggering (Pittsburgh, BNL, Princeton) $135K
Muon Chamber System
Coordinators: V. Polychronakos, ?
e AMPLEX Chip Modifications and Additions ($150K)
(BNL., ORNL)
e Microcircuit Development for Drift Time Readout (MIT,BU) ($ 30K)

Coordinators: M. Atiya, D. Lissauer, J.Ritchie
e Level 2 and DAQ Studies (BNL, UofT, Yale) $ 75K

¢ Level 2 Trigger Hardware Development (SSCL) $ 50K

(Funding in parcntheses is included in
given subsylems request)



Occupancy Whitepaper

Contributors:

Cleland, Denes, Lissauer, Marlow, Mills,
Musser, Radeka, Shaevitz, Whitaker

From PAC’s October report:

“For the optimization of the detector, the collabo-
ration should include a detailed study of occupancy
and pileup effects in all detector components, taking
into account integration and dead times. ”
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Table I: Standard assumptions for occupancy and
rate calculations.

Parameter

Luminosity 10% cm—2 57!

Bunch Frequency 62.5 MHz

Omin. bias 100 mb

d*N/dnd¢ for min. bias event 1.2




1.1 Silicon Strip Occupancies:

d’N
Occ = Npx X Npin bias X | An X A¢d¢dn X fsec

=1x1.6 x(Anx A¢) x 1.2 x2
= 3.8 x (An x A¢)

where

Npx = number of bunch crossings
Nmin.bias = number of minimum bias events

fsec = factor for secondaries



Table II Silicon-strip vertex detector occupancies in
the barrel region. Occupancies are given for strips
at = 0.

Radius Occupancy

Layer | (mm) |Raw (%) | Space-Point (%)

1 140 A1 1.27
2 200 055 .65
3 260 .033 .38

Add in background from physics event:

d’N
m)Physics =1.8

Thus at £ = 1033 cm =2 s7! the effective occupancy
per strip for physics events will be higher by

OCCphysics _ (1.6 x 1.2) + 1.8 .

1.9
OCCmin. bias 1.6 x 1.2




Table III Silicon-strip vertex detector occupancies for the for-

ward disks.

z Position Radius Occupancy
(mm) | Type |Inner (mm){Outer (mm)|Raw (%) |Space-Point (%)
+ 300 | Inner 120 180 .038 23
+ 400 Inner 120 240 .050 .60
+ 500 | Inner 120 240 053 .62
+ 500 {Outer 240 300 012 07
+ 600 Inner 120 240 .053 .65
+ 600 Outer 240 300 012 10
+ 700 | Inner 100 240 067 .96
+ 800 Inner 120 240 055 .65
+ 900 | Inner 130 240 .048 .53




Table IV Pad dimensions for IPC barrel layers.

| Layer |R (mm) | A¢ (mR) | 7max ._A'nr Azminﬁ (mm) | Azpax {(mm)
380 13.2 1.7 [.076 29 79
520 9.6 1.4 }.104 94 112
660 7.6 1.2 .132 87 150

Table V Pad dimensions for the IPC forward /backward layers.

B
Layer |z (mm) {min |7max | ARmin (mm) | ARpax (mm)
1 1100 |[1.27 | 2.69 4.6 94
2 1300 |1.42 | 2.86 4.6 85
| 3 1500 |1.55 | 3.00 4.6 80




d’N

Occ. = Ngx X Nnin. bias X (Ar] X A¢d¢d

) Nimage X .fsec

=2%x16x.0012x2x%x2=1.5%

where
Nimage = number of illuminated pads per hit
For £ = 10% cm~? s=! the occupancies will be larger for

physics triggers

Occphysics _ (3.2 X 1.2) + 1.8
OcCCmin. bias 3.2x1.2

=1.5



3.1 LAr Calorimeter

The regions of interest are:
1) the size of the individual tower—i.e. An x A¢ = .04 x .04

2) a size which is useful for the definition of clusters (3 x 3 cells
in the EM part and 4 x 4 in the hadronic part)

3) an area typical of that required for jet energy reconstruction
or for application of isolation cuts—AR = /An? + A¢? = .45

Table VI ‘Therma.l and pileup noise in the liquid-argon calorimeter.

Electromagnetic Section

Othermal Opileup Ototal
T (ns) | Cell Size (MeV) (MeV) (MeV)
.04 x .04 40 (20) 24 (30) 47 (37)

25 (40) | .12x.12 | 120 (60) | 120 (150) | 170 (162)

AR = .45 | 820 (410) |1640 (2070) | 1840 (2110)

Hadronic Section

.08 x .08 | 240 (150) | 120 (145) | 268 (208)

|70 (100) | .32x .32 | 960 (600) | 880 (1060) |1302 (1218)

I AR = 0.45 {2360 (1470) | 3310 (3980) | 4065 (4242)
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3.2 BaF; Option

For purposes of comparison with LAr, one can com-
pute the “pileup sum”

S = ia2(tk)
k=0

where
a(t;) = normalized normalized pulse response
and
tr = time after pulse (multiple of 16 ns)
For BaF,
a(tx) =60 and Spar, =1

For LAr with a 25 (40) ns shaping time S = 2.8(4.1)
hence

Opileup(LAT) =~ 1.7(2.0)0pitenp (BaF2)
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Electromagnetic cells occupied
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4. Muon System
Barrel Region Drift Wires (|n| < 1.3):

Occ = % A tarip
=10"'Hz cm™? s x 1200 cm? x 300 ns
=3.6 x 107°
where
dN :
A = rate per umt area

tarift = 1s the maximum drift time

A = area of 4 — m — long 3 — cm — dia tube



Muon Forward/Backward Region (CSC’s):

Table VIII: Summary of CSC strip dimensions for
forward /backward muon system. All strips are 5 mm in width.

z Strip  Lengths Strips/
Superlayer | (cm) |Min. (cm) Max. (cm) | Plane | No.# Planes
1 +600 23 176 7600 4
2 +1000 70 202 10000 4
3 +1400 149 220 14900 3

For the ~ worst case (at £ = 103 cm™2 s™1) of a 150 cm strip

dN
Occ = H Astrip Nima.ge Linteg.
=10Hz cm™2 57! x 75 cm? x 2 X 3 us
= .005

Although this is acceptable, a considerable additional margin
can be be gained by recording the times digital control channels

with time precision of one bunch crossing or better.




Number of Minimum Bias Events in Bunch
Crossings Containing Rare Events

The probability that a process 7 having cross section o; < yotal
will occur in a bunch crossing with m interactions is

o phe ¥

P(m) =

mp(m) wherep(m) =
p— p(m) p(m) —

where
4 = 1.6 = #interactions per crossing

m=0 m=0
2. miyme#
= ;mzﬂ —
_e’ i mp™ _ e¥ > (n+ pm*
po = m-10) p & n!
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