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Abstract:

Agenda, attendees, and presentations of the GEM Collaboration
Council Meeting held at the SSCL on September 3, 1992. Agenda items
are: Status and News; Project Manager Report; Facilities Status; Magnet
Update; Calorimetry Report; BaF3; Liquid Argon; Overviews and Issues
for Decision; and Muon Status/Plans toward Technology Choice.



GEM Collaboration Council Meeting

Agenda

Thursday, 9-3-92
9:00 GEM Status and News (Barish)
9:20 Project Manager Report (Sanders)
9:40 GEM Facilities Status (Wisniewski)
10:00 GEM Magnet Update (Deis)
10:30 Coffee Break
11:00 Calorimetry Report

BaF2 (Newman)

11:45 Liquid Krypton (Gordon)
12:30 Lunch
1:30 Overview and Issues for Decision (Kamyshkov)
2:00 Calorimetry Discussion (Barish)
2:30 Muon Status/Plans toward Technology Choice (Taylor)
3:00 Adjourn |

The Executive Committee will meet following this meeting, both
Thursday evening and Friday morning. A decision by the spokesmen
will follow these meeting.



Participants List
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LAST NAME FIRST NAME AFFILIATION
Baker Howard Draper Laboratory
Baltay Charles Yale University
Barish Bamry C. California Inst. of Technology
Branson James G University of Califomia - San Diego
Brau James E. University of Oregon
Bromberg Carl Michigan State University
Chargin Anthony K. Lawrence Livermore National Laboratory
Fackler OomnD. Lawrence Livermore National Laboratory
Gordon Howard Brookhaven National Laboratory
Guo Ya-Nan Inst. of High Energy Physics. IHEP - Beljing
Kamyshkov Yuri inst, for Theor. and Exper. Physics, {(ITEP)
Kobrak HonsE. G. University of Califomia - San Diego
Korytov Andrey Massachusetts Institute of Technology
Kroeger Robert S. University of Tennessee
Lane Kenneth D. Boston Universtty
Lau Kwong University of Houston
Lissauer Dovid Brookhaven Nationaol Laboratory
Liv Gary Califomia Institute of Technology
Mockett Paul M. University of Washington
Mrenna Stephen Caiifomia Inst. of Technology
Murtagh Michael J. Brookhaven National Laboratory
Newman Harvey B. California Inst. of Technology
Nufter Scott University of Michigan
Onel Yasar University of lowa
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Participants List
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LAST NAME FIRST NAME AFFILIATION
Osborne Louis S. Massachusetts Institute of Technology
Parsons John Columbia University
Plasil Frank Oak Ridge National Laboratory
Pless Irwin A. Massachusetts Institute of Technology
Prebys Eric Princeton University
Prokofiev C.E Brookhaven National Laboratory
Read Ken Oak Ridge National Laboratory
Reidy James J. University of Mississippi
Rennich Mark Oak Ridge National Laboratory
Rutherfoord John P, University of Arzona
Shaevitz Michae! Columbia University
Shaver Leif University of Arizona
Shi Xiaorong Caiifornia Inst. of Technology
Stroynowski Ryszard Southem Methodist University
Sulak Lawrence R. Boston University
Sullivan James D. Massachusetts Institute of Technology
Tayior Frank E. Massachusetts Institute of Technology
Webb Robert C. Texas A&M University
Wilits Willlam Columbia University
winn David R. Fairfiekd University
Womble Ed Draper Laboratory
Worstell William A. Boston University
Wuest Craig R. Lawrence Livermore National Laboratory
Yamamoto H. California Inst. of Technology

6



Participants List

9/9/92

AFFILIATION

LAST NAME FIRST NAME
Yanagisawa Chiald
Young Kathy
Zhu Ren-yuan

State Univ. of New York at Stony Brook
Ocak Ridge National Laboratory

California Inst. of Technology
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LAST NAME FIRST NAME INSTITUTION
Bonushkin Yuri SSC Laboeratory
Eberle Ciift SSC Laboratory
Glebov Viadimir SSC Laboratory
Golutvin Andrel SSC Laboratory
Golutvin Igor SSC Laboratory
Gonzales Arturo SSC Laboratory
Guo Yao-Nan SSC Laboratory
Mitselmakher Gena SSC Laboratory
Morgan Kate SSC Laboratory
Morgounov Vasilli SSC Laboratory
Murat Paul SSC Laboratory
Ostapchuk Andrey SSC Laboratory
Paige Frank SSC Laboratory
Sanders Gary SSC Laboratory
Sheer Irwin SSC Laboratory
Stocker Frank SSC Laboratory
Tehistilin Victor SSC Laboratory
Vaniachine Alexandre SSC Laboratory
Villasenor Luis SSC Laboratory
Yost George P. SSC Laboratory
Yu Xlao-qi SSC Laboratory
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d. Many mdwndual questlons W

C;. SuWAtrS

FY93 GEM Funding Requests

Subsystem leaders collected preliminary funding requests.

R&DlEngineering Task Force (Webb, chair; Sanders, Harris)

held first review meeting. Several total FY93 funding levels
~ were considered. |

. Conclusmns from thlS meetmg
‘a. Requests for muon and calor engmeermg were lncomplete.

b Retmsts were poorly Justlfied in many cases. Coor dination

poor Much duphcatmn. No dehverables. 'No schedule...

- C. Requests dxd not dlsplay a strong sense of a program lead-

_ingtoa system, except |
requests. .

" and_ central tracker |

generated for specific
‘requests. . | | '

e GEM needs about $36 million to stay on schedule. A $30

. million budget may be adequate with all decisions made
promptly and non-critical tasks delayed. SSCL guldance |
~hints at $25 million.

| Next step is individual contacts thh subsystem leaders for

refi ned proposals.
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FY93 GEM Funding Requests
(continued)

Next Steps:

-l Mlke Harris has requested complete engineering requests by
 September 4. Requests to include detailed breakdown of work
by WBS, personnel, deliverables, expenditures, costs. Tight
Statements of Work will be negotiated based upon these
requests. Requests should be subrmtted through the subsystem
leaders! IRCERY

. _2 Sanders and Webb request revised and complete R&D and engin-
-+ eering requests from each subsystem to GEM Dept. by Sept. 18.
These to include complete detail by institution and WBS element
of work to be performed deliverables, mllestones, personnel,
level of effort. A

3. All work i is to be funded from fun f'ed in the current GEM

 cost estimate. When the funds f subsystem are expended,
the subsystem should be comple If it is not...! Funds
expended outside of the cost estimate raise the cost of GEM.

4. Monthly reporting and quarterly reporting will be enhanced to

" serve the function of real performance and progress measure-

- - ment. GEM will now be part of the SSCL Performance
 Measurement Baseline. This will be mandatory. o

5 We are considering distributing 2/3 of the annual allocatlon at the
- beginning of FY93 and holding the remainder until a mid-year =~
review is completed. If carried out properly, this should not
disrupt funding for institutions who meet the agreed upon plans
This mechanism will be flexible to deal with the university grants
~ and critical commitments. Please prowde comments to me.

18
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Presentation by:
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2/24/98

12/2/96 <

32 modules '

1 12/18/97
o 11/17/97

9/11/96

20 endcap's

27 barrel's

PRD/JPA
7/23/92
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MAGNET DATES

Task: Start: Finish: Duration:
Wind 1st batch of coils (including
experimental coil) 5/2/94 4/18/95 11 months
Wind 2nd batch of coils By 4/19/95 10/9/95 6 months
Assemble 1st magnet half 10/21/94 3/20/96 15 months
Assemble 2nd magnet half 5/4/95 6/6/96 12 months
Install magnet 4/22/96 11/12/96 6.5 months
Test and map magnet 11/13/96 3/24/97 4 months
9/23/92
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Task;
Magnet assembly huilding available

for barvel prototype design and production

Magnet assembly building available ,
for endeap prototype design and production

Convert magnet assembly building
for muon production

Muon barrel production
Muon endeap production

Convertl coil winding bay for
muon storage

Convert coil winding bay for
mtton storage

Install Barrel Muon
(No wiring, noe alignment)

Install Endcap Muon (No wiring,
no alignment) Begin barrel wiring

Connect services and test
muon chambers

Align barrel and endcap
muon chambers

DATES

qlﬂl.!o
8/19/94

8/19/94

6/7/96
8/9/96
10/28/96

10/10/95

5127197

7/14/97

11/17/97

3/12/98

4/16/97

IFinish;
12/13/95

4/19/96

8/8/96
9/29/97
12/18/97

11/8/95
7128197
10/14/97
2/24/98
5/28/98

9/21/99

Duration;

16 months

19 monihs

2 months
13 months

13 months

1 month

2 months

3 months

3 months

2.5 monihs

5 months

9/23/92
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CALORIMETER DATES

Tasl:

Convert coil winding bay for
calorimeter inspection

Convert coil winding bay for
calorimeter assembly

Assemble barrel
clectromagnetic calorimeter

Assemble barrel hadron calorimeter
Insert EM barrel into hadron barrel
Assemble endcap calorimeter systems
Install calorimeter system

FFinalize connections and cold test

Start:

9/25/95

10/10/95

2/5/96
215196
2/21/97
2/5/96
6/11/97
9/15/97

IYinish;

1/3/96

1/18/96

2/20/97
2/20/97
5/23/97
2/20/97
9/12/97

Duration:

3 months

3 months

12 months
12 months
3 months

12 months

3 months

11/14/97 2 months

9/23/92
{ |
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TRACKER DATES

Task:

Convert coil winding bay for
tracker assembly

Assemble tracker

Install tracker

Test and checkout

Start:

10/10/95

6/7/96

7/31/98

12/23/98

I'inish: Duration:
4/19/96 6 months
6/12/98 23 months
12/22/98 4.5 months
3/1/99 2 months

0123/92
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Magnet Subsystem August Progress (1)

R&D tasks:

+ In negotiation for purchase of superconducting strand for 1
short and 1 long length of test conductor
- bids received from 3 vendors

« Work is in progress to place contracts for cabling, conduiting,
sheathing of test cables

+ Parts for a SC joint test are in fabrication

- First tests on conductor bending behavior have been
completed
- full-scale conductor (0.5m long) was bent to shipping-
spool radius, then will be straightened
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Magnet Subsystem August Progress (2)

Major Procurements:

« "Prime” contract (final design, fabrication, assembly,
installation, system engineering, etc)

- Acquisition plan approved by DOE (late July)

- Comments received on draft RFP from vendors and
others. Changes being incorporated now.

- Second (and last) "Vendor information Meeting"
was held 18 Aug

- Detailed planning of scope, schedule, cost begun and
nearly completed

- Objective is to release RFP by end of September, and
award contract in February 1993

« Conductor procurement (24 ea 1-km lengths of completed
conductor, to be supplied to prime contractor)

- Acquisition plan and technical specification drafted
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Magnet Subsystem August Progress (3)

Engineering Design: |

« Conductor - detailed analysis in progress to determine the
best way to apply the Al sheath to the conductor

Winding - tooling design initiated

Vessel - many details revised, technical specification
drafted, dynamic analysis nearly complete

L

Assembly - detailed study of one approach completed

Forward field shaper - 2 alternate support designs analyzed
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BaF; CRYSTAL CALORIMETER

THE PRECISION EM DETECTOR
FOR GEM

By

California Institute of Technology
University of California, San Diego
Princeton University
Carnegie Mellon University
Brookhaven National Laboratory
Oak Ridge National Laboratory
Lawrence Livermore National Laboratory
Shanghai Institute of Ceramics
Beijing Glass Research Institute
Beijing Institute of High Energy Physics
Beijing University
Shanghai Institute of Nuclear Physics
Tongji University
Tsinghua University
Univ. of Science and Technology, Hefei
Zhongnan Optical Instrument Facility
Tata Institute of Fundamental Research

GEM COLLABORATION MEETINGS
| September, 1992
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GEM

A PRECISION LEPTON-PHOTON
DETECTOR FOR THE SSC

¢« CALORIMETRY GOALS:
DRIVEN By PHYSICS

-

— The Highest Resolution Calorimetry
System for Leptons and Photons

— Within Budget and Schedule
¢ — Radiation Hard °

— Complementary to SDC
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BARIUM FLUORIDE CRYSTAL EM
and SCINTILLATING FIBER HCAL

THE PRECISION CALORIMETER
SYSTEM FOR GEM

o HIGHER PHYSICS DISCOVERY PO‘TENTIAL_
— Higher Electron and Photon Energy Resolution
o HIGHER SPEED

— Lower Noise for Isolation Cut

o HERMITICITY, UNIFORMITY
o COMPACTNESS

— Higher Muon Resolution

o INTERNATIONAL R&D and MANUFACTURING TEAM
- READY TO START PRODUCTION IN 1993

— 17 Institutions; 200 Collaborators




BaFs ELECTROMAGNETIC
CALORIMETER
FEATURES

e Speed:
Gating Time < 16 nsec

e Energy Resolution:
AE/E = (2.0/vVE & 0.5)%

e Position Resolution:
Ax and Ay =~ 1 mm

e Segmentation:
An ~ A¢ =~ 0.04

o e/m,v/jet,and e/jet
Separation: In 107 Range

»eo Radiation Resistance:

MegaRads Per Year

)




BAF2 GEM CRYSTAL
PRECISION EM CALORIMETER

ISSUES and CHALLENGES

e PHYSICS CAPABILITIES

— ENERGY RESOLUTION
— BACKGROUND SUPPRESSION

e CRYSTALS FROM CHINA AT $2.5 Per CC

— MANUFACTURING PLAN
— RADIATION HARDNESS

e LIGHT ANNEALING

— FREQUENCY, QUANTITY
~> DESIGN, OPERATION CONCEPT

o PRECISION CALIBRATIONS
— ANALYSIS of RESOL’N In SITU
e LIGHT COLLECTION UNIFORMITY

— UV REFLECTIVE COATING
— CONTROL By ANNEALING, MONITORING

e L3 PERFORMANCE

— RESOL’N ACHIEVED: ANALYSIS

— RFQ SYSTEM
71




Report of the Bal'z Expert Group
after its meeting of August 31 - September 1, 1992

1. Summary O’R_A'DIATI()}( HARD Ba_F CQ%PTALf .
ZIGHT QANNEALING

At the last meeting of the BaF; Panel on August 3 and 4, 1992 it was recognized? that
_optical annealing of radiation damaged BaF; crystals “could make a calorimeter satisfy-

ing GEM's specification using present producnon crystals.’, The panel recommended that

Tthis issue should be'studied without delay.” In the last thrcc weeks new data on optical
annealing including characterization of the spectral behavior, reqmred intensity, and rate
of bleaching has been obtained.3

Based on the data presented by researchers from 5 independent institutions, including

" Brookhaven National Laboratory (BNL), California Institute of Technology (CIT),

Lawrence Livermore National Laboratory (LLNL), Tsing Hua/McGill University, and

West Virginia University (WVYU), the expert proup concludes that optical annealing of
radiation damage in Bal'; with low intensity, visible light can essentially eliminate
the radiation induced absorption of the fast component of the scintillation light.

In addition, there is a strong indication that in-situ illumination of the crystals while
subjected to a radiation environment can counteract the effect of radiation-induced ab-
sorption. This optical annealing is effective for removing damage induced by both
hadrons and gammas. Further, the level of annealing in the crystals is dependent on the
wavelength of the bleaching light, with shorter wavelengths leading to greater and more
rapid recovery.

We conclude that the issues of self-recovery, non-uniformity and non-saturation as
stated tn the Panerreport:FAugust 3-4 have been overcome, This means that the current
quality of the production crystals available from China is sufficient to meet all GEM

specifications as presented to the Bal2 Panel.

¢ F q{ 4 q ¢ - ¢ ¢
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BARIUM FLUORIDE
PRECISION EM CALORIMETER

COST ISSUES
o INTERNATIONAL COST

— Quoled as Somewhat Higher

o COUNTERBALANCING FACTORS
— MANUFACTURING TEAM KNOWN

— MANUFACTURING TECHNOLOGY KNOWN
— FEWER HIDDEN COSTS -

COST VERSUS PERFORMANCE:

ENHANCED MUON as Well as
ELECTRON and PHOTON
PHYSICS CAPABILITY
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BARIUM FLUORIDE CRYSTALS
RADIATION DAMAGE RESULTS

¢ CRYSTAL PRODUCTION IN CHINA

— T(220 nm) in 26 cm Crystal: 43% After 1 MRad
— Further Improvements: Purity and Vacuum

e MATERIALS STUDIES (Panel Summary)

Y
-e-‘BaFg Is Intrinsically ,
Very Radiation Hard’

ce
-+ Further Reduction of Trace Impurities,

Due To Purer Source Materials and
Improved Vacuum, Should Yield More

Radiation Hard Crystals??
e DAMAGE FROM ALL PARTICLES ANNEALABLE

— Thermal (Complete) or Light

e MEV NEUTRON IRRADIATION:
Little of No Effect

~ To ~ 10* MeV Neutrons/cm?
In Small Crystals

e SMALL PURE CRYSTAL GROWTH
at LLNL, OPTOVAC
PRoCeed NG

77
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Potential in Further Quality Improvement

1. We now understand the purification process of
raw materials;

2. We now have a well established processing tech-
nique to produce the best BaF, crystals in the
world;

3. We have several additional measures to be imple-
mented:

Using vitreounized crucible;

Installation of a mass spectrometer probe in
the growing furnace to analyze the composi-
tion of residual gas; ‘

Improved oven design is underway — the firsE*_
prototype will be produced at the end of 1992;

An oven with a cold trap (an order of mag-
nitude higher vacuum) has not yet be used in
production.

4. We now understand the Mechanism of the radi-
ation damage of BaF» crystals;

* mASe PROUCTION PROTOTYTE

az.keanb&t BUILT ; uNDER Terr,
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A telephone recording from BGRI 47{9/_92

Two ovens of very good quality crystals have just come out.One oven using raw
material from Beijing chemical industrial factory ,two crystals,each of length
of 395 mm.Another oven ,material from Haian,5 crystals,each of length of 305
mm.
Two crystals each from one oven,being irradiated to a dose of 1 MRads within
10 hours.The transmittances have been measured two hours after irradiation.
Only 15% reductions have been measured for crystals of length 110 mm(for the
same measurements they did before, the reduction were ~30%). For the
reason of poor polishing, the T% before irra. were 60% only. So three
Crystals have been brought to Shanghai for better polishing and measurement.
S Afler irra.the transpaency looks much lightetrthan the provious crystals. For
the 395 mm crystal,the transparency ol about 300 mm Teng. Is very good atter
irra.. For the 305 mm crysial,250 mm .of the crystal is_bright and transparent.

recording by R.SHANG.




-~ Crystal Production Scenario

- e SSC ready for Physics: October 1998;

° Installation‘ of Central Tracker: July 1998;
o Installation of End éaps: April 1998;

e Installation of Barrel: January 1998;

e Crystal Production:
— 1994: 10% of total amount of crystals:
- — 1995: 30% of total amount of crystals;
~ 1996: 40% of total amount of crystals;
- — 1997: 20% of total amount of crystals.

e All crystals will be finished by July 1997.

ZW. YN S0 OVEN-Y ConptRucTSd ¥ 1993
L0  OVENST ConPrRUCTED IN 1994

F

- 81
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TEB SR LERBRETRH
SHANGHAI INSTITUTE OF CERAMICS
CHINESE ACADEMY OF SCIENCES

1295 Ding-xi Road, Shanghai 200050, China
Tel, 2512990 Telex, 33309 ASSIC CN FAX, 88-21-2513903

FACSIMILE MESSAGE

~FAX No.: +001-818-791-3951

-ATTN: Prof. Barry Barish, High Energy Physics, Caltech
Prof, William Willis, Nevis Laboratory, Columbia Umversity
- .FROM: Prof..Dong-Sheng Yan
. DATE: August 21, 1992

o "-Dear Professors Bansh and Wﬂlis

I was mformed by Prof. Ren-Yuan Zhu that you will be having 2 panel mecnng
on BaF, at the end of August. You are possibly aware that in the last few months since
we slgncd our MOU we have got to know more and more about the factors influencing
radiation damage through good research. My colleagues at the Shanghai Institute of

. Ceramics have taken measures to improve their equipments and crystal - growth
‘technique, Better crystals have turned out successively as they have expected. -And
further impravements can be envisaged fo be achieved in the not foo distant future, Lhe
Shanghai Institute as well as the Chimese Academy lend them full support for their
untiring efforts as we usually do, .The %ast record of SIC of serving the high energy
- physics community also provides you and us with confidénce that they will meet with

y
{heir goal wi mezﬁ'ame that Is available. I expect this statement may help y

Iun I0r your noble cnaeavour..

. With bési"rega’.fds. .

Yours sincerely,

Aﬁts-qﬁa«

. Prof. D.S. Yan
¢ Dr. RY, Zhu - Member of the Presidium,
Prof. ZW., Yin Chinese Academy of Sciences
Director Emeritus,
Shanghai Institute of Ceramics, CAS
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Recoveries of the transmittance in BaF; (NKK) with
illumination of the mercury lamp after irradiation by 1.2 X10°
Gy. The lines are solid (before irradiation), dash-dotted (after
illumination of 12 h), dotted (after illumination of 1 h) and
dashed (before illumination.)
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> LICHT O.)/NEAu}IG of Bafl
S at BN

UV and Visible Light Bleaching of Radiation Damage in S.1,C. BaF2 sample #SIC703

oo
o

Sean P, Stoll
Brookhaven National Laboratory
8/24/92
Hirecr ah’ZEALM
&THRovGH

Figerp
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2MRADs HADRONS + I MRAD T

Fig. 6. 8/10/92

Radigtion damage and recovery of SIC70J with exposure to direct UV light,
ond therma! annealing. :

0.6 i
|'I. initiad 0 R
2, after “'650&!1 hadrons + MR gammas

2a. + 4 doys
2b, + 8 dcy'P

2

3. annecled in c:ﬁre:t WV light for 10 min,
i f- cnnealed in direct UV light f_:r 20 min.
i. annealed in ?iract WV light fFr 40 min.
6. anneagled in s?irect UV light fpr 10G emin.
7- after thermat annecling (8/]0)
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Experiment Setup a@,ec-ﬂ_

The light from a monochromator (BAUSCH
& LOMB, Grating 1200 Grove/mm, 10 nm
width) was shot through the large end of the
tapered 25 cm long BaF» crystals with a rect-
angular spot of 0.8" (height) x 1" (width).

No reflector was placed at any surface of the
crystal.

The transmittance of the crystals was mea-
sured frequently until a saturated value was
reached. The same procedure was repeated
for red (700 nm), green (500 nm), blue (400
nm) and UV (300 nm).
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Bleach SIC302 with Different Wavelengths

Time (hours) T(%) A (em) 1/A (1/m) A/ A
Before Irradiation
- 87.2 779 "0.13
1 MRad Irradiation by *°Co ~y-ray
43.5 34.5 2.9 1.00
Under 700 nm Red Light
0. 43.5 34.5 29 1.00
2. 47.6 39.3 2.5 0.88
4.5 54.6 50.1 2.0 0.69
14.5 63.6 72.2 1.4 0.45
24, 67.1 85.3 1.2 0.40
30. 70. 99.6 1.0 0.35
{‘ 35. 69.5 97.1 - 1.0 0.35
- Under 500 nm Green Light
35.5 71. 105.6 0.95 0.33
37. 71.2 106.9 0.94 0.32
(39.5 . 71.3 1075 093 - 0.32
{ 43. 71.3 107.5 0.93 0.32
Under 400 nm Blue Light '
43.5 72.4 115.0 0.87 - 0.30
44.5 76.2 150.3 0.67 0.23.
54.5 78.9 190. 0.53 0.18
{ 64. 78.5 183. 0.55 0.19
65. 78.3 180. 0.56 0.19 .
Under 300 nm UV Light
66. 79.1 194, 0.52 0.18
67. 78.7 186 0.54 0.19
75. 79.5 202 " 0.50 0.17
89.5 80.4 221 0.45 0.16
95. 81.1 240 0.42 0.1
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Bleach BaF, Crystals with 400 nm Light

SIC302 =~ C.§5 wmWa 2

- Qfter trrd ™
) Time (hr) | T(%) | A (cm) | 1/2 (/m) | A1ar/2
0. 43.3 34 2.9 1.00
- 0.5 58.7 59 1.7 0.50
1.0 64.6 | 76 1.3 0.46
X 1.5 67.9 | 89 1.1 0.39
2.5 71.8 | 111 0.90 0.31
45- | 746 | 133 0.75 0.26
12.0 78.5 182 0.55 0.19
130 | 78.0 | 175 0.57 0.20
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Bleach BaF, Crystals with 400 nm Light

SIC402

Time (hr) | T(%) | A (cm) | 1/ (2/m) | Apa/>
0. 48.6 41 2.5 1.00

1.0 61.6 66 1.5 0.61
1.5 66.8 85 1.2 0.48
3.5 72.4 | 115 0.87 0.35
6.5 76.9 | 159 0.63 0.26
8.5 77.7 | 170 0.59 0.24
9.5 77.8 | 173 0.58 0.23
18.5 78.4 | 181 0.55 0.22

* C R.BJ’TAL-.P ReacH A STABLE
QTTEXNUATION oLengH = 15Ccm
- CeNTISTENT
90



Color Center Equilibrium

D, — bRD
@™ oI + bR
2.5 —1/Ay
qu = 0.67TR 1/)\w 055

e D¢g: bleachable color center density in equilibrium;

o I.4: light intensity to establish Deg;

Intensity Needed to Maintain A = 150 cm

|7] 0 1 2.5
Dose Rate (kRad/hour) | 0.02 | 0.04 0.4
I (mwW/cm?) 0.21 | 0.42 4.2

e The total power required for barrel is around 52 W,

while the two endcaps need 100 W.

e £10 Jftandard LAMPS

* Rejlector, Kinetic cf}}’hcﬂ )Zcf 91
Totien Doto Geceunt + LessZightReod.



Conclusion

a BaF, calorimeter can be built with current
production crystals from China. With an ef-
fective 150 W light source, the entire Baks
calorimeter can be set to work at Aeg = 150
cm.

The key issue of radiation dam-
age problem of BaF, project thus
is solved.
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BaF, EM CALORIMETER
ENERGY RESOLUTION

(T =+ (T

First Two Terms Small for E > 5 GeV:

¢ ay, from Electronic Noise: =~ 2%.

¢ a;, “Photostatistics”: Below 1%

Systematic Term b Dominant;
Has Contributions:

b? = bs® + bg” + bnu® + bt + bc®

WHERE

¢ bs Fluctuations of EM Shower (GEANT)

e bg Shower Leakage (Front, Back, Side),
and Inactive Material (GEANT)

¢ byy Nonuniformity of Light Response = 0.25%

e byng, Nonlinearities and Short Term
Instabilities of Photodevice, Readout =~ 0.2%

¢ bc Residual Intercalibration Error = 0.25%;
AFTER bny, by Taken Into Account
«» (As Achieved in CLEO II; Planned In KTeV).
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G6

E (GeV) 5 10 | 100 | 500
Electrical Noise 04 | 0.2 | 0.02 | 0.004
Photoelectrons 0.2 | 0.14 ] 0.045 | 0.02

GEANT bg and bg | 0.60 | 0.43 | 0.30 | 0.36

Nonuniformity byy 1 0.25 1 0.25 | 0.256 | 0.25
Nonlinearity byr, | 0.2 | 0.2 | 0.2 | 0.2 |

Intercalibration b 1 0.25 1 0.25 | 0.25 | 0.25

L Total 0.85(0.64 1 0.51 | 0.54

Table 3: Summary of Contributions to the Energy Resolution of the BaF,; Calorimeter

(In Percent)
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| -
- SCENARIO — all crystals were preradiated to A=150cm
| .and were uniform with A=150cm | -
e -
) 1.2 & .
N osk | -
O 0.6 Errmgerme e -
0.4 F—
02 F . | -
o = AR DR T S RN VU SR T i 'R N S R U T D ST AT ST 1
100 - 120 140 160 180 "200
Attenuatlon length(cm) . .
1.1
—~, 108 -
¥ 1.06
! 1.04
: 1.02
£ 098
lﬁ 096 B, . . i .. .1, N BT
N ) 10 20 " 30 40 50 -
, ' Distance from small end (cm)

- Nonuniformity for A=200cm (after full recovering)
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ZIGHT 'Re\rpomre & UNIFERMITY
STe
PURING A TRANSITION o SHMAKEY

Transition from Lati=200cm to 150cm
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BaFo CALIBRATIONS

e CALIBRATIQON FROM Z° — e*e”
0.4% Biweekly; 0.3% Monthly.
(Y — ete™ Under Study)

e UV FLASH LAMP or LASER MONITOR

— L3 Xenon Lamp Example: 0.14% Stability
Over 45 Days.
+ — CLEO II claims 0.25% Xe lamp monitor.

e MIPs MONITOR
(Inclusive Isolated Sail Through)

— 3000 MIPs/Crystal = 0.3% Accurate
(~ 1 sec of running)
— 1 KHz Dedicated Trigger (Branch Off Level 2):

*x 0.3% Each =~ 20 Hours (Barrel)
* 0.3% Each = 6 Hours (Endcap)

— Systematics
* Shift of Peak at High Luminosity:
Measure L to +2 x 103 (easy)
+ Higher Threshold Calibration for £ ~ 10%
e RFQ MONITOR (30 Hz, 10usec, 10 mA H°)
- Below 0.1% (Statistical) Within 2 Minutes.

— 1.5 GeV Equivalent in Farthest Crystal;
25 GeV Per Crystal Typical

- 0.3% Stability Demonstrated

Overall Intercalibration
Error bo = 0.25%

10°



Z° é'/férﬂ'_m
Algorithm .#/_ i;

. Use all Drell-Yan Z—e7Te~ events accepted with
Mee within 2z around M;, and fit the invariant
mass distribution by a B-W shape with 3 parame-
ters: area (Agy), mass (Mgy) and width ().

2. Fit the same invariant mass distributions for eTe™ pairs
which has one electron hits one crystal (i), and
obtain area (A;) and mass (M;) with fixed width

(rall)°

3. Repeat the second brocess for all crystals.
4. Multiply corrections to the gain of crystal i: (Mg /M;)?;
. 5. Repeat 1—4 until the correction factors converges
to ~1. |
AcCcuracy
e 50 e/cell (<12 SSCD): 0.42%;
e 100 e/celi (<24 S5CD): 0.35%;

e 150 e/cell (<36 SSCD): 0.32%.
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st iteration Input

5th iteration
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L3 Xexon Lamp WpowTor.

BGO MONITORING SYSTEM (L3)

BGO CRYSTAL

Q)
-
—

F
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MIXER <@
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FLASHER =
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?” Am Y RAY SOURCE
./
< @
Y
FERENCE PM PFB: PRIMARY FIBER BUNDLE
EFEREN )
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Na | (Am ) PULSER

L. T

Figure C 8

-

SF : SPECTRAL FILTERS
F : ATTENUATION FILTERS (OPTIONAL)

(D : FROM SECOND LAMP
(@ : FROM OTHER MIXERS




o I3 YeAox (AMP JYSTEM
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The amplitude for a typical BGO crystal, relative to the corresponding
reference PMT, during a calibration period.
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Energy Resolution in the CLEO II Csl

The CLEO II collaboration achieves similar monitoring
precision as does L3, but, has more copious physics pro-
cesses available to provide a better absolute calibration.
They use Xe flash lamps to monitor the time dependence
of their photodiodes. For absolute calibration over a wide
energy range, CLEO uses three physics processes:

e 1) 7° decays below 2 GeV,
¢ 2) photon energies in eey events above 500 MeV, and

e 3) back to back vy events at the beam energy.

Their calibration procedure has maintained an absolute
run-to-run gain of +£0.25% as checked by bhabha energies
and 7° masses over time. They claim a calibration accurate
to 1.% at 25 MeV, 0.5% at 100 MeV, and 0.2% at 5 GeV.
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GEM Radiofrequency Qﬁadrupole
(RFQ) CALIBRATION SYSTEM

e PRINCIPLE: Radiative Capture
in Fluoride Target

— Bursts Of 6 MeV Photons
= Equivalent High Energy Photon

e 3.85 MeV H- — HY Beam:
Beam Parameters (Adjustable):

— 10 mA On Target, 10 usec, 30 Hz
— 300 TeV Per Pulse Over 4n
~ 25 GeV Typical Per Crystal;
1.5 GeV In ‘Farthest’ Crystal
e TEST RESULTS (AccSys Prototype):

— Calibrate All Crystals
to 0.3% in a Few Minutes

Statistical Calibration

Error Below 0.1%
Within Two Minute Run
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MY CONCLUSION ‘- Branson

e The process Z® — e*e~ will provide an ideal calibration
for HO — 7.

¢ Both L3 and CLEO II have monitored 47 crystal ar-
rays to 0.25% over periods of a month with Xe lamps.
These experiments were not requiring 0.5% resolution.

¢ GEM will have better uniformity, more monitors, and
more physics to calibrate on than did L3 or CLEO.

¢ Energy sharing reduces effect of calibration by ~ /2.
e GEM should achieve 0.25% or better in BaF,.

¢ The need for calibration is not specific to crystals. We
will need a calibration and a monitor in liquid Kryp-
ton. We must be sensitive to signal variations (due to
impurities) within single readout channels.

e No examples of 47 liquid Krypton detectors exist to
verify, by example, that this type of calibration is pos-
sible.
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BaF, EM CALORIMETER
12/91 BEAM TEST
(FERMILAB T-849)

e BEAM

— Spot Size: 40 mm X 40 mm

— Angular Spread: 1.7 mrad

— Momentum: 68 GeV/c

~ Momentum Spread : 3 GeV/c (FWHM)
— Electron Tag: TRD

e BEAM SPECTROMETER
— Momentum Resol’n 0.5+ 0.2%
o “CLEAN BEAM?” CUTS

— Spectrometer Impact Matches Calorimeter

— Only One Particle in Calorimeter

116



BaF, EM CALORIMETER
1991 FNAL BEAM TEST

CALORIMETER RESOLUTION:
BaF,-SPECTROMETER
DIFFERENCE

e Resolution 20 x 20 mm?2: 1.0%
e Instrumental Contributions

— Spectrometer Resol’'n: 0.5 +0.2%
— Pedestal Diff. Linearity: 0.4%

e BaF; Matrix Resolution (at 68 GeV):

-+ —0.77 (+0.12 — 0.18)%
- — Consistent With
Expected Resol’n: 0.6%

=~ o Crystal Non-Uniformity: =~ 0.6%; |
Not Less Than 0.5%

* Possible Calorimeter Resolution:
0 To 0.7%

- 117
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Figure 2.7: The crystal arrangement in the electromagnetic calorimeter. a) A lon-
gitudinal cut through the detector. b) A transverse cut through the barrel and an

endcap sector.
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3 PRECISION EM_
BGo CALOR/METER

le 3
e RUNNING WITH LIESIGN
RESOLWUTION 2 S.’ZFZZ @® 0.57%
£

at JEP

° ASUREMENT et e~ (%
5 .f:com A%*e"(a) at Z°: (i)

- O~ RAMATIVE fffecfr 0.7%0.057
-~ @ - YeENON LAMP YpONTOR
(CALI1RRATION [ RAN ) 0.b+0.1Z

+ @ - BEAM TedT RESoLw

- 6, o
* U—/V(.EAJ‘UQEB— 1.25% = Oga&

. Ozapc =0.7® 0.0.¢ = /-.257
% 0.029
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e Y3 TeJT BEAM. RESoLuUTION

Test beam energy resolution of the BGO detector.

The data points can be approximated by the function:

ﬂ—E—)- ~ Tin + o'ma‘) 2 + 0'123 k + aioise + agcnm + O'Eat 3
E VE ]

containing the following components:

e 0;,, the intrinsic resolution due to shower fluctuations; estimated .
to be = 0.5%.

e 0., the contribution of material and light collection inhomogeneities in the
BGO crystals; estimated to be = 0.3%

e Oi..x, the contribution due to the fact that the showers are not completel_v’
contained in the crystals; its effect on the resolution was

( Cteak = 0.24/Ejear/ E ). x> 0.19 /o at 5.5 GeV

® COn.ise, the contribution from electronic noise; in chapter 4 we arrived at an
electronic noise contribution of approximately 4 MeV. Smma €€

® Oheam, the contribution to the observed resolution coming from the spread of
the momenta of the incoming beam particles; the observed spreads can be
parametrized by oyeam = 1.25%/VE

® 0,l, the precision of the calibration constants; in the previous section a value

of 0.4% was derived. PY (ln(‘.'(‘k.d ina BGO 7 :
%./°C)

At low energles the detector resolution is dominated by shower fluctuations and
zlectronic noise, while at high energies the performance is limited by the leakage

Juctuations and the calibration precision. \
a_f 45,5 GEV ¢ %___z s Crost Zerm $mate
E
o2 %, 121
~ (o ’"“’é cd. oga() = 0.53% |
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Figure 5.2: (a) The distribution of the light uniformity factors R. (b) The energy
correction as funclion of the incoming energy for various R-values.
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BaF, PRECISION EM CALORIMETER
4 MEARS R&D'=> MANUFACTURE

1988 - 1993

-> ¢ Large Radiation Hard Mass Produced
Crystals At $ 2.5 Per cc (SIC, BGRI)

~» o Production of Crystal Pairs Accurate
To <100 pum
Accuracy (Zhongnan, Tsinghua, LLNL, ORNL)

- ¢ Radiation Damage Tests and Improvements
(SIC, BGRI, Tongji, SINR,
Caltech, BNL, LLNL, CE&A, WVA, Optovac)

-+ ¢ In Situ Annealing for Rad Hardness
(BNL, Caltech, LLNL, UCSD, WVA, Tsinghua)

«»¢ Precision Crystal Surface Polish and Coat:
Pulse Height Uniform to < 5%
(LLNL, Zhongnan, BGRI, ORNL)

~» ¢ Thin Laser Welded Titanium Alloy Support
— Carbon Fiber Experience, FEMA

(ORNL, Tsinghua)

-+ ¢ Precision Calibration and Gain_Monitoring
(Caltech, UCSD, IHEP, CMU, ORNL)

=% ¢ Fast Linear Front End Readout
(Princeton, ORNL, Tsinghua; Caltech, UCSD))

—» ¢ Quality Control, Inspection, Test, Assembly
(IHEP, USTC, Tsinghua, UCSD, CALTECH)

¥ + TUCCeSSFuL BEAM TeST
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BaF; PRECISION EM

CRYSTAL CALORIMETER
NEW MAJOR R&D PARTNERS

o LLINL

— Crystal Mass Production Process
Design and Engineering

— Surface Preparation
— UV Reflective Coating
— Pure Rad Hard Crystal Growth

ZHONGNAN OPTICAL INSTRUMENT
FACTORY

— Crystal Mechanical Processihg

— Production UV Coating
With BGRI
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Vet

Barivmn Plverice RED g ILILNL ' lg

-

Second trip to China by LLNL and ORNL engineers - B. Fuchs, J. Heck

- Transfer of LLNL polishing technology to Zhongnan Optical Instrument
Factory and SIC — successful demonstration of 9 A RMS polish using
Zhongnan facility.

« Further refinement of crystal mechanical specification and production plan.

« Crystals received at LLNL for demonstration of 5 crystal polishing fixture.

« Pyrolytically coated carbon crucible delivered to SIC for melt studies.

Continued work on UV reflective coatings:
« Full 50 cm crystal pair coated with Al, response measured with x-rays
and gamma rays.
« Barium fluoride prism fabricated to measure total internal reflectance of
magnesium fluoride/aluminum reflective layer — comparison with calculations.
« Full 50 cm crystal pair being coated with MgF2/Al coating.

Continued work on small crystal growing:

- Reactive Atmosphere Processing (RAP), zone refining and Czolchrowski furnace
runs in progress.

Optical annealing of irradiated crystals:

« Results for in-situ UV annealing show factor of 5 decrease in transmission
loss compared to crystal irradiated in darkness (-1.4% vs. -7.1%) —
0.004W/cm2 Hg lamp, 2.9 krad/hr Co-60, 84 Krad total dose.
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BaF, PRECISION EM

CRYSTAL CALORIMETER

NEW MAJOR R&D PARTNERS
(Cont’d)

e TSINGHUA UNIVERSITY
Seven Departments

— Mechanical Support, Protoype
— Multipoint Inspection Machine
— Readout Electronics

— Laser Calibration, Annealing

— Readout Electronics

e IHEP BEIJING
USTC HEFEI

— Quality Control; Cosmic Ray Tower

— Electronics
— Assembly
— RFQ Calibrator
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Propéaal tor welding 7x7 cels supporting struocture of GEM

Deteotozjgarrium Fluoride EM Calorimeter
JINGHUA : . Ke-ren Shi, Jia-lie Ren, Yun-ming. Zhu

. Wu-zhu Chan, Yan~xian Li, Bing-yi Yan
IC%}uiq_:jzfQQMNAn? ' ' o

' Dept.of Mochanical Engineering
lepoa, PXAJEQ )Ye?ded Tainghua QGEM Collaboration

Tsinghua University,Beijing China

Pro-{og’,g \'Pf’rvcéwg , Fax: (86112668116

1. walding 7x7 aells of QEM Deteactor Supporting structure
1.1 Fig.1 shows the structure of 7x7 ocells,

(821




Date: July

Specification for
¢ An Instrument Inspecting BaF2 Crystals

22, 1992

Li Dacheng,
Yu Guanzheng, Zhang Yunxlang

Wang Dongsheng

Dept. of Precision Instruments
Tsinghua-GEM Collaboration
® Tsinghua University, BelJjing China

This instrument has the performance which can inspect dimensions of

-» BaF2 crystals (flatness, perpendicularity, contour, and all
dimen31on9)o

=t
s Y
N

\

}

® A comparison between the new instrument and that used by
Shanghal Institute of Ceramics (SIC):

Itens

prr—

the new instrument

SIC's instrume

nt

Measuring range

0-250mm and 0-500mm

0~2£6mm only

Measurement softwvare

all measured objects

Resolution O.Gpm 0.5um

" Precision +~3pm +-5pm |
The number of induc~ 84 heads 42 heads
tive gauging heads




Constructing Cosmic Ray Test Stand

at IHEP & USTC
for GEM BaF, Calorimeter

Institute of High Energy Physics
and _
University of Science & Technologfy of China

August 30, 1992

1 Goal

In constructing GEM’s precision barium fluoride (BaF3) crystal calorimeter, crystal
quality control and acceptance test for each crystal must be performed before as-
sembling. Items to be tested include crystal’s light yield and light response unifor-
mity. Those crystals with uniformity better than 3% will be accepted and recorded
in database. The crystals of GEM BaF; calorimeter will be produced by Shanghai
Institute of Ceramics (SIC) at Shanghai, China, and Beijing Glass Research Institute
(BGRI) at Beijing, China. We propose to establish cosmic ray test stands at Institute
of High Energy Physics (IHEP) and University of Science and Technology of China
(USTC) to carry out this task. -

2 Method

We propose to test each BaF; crystal by using cosmic muon with minimum ionization
in crystal. Each crystal is divided to 25 sections along axial length. These sections

‘ - . 143
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BARIUM FLUORIDE CRYSTAL EM
and SCINTILLATING FIBER HCAL

THE PRECISION CALORIMETER
SYSTEM FOR GEM

e HIGHEST PHYSICS DISCOVERY POTENTIAL
— IN THE INTERMEDIATE MASS RANGE

e RADIATION STABLE
— USING CRYSTALS oF EXISTING QUALITY

e FASTEST
e MULTIPLE PRECISION CALIBRATIONS

e WORKING COLLIDER DETECTOR SYSTEMS
— CRYSTAL BALL, CLEOII, CUSB, L3

e WELL MATCHED TO SCINTILLATING
FIBER HCAL

- “TUNABLE’’ COMPENSATION, GEOMETRY, SPEED

MEETS GEM’S REQUIREMENTS

READY TO START PRODUCTION
BY A STRONG INTERNATIONAL TEAM
STARTING IN 1993
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gem

Presentation by:

Howard Gordon
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H. Gordon
September 3, 1992

Liquid Argon/Krypton
Calorimetry

Decision
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Questions From The Executive Committee
B. Requirements for LAr-Kr technology :

1. Demonstrate by beam tests stochastic term
in resolution for non-projective geometry
<7%/VE. Determine angular dependence of
this resolution.

BNIL. Beam Test: "2 mm" Krypton -
(6.72+0.035)\WE&®(0.0£0.2)

Angular resolution via Monte Carlo_

2. Produce detailed mechanical
design/analysis of EM barrel and end

caps with optimization of gap between barrel
and end cap, wall thicknesses, etc.

Engineering Panel Review, Aug. 14, 1992

3. Demonstrate by MC simulations for
realistic projective geometry and full
angular range (between 90 and 5.7 degrees)
the resolution <7%/VE+0.4% and physics
consequences of the gap between the gap
between the ©barrel and endcap, wall
thicknesses, etc. |

151
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1

The 1992 GEM LAr/Kr Accordion Calorimeter Group

D. L\ SSPM(‘Q

= =
O. Benary, ? ; S. Cannon, ° W. Clela.nd7

I Ferguson C. Finley® ,A Gordeev® |
H. Gordon® , E. Kistenev? s P. Kroon3,
M. Leltchouk5 D. Lxssa,uer ,H. Ma3
D. Makowiecki® ,A Maslenmkov , S. McCorkle |
D. Onopnenko ,A Onuchin? , Y. Oren? ,
V. Panin? , J. Parsons® , V Radeka3 , L. Rogers® ,
D. Ra.hm3 S. Resma. , J. Rutherfoord2
M. Seman® M Smlth , J. Sondencker Iﬂé
R. Steiner! , D Stephani® , E Stern’ , L. Stumer3
H. Takaid® , H. Thema.nn > Y. lehonov

-1 Adelphi University, Garden City, NY
2 University of Arizona, Tucson, AZ
3 Brookhaven National Laboratory, Upton, NY 11973
4 Budker Institute for Nuclear Physics, Novosibirsk, Russia
® Columbia University, New York, NY
6 Oak Ridge National Laboratory, Oak Rldge, TN

7 Umvers1ty of Pittsburgh, Pittsburgh, PA
& SUNY at Stony Brook, Stony Brook, NY
9 Tel-Aviv University, Tel-Aviv, Israel
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The Liquid Argon Test.

Objectives:

1) EM energy resolution of 7.5% / VE + 0.5%
1.3mm Pb Solution. Liguid Krypton. (Sampling fraction}
0.8 mm Pb in both absorber & readout electrode. (sampling fre-

quency)

2) Position Resolution & e/w separation.
Chevron Design '

3) Trigger.
Timing -esolution (Bunch crossing), T.ngger threshold,
Isolation efficiency.

4) Calibration.
New calibration system. 0.1-0.2 %

5) Electronic readout.

AMU -~ ZEUS electronics.
Track and hold.

6) Simulations.

Non proje ctive geometry
Quasi projective
Frojective geometry
7) Bendiny; machine
Bending machine for Projective Geometry.
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EM CONFIGURATION

A3 TESTS

1 mm OPTION 2 mm OPTION
ABSORBER
Lead 0.8 mm 1.3 mm
Prepreg 2 X 0.1 mm 2 X0.1t mm
Stainless 2 X 0.2 mm 2X0.2mm
SIGNAL
ELECTRODES
Lead o8mm .
Prepreg 2X006mm ...
Polysulfone 2X005mm ...
Kapton ... 0.36 mm
Copper 2 X 0.04 mm - 2.X0.04 mm
Res Ink 2 X 15 um 2 X 15 um
ARGON GAP 2 X 1.93 mm 2 X2.00 mm
CELL 6.4 mm 6.4 mm

MARCH 24, 1992
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Y

EM Configuration

CELL —
G-10(07mm)
HV Electrode
(Sllk Screen)
Tmm OPTION
o .‘T\ ‘k‘_.z i
-),(1: o.:b 2‘-5" o;b ;—A' ogb S'tnalnlus Steel
Re=211% mm mm mm mm . 8mm
Ceﬂ=6.1mm 1 . i )
Absorber Signai Absorber
: Electrode .
SQ./W\‘)\\‘MOE %QK 2 Q_L\
s CELL ———& : PR e"c PR
HV Electrode ool T8
(Silk Screen) N }',.,_T,,.,__ \
| VoL Mg, \r,.f
2mm OPTION T.\ &‘
P= i
2mm
X.= Pb Pb Stal
= rom o alnless Steel
Rs=22.8%
Celi=8.1mm | i 1 1
Absorber Signal Absorber
Electrode

(Kapton/Cu)

< m (7\.?“§ :?o-c.,\\' o ..

Koy o Lo
¥
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Notes:

96t

Cah‘br&tlon S}’Stem ' Dyhamic Range 25MeV - 2.5 TeV
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FROM:physics TQ: 2147835288 AUG 5, 1S5S2 5:0iPM P22
1

The 1992 GEM LAr/Kr Accordion Calorimeter Group

O. Benary, ? , S. Cannon, ° , W. Cleland” ,
I. Ferguson? , C. Finley® , A. Gordeev® ,
H. Gordon® , E. Kistenev3 , P. Kroon? ,
M. Leltchouk® , D. Lissauer® , H. Ma3 |
D. Makowiecki® , A. Maslennikov? , 8. McCorkle3 |
D. Onoprienko® , A. Onuchin? , Y. Oren? ,
V. Panin? , J. Parsons® , V. Radeka® , L. Rogers® ,
D. Rahm?3 , S. Rescia® , J. Rutherfoord?
M. Seman® , M. Smith3 , J. Sondericker IIIé ,
R. Steiner! , D. Stephani® , E. Stern’ , I. Stumer3 |
H. Takaid , H. Themann® , Y. Tikhonov*

1 Adelphi University, Garden City, NY
2 University of Arizona, Tucson, AZ
3 Brookhaven National Laboratory, Upton, NY 11973
4 Budker Institute for Nuclear Physics, Novosibirsk, Russia
® Columbia University, New York, NY
® Oak Ridge National Laboratory, Oak Ridge, TN

7 University of Pittsburgh, Pittsburgh, PA

8 SUNY at Stony Brook, Stony Brook, NY
9 Tel-Aviv University, Tel-Aviv, Israel
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/M, S-emam

iers DIRECTIVES OPTIMIZED for this run :

75.00 e@ - Rin of WARM CRYO wall (Al)
76.00 e -~ Rout of WARM CRYO wall
80.90 cm - Rin of COLD CRYO wall (Al)
82.50 em - Rout of COLD CRY0O wall
- FRONT STRUCTURE :
2.00 em - LKr GAP
1.00 ecm - Gl0 for Electronics+Cables+Spacsrs
1.00 cm -~ G10 FRAME with SS sheet holders
86.43 cm = INNER RADIUS of ACCORDION STRUCTURE

- ACCORDION STRUCTURE :
0.095785 ecm =« LEAD thickness

0.135785 ¢m - ickness
0.190254 cm - LXr thicknass

0.556293 cm - CELL thickness
840 - Total number of CELLS
4 = Number of CELLS in TOWER
210 = Number of TOWERS
0.029920 rad - TOWER dimension in PHI
0.003740 rad - DELTA
4.900 - Ratio BETA/DELTA % =49=¢%

0.018326 rad - BETA

30.70820 deg - ALFA of firat stack

57.47947 deg ~ ALFA of last stack
14 - Number of STACKS

138.53 ecm -~ OUTER RADIUS of ACCORDION STRUCTURE

- BACXKWARD STRUCTURE :
1.00 em - Gl0 FRAME with SS sheet holders
1.00 cm = G1l0 for Electronics+Cables+Spacers

2.00 em - LXr GAP
142.53 cm =« Rout of EM CAL

MERAN CORNER RADIUS = 2.5 mm
85 - 2 = 0.15 mm
GLUE -~ 2 x 0.05 mow
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= of

srs of the Panel:

N B

the Noble Liquid Calorimecer Reviasw Panel

Mike Harrzis, Bruno Mansculis,

Ron Baztex, Jim 2rau, 501
Nicslai Marzovetsky, Michael Ma=xxz, Mark Rennich,

Bill Wisniewski(chai=z).

ndees:
Steven Bellariog, Nick DiGiacome, Brian Easom, Howazxd Gozxden,
Chunhua Jiang, Mark Lajczok, David Lissauer, Lyle Mascn,
-
Greg Velascuez.
sge to the Panel: R
the nobie -

The panel is asked to review the status of
liguid calorimeter. Special attention should be paid to the
accorcdion electromacnetic portion of the calorimeter.The panel
should focus on the engineering viability of the design.

Clusion of the Panel:

mnents

The panel identified!NO SHOW-STOPPERSsin the conceptual design
presented by the design team.

The design of the integrated noble liquid calorimetsr is at
an early stage of development. We believe that completion of
this compact design, though feasible, will be very challenging.

The design of the electromagnetic-only calorimecer also appears
to be feasible. Bowever, the lack of a scheme that permits all
of the barrel signals to be passed through the dewar wall -

threatens the viability of this option.

We suggest that, if either of the noble liguid calorimeter
options is chosen, a detailed technical engineering review

be held within a few months. -

ang Concerns:
Although the panel found nothing in the design that would lead

to the failure of the calorimeter, we nevertheless have
concerns about features of the design. Scme of these features
T BT
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Loss of n between 140 -- 1.54 in
baseline design

_ °
Dead Material ~ 1 Xo®P Massless gap
built into design.
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LIQUID ARGON CALORIMETER - 12x141LAMBDA, FLAT ENDCAP HEAD

Central Batrel Calorimeter Welght 891 MT
Endcap Calorimeter Weight Each 626 MT

| h Total Calorimeter Weight 2,143 MT
,'-) Barrel Cal. Endcap Cal.
!l :
\“\\\“\X‘: :
§ \
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W zieMTea ) N ;
: 40 Modules |4 >

17MT ea:
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| isoomTea}
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- 1123 —»

TLIBHT ea
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160117 ea. r
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Forward Cal.
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- 5179 >
- 5500 -
Dimensions in miltimaters
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Figure 1-3a, Typical Module Lay-up in Section 017
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Can Liquid Argon/Krypton Find H->vyy?

Main issue 1s rejection of jet-jet, jet-y
background.

New analyses by Tomasz S., Andrei G., Misha
D., Sasha V., and Misha L. show new analysis
techniques which help both technologies to
reduce the background to ~1/3 of the
irreducible background.
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H. Gordon
Sept. 2, 1992

Advantages of the Baseline Integrated
LAr/Kr Design

1) Experience from DO, H1, SLD, E706, NA34
ALL EM+HADRON calorimeters
DO & HI1 producing physics!

2) Services at outside where there is more
room and less physics impact.

Signal and HV feedthroughs

Liquid Lines

Vacuum and Vent Lines

3) One INTEGRATED R&D program for the
calorimeter, electronics, trigger, readout.
Plenty of work for all

4) 50-60%/sqrt(E), 4 Longitudinal Divisions,
low enough thermal and pileup noise .

5) Strength of Collaboration - hopefully
entire GEM Calorimeter Group

Recent additions: Rochester and Stony
Brook
213
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H. Gordon
Sept. 2, 1992

Advantages of the Baseline Integrated
LAr/Kr Design

1) Experience from DO, H1, SLD, E706, NA34
ALL EM+HADRON calorimeters
D0 & H1 producing physics!

2) Services at outside where there is more

room and less physics impact.
Signal and HV feedthroughs

Liquid Lines
Vacuum and Vent Lines

3) One INTEGRATED R&D program for the
calorimeter, electronics, trigger, readout.
Plenty of work for all

4) 50-60%/sqrt(E), 4 Longitudinal Divisions,
low enough thermal and pileup noise

5) Strength of Collaboration - hopefully
entire GEM Calorimeter Group

Recent additions: Rochester and Stony
Brook
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BACKGROUND AND PHYSICS RATES

Rate of 0.32x0.32 EM+Hadronic Trigger Sum
vs. Threshold Energy (at L=10%3cm?2 sec'l)

100 -
'| T - I
— !
> ' ]
[ - ,
._U,_. : \\""-..,IJ
= 10 ' ' -
8 e :
= i ' :
48] vlf\l\\ ]
Too Jet | [ ] Tt | A |
MB
. ~
1 | [T A
10?2 103 104 103 106 |
RATE [Hz]
o Bunch crossing 16ns
o Interactions/b.c. 1.6 @ L=10% cm-2 s

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

psec.

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

o Signal path of all calorimeter channels has a
storage element to accomodate for Level 1 decision
time.

o Level 1 trigger will tag all signals pertaining tn the
corresponding bunch crossing for further storage
(Virtual L :vel 2) or for transfer/dloltmatlon

"Eue;n of LHC, Cosensus /s %ot -L"Al‘

16 an excellent CL°2;§§ for calorimefry.
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Institutions involved in the BNL Test:

ork
Adelphi University Came o W
University of Arizona on _res + —

Brookhaven National Laboratory
Budker Institute for Nuclear Physics, Novosibirsk, Russia

Columbia University . .
Oak Ridge National Laboratory :ﬁ briuchion )
University of Pittsburgh
University of Washington QSSMB’ )
Tel-Aviv University + +
ts7) shitk
\

Other groups that will join
(we hope all the GEM Calorimeter Group +)

THEP(Beijing)

Tsinghua University

University of Science and Technology(Hefei)
Beijing University

(Shanghai Aircraft Manufacture Factory)
New Delhi University
ITEP(Moscow)

Rochester
SUNY - Stony Brook
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Institutions involved in the BNL Test:

Adelphi University

University of Arizona

Brookhaven National Laboratory

Budker Institute for Nuclear Physics, Novosibirsk, Russia
Columbia University

Oak Ridge National Laboratory

University of Pittsburgh

University of Washington

Tel-Aviv University

Other groups that will join
(we hope all the GEM Calorimeter Group +)

IHEP(Beijing)

Tsinghua University

University of Science and Technology(Hefei)
Beijing University

(Shanghai Aircraft Manufacture Factory)
New Delhi University
ITEP(Moscow)

Rochester
SUNY - Stony Brook

224



UNIVERSITY OF ROCHESTER

Proposed GEM Electro-Magnetic Calorimeter Group

Personnel
T. Ferbel (DOE), F. Lobkowicz (NSF), P. Slattery (DOE)
E706

J. Dunlea (DOE), G. Fanourakis {50%] (NSF),
J. Ftacnik (NSF), G. Ginther (DOE), M. Zielinski (DOE)

DZero
G. Blazey (DOE), G. Fanourakis [50%] (NSF), S. Gruenendahl (DOE)

LAr Calorimetry Experience
LAC -1
1978 —> 1981

x -y Geometry [.90 m x 1.40 m]

2 mm Pb Plates ; 2 mm LAr Gaps
1.27 em readout ; 12 1l [front] / 12 1]l [back]
unfocussed geometry
NIM 216, 381 (1983)

E272 — Coulomb Dissociation [156 - 260 GeV/c]
E629 ~ Direct Photon Production [200 GeV/c]
LAC -11
1987 —> 1992 —> 7?

r - ¢ Geometry [r=.22 m ->r = 1.60 m]
2 mm Pb Plates ; 2.5 mm LAr Gaps
0.55 cm readout [r-strips] ; 10 1l [front] / 20 1l [back]

focussed geometry
NIM A235, 332 (1985)

E706 — Direct Photon Production [500 - 800 GeV/c]
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UNIVERSITY OF ROCHESTER

Proposed GEM Electro-Magnetic Calorimeter Group

Personnel
T. Ferbel (DOE), F. Lobkowicz (NSF), P. Slattery (DOE)
E706

J. Dunlea (DOE), G. Fanourakis [50%] (NSF),
J. Ftacnik (NSF), G. Ginther (DOE), M. Zielinski (DOE)

DZero
G. Blazey (DOE), G. Fanourakis [50%] (NSF), S. Gruenendahl (DOE)

LAr Calorimetry Experience
LAC-1
1978 —> 1981

x - y Geometry [.90 m x 1.40 m]

2 mm Pb Plates ; 2 mm LAr Gaps
1.27 cm readout ; 12 1l [frontl / 12 rl [back]
unfocussed geometry
NIM 216, 381 (1983)

E272 — Coulomb Dissociation [156 - 260 GeV/c]
E629 — Direct Photon Production [200 GeV/c]

LAC-11
1987 —>1992 —> ??
r- ¢ Geometry [r=.22 m -> r = 1.60 m]
2 mm Pb Plates ; 2.5 mm LAr Gaps

0.55 cm readout [r-strips] ; 10 rl [front} / 20 rl [back]

focussed geometry
NIM A235, 332 (1985)

E706 ~ Direct Photon Production [500 - 800 GeV/c]
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Reasons to Pick LAr/Kr

1. Better energy resolution of the entire
calorimeter.

Calibration @ 40 ns demonstrated
Uniformity - X,y variation of accordion

Stability - very slow time constants
Argon: DO, H1, NA34, E706...

2. Better Position Resolution - pointing.
Smaller cell size, longitudinal division

RD3 4.4mm/NE

3. Excellent Timing Resolution - Robust to
10 34

System Measured for EM ~ 1 ns

4. Not Sole Source for Production

Therefore savings can be realized by
optimizing production sources: overseas,
universities, etc. For example, Shanghai
Aircraft Manufacturing Factory

5. Strong Core Team - Would like the
ENTIRE Calorimeter Group to Join
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Time Resolution vs 7., for .12x.12 EM (5 samples)
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Presentation by:

Yuri Kamyshkov
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MEZMORANDTUM

TO GEM Executive Commitiee

From : B.Barish, Yu.Xamyshkov

Subject Points of Comparison £f£or Two e-m Calorimeter Techinigues in GIM
1. ENZRGY RESOLUTZION
Following comparison of contributions tn e-m resglusicn is made Izr twe e-m
options : BaF2 ancd LAr/LKr. These numbers reprasent best possibla xnowledge
of different contribucions and not necesseraly garantee that it is possible
t2 2cheive this ragolution in the real GeEM detsctor. :

{matrix of 525 cells, E in GeV)
Bar2 Lig Xz Lig Ar

Energy depencent terms
Thermal noise 3.0%/2 B8.5%/2 14%/¢
Sampling fluct. - 5.2%/sgzT (E) 7.3%/sgzc (B0

5.9%/sgrc (E)

@30 degree
{Sozr 1/2 Pb)

£lucz.

Samplin

1%/sgz< (E) . < 0.1%/sgxt (E)

{Photolelectron stat.
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Toe
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tar
it
I

Jegacd mactaerial in C.23Xs-zrackar l.0K¥s~zracke:r
Szznt el e-n @) 3@ 90 degrzoes 2 30 dagr=e
{not cztinized)

zfZsct ¢f dead mavsrial for LXz/AzZ ovtizn is pazzticularzy important ac
and o©f the barrel (theta = 30 cegress) where resclution can significantly
degracde. Masslass gap implemezatisn will be necessary t9 bring rzesolutisn
back to the level of approx. 7%/sgrt(E) Zor LKz e-m calorime:zsr.
Constant t2rm

3ar2 LEKz/ax
Leakages (@ ~100 GeV) 0.3C% 0.30%
{non-corrected by HC)
+ radiation effects
Initial resicdual longit. 0.15% -
non-uniformity
Transverse ncn-unif.
residual after cor:c. 0.135% 0.12% imized T
Photodetactior linearxizy 0.2% -
and stapilit
Electronics 0.2% 0.2%
(non-lin,digiciz,, etc.)
Calibrarion svstematics 0.25% 0.1%
Totzl constant term 0.53% 0.4%

238



-3za I Tws GFIM a-m
iz g =2 and R.Ino G2
fssu Zw the H-»I gza2
g ) is szzuz IIook
oo = czund inozha 3,
an o s 20 andi 39
ot s 20 zachnzlicgiss
sz za2r I 2ise in LAD/LFz. Mazz ellazcore
(c f2r schnigue) of physizs cu
o ‘n n that at lu zsizy 10~=33
Zor botn “achniques tha baseline coniigura
agduced {still pectcer Z3r- 3afl) without radugticn
Lavel.
A incsizy {107=34) “izies of both technigussz T2 zZope
ground have digd sufiiciently. However,
laci T .Palge, J.Rutheriocrid: indizate
—min e 107*33 lewval, thars mighs e
ate (sigmas/S3C wvear; Isr- ths
Zc 2 ed in the baseline & not emple
kL a 5 T max orc o:e*ad*a*:: trres) and
tharefsra, I ase GIM e~m calorimetsr
L2 suppra2ss ta=a c*a_esc_:g gammas frcm pi_0 decays is a facstor 33 2-3
worse than that of SDC (@25GeV).

Tf the real phvsics (jet—-jer and jet-ga“m ) and envi-onmental hackground
in GEM will be worse than what we ars si ﬂul_h-“g, (PAC for example was
ccncerned that the real background mighz be higher by a faczor of 3) or
iZ the mhysics at 40 TeV will turn out t2 be very different fzrzm prasent

expectaticng, the GEIM dertector mignt need a hign -granulazizy pesitisn
dectector inside the e-m calcerimeter to suppress pi_0 and ©o im::""
poeinting. This p.cvzdes mCTivation Zar ca.ozimerter scheme whizh is
Tlexilbie and ropust uncderx these condicions. In this case the LX=z/ar

svstem has this flexibilicy since iz is mcra naturallw suized 2
employ eizher a shower max or a preradiator tyvpe of device. Hers the
scheme proposed by Paul Mockett, with parallel plates and LXz may hav
acvantages over the accordion con.ﬁggration by employing simply becter
pointing and pi_0 redjection witlhicut laxzge increase i1 the cost. This

scheme is not sufficiently develcped in the engineering sense.

For BaFZ a shower max detector can be implemented in principle, e.g.

a layer of a twg dimenticsnal Si behind the £irst 5Xo of crystal.
{This iZfea is being used in the CMS es*,“.. This solutien is Sifficult
because oI ."e fol_ow-ng findamental issues (presently not resclved):
2) how t©3s calibrate pairs of crwystals in each towexr?

o) how % suppo:: ¢rvystals in this scroucturae?

c} how teo achiave unifcem fzont crystal readpuz?
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Snergy resoclutien

Isolation (pileup & noise)

Suppression of isclated pi €

ing in calgrimecser

QY]
[8]
o
s ]
it

Gamma/e acceptance
Periormance at 10**34 {detectors musc surzvive)

Hadron Calorimeter {(missing Et, jets)
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Xnown verzex, parametr-ized resclution, dezd rsgions 0.

Unknown vertax

10 ** 33 lumincsity

Randeom verztex (If ambiguzus) 0.35
Realistic pointing (LED) 0.53

13 *» 34 luemincsity
Random vertex (if ambigucus) 0.37

Realistic pointing (LX=z) 0.5z

For BaF2 svstem pointing is not imslemented in the baseline design.
Implementaticn proposed by proponents : two Bar2 pleces with frsoat
and back readout will have berter {(or same) angular pointing
capability as LEKz/Ar system where pcinting is build ines basaline
configuraticon. Two crystal scheme has non zesolved guestions of
calibracion and lignt unifoxmity c¢oilection for the front gxvyssal.
822 schems wizh one crvstal and two readour devices {frontc and back)
seems t©o be mere technically viabla byt has scmewhat worse pointing
resoluzion., Either of BaFl cointing schemes imply that compact sclid
state photodicdes or APDs should ke used fzr readout. In the baseline
desicn readout is based on vacuum ghoto triodes, which skhould be glaced
Pproperly in the magnetic field. Additional Ral work is recuirzed c:
develop alternative readou:z.

Implementation of a shower max or a preradiator detectors inside zthe
e-n calorimetes fcox both technigues should provide additionally =z pi 0
rejecsicn =he better pginting than in baseline configurations.

This is a sericus consideratizn which need to be studied for the final
TDR calorimeter design.
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and gcod

meisen < R B iliz

Excluders in o g are nzIt i er

izradiatisznm, They can te surze 2% 24 s and tecause zThey

might prewven: nea¢;ng/ccc_ g sInvecsticn. 25tz have been mazZs2 sc far

=2 acddress =hese issues. I pocisgsning occurs, the advantage of o=

liguid technigue is zhat the Liguid zan te sxchanged or purifiad

For Barium Flucorcide radiation Zamage Ras besn the maior concern.

The radiacion damage issues £or 3aFl have been reviewed by an EZxzer:

Panel in December 9., January %2 anZ august 92. This Panel gensidarad

the prsspects and metheds 0f ¢kt ;nirg rad . hazsdi cryscals., Final rzaport

¢Z the Panel is apvended. Malcr canclusions of this regorzt arz tha

following

- Best produced vaz azle2 to survive tha 3EC
experimenta. aring degradaciosn

- Praradiation srstlen
becavse of s= oI the
crvstals

- The only solution for the posblem of radiation damage is to use
annealing of the crystals by exposure to light in situ. Such meths
could make a calorimeter saci ‘v;nq GEM's specifications using
PRESENT production crystals.

T1im =

following the recomendaticns oI the Panel the light annealing oz Barz
crystals in situ have been agressively suudied and new producticsn
crystals Zrom China wers obtained, Far these reasons several Panael
meml&rs were :ecsn°-ﬂe‘ or August 31 - Sewh-»ueﬁ 1 £o asses technizally
this new information. Repor® ¢ this Expert Gzoup (appended} cencluces

that OPTICAL ANNEALING OD RAE:A::ON DAMAu; :N THE BaFZ WITH LIOW INTENSITY,
VISIBLE LIGHT CAN ESSENTIALLY TLIMINATE TEZ RADIATION INDUCZD ASSORBTION

T THE FAIT CCMPONENT OF THZ SCINTILZLATION LIGHET.

In additisn, there is a strong indication thac in-situ illumination of the
crvstals while subjected t£o a rzdiation environment can counteract the
2ffect of radiation-induced azscrpticon. This cc'--a‘ annealing is effsciive
£ar ramoving demage induced by beth hadzans nc gammas. Turther, tha lavel
of annealing in the crvstals s dependent on :he wavelength of che bleaching
lighz, with shorter wavelengtiis leading to greataer and more rapid recovery.

Iz is concluded alsc that the issues of seli-recovery, non-unifszzmity and
non-saturation as stated in the Panel reporz of August 3-4 have ze,“
overcome. T 11s means that the zurren:t qual;:y of the production coystals
availaple from China is suiffizient L2 mesz all GEM specificazio:s as
prasented tTo the BaF2 Panel.

-
Lo
.
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CALIBRATICT

smpleax schems of calibrazion des_,“eﬁ =)
Sraticn ascuracy of 0.25%, It includes

|1. 14}

ar2 g'ous has pr
X1 in gvezall
Z0->2+e—- (0.4% Biweekly, 0.3% Monzhl y

- Calibration with phys'
sity vide absolute as well as crystal to ¢

at nominal liming
calibrartion.

the
he

ibration systems L
ive calibraczion a:

1
oy

IS ®]

[ I L]

ca encdesd t9 monitor the sensitivicy and malntain
a e

el r2l 0f 0.3% are :
- Inglusive isolzated sail ¢

{0.3% accurzacy winh dedisa
~ RFQ monitor

{(accuracy 0.1% within 2 min; 0.3% scabilicy demonstrated)
- UV £lash lamp or laser monritor

(L3 Xa lamp example 0.14% sacbilitv over 435 davs)

LKr/Ax group rely essentlially on the electronical calibration onlv (0.1%)
assuming that e-m detec:or prior to inscallation will be calizr-ated with
the high energy beam and from thazt time on the calibration conscants will
nst cnange with time, Alzheugh this assumpticn is based on the long term
experience of operation of LAr systems it has not beer veryiiad

experimenczally for GZM design.
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The barral acgordion assemdly is subiact o Z2ifZize
and assexkbly tolerancing. In ozder T2 produce a2 U
and m‘sal;gnmen:s resulting Zrzm the zolerances will reguire o
exu-eme v precise maghining and a highr level of assembly cralf:s
The details cf these problems in the groposed design were a mad
cf an recent Engineering review (see actachsd Reporz).
The paralliel platce arrangement may offar- scrme aﬁva“-ages Ln assembly
and manufacturing if a reliazle and Zfast sclfer Jcinz tachnigque can be

fsund or develcped.

..

As descrifed below the inclusion of the nokble liguid ZM in an
ntegratad assermbly will resul: in eizher a Ta'~e- Zlamecer syvstem Sroa

less dense calorimeter (~11 lamzda az a2za=).0)

Barium Fluczide EM

Ithough laser welding of tizanium £0ils has been cemcnstrated =
relies on a csrmbinatien of the proper equirment and precise fixs
set-ups. AsS with the barrel accordion, the control o~ tolerancs
stack=-up will be critigal and will recuire a very high level 32
crafssmanship.

Lol

ring

The production schecdule for the barzium flucr-ide crvstals is extremely
tighc. Even with installacion of the =M galosrimeter afzer the
installation of the mucn system the crysta’ls will be the critical patzh
item.

A substantial amount of new capital eC"pm nt must e purchasec and
commissioned by the PRC before full=-scale crvstal product_on can begza.
Of particular concern are the est;mate” S0 wacuum -uzﬂaces whizh wil

be recuired to produce an average of 20 boules at a time rather than the
cuzsent opezating units which produce 4.
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1, 23T CIMPARIS

—ratam LT

in the Barxel

Subtotal

Zleccronics

LXr Total

{LAr Total

*) nncerzanties

-
L)

_-— -

$10%,002%

$13,500K
5120,56CK
+0/-4%
$.0,000%
$0K
522,000K
152,500
$133,000K)

-
-

+13%/-4%
510,000
$0K
$6,000X

$131,C0C0K

245

583,000
542,500
32,000K
$107, 500K
+3%/-7%
$10,000K
50K
$19,000K
5136,3500K

this numbers as set by independent SAIC ccost

review



3. InTarnetiznz. Zost Z2azlz Tompazizin v
(The funding zeguirsd Zzzom U3 scurzss L3 shown)
L&z Inzagrztaz Scincillazing ¥z Hyooid
Hadzzn+EM $748,00C0K
Eadxen 542, 023K 533,000K

z $83,050% 532,000
Xr in the Barrsl SE300K 51000K
Subtotal $82,50C% $10%, 23CK $78,000K
Forwazd 50K 50X 50:
Electronics $11, 000K $3,003% §%,3C0K
LKz Total $93,50¢C% $109,23CK $87,5800K

{LAx Total $87,000K)

*) This is a extremely tenzative comparissn in wnish the following
assumptions have been made:

Liquid Krypton recduced by two thisds through contrzibutigns
Electronics cost reduced by hall thrsugh conczibutions
Fiber hadron reduced nv 28% through contribucions

-

Noble liguid costs reduged by 25% chrough contzib.

.

-

Forward calorvimeter provided at no csst.
BaF2 caleorimeter cost reduced by 3% chrough contributions

.

Mk o Ue

(3]

ns:

|-
6=
1]
I

Cene

It is more difficult to reducs =he cost o Bazium Fluecride significantlv

-

due to the large fixed cost of the czystal array.
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Ingtallacion in +he GEM allcttad 4 mgonths dges not appear Lo te
regalistis (8 mopths is reguired acscrding T2 design zepost)
Manufacturing plan is unknown

Scintillating opticn:

Installation schedule can be mezt,

Prgduction of the crystals wizhin the allcozted fabrication period will
be difficult. The PRC is assuming 3 years of full productiasn

with a one vear starzt-up period. This zresults iz the last crystals
arriving wvery late in the f£inal assembly ozzocess. Beam testing and
assembly of the last end cap will have to e accelerated to have iz

ready for installacion in apsil 1998,

Both production and installacizn schegdules can be mer.

The liguid krypteon barzel will be installed inside the f£iber hadzso
befsre £final testing is complete. 1£f a significant vessel o:
feedthrough integrity problem arises at this time the repair procsss
couid significantly interfere with the ovarall GEM schedule if the
hadron barrel has to be moved to provide access.

ﬂ"he 1 -;ﬂ-u
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-

The REFQ calibration system will protrude <!
I 21l L

alse zemove the equivalent of a 2

Hvorid:

The covogenisz utilizies recuirzs special passages through

nadoen calorimetasr. These passages significan:ly reduce
he

o an estimazed 16 towers or 2% of t
Genaral Interface Comments:

rT'::e':lr:ke-' design shcould has s morxe than .2 Xo iz orzder nc
peziormance of the EM calorimetszc.

The f¢rward calorimeter design specifications are not we
defined to provide a basis for configuration judgments.
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T suszess was ventuzs, 2nd 3o

Tments ragarding the 2ost oI he crvs

zal lan gooups exgrasssed thalir intarsst in ot
Trotect, scme Wil petantial coTy guztisn

22 che Ba co 5o
gza, LLNL, i max
issuas are addressad v CFNL in
lzurticns and wlith the agdwize of
erneral plan saems viakzls, clcse o
ing the US progec: managemant p

o

The U3 o i the 3MNL gosup, with snginsersing

sugEore =] 2 Senvar, Two otn2r U3 groups are prassntly
involved in nobls licuicd technologias: Se 2 and Tucson. However, they

ars ace integrated into the nainsctosam eattls 9ffezs an altarnacive
configuracicn o that helng studied a Tacsen has goncentrased

it’s efforts on the forwazd systenm. I ear if Martin Marisz:za
Denver will e in a positicn to consi I icde engineering services
bevond the completion of the Technizal Design Recorz. ORNL could, in
principlie, help in this acea.

nizial contacts are in placs with
m

ial Chainese vendor (Shanghal

rczaft Induscr t Zity exigns thas Novesgipirs!
will pravide the LKx. The term for these incernaticnal prosgects have not
been worked out. Stzong ties exist between the BNL grzoup and CIRN-zased
groups (RD3) periasrming similar RaC wock S5 LEC.

irgzafs Induss=v) .

| I

Instizuriosnal and international considerations £or the LX:/LAz hadzan
calerimezer D2y relate to the choize the EM zalorimetex,

For the hybsid gase, the scint ing f£iber gcollaboxarion ig broadlv-based
with a lazge number of US inscti oens actively paztigipating. Englineering

work Bas been perficrmed by Draper and bv OBNL. As in the case of the

aczoriion EM calorimeter, strong ties exist between the US groups and
CZIRN-Cased groups perlcorming similar Ral work (RDL). An aggressive strategy

has been pur-sued Dy Lhe progonents ragarding internaticnal constroibuziosns.

For example, negctiaticns arze underway to cbrain larzge guantities s copper
Zzzm Albania ag a2 very ZIavcrabple prisce. I tihis eoption iz choosen, =zealistic
praducssicn plan, resgensibilicy scheme and assambly schedule must 22 developed.

- -

The integratad Ncble Liguid Cption goses adziizional problems. Since the noble
iiquid wersk has been carrzied out essentially single-nandedly by the INL group
{(wizh engineezing sucpor: of Martin Marziet:ta, Denver), the efiss: must ce
significantly broadened within the US insluding viable management stIsciure.
In acddizicn, aggzessive efiorzt will ke required to involve non-US Zzoups in

this technolsgy, wners therse is liztle previsus experience,
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tion-inciuc::‘. absergcen 2t 400 radhourn, tvpical o
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ftha order of milliwans/cm- Tals inmen KV s Sasilvagtsommie-

.
- Pkt Yl - -—
e deserats expecedarn =23 in

My

—,

bk

~
datcf‘ bv standard silica {iper-ootic technaiogy.

o mas

- e P . - -
C. 'I"‘m-: 'oLaI amount of ligh: reguirsd 0 achizve the nacassary oplca

: : LoE
Emeter is ssemarsd fo be of the orcar of kilowarss and aspars 0 De within
scope of 3 :::d_'::i laser or high intensity lamp =chnology.
D. Resuis Tom WVLU and CIT indicars thar visizie light annsaling :x‘ni’si:: : Zme te-
havier charagresized v a rapid cleaching of absorgdon ceniars foilowed ov 2 longsr

&7 recovery. -

E. Fora given wavelength of annealing lig!
a constant eve! after a dme, reiated o o
Apciicedon of addidonal light of sh o
bieaching to an impreved level of absers

ight, the rate of photobleaching appeass o reach
the absolute intensity of the annezling light.

=7 wavelength then czuses a further phote-
s at 2..0 nm.

F. Calculadons indicate that by monitoring the absorbance of the ¢rvsials in the

calorimeter, optical annealing can be udiize< to wiler the cryswls in differen: parss of
the calorimet2T in order to opEmize performance.

3. Crystal Growth

As meztioned in the Secdon !, currently available crysials ftom Chinz can mes: or
excead the GEM specificacon for optical clarity uclizing opdcez! annealing. Because of
this facz, the currear qualicy of raw marerial availasie in China is sufficieac A: preseat,
marterial of the requisite quality is being manufacmured in batch sizes of several huncrsd
kKlograms. Ther=fors, a deveiopment program 0 scale up two full producticn is aot re-
auxrd. [nere is 2 high confidsnce leve!l that the same quality material can 5e manufac-

d by differsat sourcss.

A pro:orv“ procduczon firnzce capabis of growing 15-20 crysials in 2 single mun has
besn constucied and is being commissionsd at the Beijing Glass Research Inscrute. In
addidon, improvements in the vacuum sysiem have beea implemented in an sxising fur-
nace ar Shanghai Inscoue of C:";':::c“ however no crysials from this furnzcs have bc:n

mads available for study arthis ams,

2 b 5
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w312 and on2 of 2 nzw o 522 SIC (S-sefias; orvsals.
H A hy - . R - >

major diffarzness found carwesn lese orvsizis wers the prasence of 2 erders o
; :

- was

3
Aa T Yal o - ]
magniruds [11.0C0 gpmw; grearsr concancadion of sTontium in the Tesedes coysials and

improved soucture In @2 new S-series covsial, Moers work s n::':.::‘.: unLmsiguousiy
C £ :
| M 1 LS P - i . . - - e - o
estaplish the link Senwesn chemical and soucrunal charnotarisdes and mdiztion sacdness.
. - =
Since the last Panal maszng, mwo grow:h runs wers complerzg at Oprovee. Tae first
=al of

-
using ordinary gracde powdar and the sacond using cusiom-manuraciursd marenial o
: : = - Sl mn s e pcaed coe =T . 1.
high r cemical surity. Sampies from the frsirun were sent o WL and ann2ziing mez
- e s T,
s mansens e CIT, was tesied

s
DC a1 mads.

- H - —
Als0.2 zieimom th

sursmants fava casampie from L 2%
diation 0 ! Mrad and orticaily annzalad. Tha reseins ohiined v 'w\L ¢ CIT are

haw s similar =a mp smmele e
ar on hhuﬁa.lv" B

consisianr with aach orlar. showing similar 2
=

Sar-::m from the second mun wears onlvy mads w**lz:x: to CIT on Auvgust 28 and
there has net b\._n sufficiznt dme w0 perform measuraments on hese crysials. Samples

from tf*.s run were also sentw BNL ar the same cme.

LLNL is currsady growing crystals using high gr:d= source maerial in both zone-ra-
fining and Czolchrowsii melt furmnaces. Crystals will be avaiiazie for analysis in sarly
Sepremier.

4. Mechanical Processing in China

A m::r' er of site visiss have bssz mads by phvsicists and eagineers o facilides in
China thar have the capability to mecharically procsss the BaFs ingots inco their finai
shape and surTace finish. Based on the assessment of these facilides by 2xperis on me-
chanical anc opucal procsssing, there is susficizar experdse and capability in China w©
procsss the fuil 16,000 crystals neesded for the calerimeter, provided thers is the
expedidous implc:n:n:::ion of the rzguirsd number of cuming, grinding and polishing
machinss..

In ad<icon. the tc....neiow ne=ded to achieve high qualiry swacss and UV redlecdive
€oanngs is i *e:n Tansterred 0 the Chinese. Racenr visits ave resuited in the preducton

sl = LYY ]

of crystais in C‘nnn with surfacs Snishes mvaling the Sest achieved in the US.

5. Conclusions
The dara presented o ihis grous is very sncouraging and we recommend that work
contnus on tha effacts of o'-rc:i annsaling of radiation-induced damage in BaF-. Amoag

the subjecss 0 be studiad ars

252



tw

1}

P)

™

L7

———— v weiFe s i e T sme lmeamgines vet i atam et damamdamoan am ymeas
Py - = tmaisam i mr el ~ R R TR -*—-u.-—..é.-. e e e sl e mmm ) wa
Ty
ez
oy dinen me—.gen’ s em 18T eamr sarn! Saca Taal; im o cha mamma ar v mem AT ewmy e
I B I R T T L T e R T e R L 17 TIR* Py G D S VI G-t Do

. Ve . . - - . -
e e S i mal smnan'in i aedae cn pm T b ar e AT rha yemayrme AT T mad Saem
R 0N 4 M cem e emeaiiremnasl D ey wlees s Dt —t e E sk meatw s et e bk mase e e
Ara e o rha Miaasmim e eaes
AT ON N2 C.2ACninE TLt.
. . . aay B . . - . .
Dammpree fm_ziey J1himmimasam ar o101 lmar semigenly S el Iaeiam gzie;s as v
SRTUOITE LN 00a L LIRS ON O TLa.-3i020 JTSILLy SonDg UTIATLAUTD UEinZ IToivpe
T pem T Al e 57
t;u\.. OC....\. ....... . -...---ih. - Shh. .A....
e rm meNrBmean] L TR dapiemag v Y e A T R ~e Al
Invebm-:?ﬂ\.— ...Ct\-..........l. sagian )\..-.--:: .QI' e . umaa .-.-..u:.’. 2.’:;. — e Ve v JVSL........
= =

r Exgers Group waers: ul Schetznus - Chairmarn, Dr Rogen
Statiman, Dr. Lo, Keoilizuron, Dr. Craig Woest and Mo

Addidenal -\.::2:*.:-“'5 and/or Prasaniers: |
Yin, Prof. Y. Kamysikov, Proi. R C.
Y. N. Guo, P:'o:. X Q. Yu

“Report of the the BaF- Pane! arter its thisd mestdng on August 3-4, 1992, Prof. Stan
\/Iajcwss_. Chairman, August, 1692,

“BaFa Meezng - SSCL," CEM TN-92-166, August 31, 1992,

-
-

“Monte Cario Studiss for EaF2 at ORNL.” Prograss Report oresented ar August 3-4
Pane! Me=cZng by Prof. Y. Kamyshkov, Oa,"-c Ridgs Natonal Laboratorv, July 31,
1992.

H. Newman, qaokcs-m.n “GEM Detecmor BaFa Precision EM Calonimerer Selecdon
Rapor:,” August 29, 1992,

Da-an Ma and Rex-yuan Zhu, “Light Asenuation Length of Barium Fluoride
Crysuals,” CALT-68-1 811, GEM TN-92-148, August 30, 1992,

L. E. Eallicumton, G. J. Edwazds, ML P. Scripsick, “Effect of Opdeal Bleaching on
adiation-induced Defsc:s in BaF,” West Virginia Universizy Technical R=u0n,

r3
August 31, 1992,

C. R. Wuest and G. 1. Mauger, “Effzcis of I.igh: Exzosure on Iradiared Barium
Fivonce Crvsials,” Lawrence Livermers Nadonal Laporartory, Augus: 27, 1962,

S. P. Swoll. “UV and Visitie Light Blsaching ¢ r’R acdiation in SIC Bar- Sample
#SI1C703,” Brooxfiaven Nazenal Laborziory, August 24, 1992,
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Mensuramen: 3 Lighs Asancosian Lamzem 17 200 mem Sorara femndineina gfvar fmmaSinaian
R Ee T T TR S NP - - L kL R DI Rl SRV S Supb Y 4
ic aggroximarziy 1o Mnd Co-200, afiar Tizagning with 238 nm o A lasen. and zfes
P - - e e S - s e o = —_——
acdidonal siznchinz win > 220 nm ligho =z .amze
Light Anznuation lengh LAL 2: 220 nm
Sampis Larmsom Ag.receivad  Adar T A[rad 37ae ARQ A A Tae 530 A
- m “- . - . .
Cptovac 123 o= 3i5cm Zlem 73cm 1C8cm
- . - amo -
SIC S106 25c¢cm >2C0cm 23¢m 96 cm 333 cm
- - — 4 g - -y - R
SIC(FNAL) 125c¢m >20C cm 33cm 22%¢cm Jidcm
- - - - -
SIC(ENAL) 125¢m >:00 cm 23cm 169 om 3iiem
(repear

Specificaticn se: by the GEM Execudve Commines in March, 1992:

LAL (@ 220 am) - unizradiared crysiais - 190 em

LAL (@ 220 om} - fracdizmed coysiais - 83 em

Figures:

!0

These {igurss ars mean: © show the general effzcis of opdcal anpealing as well as
currsnt work on simulacons and saginesring of an anpealing system and ars by no

— —

means 2 comple:e reoreseaadon of the dara thar was preseated 1o the exper goug.

Measurement of opdeal bleaching of 12.5 cm SIC (FNAL) crvsul from Reference 7.
The top figure shows the as-received absorbance (curve F) followed by the ab-
sorbance arter 1 Mrad irzdiacdon (curve A) and a series of opdcal bleachings using
488 nm laser light over a period of 30 minutes. The bortom figure shows the darta be-
ginning with curve E on an expanced vemical scale. Condnued bleaching with 488
am light is shown in curve G, followed by addidonal bleaching with >340 am light
(curve H) and full UVexzesurs (curve I). Curve [ is seen to fall very nearly on the
original as-rzceived curve . Thae spestal adsorbancs data shown hers is valid for

waveleagths grearer than 200 am. The carz for wavelengths less than 200 nm is not

e W

accurare due (o limitaZons in the specTopnoomersr svsem.

Measursment of opical bleaching of 20 ¢m long Tape=cidal BaF, crysmal (40 mm x
20 mm ar the larger encd and 34 mm x 3= mm ar the smaller 2ad) from Rafsrence 9.

=wa twad

This crvsial is designared SIC703 and was manufacturad ar the Shanghai Instimre of

299



e

. . . . . . .
[ Wa Sl weimg jmeeir ema man e fme w2t semizenl oagmagad ey ey s
C........._....: R T BT T - Ot A I PRI S N R DD S SO N RPN O I R
- . f -
YzAr aftar imninsiae qememy i 1eale Y N fan i Ad nadenmr el N fond A s
F D e S T L LYt PO ORI O FOR S L J OUETIE U SO . |
J : =
. = —_— . . . .
R e L Tl o T T A eyt Fma— T : gad Tor zamm—n dmgimmamy qed g ammenayil
(L‘.. 200N 20852 .b SEUTANIL TTTT Lt Lsgl T Semeraniim wisJhalin = v ans s 3.....-- Al
-~ s
~ vlq--n- g -

1 - - - ™ - -
- ral -— D T i -~ .
nu.’.‘..-.v - E...CS - ...\_.-:.-...... ll.._a ——a2 '.......--...- SLELLalng NS

~ - - S
uniiizared mercury lighrsouwsse witt emissignin & iz and the
covery is neoted afi=r only ;O minuies oF ight exgosurs. AddiZonal

leads to further recovers s indicamad in 2 Jgurs, Addidena daia
N ,
anpealing can be found in Relersnces 3. 3 and (0.

on of 2 light mransgertin 2 30 ¢m leng ::'-fs wal

Compuzer simulag
single fioer in 2 parzcular IH_}:!C:CI‘: scenaric. Tais calculiation was
Tarkovsky at ORNL. Tae 3-dmensicnal ziows show the profile

r&n
ngth of e crysaal Pa:‘:ec". Teflec
i

respending posicon aleng the length

sumed in this calculazion. Near the tcp of the ¢ryseal the lighe
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Absorhbance

100 2040 300 400 3d¢ 600 700 800

avelength (nm)
A 2L ohrs éJCoir'a;i-..icn D: 40 min € 438 am
B: 10 min@ 288 n E: 30 min @ 488 am
C.

€. 4
20 min € 288 am P Aserzzaivad

OPTICAL BLEACHING (Fermilab; 12.5 cm)
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o
o
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O
D
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7100 200 300 400 500 600 700 800
Wavelength (nm)

E: 30 min @ <38 nm E: 10 min 320 nm
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STSOR™ OF THS 3uT- SANTT
o i) » QN h ....._.D..‘.:_I'-'._\.__'_.
A o - - —— S AT e w - AR I - 1 tosT
Fan LS viacatbe e maaa Cr o S ;\,"\,"_
2 !
1. Summar:
— b P e . cas 7 [ Sl a4 ‘ - - - by -
[ne Bofs Panmal maron August 3 and 2 ar ;e SSC Lakerziory. The Azsndo for the
- - ‘a R - - . — . — - i3 . - _“:-— lal -t
‘.::::rz is included tAmaenment ). The meenag surted wiD 2 session with the
racization of 2 GEM rerrasenizves. including the orovenznss. During 2is sessicn G2
r uz:s of die raciagon damagze tests. maremal studiss 2s well 2s orod 'c:on 2Tors in e
US and Chinz wers revigwed. The panel dscussed and summasized in its ¢ a sessicn
fhe curmencsans Of the R&D 2fors o deveior madiacon hard samum Tuorics rthe high
g
precisicn slecTomagnenc saierimerer of the C2M dezcior.

zzs besn done in developing anc un ...s::'..r.c:.::c aigh qualiry
BaF, crystals. Thae ¢rysumls srocduced in China are the best procuced anvwhers o date.
Good as they arz. th i not vet apie o survive the SSC 2xz .-:mt'lt.'ll avonment

5
ithour sutfering d:g—%._c::cn.

ﬂi

The fanc’.: e'u:u. isses with BaFa s sdll the one of pumity and radiadon ha aness.
The preposal of e Bars gy cc1t=s is ©0 r2iv upon preiacinzon and saturadon Of ;2 e.:f n
damage 10 producs stabie crysials. Thers was an unanimous agresment of the ::me at
wtm the knowledge presently available, preirradiadon is not 2 viabie selution zo the

adiaton damage oroblem because of self-recovery, non samuracon, and nonuriformices of

thc crvsals,

The only solution we see at present Sor the problem of radiadon dimage is 1o use
anneaiing of the crvsials by expesurs o light in sici. Such i mezhod couid make a
calorimerer sadsfving GEM's spe-.;..cauons using present produczion crysaals. It is not
kzown wha: intensicy or wavelength light would be mos: usezul for this purzose, and this
issue should be studied witiow cL."*:-f.

2. Radiation Damage - Experimental Facts

Following a long discussion of the presented resuits the panel came with the
following list of the main esiatlished expenimentl facts (based on small aumber of msied

sampies):

- thers is no evicdance Zor inmunsic scintlladon loss up o the nighes: msi=d doses,

- ther= is o al‘l’ﬂl:‘.C:‘.n: ~'.ms....s ion damage cansed by MeV neuwons up 0

fluencss of — 10+ p/em? i, small crvsals (this is axpizined by a much lower
interaczen cross seczon for MeV neurons than that for ionizing radiacon),

- thers is saruraton observed I Tansmission and light ourgur {or frmadiadon with
low energy (Co-80) gamma mays,

- sanracen (n Tansmission s aot esiablished for GeV nadrons.

- in€uced abserpdon due o hadronsina GeVmange is sz.-*. g 'o "‘"tc‘_'c t
low enerzv gammas: howewer. aftar nadron irradizrion e induced i absorccon
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fmdn A sngaems e dia e R 0 ST mmaniah s e thamem ] e
At e e -\.4_.\,-.‘_._,.. - e B oy MR L 4 e b e MR T A R A RS ME gy s eyt wms o w R L

_ Ll LT e R Rad- Lalon R Lo L LR N mnen ma Aeeanias oAt -
St U0y QOSTE ZOTIINAS JINT 22 ANDSLl. ot 2ast

Smia liaes

hler admip s me

- thers is 2vidance foTsicw. *.OI".: e oseilree VaIY or CTRCL 2osCrTion 2 oem

temoarature
[S=TPPY LR =

- ther= is aon- ..;.:.ZC.‘_...'Z:V or incuced :.:SC'?ECE rer radiaZon "._..iCT'.E C‘:"«S' ength
in ‘.‘J e::::‘-' aveiiatie -cng :2.".".’.312.;
o - — - - [} -
- there is nducsed zficacdvity of e ordarof 10 mRamy™r in large orvsiads after

th
:

2cd-on cose of e ordar 1 MRz,

.

3. Resuylts of the Recenr ¥laterial Studies and Correlation Berwesn
Contamination and Radiation Damage

- pure BaF: is insinsicaily a very raciacien harc marerial, and ers is 2 very sTong
connecIcen observed berwesn radiacten induced absorption and me levei of
impurides in the cvswl marix, however 1o exac: corrsiadon berwesa raciadon
damage and the idencfied conmminant species and their leve!l was ver sstablished:
further reduczon or Tace impurites cue 0 beqer sourcs marerial anc improved
vacuum should vieid mors radiagen hard crysuls,

- crystals with rare 2arzh and high Srcontaminaron showed higher induced post-
trradiation absorzton,

- crysalls doped with OF- at high wemperanrs show nigh induced abscrpcon.

- crystals producec in China in 1991 {covstls from the FNAL test) have large
(10-100 miczon) precipitares ;..ndor::f dismibured in the bulk na:c:i:zi. wiile the
new (such as SZZ) samples produc:: with 2 new oxygen scavenger "703" sh0w
small. 0.1 - 5 micoon. interconnecs2d inclusions exhipidng a "swirl paramn”.

4. Surface Quality and Radiation Damage

ae practical diamond pitch poiist wcanique developed at LLNL producss a

ror ecvstalline surfacs as comparsd 1o 2 exXistng wchnology at the Shanghei Insture

of Caramics (SIC) ). No cirec: correladon berwesn surface quality and radiacon resistance

was eswabiisied up to row, but it is expeciad thar good quality surface will improve

reflecoancs and will preven: suriace defecs Som cropagatng inro crystal. In addifon it will

be useful for several meczznical aspecss asscciaed with the crystal precucsion such as
coanng ard gluing.
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3. Long Crysiai Production in China

-
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“ RSz

Lne sariel woulc lka to xmow tha sams of e
has besz proven in or"=r w maze the oro os :r\,c.:::rn:n: schzcuie. Tae canel was
tmpressed with the developmen: of resourzes in China for te :::re procucten mon

- . .
DIoCIImeni or W manni n.C&:ZI'.'_' ¥ nvolvemen: of addizonal insatutons,

T rS=IY)

6. Production of High Quality Small Sampies

zreceesd in

2 g. "O‘-‘- eVEo,

the first bafch of severzl such samples re expeced during the mont Logust from

LLNL anc Optovac. The stucies at Optovac hav saown that reZaciory memis (W, Tz, M)

do nor lcok -*rcrmh ing as airarmacves 0 Zraghite crucibles prasendy used in C::.:::: Jeczuse
khkd B L ael et tolEl e

of chemical reacdon or scciking, Coarad ~:~:'::c'ni:e cracibies ars expected ¢ m2duge the

catonic lex 'C.."la' fom the g":.‘.nm;e into the meaiL

c ol N I e .

As of this BmefAuvgust <) tere are sl ac high punty small samplss

: - - H 5

the scesial paralizl R&D 7o & ccﬁsbec _\ the pane! afiat its second messn
.

f- ,
'l)'
|l.

7. Recommendation on Continued R&D

Thers Is 2 good cossibiilty thar if more dme were availabls for 2 condnued vigorou

R&D program, the GEM crvsui sccc:nc:mons couid pe met The fighest priorry stould be
given o the study of a technique of optical annealing of eryswals in sini. The issue of
sarcracon in radiation inducsd absorpdon due to hadrons and photons showid be swudied
further, and the effsc: of differsnt dose rae should be defined. Work on precucson of
geed g "::::lmr long, radiaton h..... crwsials sheuld condnue, inciuding:

- characterizacon of precipizates in crvstals [0 establish correiaon berwesn telr
stucaure and the raciacon damage level in the furnacss,

- avadlapility of improved maw mawesul with respect 1o impuricss,
- implemenwrcen of improved vacuum sysem,

- on e Sasis of e o=

SIC o procurs full size

ulzs obtained 2t LINL and Oprovac, the pane! encouragses
= ovrolidcally coared crucibies from LLNL,

- ZTOCT Of dasign of procuczon egquipment and processes for fuil scaiz sroducZon

nould te dcuuc":a.

- the imrpac: of &2 hadren induced radicactvity on operzton of the deracor
stould be smucisd wizh mors rmadizons and simuladons,

- ez of reflecsve coasag on madiazon resismnce of crvsmls “'-ould oe stedied
irciuding possitis cherm! cal e .\.-c..cr.s berween irmadiazon products such as T and
aiuminum om De soanng.

n
i

(")

Panzl 3.4 August f



dci=onally. the namal moammmands 3 ki sman Taval AF snerding s hamyaan wha T
'\AL-C._L;R.«.I S wdl Tl chweliccabiaied 4ozl WS L ‘.DC._...:‘...OT‘. ot -lakth. S olinotalt Ui

and Chinese Darts of e sclizzerazon.

Providing wharnew imporant axgerimenial resulls Tom ;2 condnuing R&ED 2o
wiil become avatlatie sefcrs e BChnology Chcice 5T .:'.dcf o GEM sleczomagnese
caiorimetsr, the sxXperimeniai simagon shcuid Se agxin resvaiuared ar thar Zme. This was
the last scheduied me22ng of the full panei, but many pane! membess have axpressed their
wiilingness 0 help with tis larer review.

8. Additional Information

The pane! was helged during its discussicns by thres researchers who have receady
Joined the Barg R&D prc_:1. Dr. Craig Wues: and Dr. Bea Fuchs om Livermore anc

Dr. Larty Halliburton from University of West Virginia. The regular panel members ars
lisied in Amachmenr 2. C. Dozier and M, Rethsciild did not take part in the third mesdng.
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Atlachment |
Agzenda for the Third BaF2 Panel Mezting
Dailas. 03-94 August 1992
SSCLab. Buiiding 4, Stratesy Room
¥onday, August 2. 1992
(Tze aswerisk “*) used when CZM BaF- ancor C2M representzdves will te presen:..
9:00 Opering Remaris, Frad Gilman, Exver Lynen (SSCL)

9.

1

Remindar of the Cherzz. Discussion of the Agendz, Harvev Lvach (SSCL:

Ly

9:30%  Reporrs on the Laras: R&.D Acnvines ang Swrus by the GEM BcF»~ Group:
(1) AcaviZesin:he LS
(2) Workin Chinz, by Harvey Newman, Ran-Yuan Zhu

10:30=  Sapr: Swnmary of the Scabliicy Rzgquirzman:s, Yuri Kamysiakov (GEM;
10:40* Coffes Break
L1:00*  Mearerigi Characrerizciion of BaF - ar CEA, Michael Sgathman

/i

11:33*% Speczroscopic Chareezzrizazion of Poir: Derecs in BaF 2 , Larmy Hallituron
(Universiry West Virginia)

—
12
-
ih

3

Woricnz Lunch (Szzregy Room)

0* Gamma. Newrron ard Hadron Radiarion Damage Studies of BaF-, Cmig Woedy

e
L
o

1.‘)230* Sun.ce Frenara.san df'.d -lM.VSlS, R.f—:;.‘.e::.zve COCH‘Z&’W’, High Puriz; C‘ A\ :.‘:f Grawz'r:c,
& J 5
Q’_”_E W uest, BC"I FJC"IS G.IVC"AIIOI")

14:15*  Site Visic of Several Fecilites in Cring, Craig Wuest (Livermore)
15:00* Shor: Conmiburions, by different speakess
15:30% Coffee Break
16:00 Commenzs on Impor:arn: [ssues, Paul Schotanus
16:30  Round Table Techniczi Discussior (and the proposed discussion leadss):
-~ Summary of BaF1 Radiaden Damage Simadon (Craig Woody)
- Fe..s1b1hrv of Pre-Irradiaton Treamment Saturadon, Rc"ovc"v (Seif-annealing)
ard Trheorezdcal Understanding of the Effecss (Paul Schotanus)
- Summary of Marerial Analys1s Resulss (Michael Stathman))

- Producdon of Eigh Puriry Crystals with Good Surface Qualiry (Rotex Spar-ow)
- Evaluagon of the Production SZers in China (Robert Sparrow)

18:00 Mes=dng Adjourned

19:30 Dinnarar Javier's
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SSCLab. Building 4. Strategy Room

Tuesday, August 4, 1992

<)

12:00
13:00
13:00

Acgust 25,

Meering with the GEM Codcloration Represeniatives

Continucsion or the Pzara! T2chniczi Discussion

Coffze Braok

Pane! Recommendarion, Przparation of the Repor::
Assessmens of Rodiazion Hardness of Crysials
Assessment of Production Capebiiity
Sall Unsolved [ssues Relevan: o the Technology Choicz

“Final” Recommendzzion
Worikdng Lunch

Continucrion of Preperatior of :he Pane! Rzport

Discussion of the Drarz by the Pang!
Prepararion of the Revised Version

End of Meztng

1992 ;. 266
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Abranam, Marvin
Chen. Yok

Craig, Richard
Dozier, Charles
Drukier, Andrew
Fuchs, Ben
Halliburzon. Lany
King, Steve
L2Coq, Pau!
Lvnch, Harvey
Majewski, Stanley

Rothschilc. Mordechai

Schotanus, Paul
Sparrow, Bob

Strathman, Michael

Wocedy, Craig
Wuest, Craig

Attachment I

BaF-, Panel Members
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Reasons to Pick LAr/Kr

1. Better energy resolution of the entire
calorimeter.

Calibration @ 40 ns demonstrated

Uniformity - X,y variation of accordion

Stability - very slow time constants
Argon: DO, H1, NA34, E706...

2. Better Position Resolution - pointing.
Smaller cell size, longitudinal division

RD3 4.4mm/NE

3. Excellent Timing Resolution - Robust to
10 34

System Measured for EM ~ 1 ns

4. Not Sole Source for Production

Therefore savings can be realized by
optimizing production sources: overseas,
universities, etc. For example, Shanghai
Aircraft Manufacturing Factory

5. Strong Core Team - Would like the
ENTIRE Calorimeter Group to Join
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BARIUM FLU ORIDE CRYSTAL EM
and SCINTILLATING FIBER HCAL

THE PRECISION CALORIMETER
SYSTEM FOR GEM

o HIGHER PHYSICS DISCOVERY POTENTIAL
— Higher Electron and Photon Energy Resolution

o HIGHER SPEED
— Lower Noise for Isolation Cut

o HERMITICITY, UNIFORMITY
o COMPACTNESS

— Higher Muon Resolution

o INTERNATIONAL R&D and MANUFACTURING TEAM
" READY TO START PRODUCTION IN 1993

— 17 Institutions; 200 Collaborators

{ q 4 e 4 | 4 {4 -
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GEM Executive Committee requirements to BaF2 and LAr-Kr technologies

The Executive Committee at the meeting Feb. 20th has reviewed the status of
e-m calorimetry R&D Programs and has formulated the list of requirements for
each technology which should be met before the management of the Collaboration
will proceed with the choice of one of the options. Our plan is to
make the choice before the end of August 92, and preferably earlier.
no Response to the requirements must be reported to Collaboration management by
Sgthe 3pecified date or earlier, in order to allow proper consideration.
It was noted by the Executive Committee that the BaF2 technology has a lower
probability of success in its R&D Program, because of possible radiation damage

and other effects which can destroy the small constant term in energy
resolution. .
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. Requirements for BaF2 technology :.

Demonstrate substantial improvement in radiation resistance of

large BaF2 crystals (20-25 cm long) towards the GEM specifications -
reach absorbtion 1length of at least >60 cm at 220 nm after 1MRad
irradiation with photons, and if possible high energy hadrons.
Present 2 detailed plan to obtain final GEM quality crystals,

along with evidence of manufacturability and cost, including

vork required to prepare crystals after delivery.
. by Auvgust 1, 1992

. As proposed by the expert panel, produce small radiation-hard

crystals to demonstrate there are no fundamental limitations in
making rad hard BaF2 ecrystals. ( eg. absorbtion length >= 95 cm

at 220 nm after 1 MRad)
by August 1, 1992

Address in detail questions of preradiation, wrapping, residual
non-uniformity, etec in erystals we can practicably expect to manufacture.
Cosmic ray transverse measurements in produced crystals could provide
useful data. Provide detailed practical plan for calibration of BaF2
system in-situ :describe calibration strategy, RFQ layout, required
calibration time for each proposed technique to achieve necessary

accuracy.
by July 1, 1992

. Shov by MC and by lab.tests that the following effects do not destroy the

resolution of the BaF2 system (maximum tolerable constant term is 0.6%) :

- residual non-uniformity (as installed);

- non-uniformity developed by possible further radiation damage of
"saturated" crystals and/or by possible annealing;
(note - the expert panel and executive committee are not convinced
of the propesal to preradiate the crystals)

-~ accuracy of intercalibration (see point 3);

- short term instabilities of readout system;

- linearity, linearity calibration and dynamic range of readout system.

by July 1,1992
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Requirements for LAr-Kr technology :

Demonstrate by beam tests stochastic term in resolution for non-projective
geometry <= 7%/sqrt(E). Determine angular dependence of this resolution.

by August 1,1992

Produce detailed mechanical design/analysis of e-m barrel and end caps with
optimization of gap between barrel and ena cap, wall thicknesses, etc.

by July 1,1992

Demonstrate by MC simulations for realistic projective geometry and full
angular range (between 90 and 5.7 cegrees) the resolution
<= 77%/sqrt(E) + C.4%

and physics consequences of the gap between barrel and end cap, wall
tkicknesses, etc.

by July 1, 1992



Additional requirements for LAr-Kr technology :

(proposed by individual members of exec. committee
and members of calorimeter group)

by the time of e-m decision

Show Higgs -> 2 gamma spectra (mass range 80-150 GeV)
for realistic e-m LAr-Kr detector and background
simulations.

Provide detailed practical plan for calibration of
LAr-Kr detector in situ. Provide an evidence that
electronic calibration is equivalent to the detector
calibratio:.: with the required accuracy.

Provide experimental proof of radia:ion stability
of LAr-Kr e-m system (for actually used materials).

Provide the results of the benchmark tests of LAr-Kr
electronics which demonstarate required linearity,
dynamic range, white and coherent noise in the real
accordion system, cross talks and means of linearity
calibration.
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DECISION:

In August, a decision will be made between the two
technologies based on our best judgement of the expected
performance of each technology, balanced against the cost and
risk involved in each. A primary choice will be made for

our e-m calorimeter for the TDR. Depending on the status

of open questions at the time of making the decision, a

strategy will be developed for continuing the development

of the second technology at a considerably lower level, while
these outstanding issues are resolved for the primary option and
to allow the proponents to smoothly finish their R&D program.

The final decision will be made by the spokesmen, after
considering the evidence presented for each technology
and receiving the advice of the Executive Committee.
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HIGGS MASS RECONSTRUCTION
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"US Cost Basis"

Calorimeter System Cost Comparison

LAr Integrated Scintillating LKr Hybrid

Hadron $101,000K $57,000K  $63,000K
Barrel LKr $19,500K SOK $2,000K
EM $78,000K _ $42,500K
Forward $10,000K $10,000K __ $10,000K
PreRad SOK SO0K SOK

Electronics $22,000K $6,000K $19,000K
LKr Total $152,500K __ S151,000K  $136,500K
LAr Total $133,000K $134,500K
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Calorimeter System Cost Comparison
"International Cost Basis"

LAr Integ. Contrib. Scintill.  Contrib. LKr Hybrid Contrib.

Hadron $76,000K 25% $41,000K 28%  $45,000K 28%
EM (Other) $33,000K 28%  $31,000K 28%
LKr/Crystals  $6,500K 33% $31,000K 0% $1,000K 33%
Subtotal $82,500K $105,000K $77,000K

Forward $0K 100% $0K 100% $0K 100%
PreRad $0K na $0K na $0K na
Electronics  $11,000K 50% $3,000K 50% $9,500K 50%
LKr Total $93,500K $108,000K $86,500K

LAr Total $87,000K




UNRESOLVED DETECTOR R & D ISSUES

(group reached consensus for these issues)
1. MATERIALS COMPATABILITY WITH LKR (NOT NEEDED IF LAR IS FALLBACK)
2. DEMONSTRATION QOF ELECTRONICS THAT PRESERVE SPEED ADVANTAGE OF BAF2

3. BEAM DEMONSTRATION OF REQUIRED CONSTANT TERM AND ITS ANGULAR
DEPENDENCE IN ENERGY RESOLUTION OF LKR

4., DEMONSTRATION OF POINTING IN BAF2 (IF NEED FOR POINTING IS
DEMONSTRATED)

5, OPTIMISATION OF THICKNESS OF DEAD MATERIAL IN FRONT OF
EM CALORIMETER

OTHER POINTS WERE DISCUSSED

© Higgs-2gamma at higher luminosity
o Inportance of pointing and preradiator

r.) Ti-structure for Bar2
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Presentation by:

Frank Taylor
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F. E. Taylor
9/2/92

STATUS OF GEM MUON SYSTEM
Issues:

« Big wheel or separate sector?
- sectors slightly favored
- finish analysis
~ bending of sector
cost of installation tooling
- final recommendation by 10/1/92
e 3N PRISIVR b calerimeter ?
« Which technologies? |
- chambers for tracking
- alignment scheme
- chambers for trigger
- reports due 9/28/92
presentations 10/6/92

e R&D plan for FY93

- organize by tasks not institutions
chamber R&D
chamber prototype fabrication
engineering support for chambers
TTR and test beam

- - first draft due- 9/11/92
- final draft due 10/1/92
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Chambers to be delivered to TTR:

Technology Chamber size TTR delivery date
PDT-JINR 1mx 4 m x 8 layers 7/128/92 (delivered)
PDT-MSU 1.3 m x 3.8 m x 4 layers 9/11/92

LSDT 1mzx 4 mx 4 layers 9/20/92

RPC <l mx 2 m x 2 layers 9/20/92

CSC-BU 05 mx 0.6 mx 3 x 2 layers 9/16/92

CSC-BNL ' 0.6 m x 0.6 m x 2x4 layers 9/15/92

CSC-BNL Imx18 mx 4 layers = --------.

CSC-UH 0.5 mx 1 mx 3 layers 9/15/92

CSC-JINR 1.1 m x 1.5 m x 2 layers 9/28/92 +

Barrel Issues:

. Which is the more attractive drift technology - PDT or LSDT ?

. Will the RPCs perform in terms of jitter, background sensitivity ?

. In case RPCs are not accepted, is there an alternative trigger ?

. Will the CSCs perform in barrel in terms of alignment, costs ?

Endcap Issues:

. Will the CSCs perform in terms of resolutions, background, costs ?
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Technology De_cision Process:

« Appoint 3 to 4 outside reviewers
« Inputs
- Proponent Reports due 9/28/92
- Engineering Report due 9/28/92
will provide a uniform appraisal
of alignment, mechanical design,
COSts

- Comments of outside reviewers

« Open presentations 10/6/92
- Each advocate 1hr talk 0.5 hr Q&A

Muon Steering Committee meets with
outside reviewers 10/6/92

Steering Committee makes a rating
morning10/7/92

Rating presented to Muon Group
afternoon 10/7/92.

e Collaboration Council Meeting 10/8/92

- Rating presented to GEM EC 10/8/92
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Boundary Conditions:

« Rating made on 10/6/92 defines Baseline 2.

« Final decision follows TTR tests and
completed FY92 R&D program.

e No new Chamber R&D funds until above are
~ completed.
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