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Collaboration Council Meeting -
SSCL 

September 3, 1992 

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; BaF2; Liquid Argon; Overviews and Issues 
for Decision; and Muon Status/Plans toward Technology Choice. 
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GEM Collaboration Council Meeting 
Agenda 

Thursday, 9-3-92 

GEM Status and News (Barish) 

Project Manager Report (Sanders) 

GEM Facilities Status (Wisniewski) 

GEM Magnet Update (Deis) 

Coffee Break 

Calorimetry Report 

BaF2 (Newman) 

Liquid Krypton (Gordon) 

Lunch 

Overview and Issues for Decision (Kamyshkov) 

Calorimetry Discussion (Barish) 

Muon Status/Plans toward Technology Choice (Taylor) 

Adjourn 

The Executive Committee will meet following this meeting, both 
Thursday evening and Friday morning. A decision by the spokesmen 
will follow these meeting. 
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FY93 GEM Funding Requests 

1. Subsystem leaders collected preliminary funding requests. 

2. R&D!Engineering Task Force (Webb, chair; Sanders, Harris) 
held first review meeting. Several total FY93 funding levels 
were considered. 

3. Conclusions from this meeting: 

·. a. Requests for muon and cal or. engineering were incomplete . 
. ·.·_,--:.-··:· 

b. Requsts were poorly justified in many cases. Coordination 
poor. Much duplication. ]So deliverables. No schedule •.. 

c. Requests did not display a strong sense ofa program lead
ing t9 a system, except fol," ~11et.and central tracker 
requests. ..;j! 't0*&ltf~~W;,,;.~;;JF< 

. ); -· "<}:,;_,_,:)J· .. :;---·.-·.- ··. 

d. Manyindividual questioh~/~~~~
9

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 guidance 

hints at $25 million. 

· 4. Next step is individual contacts with subsystem leaders for 
refined proposals. · 

17 



FY93 GEM Funding Requests 
(continued) 

Next Steps: 

1. Mike 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 submitted through the subsystem 
leaders! · 

2. Sanders and Webb request rey:ised. and complete R&Dand 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, milestones, personnel, 
level of effort. 

.-.~,_ .-.:_. ,:; 
· ... ; __ -,.,..-. . 

3. All work is to be funded from rfindsi~~~fied in the current GEM 
cost estimate. When the funds (ol{Ja':,subsystem are expended, 
the subsystem should be ~omple~'<If itis not. •• ! Funds 
expended outside ofthe cost esfuria*eraise 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. 

5. We are considering distributing 213 of the annual allocation at the 
beginning of FY93 and holding the remainder untilari:Jid-year 
review is completed. H 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 provide comments to me. 
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MAGNErl, DA TES 

Tnslc: 

Wind 1st butch ol' coils (including 
cxpcrhncntnl coil) 

Wind 2nd batch of coils 

Assc1nblc 1st 1nagnct half 

Assc111blc 2nd 1nagnct half 

Install 1nagnct 

1'cst and 1nap 111agnct 

• • • • • 

Start: Finish; Duration: 

5/2/94 4/18/95 11 1nonths 

4/19/95 10/9/95 6 1nonths 

10/21/94 3/20/96 15 1nonths 

5/4/95 6/6/96 12 111onths 

4/22/96 11/12/96 6.5 1nonths 

11/13/96 3/24/97 4 111onths 

• • • 
9/23/92 

• • 
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MUON DA1,ES 
T k· ilS I Start; Ji'h1 ish; Duration; 
IVlngnet assembly building avnilnhle 
l'nr barrel prololype design nnd Jlroducllon 8/19/94 12/13/95 16 monlhs 

IVlngnet assembly building nvailahle 
for endcnp prololype design nnd production 8/19/94 4/19/96 19 months 

Convert magnet assembly huilding 
for mnon production 6/7/96 8/8/96 2 months 

M non bnrrel 11roductlon 8/9/96 9/29/97 13 months 

M non e111Icn11 production 10/28/96 12/18/97 13 months 

c,,, Convert coil winding hny for 
CJ'! 11111on slornge 10/10/95 11/8/95 1 111ont h 

Convert coil winding hay for 
muon slornge 5/27/97 7/28/97 2 months 

lnstnll llnrrel Muon 
(No wiring, no nlignment) 7/14/97 l 0/14/97 3 months 

Inslnll l~ndcap Muon (No wiring, 
no. nlignmenl) Hegin bnrrel wiring 11/17/97 2/24/98 3 months 

Connect services and test 
muon chnmbers 3/12/98 5/28/98 2.5 months 

Align barrel nnd endcnp 
9/21/99 muon chambers 4/16/97 5 months 

9/23/92 
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CALORIMETER DA'"fES 

·rask: Start: Finish: 

Convert coil 'vinding bay for 
cnlorhneter inspection 9/25195 1/3/96 

Convert coil 'vinding bay for 
cnlorhneter asse1nbly 10/10/95 1/18/96 

Asse111ble barrel 
clectro111ngnetic cnlorhneter 2/5/96 2/20/97 

c,., 

°" Asse111blc bnrrel hadron cnlorhneter 2/5/96 2/20/97 

Insert EM bnrrcl into hadron bnrrel 2/21/97 5/23/97 

Asse1nble endcnp cnlorhueter syste111s 2/5/96 2/20/97 

Instnll cnlorhncter syste111 6/11/97 9/12/97 

Finalize connections and cold test 9/15/97 11/14/97 

• • • • • • • • 

Du ration: 

3 1nonths 

3 1nonths 

12 1nonths 

12 n1onths 

3 1nonths 

12 111onths 

3 1nonths 

2 111onths 

• 
9/23/92 

• • 
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"'1 
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.-fRACl(l£1~ DA.-fES 

'fnsk: 

Convert coil 'vincling bay for 
trucker nssen1bly 

Assemble trucker 

Instnll tracker 

Test und checkout 

Start: Finish: Du rn ti on: 

10/10/95 4/19/96 6 111011ths 

6/7/96 6/12/98 23 111011ths 

7/31/98 12/22/98 4.5 111011ths 

12/23/98 3/l/99 2 rnonths 
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SOUTH ASSV BLDG 
Module by module scenario 

54 peoples 
~-- 20.5--.... 1~ 52.5 ..... 

Total storage capacity 21 Barrel's 
No chambers gas + electr. tests 
1 crane of 30 t + 1 crane of 15 t 
No Cloakr.+ Restr.+ Cafeteria 

1~ 31.5 .... , I 2ncl floor 
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NORTl-I ASSY BLDG 

r-- 20.5 --'1 6 1~- I A I 

Module by module scenario 

Prototypes sequence 

r f·.··.·· b. ;i!;,'j\,~;::fl'l]'i'!i!~lllil .. ··•. i ·11 Gas IElectl 
I ·. Workshop + k e ::: Chamber protos 

15 .: Hardwar~ ~~?PJ !ii .2l storage +Tests Parts 
storage 
10 x B 

Ii; 
~ 

~ 32 
c.n 

. > > • <·; ~ -~ 
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EE 
000 

Barrel 15 x 3.5. 1• 
&fe@@*& -8#@: ' .• Barrel ro1auon 

cradle 
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1 crane of 25 t 

42----

Available 
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... I 
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NORTH ASSY BLDG 
Module by module scenario 

60 peoples 

T 1·.:.' /; !j)!'.; ;f _r,~lf1!!11'1;)1i··.;\··: ~ ·i 11 Gas !Elect! 
I t Workshop + ~·' e :: 

15 ~.~t . ' 'mmnfl-

Chamber gas + 
Electronlc tests 
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NORTH ASSY BLDG 
Module by module scenario 

Version Barrel's 1st - Endcap's later 
60 peoples 

) ) 

Total storage capacity 32 barrel's 
All chambers gas + electr. tests 
1 crane of 25 t + 1 crane of 15 I 
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j Big wha~ls .scenario 
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Magnet Subsystem August Progress (1) 

R&D tasks: 

gdxxxx:roi:·l 
9/31'/2 

• 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: 

gdxxxxxx-2 
9/31'12 

• "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 Subs_ystem 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 

• Assembly - detailed study of one approach completed 

• Forward field shaper - 2 alternate support designs analyzed 

gdxxxxxx-3 
9/3/'12 

• • • • • 4 • • 4 • 
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BaF2 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 

4 • • • • • • • • c 
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BARIUM FLUORIDE CRYSTAL EM 
arid SCINTILLATING FIBER HCAL 

THE PRECISION CALORIMETER 
SYSTEM FOR GEM 

• 1-IIGI-IER PHYSICS DISCOVERY POTENTIAL 
~ 

--7 l-Iigher Electron and Photon Energy Resolution 

• l-IIGHER SPEED --------
--7 Lower Noise for Isolation Cut 

• HERMIT/CITY, UNIFORMITY 

• COMPACTNESS 

--7 1-Iigher Muon Resolution 

) 

. 

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

--7 17 Institutions; 200 Collaborators 

) ) 



BaF2 ELECTROMAGNETIC 
CALORIMETER 

FEATURES 

•Speed: 
Gating Time < 16 nsec 

• Energy Resolution: 
~E/E == (2.0/V'E EB 0.5)3 

• Position Resolution: 
~x and fly ~ 1 mm 

• Segmentation: 
fl.77 ~ fl.¢ ~ 0.04 

• e/?r, //jet, and e/jet 
Separation: In 10-4 Range 

~.Radiation Resistance: 
MegaRads Per Year 

... 

.. 

-
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-

-

-
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BAF2 GEM CRYSTAL 
PRECISION EM CALORIMETER 

ISSUES and CHALLENGES 

• PHYSICS CAPABIUTIES 

~ ENERGY RESOLUTION 

~ BACKGROUND SUPPRESSION 

• CRYSTALS FROM CHINA AT$ 2.5 Per CC 

~ MANUFACTURING PLAN 

~ RADIATION HARDNESS 

• UGHT ANNEAUNG 

~ FREQUENCY, QUANTITY 

~ DESIGN, OPERATION CONCEPT 

• PRECISION CAUBRATIONS 

~ ANALYSIS of RESOL'N In SITU 

• UGHT COLLECTION UNIFORMITY 

~ UV REFLECTIVE COATING 

~ CONTROL By ANNEALING, MONITORING 

• L3 PERFORMANCE 

~ RESOL'N ACHIEVED; ANALYSIS 

~ RFQSYSIBM 
71 
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Report of tbe BaF2 Expert Group 
after its meeting of August 31 ·September l, 1992 

1. Surnmary • 1(.Al>IATtOJ( /-I.ARP 'Ba.~ CR.,]f-.rTAL.f' ! 
.;ttGHT a.#HEA L f}'/(;. 

At the Inst meeting of the BaF2 Panel on August 3 nnd 4, 1992 it was recognized2 thn~ 
_optical nnnenling of radiation damaged Bnf2.~rysta_!§_:_~Q.uld make a calorimeter satis~
ing OEM's specification using present production crystals.': The panel recommended that 
"this issue should be' studied without delay." In the last three weeks new data on optical 
annealing including characterization of the spectral behavior, required intensity, and rate 
of bleaching has been obtained) 

Based on the data presented by researchers from 5 ind~2endent institutions, includlng 
Brookhaven National Laboratory (BNL), California Institute of Technology (CIT), 
Lawrence Livennore National Laboratory (LLNL), Tsing Hun/McGill University, and . 
West Virginia University (WVU), the expert group concludes that optical annealing q_f 
radiation damage in BaF2 with low intensity, visible light can essentially eliminal£ 
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 a~
sorption. This optical annealing is effective for removing damage induced by both 
hadrons· and gammas. Funher, 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-recove , non-uniformit and non-saturation as 
""T"~,....."ft""--.r--~-:-"!l'""l~~~..,.,~--,.--~~--:-~~:;-T"~--""'""":"i:""."'.'."':i"--:~~ state tn t 1e ane report o August - 1ave been overcome. This means that the cu1Tent 

guality of the production crystals available from China is sufficient to meet nil GErvt 
specifications as presented to the BaF2 Panel. 

• • • • • • • • • f 
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BARIUM FLUORIDE 
PRECISION EM CALORIMETER 

COST ISSUES 

) ) 

• INTERNATIONAL COST 

--) Quoted as Son1ewhat l-Iigher 

• COUNTERBALANCING FACTORS 

~ MANUFACTURING TEAM I<NOWN 

~ MANUFACTURING TECHNOLOGY l<NOWN 
~ FEWER HIDDEN COSTS -

COST VERSUS PERFORMANCE: 

ENI-IANCED MUON as Well as 
ELECTRON and PHOTON 

PiiYSICS CAPABILITY 

) ) 
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BARIUM FLUORIDE CRYSTALS 
RADIATION DAMAGE RESULTS 

• CRYSTAL PRODUCTION IN CHINA 

- T{220 nm) in 26 cm Crystal: 4g% After 1 MR.ad 

- Further Improvements: Purity and Vacuum 

• MATERIALS STUDIES (Panel Summary) 

rt • . 11 ...,. BaF2 Is Intr1ns1ca y 
Very Radiation Hard'' 

tr 
-+Further Reduction of Trace Impurities, 

Due To Purer Source Materials and 
Improved Vacuum, Should Yield More 
Radiation Hard Crystals"' 

• DAMAGE FROM ALL PARTICLES ANNEALABLE 

- Thermal (Complete) or Light 

• MEV NEUTRON IRRADIATION: 
Little of No Effect 

- To ,.., 1014 MeV Neutrons/cm2 

In Small Crystals 

• SMALL PURE CRYSTAL GROWTH 
at LLNL, OPTOVAC ---------------1'RDCEe"'b1J1(;. 

77 
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Potential in Further Quality Improvement 

1. 

2. 

3. 

4. 

We now understand the purification process of 
raw materials; 

We now have a well established processing tech-
nique to produce the best BaF2 crystals in the 
world; 

We have several additional measures to be imple-
mented: 

• Using vitreounized crucible; 

• Installation of a ma~s spectrometer probe in 
the growing furnace to analyze the composi-
tion of residual gas; 

• Improved oven design is underway - the first 
prototype will be produced at the end of 19927 

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

We now understand the Mechanism of the radi-
ation damage of BaF2 crystals; 

..,. hl_A~ ('RO)'U.CTIOH PRCJT? 
C1.J.. ~EAbJ B l<..11. T ; u.H°bElt JEJT. 

- I~ - ~~9 CRtj.J'TAL C~A:.tT(j 



A telephone recording from BGRI J./sh:i. 
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°/o reductions have been· measured for crystals of length 11 O mm(for the 
same measurements they did before, the reduction were -30o/o). For the 
reason of poor polishing, the T0/o before irra. were 60°/o only. So three 

~crystals have been brought to Shanghai for better polishing and measurement. 
o After irra.,the transpaency looks much lightetrthan the previous crystals. For 

I 

tile 395 mm crystal.the transparency of about 300 mrn Ieng. is very good after 
irra.. For the 305 mm crystal,250 mm .of the cr¥5tal is bright and transparent .... - ,, 

recording by R.SHANG. 

4 • • • • • • • • • c 
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Crystal Production Scenario 

• SSC ready for Physics: October 1998; 
' 

• Installation of Central Tracker: July 1998; 

- • Installation of End Caps: April 1998; 

• Installation of Barrel: January 1998; 

• 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. 

-

-

-

• All crystals will be finished by July 1997. 

• ,2. W. -;!-IN: .:io OVEH .. t C.OJIJ°'T~<JCTE~ 1H 1.jj.i 
~t> OVEH.f CoN .. PrRc.K:nl1 IN 19941 
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ip Ii f-4 ~ ~ J: iii l1t lfi tit if~ JiJT 
SHANGHAI INSTITUTE OF CERAMICS 

CHINESE ACADEMY OF SCIENCES 

1295 Ding-xi Road, Shanghai 200050, China 

Tela 2512990 Telex: 33309 ASSIC CN FAX 1 86-21-2513903 

FACSIMILE MESSAGE 

FAX No.: +001·818-791-3951 
· · A'ITN: Prof. Barry Barish, High Energy Physics,. Caltech 

Prof. Willb.m Wlllis, Nevis Laboratory, Columbia University 
... FROM: Prof~ Dong-Sheng Yan 
·.DATE: August 21, 1992 

Dear Professors Jlarish and WilliS: 

-

-

-
-
-

-

-
. ' 



... ::-': .. , 

-· I .,.. 

-· 
1· •• 

~·-.a.." 

-

, .. , . . . • .. :·,~· 
• .. • J 
J ...... 
. .. 

.::~ 

., 

.. . .. 
4 

- I 

1 
I 

I :· 

~- .· ~ .. ;J ' . ~:-'.·...;, .. :... 
... ..• , ~ ..... .. . ....... ;; . 

·•. 

... 

.. 
:I; - .. 1, 

... '( .. . •' 

--.. 



BaF2 ( NKK at PS) 19 fC,: _ n . 
100 - a')"lne~'d-

B.fea.~.,.,q_ .-.--·-·-·--:::..-::-.. ::::··- ef'.P.e.et 
('1 ,,.,,,,. .-· ,,,_ .- .... ..... :.JJ 

JN Iiµ Uy BO . ..!.~~./~········· /I' ... - ... .. , /(_ot U .r4. U,. 

i! I,. . .., .. / / 5 days after UN-r'IL 

• 

- :' ······1 hour / 
~ 60 I Mercury lamp / ~.rc/8(;.'R...T 
~ f Illuminated / ~ _/J ·~ 
t- : I OQf't 
..... I I 

~ 40 • / C~..R.r 
~ /1.2 x105 Groys Irradiation 

~ .- 20 / 1 Ca.. t.!131 

• 

I 
'"\ I 

I ' / 

0 [, 26o f./, I ;~ 400 500 600 700 

WAVELENGTH ( nm) 

Recoveries of the transmittance in BaF2 {NKK) with 
illumination of the mercury lamp after irradiation by 1.2x10 5 

Gy. The lines are solid {before irradiation), dash-dotted (after 
illumination of 12 h), dotted (after illumi~ation of 1 h) and 
dashed (before illumination.) 

• • • t • t • t • 
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co UV and Visible Light Bleaching of Radiation Damage in S._I.C. BaF2 sample #SIC703 c.n ~- -----

Sean P. Stoll 

Brookhaven National Laboratory 
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Rodiotion domoge and recovery of SIC70.3 with exposure to direct UV lic;ht. 
ond thermal onneoling. 
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Experiment Setup 

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 BaF2 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). 

87 
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Blea.ch SIC302 with Different Wavdengths 

Time (hours) I T(3) I .A (cm) I I/.A (l/m) I .AlM/.A 
Before Irradiation 

I 87.2 779 . 0.13 

I MRa.d Irradiation by 8°Co 7-ray ... 
43.5 3.d. --·" 2.9 1.00 

Under 700 nm Red Light 

0. 43.5 34.5 2.9 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 4-. _.'.) 

24. 67.1 85.3 1.2 0.40 

{ 30. 70. 99.6 1.0 0.35 
I 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 f 39.5. 71.3 107.5 0.93 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 16.2 150.3 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. 78.1 186 0.54 0.19 . 
75. 79.5 202 0.50 0.17 

,g9_5 80.4 221 0.45 0.16 
' 95. 81.1 240 0.42 0.15 

88 -
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Bleach BaF2 Crystals with 400 nm Light 

-
SIC302 

- Time (hr) T(%) .A (cm) 1/ .A (1/m) >..1M I>.. 

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 

1.5 67.9 89 1.1 0.39 

2.5 71.8 111 0.90 0.31 

4.5 . 74.6 133 0.75 0.26 

12.0 78.5 182 0.55 0.19 

13.0 78.0 175 0.57 0.20 

-

- 89 



Bleach BaF2 Crystals with 400 nm Light -

SIC402 

Time (hr) T(%) >. (cm) 1/ >. (1/m) .A1M I>. 

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 

• Cll.~AL~I' -=R.EACr-1 A .f'TABLE 

Q-rrEK?,urrlo.11 ~)18-~ i:: !IC•c.., 

- Ct.Jt.'-l'IST~ 
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Color Center Equilibrium 

bRDazz 
Deq = aI+bR 

2.5 - 1/>..w 
Ieq = 0.67R j 

1 >..w - 0.55 

• Deq: bleachable color center density in equilibrium; 

• Ieq: light intensity to establish Deq; 

Intensity Needed to Maintain .A = 150 cm 

111 I 0 1 2.5 

Dose Rate (kRad/hour) 0.02 0.04 0.4 

I (mW/cm2 ) 0.21 0.42 4.2 

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

while the two endcaps need 100 W. 

• ~ 10 J't0--,,da.rel. :lAAlf..PS 

• Rej.fe.cl.or~ k1~e6c lj:fe.ct.r ~et 91 

JQ.~~" ~ft; Q.ccclt.t?'f + ::te.r.r.:t:~~ifet~. 



Conclusion 

a BaF2 calorimeter can be built with current 

production crystals from Chi.na. With an ef

fective 150 W light source, the entire BaF2 

calorimeter can be set to work at .Aeq = 150 .. 
cm. 

The key issue of radiation dam
age problem of BaF2 project thus 

-

-

-

.. 

.. 

is solved. -

-

-
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DETAIL-B 
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BRACKET VALL 

COPPER f"OIL 
DETAIL-A 

OPTICAL f"IBER CABLES 

...--- LIGHT MIXING PRIZM 

Bf"2 
CRYSTAL 

Br2 
CRYSTAL 

PRIZH RETAINER 
VIEW' VITHOUT CELL VALL 

... 
' F"IRST TYPE Or CRYSTAL F'itX...TlON 

ORNL 
93 
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BaF2 EM CALORIMETER 

ENERGY RESOLUTION 

First Two Terms Small for E > 5 GeV: 

• ao, from Electronic Noise: ~ 2%. 

• ai, "Photostatistics": Below 1 % 

WHERE 

Systematic Term b Dominant; 
Has Contributions: 

• bs Fluctuations of EM Shower (GEANT) 

• bG Shower Leakage (Front, Back, Side), 
and Inactive Material (GEANT) 

• bNU Nonuniformity of Light Response~ 0.253 

• bm Nonlinearities and Short Term 
Instabilities of Photodevice, Readout ~ 0.23 

•be Residual Intercalibration Error~ 0.253; 
AFTER bNu, bNL Taken Into Account 

+ (As Achieved in CLEO II; Planned In KTeV). 
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) 

CJ:) 

en 

) ) ) ) ) ) ) ) ) 

E (GeV) 5 10 100 500 

Electrical Noise 0.4 0.2 0.02 0.004 

Pl1otoelectrons 0.2 0.14 0.045 0.02 

.GEANT bs and ha 0.60 0.43 0.30 0.36 

N ont1niformi ty bNu 0.25 0.25 0.25 0.25 

Nonlinearity bNL 0.2 0.2 0.2 0.2 

Intercalibration be 0.25 0.25 0.25 0.25 

Total 0.85 0.64 0.51 0.54 

Table 3: Summary of Contributions to the Energy Resolution of the BaF 2 Calorimeter 
(In Percent) 



5 TYPES of nonunif ormities 

1.S ---------------------. 

1.7 

16 - --------------------• 

1.5 

U----1.4 

1.3 

1.2 --------- --- --- --

1.1 

1 - - ------ - ------- ---- --""! -- -

0.9 L:::L:::======A [1 J 
0.8 0 10 20 30 .40 .. 50 -

Distance trom smaff end of BoF2 (cm) 

-
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-
ALL 5 TYPES of nonunif ormities with positive slope 

J -
~ I 

1J,J 1.2 

....... 
1J,J 
b 

1 

-
o.s 

-
0.15 

-
0.-4 

0.2 

- 0 
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 

Maximum ~( +) for nonuniformity, 3 
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SCENARIO - all crystals were preradiated to >.= 150cm · · 

··and were uniform _with "=150cm 

b 

1.2 

1 

o.s 
0.6 

0.4 

0.2 

50 GeV7 

-----------------------------------------------------------------. . . 

---
0 ......_.._._......_._,_..._.__._,_...._._.._._ .................................. _._ ........... _._~_._J.-L._._._. 

100 120 140 160 180 . 200 

1.1 

:'). 1.08 
.;! 1.06 

"i 1.04 

-~ 1.02 
f& 1· 

~ 0.98 
~ . ... 0.96 
-~ 0 

Attenuation length(cm) .. 

----------------------------------------------------------------
.· 

-10 20 30 .40 50 

... 

-

.... 

.... 

-Distance from small end (cm)·. 

Ndnuniformity for A=2_00cm (after full recovering) 

-

-
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BaF2 CALIBRATIONS 

• CALIBRATION FROM zo --. e+e-
0.43 Biweekly; 0.33 Monthly. 
(i - e+e- Under Study) 

• UV FLASH LAMP or LASER MONITOR 

- L3 Xenon Lamp Example: 0.143 Stability 
Over 45 Days. 

- CLEO II claims 0.253 Xe lamp monitor. 

• MIPs MONITOR 
(Inclusive Isolated Sail Through) 

- 3000 MIPs/Crystal::::} 0.33 Accurate 
(....., 1 sec of running) 

- 1 KHz Dedicated Trigger (Branch Off Level 2): 

* 0.33 Each ~ 20 Hours (Barrel) 
* 0.33 Each ~ 6 Hours (Endcap) 

- Systematics 

* Shift of Peak at High Luminosity: 
Measure C. to ±2 x 1033 (easy) 

* Higher Threshold Calibration for £ ~ 1034 

• RFQ MONITOR (30 Hz, lOµsec, 10 mA H 0) 

- Below 0.13 {Statistical) Within 2 Minutes. 

- 1.5 GeV Equivalent in Farthest Crystal; 
25 Ge V Per Crystal Typical 

- 0.33 Stability Demonstrated 

Overall Intercalibration 
Error he = 0.25% 

-

-

-

-

.. 

.. 
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-

-

-

Algorithm 

/ 
I 

1. Use all Orell-Yan z--e•e- events accepted with 
Mee within 2r z around Mz, and fit the invariant 
mass distribution by a 8-W shape with 3 parame
ters: area (Aau), mass (Mau) and width (r au). 

2. Fit the same invariant mass distributions for e+e- pairs 
which has one electron hits one crystal (i), and 
obtain area (Ai) and· mass (Mi) with fixed width 
er au). 

3. Repeat the second process for all crystals ... 

4. Multiply corrections to the gain of crystal i: (Mau/Mi)2; 

5. Repeat l-4 until the correctiqn factors converges 
to-1. ~ 

.· , .. · 

Accuracy 

• 50 e/cell ( <12 SSCD): 0.42%; 

• 100 e/cell ( <24 SSCD): 0.35%; 

• 150 e/cell ( <36 SSCD): 0.32%. 
:. : 
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Energy Resolution in the CLEO II Cs! 

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: 

• 1) 1fo decays below 2 Ge V, 

• 2) photon energies in eer events above 500 MeV, and 

• 3) back to back /I events at the beam energy. 

Their calibration procedure has maintained an absolute 
run-to-run gain of ±0.253 as checked by bhabha energies 
and 11"0 masses over time. They claim a calibration accurate 
to 1.3 at 25 MeV, 0.53 at 100 MeV, and 0.23 at 5 GeV. 
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GEM Radiofrequency Quadrupole 
(RFQ) CALIBRATION SYSTEM 

• PRINCIPLE: Radiative Capture 
in Fluoride Target 

- Bursts Of 6 MeV Photons 
=? Equivalent High Energy Photon 

• 3.85 MeV H- ~HO Beam: 
Beam Parameters (Adjustable): 

- 10 mA On Target, 10 µsec, 30 Hz 

- 300 Te V Per Pulse Over 47r 

- 25 GeV Typical Per Crystal; 
1.5 GeV In 'Farthest' Crystal 

• TEST RESULTS (AccSys Prototype): 

- Calibrate All Crystals 
to 0.33 in a Few Minutes 

Statistical Calibration 
Error Below 0.13 

Within Two Minute Run 
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MY CONCLUSION 

• The process z0 __. e+e- will provide an ideal calibration 
for H 0

-> TY· 

• Both L3 and CLEO II have monitored 47r crystal ar-

-
-

rays to 0.253 over periods of a month with Xe lamps. -
These experiments were not requiring 0.53 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 ....., v'2. 
• GEM should achieve 0.253 or better in BaF2 • 

• 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. .. 

• No examples of 47r liquid Krypton detectors exist to 
verify, by example, that this type of calibration is pos
sible. 
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BaF2 EM CALORIMETER 
12/91 BEAM TEST 
(FERMILAB T-849) 

•BEAM 

- Spot Size: 40 mm x 40 mm 

- Angular Spread: 1.7 mrad 

- Momentum: 68 Ge V / c 

- Momentum Spread : 3 Ge V / c (FWHM) 

- Electron Tag: TRD 

• BEAM SPECTROMETER 

- Momentum Resol'n 0.5 ± 0.23 

•"CLEAN BEAM" CUTS 

- Spectrometer Impact Matches Calorimeter 

- Only One Particle in Calorimeter 
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BaF2 EM CALORIMETER 
1991 FNAL BEAM TEST 

CALORIMETER RESOLUTION: 
BaF2-SPECTROMETER 

DIFFERENCE 

•Resolution 20 x 20 mm2 : 1.03 

• Instrumental Contributions 

- Spectrometer Resol'n: 0.5 ± 0.23 

- Pedestal Diff. Linearity: 0.43 

• BaF2 Matrix Resolution (at 68 GeV): 

... - 0.77 ( +0.12 - 0.18)3 

-+ - Consistent With 
Expected Resol'n: 0.63 

... • Crystal Non-Uniformity: ~ 0.6%; 
Not Less Than 0.5% 

• Possible Calorimeter Resolution: 
0 To 0.73 

. 117 
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Test beam energy resolution of the BGO detector. 

The data points can be approximated by the function: 

a(E) 
E ~ 

containing the following components: 

• ,... the intrinsic resolution due to shower fluctuations; estimated . vsn' 

to be~ 0.5%. 

• O'mati the contribution of material and light collection inhomogeneities in the 
BGO crystals; estimated to be ~ 0.33 

• aieak, the contribution due to the fact that the showers are not completely 
contained in the crystals; its effect on the resolution was 

( a1eak = 0.2J E1eak/ E ). ::: O. !i % O.t -<f S. S Ge V 

• Unoi~e, the contribution from electronic noise; in chapter 4 we arrived at an 
electronic noise contribution of approximately 4 MeV. J'»>?a. fe 

• crbeam, 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 Ubeam = 1.25%/.JE 

-

-
-

• er cat. the precision of the calibration constants; in the previous section a value 

of 0.43 was derived. • ( 1ncf "::_J. ,~ "J3Go ::JEM.:P. : 

At low energies, the detector resolution is J~mina~d{;t;Ii~nyer fluctuations and 
~lectronic noise, while at high energies the performance is limited by the leakage 
3uctuations and the calibration precision. \ 
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BaF2 PRECISION EM CALORIMETER 

~ ... je-Ai:tJ' R&D*=> MANUFACTURE 

1988 ~ 1993 

+•Large Radiation Hard Mass Produced 
Crystals At $ 2.5 Per cc (SIC, BGRI) 

...,,. • Production of Crystal Pairs Accurate 
To< 100 µm 
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 3 
(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) 

* + .. t'?(.CCESSFUL. ~EA"[ .. :nsr 
1~0 . 

-

-
• 

-

... 

... 

-

-
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BaF2 PRECISION EM 
CRYSTAL CALORIMETER 

NEW MAJOR R&D PARTNERS 

•LLNL 

- Crystal Mass Production Process 
Design and Engineering 

- Surface Preparation 

- UV Reflective Coating 

- Pure Rad Hard Crystal Growth 

• ZHONGNAN _OPTICAL INSTRUMENT 
FACTORY 

- Crystal Mechanical Processing 

- Production UV Coating 
With BGRI 

131 
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• Second trip to China by LLNL and ORNL engineers - 8. 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. 
• Pyrolytlcally 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/AI 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°/o vs. -7.1o/o)-
0.004W/cm2 Hg lamp, 2.9 krad/hr Co-60, 84 Krad total dose. 

• 4 • • • • • • • 
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BaF2 PRECISION EM 
CRYSTAL CALORIMETER 

NEW MAJOR R&D PARTNERS 
(Cont'd) 

• TSINGHUA UNIVERSITY 
Seven Departments 

- Mechanical Support, Protoype 

- Multipoint Inspection Machine 

- Readout Electronics 

- Laser Calibration, Annealing 

- Readout Electronics 

• IHEP BEIJING 
USTC HEFEI 

- Quality Control; Cosmic Ray Tovver 

- Electronics 

- Assembly 

- RFQ Calibrator 

139 
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Date: July 22, 1992 

Specification for 
t An Instrument Inspecting BaF2 Crystals 

Li Dacheng, Wang Vongsheng 
Yu Guanzheng, Zhang Vunxiang 

Dept. of Precision InRtruments 
Tsinghua-GEH Coll~boration 

•Tsinghun University, BeiJing China 

This instrument has the performance which can inspect dimensions of 
-. BaF2 crystals (flatness, perpendicularity, contour, and all 

dimensions), 

4 

,_. 
~ 
N 

.... 

..... 
_.. 

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

Items the new instrument SIC's instru~ent 

' Measuring range 0·250mm and 0-500mm 0-250mm only 

Measurement software all measured objects · No 

Resolution 0. 3pm 0.5)lm 
• 

· Precision +-3rm +-6pm 
• The number of induc- 84 heads 42 heads 

tive gauging hends 
• • - -..---. ,_ • -. - • 
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Constructing Cosmic Ray Test Stand 

at !HEP & USTC 
for GEM BaF2 Calorimeter 

Institute of High Energy Physics 

and 

University of Science &: Technology of China 

August 30, 1992 

1 Goal 

In constructing GEM's precision barium fluoride (BaF2) 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 UDi!or
mity. Those crystals with uniformity better than 3% will be accepted and recorded 

in database. The crystals of GEM BaF2 calorimeter will be produced by Shanghai 
Institute of Ceramics .(SIC) at Shanghai, China, and Beijing Glass Research Institute 

(BGRl) at Beijing, China. We propose to establish cosmic ray test stands at Institute 
of High Energy Physics (IHEP) and University 0£ Science and Technology 0£ China 

- (USTC) to ca.try out this task. 

-

-

2 Method 

We propose to test each BaF 2 crystal by using cosmic muon with minimum ionization 

in crystal. Each crystal is divided to 25 sections along axial length. These sections 

1 143 
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BARIUM FLUORIDE CRYSTAL EM 
and SCINTILLATING FIBER HCAL 

THE PRECISION CALORilvlETER 
SYSTEM FOR GEM 

• HIGHEST PHYSICS DISCOVERY POTENTIAL 
~ IN THE INTERMEDIATE MASS RANGE 

•RADIATION STABLE 
~ USING CRYSTALS oF EXISTING QUALITY 

•FASTEST 

• MUL'I'IPLE PRECISION CALIBRATIONS 

• WORKING COLLIDER DETECTOR SYSTEMS 
~ CRYSTAL BALL, CLEO II, CUSB, L3 

• WELL MATCHED TO SCINTILLATING 
FIBERHCAL 

~ "TUNABLE" COMPENSATION, GEOMETRY, SPEED 

MEETS GEM'S REQUIREMENTS 

READY TO START PRODUCTION 

BY A STRONG INTERNATIONAL TEAM 

STARTING IN 1993 

145 



Presentation by: 

Howard Gordon 

...... 

- 147 



-

-

-

-

-

-

-

-

-

-

-

H. Gordon 
September 3, 1992 

Liquid Argon/Krypton 
Calorimetry 

Decision 

149 



-

-

-

-

-

-

-

-

-

-

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%/--JE. Determine angular dependence of 
this resolution. 

BNL Beam Test: "2 mm" Krypton -
(6. 72±0.035)\"'l'Ee(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%/"'l'E+0.4% and physics 
consequences of the gap between the gap 
between the barrel and endcap, wall 
thicknesses, etc. 

151 



TQ: 2147086088 AUG 5, 1552 s:01PM P.02 

1 

The 1992 GEM LAr /K:r Accordion Calorimeter Group 

~ _ )_\SS l~l-lV:.fl, 
0. Benary, 9 , S. Ca.nnon, 5 , W. Cleland7 , 

I. Ferguson2 , C. Finley5 , A. Gordeev6 , 
H. Gordon3 , E. Kistenev3 , P. Kroon3 , 
M. Leltchouk5 , D. Lissauer3 , H. Ma3 , 

D. Makowiecki3 , A. Maslennikov4 , S. McCorkle3 , 
D. Onoprienko6 , A. Onuchin4 , Y. Oren9 , 

V. Panin4 , J. Parsons5 , V. Radeka3 , L. Rogers3 , 
D. Rahm3 , S. Rescia3 , J. Rutherfoord2 S 

M. Seman5 , M. Smith3 , J. Sondericker ill , 
R. Steiner1 , D. Stephani3 , E. Stem 7 , I. Stumer3 , 

H. Takai3 , H. ThemannB , Y. Tikhonov4 

· 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 

5 Columbia University, New York, NY 
6 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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The Liquid Argon Test. 

Objectives: 

1) EM energy resolution 0£ 7.5% I ./"E + 0.5% 

1.3mm Pb Solution. Liquid Krypton. {Sampling fraction) 

0.8 mm Pb in both absorber & readout electrode. (sampling fre
quency) 

2) Position Resolution & e/7f separation. 

Chevron Design 

3) Trigger. 

Timing ;7esolution (Bunch crossing), Trigger threshold, 
Isolation efficiency. 

4) Calibration. 

New calibration. system. 0.1-0.2. % 

5) Electronic readout. 

AMU - ZEUS electronics. 
Track and hold. 

6) Simulations. 

Non projf;ctive geometry 
Quasi projective 
~ .. .. 
J:"r.oJective geometry 

7) Bendin1~ n:;.achine 

Bending machine £or 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 X 0.1 mm 

Stainless 2 X 0.2 mm 2 X 0.2 mm 

... 
SIGNAL 

ELECTRODES -Lead 0.8 mm ....... 
Prep reg 2 X 0.06 mm ....... 
Polysulfone 2 X 0.05 mm ....... 
Kapton ....... 0.36 mm 

Copper 2 X 0.04 mm 2.X 0.04 mm -
Res Ink 2 X 15 um 2 X 15 um 

-ARGON GAP 2 X 1.93 mm 2 X 2.00 mm 

CELL 6.4 mm 6.4 mm .. 
MARCH 24, 1992 
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_ EM Configuration 

G-10(07mm) -

- 1mm OPTION 

P= 
X= 
n= 

- As=2t1% 

-

-

-

Cell=6.1mm 

2mm OPTION 

P= 
- X.= 

-

n= 
Rs=22.89' 
Cell=6.1mm 

t----- CELL ----.; 

HV Electrode 
(Siik Screen) 

Pb LAr Pb LAr Pb 
O.Bmm 2mm O.Srnm 2mm O.Bmm 

Absorber Signal 
Electrode 

Absorber 

y .. ~~~. 

•-2mm 
Stalnl••• StMI 

' t' . ,. • . . \ > •• ,, ~ 
i----- CELL ~ • • · • • -

Pb 
t3mm 

Ur 
2mm 

HV Electrode 
(Silk Screen) 

JB- Pb 
2mm t3mm 

. , ' ' "· .. , . . " ' 
,,_~ ... . . . 
i..'rr ••"'·\ r -1 ·, 
l,r,.:.f . ·-· ~ . 

«·.\ ·\.1,_i1·1· 
' . 

\ . '. '"''\ ,,, ' . . 

2mm 
Stainless Steel 

Electrode \J 
Absorber Signal Absorber ~ 

(Kapton1cu> · i'"<'~t · 
.so.._ mt fl~"'~ J ,._,_~ M . \j 

-----4: 
-
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Caiibration System · 
and ~reamplifier 

.. 
40 -

Note~: 

Dynami:: Range 25MeV •• 2.5 TeV 
(Etn) 25 uV •• 2.5 V 

Per Ch al'l·ne! 
___ ,. ______ .. _, ____ ........ -·--·- -·-- ........ ·-------------- - - -- - .... t 

JO - lit lltL< Level 1 Level 2 

~ 
Cf1 
C'; 

12!. -:· --r--~-

F? ~~~ 
.--.All-.,--

I Jli VGO 

Cr•33pF 

~1- -n o·.11.t."li> _._.Cc 

Fef!d 
ThttiUgh 

AMPs 

xl 

xl6 

CMOS 
2S6 x 1611!> 
Analoi Mtl!ldl:)• 
VirlUal 1..twtl 2 

LJ..LlL.}---l 

Control Logic 
and' Mtil~i:plexed 
Readotit. 

I __ _!••••••----------·-------------------- --·--: 20J..r 1-----i------------- i 
I I ~ ~~ : : 

i '+ >T- Ttigger Sum : 
I I '"''M I 
1 1 i>u • -. QU(•ff>'t I 

·~...,....~~~~~~_Jt~··~~~~'I'--~~~<' ~ I y~ l 

.....___, _L ~. K ! L, t::i:: --- HU :1fi_!!g_:r._~~~~!~I!_ _____________ ---·--' 
t_ __ ---------·-- - , _______ - -- - --·-----------·-- - -- - -- - -- -

EmSo@o~~ 
.J.. 
I Hadronk Section: 

Accordion I Parallel Plate 
T Electrostatic Transformer. 

I"\ o.1- o .~ % co. le:. bro. ko \I\ ::: 10 ., I ~W\t I 

::: 10 -30 M to.d. 
• • c • • c • c c • • 
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0.08 

~r o.os 
..... .e. 0.04 
:::> 
0 0.02 ..... 
Q) 

g. 0 
£ 
U) 

.£ -0.02 
c 
0 
10 -0.04 

Co > -0.06 

-0.08 
• 
• 
0 

. ~-

LA Calibration - IT method 
P Channel FET 

\ -t\O = .2. s IA. l .(. <= 

\ 
\ 

. 

'I. 

\ I 
\ I . . . - -

• • ' ' ' • • • ' ' 100 200 300 400 500 
lcal (uA) 

1--- FET Drive 4.0V I 

~- f57 
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The 1992 GEM LAr /Kr Accordion Calorimeter Group 

0. Benary, 9 , S. Cannon, 5 , W. Cleland7 , 
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D. Makowiecki3 , A. Maslennikov4 , S. McCorkle3 , 
D. Onoprienko6 , A. Onuchin4 , Y. Oren9 , 

V. Panin4 , J. Parsons5 , V. Radeka3 , L. Rogers3 , 
D. Rahm3 , S. Rescia3 , J. Rutherfoord2 a 
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Response of Alpha cell in LKr 
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LARC 
I 0 

Entries 3969 

180 Mean 1803, 

RMS 19.52 

UDFLW 0.0000E+OO 

OVFLW 1.000 
160 
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2.2 

350 

300 

250 

200 

150 

100 

50 
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-,"3 "'" ..... ~ "" .._, I'.':"-._ . _, ... 
) 

2mm stack with Krypton, MC simulation 

x 1. 18 
Constant 322.7 ± 6.719 
Mein 2.7"8 ± 0.8899E-03 
Sigma 0.6131E-o1 ± 0.6~91E-03 

2.4 2.6 2.8 3 3.2 3.4 3.6 
etot 3X3 

x .9 91 
Conll8nl 343.0 ± 6.00t..: 
Mein 2.931 ± 0.8377E-03: 
Sigma 0.6780E-o1 ± 0.5876 

2.4 2.6 2.8 3 3.2 3.4 3.6 
etot 5X5 
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2mm Stack, Krypton, 3X3, Preliminary Results 

5000 2. 9 -Constant 4716. ± 
Moan 1037. ± 0.3514E-OI 

4000 Sigma 20.66± 0.891 IE-O 

3000 -
2000 

1000 -
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900 1000 1100 1200 1300 1400 
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1t I. -800 Conslanl 755.7 ± 11.1 
Moan -2.710 ± 0.4481E-01 

700 3.724 ± 0.3190E-O 

600 
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400 
300 
200 -100 
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3ers DIRECTIVES OPTIMIZED for this run : 

75.00 cm - Rin of WARM CRYO wall (Al) 
76.00 cm - Rcut of WARM CRYO wall 
80.90 cm - Rin of COLD CRYO wall (Al) 
82.50 cm - Rcut of COLD CRYO wall 

- !'RONT STROCTUP.E : 
2.00 cm - LKr GAP 
1.00 cm - GlO for Electronics+Cables+Spacers 
1.00 cm - GlO FRAME with SS sheet holders 

86.43 cm - INNER :RADIOS of ACCORDION STROCTUP.E 
- ACCORDION STROCTORE : 

0. 095785 cm - t,E'AD thickness 
0.135785 gp - ABSOJY!ER thickness 
0.190254 cm - I.Kr thic]cness 
0.556293 cm - CELL thickness 

!il. - Total number of CET,r,s 
_!_ - Number of CEI.r.s in TOWER 

210 - Number of TOWERS 
Q.029920 rnd - TOWER dimep3igp ip PHI 
0.003740 rad - DELTA A 

4. 900 - :Ratio :SETA/DELTA %i ::= 4.9:::: ~ 
0.018326 rad - :SETA 
30.70820 deq - ALFA of first stack 
57.47947 deq - ALFA of last stack 

14 - Number of STACXS 
138.53 cm - OUTER :RADIOS of ACCORDION STROCTORE 

- BACXWARD STROCTORE : 
1.00 cm - GlO FRAME with SS sheet holders 
1.00 cm - GlO for Electronics+cables+Spacers 
2.00 cm - LKr GAP 

142.53 cm - Bout of EM CAL 

ltEllA/ &OR./t/£1'. RADJV! - 2.5 ,,,,,,, 
$S - 2 " o.1s ,,,.., 
C:LUE - t 1r O.OS '""'Z.. 
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·w of the Noble Liquid Calorimeter Review Panel 

=rs of the Panel: 
Ron Ba=~e:, JL~ Brau, Mike Ha==is, 3r~no Mansoulis, 
Nicolai Martovetsk7, Michael Mar~, Mark Rennich, 
Bill Wisniewski(chairl. 

ndees: 

:;e 

Steven Bellario, Nick DiGzaccmo, Erian Easom, Howard Gordon, 
Chunhua Jiang, Mark Lajczok, David Lissauer, Lyle Mason, 
Greg Velasquez. 

to the Panel: ' 
The oanel is asked to review the status of the noble 
lic::uld calorimeter. Soecial attention should be paid to the 
accordion electromagnetic portion of the calori.~eter.The panel 
should focus on the engineering viability of the design. 

.clusion of the Panel: 

~~=s~~~=~ ~;e~~!f ~:~l~ SHOW-STOPPERS\in the conceptual design 
team. 

The design of the integrated noble liquid calorimeter 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 calorimeter also appears 
to be feasible. However, 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 licuid calorimeter 
options is chosen, a detailed technical engL~eering review 
be held within a few months. 

:mments and Concerns: 
Although the panel found nothing in the design that would lead 
to the failure of the calorimeter, we neve=theless have 
concerns about features of the design. Some of these features 
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Loss of ,, between 1.40 1.54 In 

- baseline design 
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Dead Material - 1 Xo~<p: Massless gap 

- built into design. 
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LIQUID ARGON CALORIMETER - 12 x 14 LAMBDA, FLAT ENDCAP HEAD 
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Hadron Module # 2 

SIJC Cells Depth Handling Rxture Interlace 
Segmenlalion l1TJ x tirp'" 0.08 x 0.0B 
80 Modules Required 
Wr. .. 2.38 MT each 
Each Module Conralns 
Ille Following: • 

Slrip lines and Connectors 

I ·Top Ground Pfafe 
I · Oorrom Gnd Plale 
5 · Included Gnd Plates 
36 · Tile Plares 

Confalning 948 Tile 
G • Sensing P/afes 

Containing 258 Tile 
I · Strongback 
I · Slructural Shell 
2 · End Plates 
28 • Towers with Slrlp 
Lines and Elecrronlcs 
X · Mother Boards 
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0 
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and S11ppor1 ol lhe Module 

f • 

1: ' I . . . 

; f 
1:, 

. j.' 

. i'f i! 
"i. . ;, 

'·• .... ,, 
" 't 

' •; ,. 

'-~ ....._ Ht- _, 
4 t f • • • 

·--..... __ _ 
Ml I Fasleners lor 

Tensioning Shell 

- '{/.__ Molhor Boards 

f;_%'::f:.~81~~~/-.__. Slrip Lines. 

Ser in necess 

Fiberglass 
Slruc1ura1 Shell 

Projec1ive Parh lor 
Slrip lines Between 
Adjacen1 Towers 
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Can Liquid Argon/Krypton Find H->yy? 

Main issue is 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, Hl, SLD, E706, NA34 

ALL EM+HADRON calorimeters 

DO & Hl producing physics! 

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

Signal and HV feedthroughs 
Liquid Lines 
Vacuum and Vent Lines 

. is more 

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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H. Gordon 
Sept. 2, 1992 

Advantages of the Baseline Integrated 
LAr/Kr Design 

1) Experience from DO, Hl, SLD, E706, NA34 

ALL EM+HADRON calorimeters 

DO & H 1 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 

217 



• 

N 

"""'" 00 

D 
f.,EGO CTIL CJ\EP 21-JUL-1992 11:261 Run 

CALEGO EMIN = 1 . GeV 
CAEP E SUM = 997 .2 GeV 

'3 .... r-~ r \ [;:_ J €4't.''·~r 

45761 Event 26127-JUN-1992 0'j:J1 

(BEJ\M X-ING No.: 0 B0545] 

IBME 

lllf 1/\D H 

5~· 

z1· 

ENERGY CAEP 13TA-PHl 

,---;-~;·-:;-. ; .. ~;~:~- .- IL .. ~~;:;--;;.~:~: .. : . ..J 

• • • • • • • • • • 



, 
\ 

;,ti N 
(IQ """" 
() ~ 
..... 
0 
1'-1 
-..J 

., 

I' 
• I' 

a;d Argon ,Wet Lin~ to t-1eaJ Vt::>::.~·, , , ., 
·i •. • ... '.J! .• {f'{~tJi ,\· 

~ ( ' - - - - !~,;: ---- I :?:'.--Ji't@t - - -i-5\~~ 
-- "· u--p --

II 

[l[I 

Partial Side View 

R3600 

Endcap Calorimeter End View Showing Vacuum System 
and Argon Wet Line to Head Vessel 

) 



.., 
~ ~ 
"- ~ 
~ ~ 

~ 
t*I ·~ 

CQ I f 
£ 

"" "" a--. -~ 0--
. 

>E I 

>< I 

N • .... 0 • -

~ 
'« 

~~ 
~ .,, 

• c.. 
~ 

.... 
. )( 

f Ill 
~ ~ 

"' -)( 

"" 
1( -

220 

co 
ci 

I() .... 

.i 
. -. ti 

~I 
i 

0 



-

-

-

-

-

-

-

-

100 

~ 

> 
0 

::2. ' 
....... JO .: 
"' ~ 

.;::. 
Ul 

I 

BACKGROUND AND PHYSICS RATES 

'' 

' '" " ! I 1 I 

I I 'I 
I . 111 

~~ 11 

I 
.. _ __ 11 

I I -. :""'-Q.... 

' ' ' 
' ' t I• I 

I '' 
I I 

I 

I I 

11111 

Rate ,jf 0.32x0.32 EM+Hadronic Trigger Sum 
vs. Threshold Energy (at L=1033cm2 sec-1) 

' ' . ' ' '' 
' ' ' ' ' 

' ' l ! I I I ' ' '' ' 
' I II I • I I ' I I 

I I I I 

I I 

I I I 

I II I I I 
' ' ' 

' ' ' ' 
' ' ' ' ' ' I I ''' ' I II I 
I 11 1r ,__ I 

' 

I I Two Jet I I - j\ 

I I .I I 11 I 111 I 1-- ~I ... --~ I', 

' 
·, 

I 

MB 
/\ -

'' 
---=-I It I 

I I 

I \ I 

I I I 

11 

111 
'' 

I' I I 

'I 

111 

. I l 
Ii 

111 

10 2 10 3 104 10' 10 6 

o Bunch crossing 

o Interactions/b.c. 

RATE [Hz] 

16ns 

1.6 @ L=1()3a cm-2 s-1 

' 

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

o Very low physics rate: . 
Higgs-->4 leptons (M=SOOMeV) 10-5 s-1 

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 t0 the 
corresponding bunch crossing for further storage 
(Virtual L ;·vel 2) or for transfer/digitization. 
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Institutions involved 1n the BNL Test: 

Adelphi University 
University of Arizona 
Brookhaven National Laboratory 

C Q. Y¥'I c fo f,tJ or-le. 
on ftsf -

Budker Institute for Nuclear Physics, 
Columbia University 

Novosibirsk, Russia 

Oak Ridge National Laboratory 
University of Pittsburgh 

University of Washington 
Tel-Aviv University 

Other groups that will join 

;,. \. r; ~'~.) 

Q.$)'*'"'1) 
+a.s.f-, s~\~.Js 

(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 
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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-I 

1978-> 1981 

x - y Geometry [.90 m x 1.40 m] 
2 mm Pb Plates ; 2 mm LAr Gaps 

1.27 cm readout; 12 rl [front] / 12 rl [back] 
unfocussed geometrtj 
NIM 216. 381 (1983) 

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

LAC-II 
1987 -> 1992 -> ?? 

r - 4> Geometry [r = .22 m -> r = 1.60 m] 
2 mm Pb Plates ; 2.5 mm LAr Gaps 

0.55 cm readout [r-strips]; 10 rI [front]/ 20 rl [back] 
focussed geo1netry 

NIM A235. 332 (1985) 

E706 - Direct Photon Production [500 - 800 GeV/c] 
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LAr Calorimetry Experience 
LAC-I 

1978-> 1981 

x - y Geometry [.90 m x 1.40 m] 
2 mm Pb Plates; 2 mm LAr Gaps 

1.27 cm readout; 12 rl [front] / 12 rl [back] 
unfocussed geometry 
NIM 216. 381 (1983) 

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

LAC-II 
1987 -> 1992 -> ?? 

r - cp 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, Hl, NA34, E706 ... 

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

RD3 4.4mm/.../E 

3. Excellent Timing Resolution - Robust to 
10 34 

System Measured for EM - 1 ns 

4. Not Sole Source for Production 
Therefore savings can be 

optimizing production sources: 
universities, etc. For example, 
Aircraft Manufacturing Factory 

realized by 
overseas, 
Shanghai 

5. Strong Core Team - Would like the 
ENTIRE Calorimeter Group to Join 
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To 

S.Sa:ish, Yu.Kamyshkov 

Subjec': Points of Compa=ison f o= Two e-m Calor:...~ete= ~ec~~iques i~ GE~ 

l. ENERGY RESOLUTION 

E"ol~cwi:!q co?r.par.ison o! conc=!bu't.ions t:~ e-m resol~:ion is .made !o: two e-m 
ot:rcions : BaF2 and LAr/LKr. These n!:.%:1.bers represent bes"C. possible knowledqe 
of c.if!erent contribucions and not necesseraly garantee t~at i~ is possib!e 
to acheive t~i~ resolution in the real G~M detector. 

(mat::::.x of 5:<5 cells, E in Geil) 

Ene::c;y dependent ter.ns 

The::mal noise 

Sampling fluct. 

Sampling fluct. eJO deg::ee 

(Photolelect::on stat. 

BaF2 

1%/s«::t (El 
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8.5•/::: 

5 .2%/sc;:::t (Zl 

5. 9%/s«::t (El 
(for l/2 P!:>l 

< O.U/sq::t(El 

Li<; A: 

!H/E 

7.80/sq::t(El 
(fo:: l/2 Pl:>) 



===::.:. o: e-::-. @ l 
: . '.J:<c-:=..3.c:~e= 

3 90 =.e;-=ee 
{:'lot. opt..:..::ii::e~J 

E!:ec: o! dead ~ace=ial :o= LK=I~= op:.:..or:. is pa=:ic~.!.a=y i~po=:ar:.: ac :~e 
end of t~e ba==el (t.heta - 30 deg=se) whe=e resol:Jt.:..on ca~ s.:..;:::.!.:.car:.:ly 
C.eq=acie. Massless gap i..?Clple~.e:a~i.::::r:. w:.:.: be necessa=y co br:.::g =sso.::.i::.:r:. 
back to t!":.e leve.!. of ap?=ox. 7%/s~== (~) =::::= LK= e-m ca.:.::ir:...-.e:e=. 

Cor:.s:a::.: t-2:::::.s 

Leakages (@ -:oo GeV) 
(non-cor:ec~ec bv HC) 
+ radiacion ef!eCts 

Initial residual lonqit. 
non-'.lnifo=:nit:y 

~=a~s~e=se ~o~-u~!!. 
residual af~e= corr. 

P~ot.odetac~ur ~inea:ity 
and stability 

Elec'tronics 
(:on-li::,di.;i~iz.,et:.) 

Calibration systematics 

3aF2 

0.30% 

0. lS'!s 

0.15% 0 .12~ (optL~::eC. ?..03 :.e=::i.i 

0 .2\ 

0.2% 0.2% 

0.25% 0.1% 

--------------------------------------------------------------------------
Tccal constant ter:n 0 .53% 0. 4\ 
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:;::. .:.:::s 
.:..:s: ;:..·:~:-: :.::.:: =-==::==:. :: ::.·.:a::.a:; . .::.: 3.::.:!. ?.._. __ ~Z:·! :-::-;:-:..:.;. ;_,;:..:·:a::: 
.:..ss:.:.es ::a·:e :=ee::. :ev:..e·,.;e:i =sce::.:::.l ':;y :.:-. .e: !-:->.: :;a::-=.a :.as:< ====-=. 
===eC:...:.:.:..::::e ;:=.::-=.a-qa::=.a :::a::-:;=~:.:.:-.::. :...s a:::::.:.:. ~: ;t (a.:::::s': .:..::::.e::e:-• .:.e::: 
:::. :.::.e :.e::::.::..:..~..:.e), ;a::-::-.a-~e:. :::a:::<;:::.:.::=. :..:: :.::e ? .. z::::.:. a::a.:..ys.:..s :.s .:: ?:: 
a::.=. 7: ?::: a::.:::. ~e:-je: :::a-:~;==~::::. :~ a::::. 30 p::: ::: 3aF: a::=. :~= 
:s.s;:ec:..:..·.re.:.y. :-::.e =..:...::e:s::.:e ':;e:.·..:e-e::. :-:c::.:::::.:;-:..es i.s ::.ai.::.:.y :::...:.e :.: .:.=-·....-e: 
S?eeC. a::.C. .:a:;-e: :.::.e=::.a.:. ::.:.:..se .:..:: :.::..:/:.:.::. ~·==e e.:.la.::::a:.eC. a::.:..:.:.::s:.:..s 
<;:a::..:..c:.:..:.a:y : ~= :~e I..;: :.e-:::.!"' . .:..~e) ~= pt":.ys.:..:s Ct.:':.S :::a.C.e by ':' . .s:c· .. ;a:::i:ki 
a:.:=. A.S·:-.:·..::.· ... ·.:..::. ha·:e sr:.cw:: t.::.a: a: 2.:.:.::"..:..:::s.:..:.:-l :o,.~33 c;a::"::-.a-je: a.::.:::. je:-:;e: 
::ackc;:o:.:.::.:::.s !:J: bot.::: ce-:::::::.i:r..:.es -·- c:::e base.:.i:ie cor:..:i.qt:=a:.i.::: :a:: Ce 
essen:.i.a.:..:.y =eC~ceC (s:.i:.:. be:.:.e= !:::= 3a!Zl wi:.::.ct::. red~:::.ic:: :::: :.:::e 
si:;::i!i:a::ce· :eve: . 

• ~.:. h.i.ghe= lu.r:i.i.:1.csi:.y (:0""'34) the Ca?abi.2.i::.i.es o: bot.h tec!"lr:.iq::.:.es ::.o ::o?e 
wi:.h ::.:::.e bac:<g=ou::d. have n::::. yet. bee::. s:.'...ld.ied. s;.:.::=icien:.l.y. H:::· ... ·e·:e:::, 
e:-c:.:..s::.i!'lg si:r.i..:..:.ai:.i.o::s (.;. 3:::a:..:., 3 .c.:.-e.:.a:?.C., !'. ?a.:..ge, J. ?-:.:.:.:ie==oc=::.~ .:..:-. .:..:..:.a:.e 
:.:::a:. as :.:::e 1:.:.::-.i.::.osi.:.y .:.::.::=eases bey::::-.C. :.::e :')"'"'33 level, ::.:::e=e :-:-. .:..:;:::: be 
r.o la=:;e gai:;. i:'l t:i.e si.:;::.i!ica:ice :;ace (si:;;nas/SSC yea=; =;j= ::.he 
~·J->2 qa::-=.a ?=ocess. 

3c::.!1 e-rn calo=ime:.=y tec::.:-.iq"..!es as d.esc=:.be= i.:i. c::.e baseline C.: !"".o::. err:.pl.oy 
t:..:.qh g=ar:.:.:.la=!.::.y :;:csi.:.i::-. C.e:.ec~o=s cs::.owe= rr.a.:..: o= ;:i=e=ac..:...ato= ::.::-;:es) a~c., 
c::e:e!o=e, t:.::e ca;:al:::i.:.i:.::· o: c:ie l:::ase.:..:..ne GE:-:! e-:r. ca.:.ori.::-:.e:.e= 
t::: su.pp=ess t::.€: c::::alesci::g ga::-.:r.a.s f=·::::r. pi_O decays is a fac:.o= ===- 2-3 
wo=se t.han that. of SDC (@25GeV) . 

!! the :ea.!. physics (jet-je'! ar..C. jet-qa=::i.a) ar..ci envi:or--'T'.ental :ac~<:;:ound 
in GE..~ ~ill be wo=se than wha~ we a:e s~~ulat.inq, (PAC fo: exa~;:e was 
c=nce:~ed t!'lat. the real back:;=ound ::ti.:;h~ be highe: by a fact.o: o: 5) or 
:.: the physics at. 40 Tet; will tu:::. out. to be ve=y ciif::e=ent. !::m !)!:'esen:. 
e:t;ectat.!.=:ls, =.he G~"i d.et.acco: :nigt.:. need a h.!.gj_-qra:i.•..;la=i:.y pcs:.::.:;:i 

de7ec;or i~~~Ce ~!'l~.; ~-m ~::7:~...-.7-:e= _ c: =~~~=~:s ~ p:_o _en; t.~ ... 7:·~=~~_..e 
po_nt_r..g. _ •• is ?•O'J ... ._es ....... c._11at.-o:i. _o_ -~-- ... --.. e_e_ s ...... e ... e "-1' ... --·· _s 
:::exible .J.nC. :::be.st. t.:~C.e= -c::.ese c::::r..d.it.ions. In th.is case the LK:/:1.: 
syst.em has this !le•.:..::.:i:y si~ce i: is rnc:e ~at.~=a.!.ly sui:eC :.: 
e~ploy ei:.her a shower ma:-: or a preradiat.or t.ype of device. He=e t.!i.e 
sc~eme proposed by Pat.:.!. Mocket.t., wit.h para:lel plat.es and LK= :nay have 
advantages ove: the accordion conf iquration by employi~q si:r.ply bet.t.er 
pointing a~d pi_O reject.ion without la:~e i~c:ease in the cost.. ~~is 
scheme is nee su:!icienely developed in the eng~neering sense. 

For BaF2 a shower max Ce~ec~or can be implemented in principle, e.q. 
a .!.aye= ~= a two di.~e~tional Si behind the fi=st SXo of c::s~al. 
(~~i3 idea is beir.:; used i~ the C.~S desig:i.} . T~is solu:icn is Ci.::icul~ 
because o.: the fol:owin; f~ndamenta: issues (?resently noe :es~:7ed) : 
a> how to cali~rate pai:s of c:ysta:s ir. each towe:? 
bl how ~o suppo:t. c:ys:a:s in t~is s::.:~c~~=e? 
c) how to ach~eve uni.!o~ f=ont. crys~a: :eado~:? 

239 



:::.e =e~a::.· .. ·e i..~::c=:.a::=e :i:: se,:s=a.: =.::-=-::-:.:= :sa:.·.;=ss 
::a.:o=:...'":".e:.=:; ::.ave bee~ ~.:..sc-..:ssed :y :;:::.:! ?::::·s:.::s '.3=:::.:.;: 
Sept.e!':'.i::e= 2. ::0::..owi.::; s.:..;::.:..:.:.::a::.::s :a:::.:=s ::a· .. ·e 
{10 is :.~e h:.;~es~) 

!solation (pileup & noise) 

Suppression of isolated pi_O 

Ga..'Tl..--na/e accepcance 

o:-:. :::.e ~e-a:i.::.; 
::ee::. ass.:..;:-.e·:i 

10 

9 

2 

? <5 

?er:or::i~nce at 10~*34 (detec:.ors must. su:-Jivel B 

Had:on Calori.-neeer (~.issinq Et, jees> 5 
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;;c.:..:-.:.:..::; .,..:_:::: :.·..;c :.:::i::;.:.::..:.::..:.::a.:. se~.e:::.s (::.:..: a:-.::. :-:.:..:J :-.a·:a '.:e.;:-:. .=-·-"'·· 
:~ =-.a·:e :.::.e :::.:.:w:!.::; c:::::seq-..:.e:-.::es ::= :-::->: .;.:.::-=..3. ::.e:ec:.:..::-. 

?.e:.~:..:.. ·;e 
s ii;::.:.=.:.:: a::: a 

0.3: 

0 . .; i 

10 ** 33 lu~i~csity 

0.50 

0. 6 3 

Random ve=t.e:< (if a::tbiqccus) 0.37 

Realistic poi~~ing (LK=> 0.5: 

For aa:Z sys:.em pointing is no~ i..~~lemented in t~e baseli~e des.:.q~. 
!:nplement.ation proposed by proponen:.s : two BaF2 pieces wi:h f:o::: 
and back :eadout will have bet~e: (o: sa~e) anqula: pointing 
c.apabi.:.ity as LK.=/A: .sys:em where pcir .. :.ing is bui.2.::! inc:: baseli::e 
con!igu:a:ion. Two C~IS~al sche~e ~as non :esolved qt~es~ions of 
calibration and lii;ht. un~:!or:U.ty collec:ior. f.o: the f:or:.:. c:ys:.a:. 
9aF2 sche~e wi:~ one c::-1stal and t~o reaco~c devices (f:onc and back) 
seems co be :r.o:e ~echnically viab~e bue has somewhae worse poin~~n; 
resolu~ion. Eie~er of SaZ2 pointi~q schemes imply t~at eornpac~ sc~i~ 
state photodiodes or A?Ds should be used !:: readout. In the base:~~e 
cesicn readout is based on vacuum =hoto t:iodes, which should be claced 
p:ope:!y in the magnetic !ield. Ad~i~ior.a: R&D work is requi:ed e: 
develop alterna~ive readout. 

L.""'tplementation of a shower max or a p:erad.iator detectors inside ~~e 
e-= calo:i..~ete: !o: bet~ techniqo~es should p:ovide additionally ~~ pi_O 
rejection ~~e be~~e: pein~inq thar. in baseline cor.fiqurations. 
:~is is a serious conside:at!on which need to be st~d.ied !or the !!~al 
:~R calor.i:r.e:e: design. 
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:;..=iK= i.s :;::=::ve!'l ::y ::t.~e= .::·..- _:;.:::.:..:;,:s..:..:~· e:·:::-:=:.:":".e:-.:.s :.: ::e =a.::.:.;.:...:.;:: 
~a:=. a::.=. s:.able ::e::~ J.:% 5:.ab.:._:.:.y := :::.e :es;::::i::.se .:.s :.::.e =a::: 
aC.7a::.:ar;e == :.~.::..s :.ec~::..:.~~e. 

:::. a ::..:..;::.-=aC..:..at:..:.on e!'l·J.:.:::-_-::e::: :.::-a 
and ;cod ?u=i:.:.=at.:..or. a:e i.=.;:::.a::.:. 
poi.so::. :.::e .:..:::n.:.za:..:.c::. :r.ec..::..:.:.::-. i::.i :.:) ;:::·::.::.a :es-;:.::-.se s:.a:::.:..:..:..:y. 
E:-:cl:.:.C.e:s .::..:-. :.~e l..:.~.:.:::. ·,rcl:.:.::-.e a:o: ::..::. .::e.si.:a:::.:.e si.::.ce, u::.C.e: 
.:.::aC.ia:.io::., :.!1.ey can be :.:-.e .s.::.:.::::e :: .::..::-.;;•...:.::.:..::.es ar.C. l:eca:...:.se :.:-.ey 
:r.igh:. p=e·.rer::. hea':i.nq/coc.:.:.::.g .::r:.7ec:.:..::::"" .. ~c :.es:.s t.a·Je bee!'l ::.a::.e s= :a: 
:.o ad.d.::ss :.:iese issues. :: :;::.:::..s::::.:..::.; oc:::.:.:s, :.:i.e ac.· ... ·a:-.t.age o:: a 
liq-.J.i.::!. :.ec~::..:..q-....!e is :!"lat. :.::.e :.:..~:...;..::..::. :ar. ::e e:-:::!:a:"J.qeC. or pu:.:.:.::..ec.. 

For Ba:i.ur.:. Fl:.:.o:=ide radia:.i.·on ::.a:nage has .:Oee::. t!":.e majo= cor:.ce=::.. 
The raC..::.aci.on dar.i.age issues =~= 3aE'2 ha~~-e bee:: :evi.ewed. by a::. E~-=:=:e::: 
?anel i:l December 9~, Jar:.ua::r 92 ar.:::. Al.!g:.:.st 92. '!'!i.is ?ar:.el cor:.si.:ie=eC 
t:ie pr::spec::.s and rr.e::.!":.oC.s of c::cai::...:.~; ra·=..!":.a=::.. cryscals. E"i.:ia: repcr:. 
o: t!":.e Pa::.el is ap9er:.deC. Ma:cr c::h=:~s:..c::.s o: this re?or: are ::.~e 
follow:..ng : 

3es= p=od~ced c:ys::.als a=e s::..:: ::.c:: ye: a::~e t.o su=vi.ve t::.e ss: 
e:<:perimenca: en.,,,·ir::n.me!1t. wi:::.c'..!::. s:.:..::eri::g deq=adar.ion. 

P:eradiation is net a 7i.ab:e so::.:.::..:.~::. :: ::.::.e radia::.ic:: Ca~a;e ~=~:::e~ 
because of sal:-recovery, r:.·::"'. sa::.:.:.ra::.i:...._, a!:d n:::r:.-.:.ni:or=.i:...:.es o.: ::.::.e 
c:ystals. 

The only solution for the p=oblem of racia::.ion damage is to use 
annealing of the crystals by exposu:e t.o light in situ. Such ~et!":.od 
could :nake a calo=imeter sa::.is!yi::.g GE~'s specifications usi~g 
PRESZNT production crystals. 

Following the recomenda~~cns o: the Panel the lig~t annealing o: 3aF2 
crystals in situ have been ag:essively St~C.ieC anC new productior. 
c:ystals f=c= C~ina were obeai~ed. =~= :~ese reasons several Pa~9l 
members were rec~~7ine~ or. Au~~st 3: - Septe=~er ~ to asses tec~~i=ally 
t~is new in!or:nation. Reper~ c: this E:c;.:e:t Gr~up (appended) cc~c1udes 
cha': OP':'ICA.:. ANNE;>.L:NG OD ;ui..r: :;.:::ON ::ll'~'1AGE: DI THE: BaF2 WITH L;::W !N'!E:NS !T'!' 
V'!S!BLE L!GHT CP.~'l ESSEN':ZA:.!.."! :::.:.."1:!IATE: THE it.!\DIAT!ON INDUCE:O ASSOR3T!ON 
o: :~~ =~s: COMPONE~ o: TH~ sc:NT::~AT:ON ~:GHT. 

!n additi~n, there is a strong indication t~ac in-situ illumination of the 
c:ystals while subjec~ed to a :3c.iation environment can couneerac~ the 
ef!ac: of radiation-induced absor;:tio~. :~is optical annealing is e!!ective 
for re~ovin~ demage in~uced :y bet~ had::~s and ga:="~s. =u~~er, the level 
of ar.nealing in the cryseals !s depeneene on :ne wavelenqe~ of :~e ~leaching 
liqh~, wi:h shor~er wave!enc;t~s lead~~; to ;=eater and mo:e rapi~ recovery. 

I; is conc!uded also that. tbe ~ssues of se::-:ecovery, non-uni:~=::t!.ty and 
non-sae~ration as staeed in t~e ?ane: repo:~ of August 3-4 have baer:. 
overcome. T~is means t~at the :ur=en~ <;"'~ality of the p=oduction ==ystals 
available f=om C~ina is su!!i:ien~ to me~~ a:: GE~ speci!i:a::..:.o~s as 
p:esen~ed to ~~e aa=z ?ane:. 
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.!.::.a.:.::·s:.3 == ;::...:.e._;;: :-.=.:.se .:.s ;.:..·.-e::. .:.:: :.::e =e;;-:=:. :::: ~- ·:a::-.a.::-.::: a::.:. 
? .. Z~:..:. S2:-! :~s-9:::-:.:5 . .s.:.::-:..:..:.a::.::::s ::= ;::...:.::...:.; ::ci.se ::.a·:e :::eer: .:!:::::e a.:.s::: 
:.:1a=:: ..... , :?.:e::.es a:::: :'.S:<:..;a=::.:..:::.:.:.. ::te:::e::.: ·,..;c=:<s (':'.Sl<·..;a=::.:..::::<.:. a:-.=. 

-- =>" .... ::-----:-

r=o::t :.::e s:a:-.d ;;oi:r:. o= ;:.:...:.:·..:.:= e:::::c-:.s :=a.::2 tec::r:.i~..:.e is qe:'.e=a.:.:y 
=e:.:e= s:.::ce .:.: is :.:::.=:.::~:.=a~:y ::as:.e=. 

is ;:ossi.~.!.e :::: .:..::-.;:=::·:e ;:i.:e:..:;: ::.:::.se e.:.e::=::r..:.:::a:..:y (past.-:·..:.:.:.:=s 
s~=-:.=ac:i::r:.) er. :::e e:<?e:-.se of ~i;-::e= e.:.ec:.=::::i:::s ::::~ug::ou:.;::..;:.. 

BaF2 q:oup has p=oposed a c::~p:ex sc~e~e of cali~=a:~on desi~::.eC :o 
:esu:t in ove=al.!. in:.e::a:.:..::::a~ic~ acc~=acy o: 0.25~. !t inc:udes 

~ .. _, 

C:al.ibra:ion wi:.~ p:i.ysics e~~·en::s ZO->e•e- (0. 4% Biweel<ly, 0. 3% !-!·~n:.:i:y 
at nou.i:ia.:. li:ninos:..t.y) w:.:1 ?=:i· ... ·:.C.e absolute as well as c=ys-:.a: to c=vs-:.al 
ca.:.ib=a-:.io~. 

C~~e= calib=ation syste~s i~~er:.CeC to monl.:.o= che sensicivity a~~ mai~tai~ 
-:he =ela~iv·e call.bra-:. ion a:. ':.he le·,1e: of 0. 3' a:e 

!~elusive isolateC sa.:.: :.~=ou;~ had:ons (M!?s) 
{0.3% accu=acy wit~ dedi:aced l~~= t:igge= witni~ 6-20 hours) 
RFQ monitor 
(accuracy 0.1% w~t~in 2 :ni~; 0.3% stability demonstrated} 

UV !lash lamp or lase= ~onito= 
(L3 Xe la~p example 0.14\ satbi:ity over 45 days) 

!..Kr/Ar c;:oup re.!.y essentially on the eleetronica.l calibration only (0. l\:) 
assuming tha~ e-m ~eteetor prior to installation will be cali::ataC wit~ 
t~e hiqh ene:;-y beam and :::m that ti~e on ehe calibration constants will 
~=t c~a~~e with ti:.e. Alt~cuqh t~i~ asst::r~tion is based on the lonq te::n 
e:-cperience of operation of LA= systems it has not beer:. ve:y:ieC. 
eX?erimentally for GZ...~ Cesiq:i. 
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,. ~ -·. ~ ...; ------

::::-:::ess :na:-:=.:..a:.. ~ - ==::::. c:: :.::.e a=:.:..·::e :::x =-=;i.::: ·..v.:..:..: =e~..;.i.:e :.::.e 
a:::.c.:..:..:.o::. c: a "::tass:..ess :;ap" :..aye= ·== ::.:::e: spe:::..a.:.. ::..es.:..;:i i::.::.::·.·a:.:..::::s. 
=~ appea:s :.::a:. ac~ievinq .9Xo (ex:::..:.:.si7e ::f ::a::~e= anC poly/~:::::::.) is 
:.:::e bes:. :.:.a:. ::a:: be achieveC ...,.:..:.::. :.::.e :::.:.::e::.: :::ase.:..:..:'le desiq::. :-:::e Casi..:: 
p:~b.2..e!!'. is :.:-~e .:.a=;-e ::u..-;-.be: ::: c.:..::e:e::.:. 
si..::.qle ?===:em ~aye=. 

:i··::i.- ... --.:---

T::.e :::a::e: ac::::i::::..:..::n asserr.=:..:r .:.s su:::::e::: :..: :::..:..::.:..::·~::. :-:.a:-.u:ac:.:.:.::..::.; 
and asse~~:y :.:::e:ancing. :::. o::::.e: :.:: ?==:::.~ce a :.:.::~=or::t a::ay :.::.e gaps 
a::.C misa!i;::.~en:.s :esu~~i~q ===~ :.:::e :::i:e:a::.ces wi:..:.. :equire be:~ 
ex:.:eme:y p:ecise :nac~ininq ar.d a :::.:..;::: leve: of asse~~ly c:a::.s~a::s~.:..p. 
The decails a£ these p:oble~s i::. t~e p:~posed desig~ we:e a majo= c~r..ce=~ 
c: ar. recer.: E~gi~ee=ing =eview (see ac:ac~ed ~epo=:> 

~he parallel plate a=rangemen~ may o~~~- sc~e advar.:ages in asse~bly 
a~d rna.ni.:.fac:~=i~g i! a relia=:e and :as: sc:~e= jc~~: technicr~e ca~ be 
fci.:.nd or de.,e:.cped. 

As desc=i=ed below the i~clusion o: the noc_e liq~i= EM in an 
ir.:eg:acec asser:~:y will =es~:= i~ ei:~e= a la:;e= =ia~e=e: sy~~=~ ~- a 
less der.se ca:.ori..."':'.e:e: (-!.: lar:.bd.a a: eca•·~. 0) 

Although laser welding of titanium foils has been C.emons~=ated ·
:elies on a cor..bi::.a:.ion of t!:e p:ope= eq..:.i;::-.er:.: ar.C. precise !i:<:::.::.:i.; 
se~-~ps. ~s~w~:.h c~e.barrel ac7?~dion, the con~:ol of tolerance 
stacx-up w~l~ oe cr~t~cal and w~-· :ecr~i=e a very high leve: c: 
craf~sm.a.ns::ip. 

The produc:ion sc!'led.ule for che ba:iu..'"'n !luc:iC.e c:ysca1s is e:-c":.:er:.e:y 
tigh:.. Even with installacion of che ::.~ ca:o:i=.eter a!ter the 
inscallacion of the muon system the c:yscais will be the crit~cal pa~h 
i<:.em. 

A su.bstan:.ial amount of new capi':.al ecr~ipme~':. ~ust be purchased and 
coitrn..issioneC by tne PRC befo:e full-scale c:yscal production can begin. 
Of p~rl:.icu!ar conce:~ are tbe estL"Uated 50 vacuum !u:naces whi:h will 
be ~equi:ed to produce an ave:aqe of 20 bou:es at a tL~e rather ':.~an the 
cur:ent operating uni~s which p:oduce 4. 
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.-,. . GS Cos:. 3as ::.s C~~pa=:..scr.s: 

(c:::..:i.al s::~ es:..:...~.a::s by C·?.)l:, ~2·!..:...3, ?=:..:::e::::J 

sc:..:-.:.:..::.a:. i.:'.; LK= Hyb=iC. - s:.01, oco:: 
S5i,CC~K S63,000K 

$78,:)C~K S42,500K 

Sl9, 500K SOK S2,000K -
51,;bcotal Sl20,SOCK Sl35, OOOK Sl07,500K 

s.;:c • i +0/-4% +19%/-4% +H/-7% 

SlO,OOOK s:o,coo:< SlO,OOOK 

- P=eRaC. SOK SOK SOK 

E:ec:.=onics S22,000K SO,OOCK Sl9,000K 

LK= Tot:al Sl52,500K SlSl,OOOK Sl36,SOOK 

(~r Total Sl33, OOOKl -
'1':) 11nce ::'~an-:: ies ~his nUir.be:s as set by independent SA!C c::sc 

-

-

-
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' -~-· 

$7 5, OOCK 

S5500K 

S.;5, OCOK 

S32,000K 

s:.JOOK 

Subtot.a: $82,SOCK S:.06, J'.JOK S~S,OOOK 

$CK SO!< SC!\ 

$3,00:K S9,500K 

LK= '!'otal $93, SOC!< $109,'JOCK $8~,500!< 

(!..;.:- Total $87, OOOKl 

.. ) T!lis is a e:<:.:eme:v 't.en-:.a:..:..·.:e cor::.pa:is:rl i~ whi.::!":. :.!'le fo.!.1.cwi:i.q 
assu..~pcions have been made: 

a. 
b. 
c. 
d. 
e. 
f. 

Liquid K:ypton reduce~ by two thi=:s th:ot!qh conc:ibutions 
E!.ect.:onics cost :ed.t!-::ed by ha!.= :.h:-ouqh cont:ibutions 
Fibe~ hadron reduced by 28% through contributions 
Noble liquid costs reduced by 25; through contrib. 
For~ard calori~e~e= p:o7ided a~ r.o cost.. 
SaF2 calo:i:nete: cost :educed by 9% chrouqh cont:ibu~ions 

Ccncl:.:=ior.s: 

!~ is mere dif !icult to reCuce ~he cost o: Ba:iu.m Fluoride signi:icane:y 
due to tbe large fixed cos~ o! the c:ysca~ array. 
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9. 3 :::e:::..;..:.-= 

:ns~allacion in t~e GEM allot:.~C 4 ~or.t~s dces ~o:. appea= to :e 
=ealis:.ic (8 mont~s is =eo:.:r~i:ed acc==~i:tg :~ =esi;~ :epo=~l 

Sci~:illating option: 

Installation schedule car. be mec. 

P=oduction of the c:ystals within t~e al:c~~eC !abrica:i~~ pe:ioC will 
be dif:icult. The ~RC is assu.~ing 3 yea:s of f~:l p:od~ction 
with a one yea: sta:t-~p pe:iod. T~is :es~lts i~ t~e last c:ysta:s 
a::i·1in<; ~1e:y la:.e i:i the :.:.:ta: asse!:".bly p:ocess. Sea::: :esti:i.g a::C 
assembly of the last end cap will have to be accele:aced to have i~ 
:eady fo: installation in Ap:il l998. 

Seth produc~~on and inseal!a:i:n sc~edules can be me~. 

The liqo~id k=:tPtor. ba~=el wi:l be i~stalled inside t~e fibe: had:o~ 
before final testing is complete. I! a sigr.ifi:an~ vessel o= 
feedthrouqh inteq:ity proble..~ arises at this ti.~e the repai: process 
could siqni!ican~ly interfere with :~e o7e:all GEM schedule if the 
hadron barrel has to be moved to provide access. 
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':'::.e c::~.pac:.:-.ess o:: -:.eh c:;==e::-: =.es.:..;:: 3.;:;::.a=3 :.o :::e ::..:...:::.:..::..:.::. 
(see E:lqi:lee:i~; =epo::l . :: is like:y :~a: e.:..:~e= :~e i!a=e:e= 
w~:: be i~c:eased o: ~~e :a:==!~e~e= ::.a~s.:..=y :ec~=e~. 

The :tF'Q cal!b:ation syste~ #i:: p:ot=~~e =~=ou;~ ~~e oc-:.e: :.:acke:. 
It will also =e~ove ~~e eq-~i7alen-:. o: a !i=e: ~ad:::~ :eadou:. :.owe:. 

Hyb:~d: 

The c=yogenic utili:.ies req-~i=e special passages -:.::.:oug::. the :ibe: 
had:on ca!.o:imeter. The!e passages si;!"l.:..!ica:: :.ly :educe t.he pe:::: =:':'.a:ice 
o: an esti~a:.ed 16 towers o: 2~ of t~e to-:.al. 

Ge~e:al I:lte:face Corr.:nents: 

T:acke: desi;:l should has ~= ~o=e tha:l .2 Xo i:: orde: not co deg:ade t~e 
pe:!or.nance of the EM calori..-neter. 

~he :crward calori.~e~e= desi;~ speci!ica:.ior.s are not well e~cu;~ 
defined to p=ovide a.basis for confiq-~:ation juC;-men~s. 
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:::.s::::·_·:::~:.:..: ?.E.:E?:~:_s:3:::::::.; .=-.;:: :~::::~..::.:._:::::.:..: :::.:.=....=.:::_:._:::::_: 

.; s:.=:::; :..:-.::=::.=.:..:_:::.:._ ·==--=====.:.:..::: _e:: ::: .. : :~:..::::: :;=::.:.;: ::=.s .::e::-. ===::-.ei 
.:..::. s:.:;:;:·:=:. :: :.::..:...s :.e::::-.:-.c:.:.;::·, ;:=:.::-.a=.:..-::' ·,..:.::-:. 3a·.-s==..:. :.::.s:i.::.:.:..:..::-.s :.:-. ::-:.:..::.a 
(::.!::.~ .:..::.s:.i::.:.:as a::.~ ove: ~:.;~~=ed ::::3~::3:.:=s, . :t~se i::s:.:..:~:.:..:::s 3.p;e3.: 
::i ::e =.ei::..:..:a:.e·::. :.:i :.:::e s:.:.::::e.ss o:: :.::: ·~·e::::.;:e, a.::.::. 3:r..e ~ave s:.:::-.:; ·;es:eC. 
i:.:e:es:s. C:::= . .:..:.::-.e:::s =ega:::::..:..::.; :.::.e .::s: -== :::a :::ys:.als a:e .:..::. ;::.::e. 
Seve:~.: ?..:.:.ss.:..a::. ;::::'..:.;:s e;~;:=e.ssed :.::-.a:.: :.:::~=es:. :..:. :.::e c:ys:.a:.. ca.:..:::.::-.e:e: 
;:::i :e-:-:, s::=-.e wi :.::. ?C:.er:.::.a.:. ::ys:..=..: ?=:::::.:.::-:..:.::::-:. 

Thou;~ c::e qer.er3l plan see~s viaCle, close= :oo:::ii.::.a~ion w.:..1: te :eq-~i=eC wi:~ 
C~ir.a inc:~di~; :~a ~S p=ogec: ~a::.age~en:. p:ayir.g :.~e =esponsi=le =::e i::. Chi::.a. 

::::e :JS e!'!o=:. i::.-.. -ol· .. ·es :r.ai::.:y t.=:e 3~!:. ;=~-...:.;::, ...-:.:.:-:. e::.gi:iae=i::.g 
s-..:.::?==:. ==~::;. !-!a=:. in Ma=ia:.:..:., ::a::.-~-e=. ':'·..;o ::::.e= US ;='.)i..:ps a=-s ;::i=e.sc:-.:::r 
i::.· .. ·c:·1eC. in r.oble liq".liC. t.ec~::.ologies: Sea:.:.:e ar.C. :''..lcson. Hcwe·.,e=, chey 
a=e n:·:. i::.teg=ate.C. in:.o :.!".e ~air.s:.=ea:":". ef:::i:=-:. Sea:.:.le of!e:=s an a.:::e=:'lati·l'e 
confi;~=a:.ic::. :.o :.~a:. bei::.; s:.~~ieC. ac SN~, a::.C. T~csc::. has co::.:e::.:.:a:.eC. 
it's e::o=:.s on t.~e :o:~a=~ sys:.en. r:. is ::.::. :lea: i! Ma:ti:i ~arie:.:.a 
Denve: will Oe i:i a posi:.ior:. to cor.:.inue to ;::i=oviC.e er.qineeri::.; se:·#·ices 
beyond t~e co~plecion of the Technical Desi;::. ~epor:.. ORNL co~:c., in 
principle, he:? in :.~is area. 

Rega:~inq inte::iacional collaboration, initial contacts are i::. place with 
one C~i::.ese q=:iup (!REP} an~ ~i:.h a potentia: C~inese vendor (Sha~;~ai. 
Ai=c.:<i!': I:l::!.:.ls:=y> . ::: aC.C.i:i.cn, :."":e ;:cssi..=i.:i.:y e:-:i:J:~ ::!':a: ~c-.. ·c.s!l:i=sk 
will provide :.he LK=. The te:::o~ fo: these i~te:~a~ior..al prospects have not 
been worked out. Stror..c; t:.ies exis: bei:.·,.,een t!':.e .9NL g:oup ar..C. C~:L"i-OaseC. 
q:oups (?.l'3) p~:!or::l!~q sL-:t:..:a:: R&= wo=k :o:: ~nc. 

Ins:i.:.~tional anC i~te:natior.a!. conside:atio~s for the LKr/L.A: haC:~n 
c~lc=~~ce: :.ay rela~e to the choi.=e the EM :alorL~te:. 

E'o: t.::.e hy.o::.; ca=c, the sci~tilla~i~q !!.be:: c:il.:..abo:ation is broa~.!..,,-basec. 
wi:h a la:qe number of US institutions ac:ive!y pa~icipatinc;. ~r.;~nee:inc; 
work ~as beer. pe::o::::.eC by Drape:: and by OP.N~. As in the case of t~e 
ac:o:=ior. E..~ calorimete:, st:onq ties exist between the US qroups and 
CERN-based q:oups pe:!or::iinc; s!.::lilar R&D -o::k nu::> . Ar. aqg:essi.7e st:a:ei;--1 
has been pu:s:.leC. by :he_ p:o?onent.s :ega::C.i.::.g i::.te:~at.i.:na!. cor:.:.:i:::.:.:.i·~ns. 
!'o: e:cample, r.eqc:.ia:.i.cns a:e ur.Ce:way to obtain la:qe quan:i:i.es :: .:oppe: 
===~ ~:~ania ac a ve:y !avo=a=le p:i:e. z: t.~is op~ior. is choose~, :ealiscic 
pr~C~=~ion plan, :es;cnsi:i:i:.y sche=.e anC asse~~ly schedule ~~s:. :a developed. 

T~e i::.~eg=a~eC. Ncble ~i:;-~id Cp~ion poses ad:i.:iona! p:oble=s. Since ~he noble 
liqo~i.C wo:k has been ca:ried ou: esseneially si~qle-handedly by t.~e SN~ q:oup 
(wi~~ enqi~ee:ing suppor: of Marcin Mariee:a, Oen7e:), the ef:~=~ ~us~ be 
si~i:icar.~:y b:oadened wi~hir. ~he US incl~dinq viable manaqe:en: s:.:~c~~=e. 
I~ aC~i:.icn, aqq:essive e!!o:: wi!l Ce :ecr~i:ed ~o involve non-US ~=~ups in 
tbis :ec=~oloqy, whe:s e=e=e is li~:le previous ex~erience. 
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. . . . . . . :issoc::irec. ·.v:::: ::::.: ~oscr;:c.cr. :::::e:. 

Ev ...... ~- ....... r-,i -s·•l"S : ... ,..:: ..... .,~:.. .. ;....," .. ~.a.,!'""" ........ ~ ·""f ·i.::-;., .... .a ... ,..;a,..; "'O ove~- ............ · .. ".• -.. _-_,.._. __ _ '"'!"'-''""'"U'-'•• .. -• • ._. ,_.,., •••'-•'-'-•"" •••-• •••'-' -•••""-•'• '-" •4:•"• •• ,_..,._.,._ • ..... v...... -
rion .. inC.:.iced J.bsor:tcn :lt ~CO ::::.C/b.ou:. :~..-::i::..i Jf :::~ dose ::lt: ~x:ec:e:: :!: :-: = :.5 ~n . ·. .. ' . .. .... . . . .. . . . : 
the GE11 ce::c:cr. ts or ::::! er:.:: or :n:~!l'.V:!:::s/c:::-. T:"::s !n:::;.s1ty :s e::.s:::: l:::::m:::o .. 
~-te...: i..v S"''"'!..,c·..,~...: s:~~c., .:-;:.., .... _.""\,.....: .... ·e .... ~~."':o.:· . .; 
~ ._ ".J~ ~-• ...... ._ .1,.o.;. - i .. u ..... -v"":'""""' ~ ....... ,,.. • .::. · 

Ti,. ·o·..,J .,-o··-" O" .. :=-~· r ......... ~:--... .-1 "O 1 c:..;.a··a 
h"' • ·-· _:.. ......... • • .:..:··; """':,-·· ... - ~ - ...... .... 

c:?.!or:me~::: is es=.~::.:::: :o Oe of :t'ie ert~: of k:lov .. ·::.~:s :t;;C. ::.;:pe:!:s 

Res~l:s :rem V/Y"'L. a::C CIT ir.C!.c:i:: :...~:::.: ·1isi:le lig!:: Ui:::::.IIng ex~ibi:s .l :::ne be
havior ch:!::::.c:e=:z:d ::y 1 r:.piC. ble::ic!:i::.g of :ibsor;:cior.. c:n~::-s fcilowe;:i ~y :i lor.g:: 
tcml recove::1. 

E. For J. give!'l •1o1aveleng!.b. of a.nneilirlg light, ~~e r:ite of photobie:ic!'ling appe2.:S ~o r::ic!'l 
a const:lllt level 3.fte:- a time. related to the :ibsolute inte:1siry of the anne:l!ing light. 

F. Ca!c:il:l.tlons indicate th:i.t by monitor'~-:g the a.bsorbance of the c:-ys::l!.s in the 
c3.lor' ... -ne:er, optic3.l a.nne:l!bg o:a..'l be utilize:! to cilor the c:-ysr:tls in diffe:e::t par..s of 
the cilorimeter in order to opri..iniz: pe:iorui~c:. 

3. Cryst:ll Growth 

As mentioned in the Se::tion !. c=ntly available c:-ystals from China can meet or 
exceed the GE:'v! specific:i.C:on for optical c!af.:y utli:ting optical :inne:iling. Be::ause of 
this f:ic:, the c-:.irr:nt qc:ility of r:iw m:ite=i:ll :iv:ill.:lbie in Chin:i is sufficie:-it. . ..\~present. 
mate:fal of the requisite qu:l!iry is being mam:fac:ured in batch siz:s of seve:-:ll hund.-:d 
kilogr:ims. The:-cfor:, a developme:1t prog!"'..r:i :o scale up to full produc:ion is not re· 
quired. Tee:-: is 3. high con::de::c: level th:it :he- s~r::e quilicy mate:"ial C:l.."1 be manuf:ic
tur:d by CL.~e:-:::c sourc:s. 

A prototype produc:on furn:ic: c:ip:ibie of growing 15·20 c-:1st~s in a single !"'i.!n has 
be·n cor.s-•c·-..; •"d t"s '-•'n" ~o-"'t"ss'on·..; l' •h• B·•1·1·n., Gl•ss R•se"-" Ins"°'""• In -· .. ._ _ ......... ,..., .......... = "- ~....... J,. ,,__ .. - ,_ .... ~ = ._ ... .....-..~ •. 1.. .. - ...... 

addition. improve:nents L.91 ~,C V:J.C:.lll=:l syste~ h:ive bee:t impiemented in an e~isting f1~r· 
n~: at Sh:!nghii Inst:-:.::: oi C:~-::ics. hc\.\.·eve:- no c::lsta!s from u1is fun::?.c: :::ive b~':!:l 
m~c!e :i~·:t:l:ibl~ :or sr-;.ZCy 1t ~·lis :i::-:e. 
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using orC.::::...ry g:-:i.C.: po·.i.·C::- a!'!C. :.~e se~or.C. !.!Sing c:.isrorn-rr:..z::uf:?.c:ure~ rr::l.c::"i.l.!. of 
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di·_1t!on '··"" t '·f'."'"""...: ~T",..; l""lr":,....,:1 .... ".3 ..... a.,;~.....: T'-.;o. -c-··<·R ....,r,."'lir.'...,,..: ..... \"..,·\·r· ~.-.·" C' .. -.1 .'l:-~ _ - • .,Y .... -1... ....... _ U:-•·""'-""'.' -····----· •""" __ ;::i.._ •• ;) u ..... _. 1,_._ .J;• v \,,,,,. - _ --

C ~~s's ....... ... : .. :., ~.., .... ;.. oc:.. ...... -:..o•v:-.- .. ;...,._:,.,r ,. .. c·;.1 .:.-.r" -~ .... : .. ;vT-~· 
Vii. " ......... ,..,. •'"4• .,._';.,,o •·-·, ::i1. "r •••= =>•••••·- . ..;, ·-··""'•• ;::i.,...;.:::iot. • .. '...,i, 

Sar.lples f:om the sec()r.C. rt1n 1,v::::: or.ly rr:::.C.:: 1v:til:!bie to CIT on Aug'..!st 2S 
. . ... -- . . -me:: n::.s :-.c: v>::e=1 sur::c:::::: :i::::: :o ;:e:-:cr.:1 rr.e::t:>i.::::::::1ts on :::ese c:-y s t:.ls. S ~ -:i. p Les 

from this !""..!£i. we:-: also se::t to B~L a~ ~.he s~-::.e ri.-:le. 
LL~"L is ~:.!I':'::itly growing ..... ys~::.ls using high gr~d: sourc: :::::.r::-i2.! in bot..~ :z:one~r:· 

firjng and Czolc!"..rowsk: me~~ fu..~:tces. C:ysr:ils will be av~l:!.:ie for an:i.lysis in e:ir:y 
S<!pce:nbe:. 

4. Mech:lnic:iJ Processing in Chin::i 

A ncr:.:::e: cf site visi:s h:?.ve be-::l m.:?.C: bv phvsicists and e:tgine:::s :o f:tcilities in 
Chin:. ch:.c h:ive the c:.p:ibilicy to me::ha.r.ic:illy proc:ss the B:iF:z ingocs into :heir fin:!.l 
shape and surface finish. Based on :he :issessme:ic of these fac:.Uties by e:q:e:-..s on me
chanic:tl :inc optic~ prcc:ssing, :h:::: is su:fici.e:it ::xpe:-:ise 3Jld. c:ipabilicy in Chin:l. :o 
proc:ss the fuil 16,000 crysuls needed for the c:tlcrime:e:, provided there is the 
expeditious imple:nenuC:on oi :he :::quired numbi:: of c:.ming, grinding :ind polishing 
mac~i...9les ... 

In a.c!Ci~on. the tcc~nclogy neeC.e::! to :?.c!:.ieve !ligh qu:i..!icy sU::~::s and LV" re:1ective 
coatings is being t:'1.'lsfe::-:::! :o t.~e C~L.~ese. Re:::::'lt '>i·isi~s h:!.ve resulted in the prcd.uc:ion 
of crysuls :~ C~in:i '.vit!: si.:.:::ic::: ::r:!s::::s :iv:tling :h;: :est :ichiev::. in the C'S. 

::. Conclusions 

Tne cb~ pr:se~:ed ~o ~":is g:-ot.:? is ve::J :::cou:=ging anc! we ::comment: that wor!< 
continue on ~1e ef:e=:s of optic:?.l :ir::::~ir.g of :X.i~Cc::l·inCt.:c:d C:...-:i.~ge in BJF:. Among 
the subje:::s :o be sn:c!icd :!re: 
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C. P~::·o:::: :::-s:::.: ::::.::::::::;.::c:: cf ::;::-si=:::: ;:-:.-s:::~s :~::::g :::-::::.:::~ ~s:::g ;:-ocor/!:l! 
r::~:-op::c :..:g::: :.e~:·:e::: s::s:e::ls. 
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. . . . . . . . 
:...-:-:.:..:;.::c:-:. l:::!: ::::.:.:..::.::.::r-. 

~c :.~;::-ox::::::.::!::.- l :\L-:..: C..;--:50>. 1:·::!: :.~::.::::::,g_·.1..·:::: 

ac:::::~cr:.:.l :{~::~.~:.::g ·.\,::::: > 3.;.o ::::-: :ig::: 1::5 . .:...7.; . 

Optov:ic 12.5 ~= 

SIC s 106 2.5 C:71 

SIC (Bi..U.) 12.5 c:r; 

SIC (F)."AL) 12.5 c::i 
(repe:ir) 

>.!00 c=r: 

>..!CO c~ 

>..!CO c::: 

'.- .--,,:) .3 ...... _.!._:-

75 c:n 

96 c:n 

199 ~ ... 

Spe::if:c:ition se: by the GE::V[ Exe:::.II:ive Cor.:rr:i:tee in ::Vl=h. 1992: 

L.U. (@ 220 run) - ur.i.'":':ldi:i:ed. c:-;s~s - 190 c:n 

L " (@ ..,..,0 ' .,....,_,, __ ,., -· •• : c~ ~-
.. ""'\J... ..:.- nm,-u: ....... 1.....~---"'"•..,Ysl--s-,,.,,, ....... 

108 C::l 

338 C::l 

315 c::-: 

These figures = me:in: to show L.':e ge::e:::l ef:e::.s of optical anne:iling as well as 
cur.:nr work on simul:U:ons and enginee::'.ng of an mne:iling system and are by no 
mems J. comple:c r:;:r:se~ut:on of ~"le c..:iu. :.i.:i: \\':l.S pr:se:ited to the ::x;:e:: g:-ot.:.p. 

1. Me:is=:nenr of aptic:il ble:iching of 12.5 c:n SIC (FN AL) crysr:il from Refe:-ence 7. 
Tne top fig'Jre shows the as-received. absorbar.ce (curie F) followed by rhe ab
sorbance arie:- 1 l\llr>..d i=c!fa.tion (curve A) and a series of optical bleachings using 
488 nm laser light ave:- a pe:iod of 30 minutes. Tne bor.:om figure shows the datl be
ginning with cu...-ve E on an e:<?anded ve:tic:tl sc:tle. Continued ble:iching with 488 
om ligh! is shown in c::rve G, followed by adc!irion:il bleaching with > 340 nm light 
(c:.:rve H) anc! full l;v'ex:;:csim:: (c:.:rve I). Curve I is seen co fall very ne:?rly on the 
origin:ll :is-r::::iveC c~-;e F. The spe::=~ a~sorb:l!lc: d:?.t:l shown he:-: is valid for 
wavelengths gre::m::~ than 200 nm. Tne ~t:l :or wave!eng"-'1S less than 200 nm is net 
ac-,,~r· c"e to 1 1·~1·,..,~ans :n· .. i... s-·,.-o..,·naro-···.,.. svs··~ .............. "" .... .I. .... "'-- .0 w..... ~..,.,._ !" l.a. ..... ,..., • ~\,u•.I.• 

2. Me:isuremenr of opric:il :Jlc1ching of 20 c:n long :npe::aid.:tl BaF2 crysral ( .!O mm x 
40 m:n •t "'he 1 •~a.-- ·-c:· ·~"' -:: ' ~-. x -::..: ~~ ar ,~e smalle- ·-d) ._om R··----c· 9 ••• , ... w. J,.:..;,.=.,... ..... -·"'"' ..,..,. u..... . .... . .......... .. :...i. 4 ... ...... 1..1. • ... ............ - • 

Tr.is c:-ys~l !s C:sig:::l::=. SICi03 c.::d w:l.') m:n:.:£':.c~r:C at t."le Sh:!.ngh:i.i Ins:::u:e of 
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. . . 
.::-::~::~ "!.-::;:c~.:!::. :::: ·.-::.::::..:s .::.:;:::.:.:-.::; ""~ 

l"i/ ~ig.~c ti::: :..-:-:.C.:;.:::~ :·:: 2;;-:-cx:::-:~:=~:· : \L-:..i c:· :-::.:..-:::s ;::.;s : .\!.::; ;f g:.:::::-::.:.: 
(~t:'! ~:?.C-Dr: iose :s est:::::.::::::-:::: -:-:...~~ ..:sc~ :·::: g::::::::. :.csi~e=:: r.C. :.s i;::;:-~x:· 

w.:!::~y .! d::-.es :..~:;: :::.:.::::::::TI_:) .:.2s;! · 1:~:::::~ Jie:::::::::g ·.v2$ ~-=:-:·er:::'!::: '..!si::.g Jo:: 
un:::l:e::=. -:n~:::.!::1 !ig::: sc'...!...-.:':! .,r,,·::..~ ;:::::ss:::: ::: :.":.: •/is:c;~ .l..~C :."':el-'/. Dr:~:.::::-:-
C"'ve-1 is net"",...,; ..... .._,..:v 1 0 ,._; ..... ·=-s ,..._ .. - ·;C'~- ~:'<""'O"'"""• "- ..o,-l;..,;0,....,1 1; .... ~r ,.. ...... as··-=-"' .. _ .. ... ___ ..... v ..... .I, ........ _ .... 1,,. .. ··.;.··- , .. :"' ............ -..i...-- ~-- ... _s; ......... !"' u.;._ 

le:!ds to fur:!'::: ::~~ve=:,. 1.s :::C.:c:::!~ ::: ::-:.! ::g:.!:: .. ~c.:..:~cn:!..l C.:!::: or. L-v· u.C. visibi! 
:u:ne:!.E:ig c~ be :'cu::C :r: ~::"::-::::es 3. 3 :::.::C :o. 

~- Compu:~: sirnul:::ion or :;.;: ligh: :::..::s~c:-: :;. ::!. 50 :.:::-: lcr:.g :::1s~~i ~li!.!:::i~:.:ed ~:: .l 

singie fib~:- in :i p~c:.:I:.: injc:c:;cn s..:e:::::c. T:1is c:.Ic:.:l1~icn w:.s pe::or.:::d ~y E. 
TJ.rkovsky at OR.:.1.... The 3·~me~sic::~l ~:ors snow the prof:le of ili: light at :he cor
responding position l.lcng the length of :..:...e ~::1s~1l. Pe::e:::!y refiecting ·.vcils a.re 3.S· 
sumed in this c:i!c:.ila=:on. ~ieo.r the cop cf :t:e c::vs~~l the Iig:tc is se::n co be ne.:?:ly 
isocropic in c:-oss sec::.on. Diffuse s~:.tte::::g due to impe::ec: re:1ec:ion 1r t~e w:tlls 
::L'ld mu!Cple ref:ec:icns ·;...·:.11 fur:he:- e:-:h:.::ce ~-:~s e:-rec:. 

4. P:-opased. OR~L design fa: fixing fib:::-c;::!c c:.bies to P)v'lT pr:.s~s J.t::!.c::.!::. :o tr:.e 
BaF: c::•s::i.ls (provic!e::! by :.-L Re:::::c:i). 
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OPTICAL ELEAC!-;ING (Fe:rnilab: 12.5 C:iij 
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1. Summar:: 

-l ...... ~~= ... o..,- ... : - .... ~ ........ ~·,c-·~~ ~ .,_,.: .! .,,. .. :..""' ..:::'.'i .. L'l;... .... --o~· -, .,_.,.. • --.. -...:~ -· ......... :.. ... 
..... _,._ - ... -··""· •H-o ...... o ·-=--· J -·-- -- -i'w ..; .... ,.._ --l~--- - '• ......... "'\..::, .... ~ .. 1... -·"" 

rr.ee::::g is i~c:'...!C:eC :_·_ . ..l_:::.c::::-.e::: :;. T::::! rr:ee::r.6 s~.:::eC ·.i,,·::..~ a sessiCr~ •; ... :::: :..~;: 
c~c::;,;,C.on or· :.-:.e GC:).;I ::-e-::e::;e::~:.::ves. ir.:!t!C.:...91£ :...~e :rcccr.:!::!S. Dt1::n[ :.-~is sessicr. :..:.:;: 
~ .... .,j .. -· •,.•..., _ _,.::.,~r'I ~--·'1·""""' .. -- _.,., ... .....;,..; .... ,-·;.., . .,-. • •o:~ J<;: ,.._~..;,, ..;.- ... ;:....., - ; .. :..,_ ..... Sw. ... .::i or .. r.._ ...... L. ... - .... 1..n ---··-.:.- .. es~.::. a .. - ....... .-. ~1,..,.C:, ... ::; ... !:i N._ ... -- ... ~1..C.-C-On ........... r:.::i .n i.... .... 

f",.. .., '('..,; ... ..,, .,.._.., ._,..,~.:i..-·,a,.;- ..... "r:.io. ..,.,., ... .io.~ ,.;;.,..,T ~ ... ,.4 ""C.' ·•••--'1....::. ... ,..;; ; ,.j •a,.; -o•-;...., 
1...-'.::l J..:.C. ..... J.J.- ;._,_.,_ .............. ._.._. i ...... :--·•'-'• -.::iw ... S.)w .... 1L. ::iu.••····---... - .n .ts ..... o:s ........ ::i ... ~.;, • ...,.n 
•'-e .... ~ .......... !"'!•.;::or· ·P-!.a n <-~ ... ;::Or: "O ,..; .... ,..,;OC ~ci··,,~on i.,,,,.....: :.. ... .....;.,....., ..... luor.·c.· .... -.... ~ .. ;... .... ..,. - .... 
1.0.• "'.'-~•""•"", :S~~..... Wl.'-. :\.-~ ":'~... • • ~':"' '"""...:., ·- • ..... L;. •·-'- ..,....:._._.u ~ a "" 4\,,;, w_ ... U&~.o 

pre::s1cn ;::e:=or:::.gr:::::: :::!.!c:----::e:e: :Jr :..-:e G.c.)..( c:e::::or. 

The fu.nC.:!.:::e:it:ll is:;i.::: witi: BaF~ :s still die one of pt.:::.:y and. rldi:::.t.on hard..."'less. 
Tin~ ~r~co-=.,J or·:-~ .... '::>~::' .. ·"lc.···ccor~s 's '0 -:·.·,,,..On _..,..;__,,...:;.,r!c"" .,r....: ~.., ... ,_,,..;C" or·.....,,...::..,~-r ....... ::' 1..i_ ........... ..... .... ~ ......... ..;. - ~ __ ... - ........ _. -=- l. .t-1~ ........... _.._. __ •• _,.._ ;:i_.1,......., __ h ..... i..---\...J. 

d.am:?.E:e ~o orodi;ce stable ::"'-/S~als. Ti.1e:-e ·.vas m unanimous 2~:;:=::enc of ~"'le :Jmel Lh:lc 
with the k:iowle:ige prese:::tly available. preirradiarion is nee a viabie solution co the 
radfa.C:on damage ;rroble::i ;,ecause of se!.f-recovery, non sar..incon, :ind nonw:ifor:nities of 
the c:ysu!s. 

Tne only solution we see at prese:::t for the problem of ::-adiarion dlmage is m use 
anne3.ling of -t...'1t: c:-vs:als bv expos..:..-: to lii:rht i11 sir-.i. Suc:i a me:i.1oC. could mak:! a 
c:tlorime~er satisfying GE),,l's speci.~cations -using presem produc:ion crys;::i!s. It is r:m 
le.own what ime:isicy or wave!eng!.': lighc would be most usef-.tl for :his pu.7ose, and this 
issue should be s:-.;Cied ?w'i:.':cc: d:l:i~1. 

2. Radiation Damage • Experimental Facts 

Following a long discussion of the presented resuits the panel c:ime with the 
following list of ±e main es::i.blishcd e:q:e:' ... -nent:l..l facts (based on small m:mbe~ of ces<ed 
sarr.pies): 

- there is no e•riC.::-:c: :or int:::isic sc:.~tillation loss up :o r.":e highest tested doses~ 

- th= is no si!?!llf.c:in: =i.'ls;:::ission damage c:i.used bv ),,!e V neutrons U1J :o 
fluences of --101~ ofc:n2 ir. small crys::ili (this is ex?ilined by a muc~-lower 
inre.~c:icn =ss se::ion for ~le V ne:.it:ans than that for ionizing r..di:!.ton), 

- ~"le:: is s:it"..i.~rion obse:"Ve=. :n C':l:".smission and light outcut for iL'..C::irion \'4oith 
low energy (Co-60) g:unma ::iys. - • 

- saruradcn in =s;::ission :S :iot ::st:?.blished for Ge V haerons, 
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.... - "'' . ..... . \., ... . . . . . . . . . . 
_;cs.::::..::.-:..;:-:.:..:.:..: :-c: .. :::..: :...-:= .s.::-..;:-:=::: ...:.::::: ;c5c~:::;:. ~.:::: g:.:...::::::.:.s .:-::-:..::. 

- iuC.uceC J~::c:2 .::sc~C.or: :.1.!e :c ~:·.;: e::::;:: 5:.7.:::::s ,;::.i. ':e :L-:.~e::.:e:.:. ::: :e:ls~ 
~\L~:J..:::. '.!s'i.z:g :_.-/ .:.~C. v:sibi.: ::g:::. 

te:-:-:.;e:-:it:.:::. 

-i..e- ;s :ior. ··-~= ..... -;~·· of:-c.··-- 0 ,.; -:..., ...... -~"'r. .,-·-:..-:z:..,,..:;.,..;on .,i"'r.- ~-·s· ... i 'e"O'T:.. - .u.• ....... , .• - ....... ---: ..... ·.-~·-·/ ... u _..,':" ..... ..:.,.._\,,,_:'._u • .-.:....... ---:... ..... ....., •:: "'·/ i...;.. ~ • .1.=-1 

m prese::c;y :iv:::.:.:.:::ie :cng sa.7.p1es. 

- t.~e:e is ~C:.:c:~ ~Coac:ivi:y of :.:O:e ::..:.e: cf 10 mR:~J"':": :n l~ge ~:s~s Ji::: 
h:iC:on Cose of:.~.: orC.e:- of 1 ~rR::..:.:. 

3. Results of the Re~em }!:iterial S t!!dies and Corre!:icion Berwe~n 
Cont:imin:ition and R:idi:ition Dam:ige 

- ... ,,"'"°' B~= ... is h-~-s;c.,nv a ve-.1-:U:.:"H'.;Cn .,.,.,~ m.,r~...;.,i mC. -~e- is., ve-· s-ona 
:'"""''- ~ - .. ___ .. --- .. _ ~ -- .............. - ----· i..;.. ..... - ·: .... = 
connec=.cn obse:-:e=. bet".veen. !""'d;.,tcn ir1duc:d. absomtion and die level oi 
inrouriries in the c:--:sc.l mat:"' ... '"<. hovreve: no e:cac: car:elation be~·ee:i ra&tion 
daiD.a2e and the icie~=itif.ed. concrr.inar..t meci.es and ~eir level was ve: estlblished: 
furthe!- :eduction oi !:':l.C: imourities Cue :0 be:::e: sour.:: mate:ial Jiic imnroved 
vac:ium should yie!d more ndiation :::?IC c;ysta1s, . 

- cvstals wid1 = ::u-.. h anci hi2:h Sr ~ontami.n:lion showe:i hi2:he: indl!c:d oost-
iiitdi:ition absorption. - - • 

- c:-vst:J.l.s doced. ·.vi~~ OE· at hi~h :e:::::::.r.:rre show hiz.h induc:d a.bsor.::Con. . . - ~ - . 
- C""tsu.!.s produc::i in China in 1991 (c:"":stals from the B'AL test) have ia.'"2:e 

(10-100 ~.ic::"on) pre:::pi=s =tlor.:::/dis .. ;bute:i in the bulk mate::'~. while i:he 
new (such as S52) samples produc:::. •Nii:.'l a new oxygen sc:ivenge:- "i03" show 
sm:ill. 0.1 - 5 :nicon. ime:connec:::i inc!usions e:dlibiting a "swit.. par-.:::n". 

4. Surface Quality :ind R:idi:ition D:ir::::ige 

The pnc::cal &=enc pitch poiis:: ce::hn:c;ue deve!oped at LL~L produces a 
superior c:ystalline sur::i.c: as ::omp:ire:i co :.':: e:Csring te::hnology at the Sh:u:ghai Inslinue 
of C:r:imics (SIC). No ci.--:::: corn:lation be:-.ve:n sur:ac:: quality and radiation resistance 
was esu.biish:::C. un to r.ow, but it is ex=e::e!i tilac ~ood auclitv surfa.c: 'IJ.ill imorove 
re!lec:ance md wili imve::: surf:lCe defe:::S ::-Om propagating inco orysta1. In ld.dition it Mil 
be useful for seve::il me::::a.-:ica.! aspe:::s lSscc:ared with the C""/Stal pro<iuc:ion such as 
coating 3.!:d g!ui.":g. 
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6. Produc:ion of High Quality Small Samples 

. .l..s of this tirne(.~~g1..:s: .!.) :.l;.e:-e ar: stiil no high pur::y s;:ia.ll 3~:nples ;:-cC.:.:c:d in 
tJ1e s--e,..~.,i a"':"':tli ... ; R-S=.!) :...::~- s"c-C'~s ..... ,.; bv tli:'" ~..,ne: 1f':-=-- ; .. 5 S'"" .. rir:C. m.,,. ... ...;_cr <;.:ov .. ·e, .... -. 1 .. :-~'l-'7- ·.:· ~.· --i"':~.I.'~.&.:.: -~==-.~~ .... ~ ... ~~~ .. ,...· ,;,·:· ~ .. ~ ...... ~ . .. ' ...... ;·~=:.;~. - .:.:---· tne .. .i..:.SL ..,~cc:i or se .e • ..;.. ::11 ........ :ii-:.mo1 ... ~ l! ....... x ... t: ..... e ........ !.l! .. n- ~ •• e .,.cn .. ll o .. _ ----S:. .:. .. OI:'l 
LL~1.. 2.nc:! Optovac. T.:e s~Ces l! C)provac :tavC sho\\.·n that ief:':ic:cr:1 me':?.!.s C\-1.7. Te. :\-L1) 
do "Ot 'cot- ~r•m's..;-,. ·~- .,: ..... -..,~··e.:. .. :"'I .,.....,_;..;t• ~·c'"o"1es "r•s ........ i,, .,S ... .; ;n (' .. ..;_., ·~.a·"~ 11se •1 • ~ ::' \.,; .i, .I. L.1.J.: _,:: ....... .,. •• ,__._., ~ .. u ;s.;...i.:"'1...., ... ._ ..... '" r' "" ....... ~." - .._._.I. ........ ..,.,..,..,,;._ 

Or• c"'e-'c.,i ~..,c-'on "r ~..: ... : .. ..; ... a Co'l, ... ,.; .r.,~;.~ .. e ·-•c'"oi'es .,~ .. ...... - .......... ..: .. ,.. _,..:.,,.. ... .. t..e 
.. .1. ........ - .. w- ~ u '"'"'"-... .. "4H.:· __ ,_._. =--:-u.1.~ -......... .. - ........ ,!".._ ............. ,,..., _.,.._,......_ ... 1..u 

C:l.tionic le~C.~g from u.~e griph.ite into tb.e meit 

i. Recommendation on Continued R&D 

... _.._: ., a .... ...: - ... .. .:~;-=~-. tn' .,,. ;i:- _..,..._ .,.j_.,., --a .,;1.,i...ia ;,...,,.. _., ~n ..;..,,~ ... .: ~,.;: l"\""''"lS l.u-... ...... lS .. =0\..1\- !"""s~u ...... ...,": .. " ..... u ......................... ve .... v......,_.., ... _ ....... - -"'n---~ ... g .... -.-... .... 
R&D program, the GE::'v1 c::1st:J..i spe::incations couid be me::. Tne hig':es;: pr'.ot": shouid be 
given ;:o the sr.idy of a technique of opric:ll annealing of c:-1stals in sir..1. The issue of 
sar.:..'":ltion in radiation indt:c:d absor;:tion dt:e to hadrons and phorons shouili be: srudied 
fur.her, and. the effe::: of differ::: t dose rate should be defined. v..· erk on prcd:.:c:ion of 
geed q0 .,J•r:1 long, rad.i:it:on hi~ c::1st:lls shculd continue, including: 

.. char:ic:e~71rcn of cr:C:i?iotes in c:-.. ·sc.ls to es-w.biish ccr:-:lat:on be:-;.·e::: ±:!: 
s== and the radi:i.rion ci=age !eve! in the fumac:s, 

- av·:iilabilicy of ~proved ~\v mare:::tl 'W;.th rcspec:: to impurit:s, 

- impleme:it:lC:cn of L'1proveC. vac~um sys~m, 

- on ~e b:?.Sis of ~~r: :-:sulrs cb~eC .le LL~"L :me! Optovac, ct:~ pane! :-::~=u.~ges 
SIC ro proc= f.!!l si::: ;i~rolit:ic:tl!y coated c:ucibies from LL '<1..., 

· proof of ciesig:: cf prcC.;;c=.cn eq_l.!i;:me::t me! ?fCCesses for fcil sc~: ;rcC::cton 
should be deiiver:d. 

- rhe imc~c: oft.'::: h:ld..""Cn ir.C.uc::d. ~C:oac'ivitv on oce:":!.rion of the Ce:e::or 
should .. be sr~Ci:=. \\·i~~ :rlcr: ~c:~=cns :?Ti.d"s~uu.G.rions~ 
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. . ' . ---::l.."::!! ~~:r.::::::~c.s ............ .a...... ......... .... -'-· ........... -·-- '- ... 

?-:i:Y-:.c.i::g ~~.:l: ~;:·.v ::::po:-..:...-:: "!x;::::~-~e~~.:.1. :-esul:s :=or:: :::e :ori.CT.U.:::g ?..J.:D ~=er: 
<W-iil be:on:e 1va.iiabie :e::·cr: :.~e ~c::r:oiog:: ct:cic: :s :n.:.c!e :er~~:: GE::Y[ :!lec=or::.::..g::e::.: 
c.,iorime"·- ,.;.. ... .av-e.....;_.. ...... ,..,i .;:-T,.,ron si. .... n:c. ....... .,<T.,~~ -0 .a .. al .. ., .... ,.. 1t -h ... ,. ...;_ 0 "";"" ... ;s w 0 s 
,-- .U. ~~ .. , ."""":- "".•"'!" ................ --: ~.l.L-.:-:- 40.I.. ... ,.. ..,,._ ~:::-•" .. ,_...,. i --~..,..,. .J. .,.i.,. _,~.;.,... "';.i,.... • ": 

·~e i.,e .. , ....... e~"Jea me~::na o· -~e ~ 11 1 r""l""'"' 1 ~ut-., ... " .... .,n .. 1 ............... ,.. ... ~ 1...,ve ... ._ ........ " .................. ... 
r.;.,. •4ool.o.l~ '"'"""" .__ ~l - •; l. '""'"" l-•· :' ............. , :.... ....... ; .. u_- :'._. '-• u .................. ~ • .1.- ....... !"''"' .. .::.""'"- -... ... "' ..... 
\Vi.l.l.ingness to help 'N"ith :..1.is late: ~·r..e•.v. 

8. Additional Information 

Tne panel was hel;:ed. during its disc:;ssicns by :h..~e :-ese::trc!:e:s who have :ec:::tiy 
joined rhe Bar2 R&D prog:-.-..':I: Dr. Craig Vlues~ anci Dr. Be:1 Fuchs from Live:=iore :u:ci 
Dr. L=-; F.illibunon from university of West Virginia.. The regular panel members :ire 

lis:ed in Acr:ichme:1t 2. C. Dozie: ::ind~!. Rothschild did :10t ra..1<e par: in :he ::hL.--C :nee::ing. 
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.-\.~~nda for the Third BaF: Panel :\.!e~ting 
Danas. 03-•J..i .-\.ug!lst 199: 

SSCLab. Buiidin:r -1, Srrate2v Room 
Monday. August 3. 199: •· 

9:00 Ope."!it!~ Remarks. F:e:i Gilrr::u:.. E.:;...-.·e:: L::~c~ (SSCL) 

9:l5 

9:30• Rer;orrs on :he wres: R&D Ac:ivities ar.i Srarus bv rhe GE.YI BaF• Gror.::;: 
(1). Ac-i··L·M·e< L·n ·h• r:r; • • · .... ~ .... ... .. .. ._ -... 
('.Z) Work in Chir.c, by fi:L-1e;: :'.'ie'.vman. Ren-Yum Z'rn 

10:30• 5'1..or: Swri.rr.c.'")· Ol. :he S:abiii:y Req:lir~.'1'!.e."!tS, Yu.-i Ka..'Tlysh..l.cov (GE~1~ 

10:40• Co Ee: B re:i.1<: 

11:00"' Ma:eriai Charac:eri:a:ion oj BaF: ar CE.-1, :Ylichael Scr:i.thm:m 

11:55" Spec:roscopic Charac:eri:ation oj?oin: Defec:s in BaF1 , Larry Ha.ilibu.--:on 
(L'nive::sity \Vest Virgi-'lia) 

l .,·l~;.lc __ ,,..,, 

13:00" 

13:30* 

15:00" 

15:30* 

16:00 

Woicng Lunch (Scr..:egy Room) 

GaTr.!T'..a. ;\,.eu..'Ton ar.." liadron Radiation Darr.age Sr.u!ies oj BaF:, C."":lig ViC'Cd:1 

Swface Preparation ar.d .4.na!ysis, Refie::ive Coar.rig, High P:U::y Cr;:s:.:! GrQwing, 
C-:llg Wuest, Ben Fuchs (Live:more) 

Sire Visir of Several Fad.lines in China. C.'"Jiir Wuest (Liv=ore) - . -

Coffee Break 

Corrmenzs on lrr.por:ar.: Issues, Paul Schotlllus 

16:30 Rvund Table Technical Disc:ASsion (and the proposed discussion Jeade:): 

18:00 

19:30 

Su.'T!ma..ry ofBaF:: Racful.ricn Damage Situation (Craig Woody) 
Feasibility of Pr::-Imldiacion Tre=ent. Sarurarion, Recovery (Se!:-anne:iling) 
and Tneorecical lincie::s=ding of ::.':e Effec:s (P:uil Schotlllus) 
Summa.-:1 of Mate:ial Analysis Results (Michael Strathman)) 
P:-odt:c:ion ofEigh Purity C.-:;sta!s with Good Surface Quality (Rol:e:: Spar:ow) 
Evaluation of the ~duc:ion Effor:s in China (Robe:! Sparrow) 
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SSCL:ib. Buiidin;; ~. Str:ite;;:-· Room 

Tuesd:iy, Aug!lst ~- 199: 

8. 1 .; ;;,; ...... 
9:00 

10:15 

10:45 

Contit!:.i.c::on o.r·:he P=.r.e! T~c/:r:lc=.I Disc:l.Ssion 

Coffee Bre~k: 

Pane! Recommend.af.on. Preparaf.on oj :he Repor;: 
Assessment of Ra:!.!af.on Hardness oj Crys;a.is 
Assessmer.r oj Producion Capabiiiry 
Seil! Unsolved Issues Re!evanr :o the Technology Choice 
"Final" Recommer..d:;:i.on 

12:00 \Vorking Lunch 

13:00 Contir.=tion of Preparation oj :he Pane! Reporr. 

15:00 Disc:ission oj the Draft i;y :he Par.el 
Preparation of the Revised Version 

17:15 End ofMe::ting 
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- Abr±:lr::. :'.-.farvin 
Chen. Yok 
Cnig, Rich:lrd 
Dozier, Ch:lrles 
Dnik.:er. A.;-:drew 

- Fuchs, Ben 

-

-

-

-

-

HP llibur:or.. Larry 
King, Steve 
LeCoq, P:lul 
Lynch, Ha:--;e:v· 
.Majewski, St:i.nley 
Rot.'1.schilC. :Vlordechai 
Schot:mus. Paul 
Sparrow, Bob 
Strathman, :\ilichael 
Woody, Craig 
\Y .. uesr~ Craig 

-~tt::ichment II 

BaF: Panel :\-!embers 
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-- : ::-: -·. ------- _.3_ _: = ..:..;:-.-::::-= = 

-- :.::.-: ? =.::-:_. 
?..c:-. 3a==-==, ~-:=.:-. .s:._ __ -::;:, 
~~=::.a.:. ~a=~:-:s:.3~y. ~~=::a-::. ~a=:~. ~a=~ ~e::.::...:..:::, 
3..:..:.:. N~s::~-e-...s~~(:::.a..:..=. 

St.e·:e:: :e:..:..a:~:, ::~:>: :~:::..:..a::::-.:, 3=.:.a:: =::.a.s:::-., ::.:~a=~ '.::·:=::.:::., 
C::.~::~~a Jia~q, ~a=~ ~a~:::~. :a~.:.~ --3Sa~e=, ~!:~ ~as:::, 
G.:eg v-e:.asc;:::e:. 

C~a=qe ~o t::.e ?a::e:: 
=~e ?a~el is aske~ :: =e7.:.~-... :::.e s:a:.~s o: :~e ncb:e 
:~c;-~:..c ca:==i~e:e=. Epec:..a.: a::e:::i::: s~o~:.= =e pa.:..c ~- :~e 
accc=:ion e.:.ec:=:~a;::e::i.c ?==:i::: c: :::.e ca:.o=.:..~e:e=.T~e ;a::e_ 
s~ci...:..:= foc-..:.s on. :::.e e::;-:..::e-:=i::g 7:.a::.:..:..:.::r a= :::.e C.esi;-:-.. 

3=ie! s~-=-.a=:r o:: c:i.e ?.e'J .. :.a·,.;: 
T~e ca.!o=:.::-.e:e= ::.es:.;:-. "'as =e·::.eweC. ...... ==:.::!.=.7, :...;. A.~;-..:.s:.. -=-~= 
?=ese::.:!::..:..=:-.s, q:..-:e:-. ":y !'1as:r"., ::asc;:-. a::.::. :.a-;c::ck, pa.:a.:.:.e:.e-=. :.::.e 
'Responses c~ Qi...:.es:.:..:~s ~e~a=~i~; ~~;i::.ee::i.~g rss~es o= :::.e 
GE..~ Noble !..i~i.:::: -:a.:.c=i.....-.e':=7 C·;:-;.:..on.s'. '!'~i..s :epo:--:., *'hi::!':. =-.ac. 
beer.. sU.:t:!.i::.eC ec :::e ?a::e.: i.:7. .aC:ra~.:e of t.!':e :ev:.ew, was 
w:i:-:.en i::. :es=c::.se :: :!le e.:..;~: cr~es:ions g.i.7e::. t~ :~e desi:;:i 
tear:-. in Jc.l.y. 

Du.=.::..:7...; :~e :.:..=s\: :-:.a.:.: o: \:::.e =e·.r.:..e-..- :::c ;:.:::e: :c::.=e::::3.:;C 
on :.::.e E.'1 ca:..:>r:i.::-.e:e=. --=~e :.:..:i.a.: seven q-..:es-:.i.o:::s we=~ 
ac.ci=ess~C. :r.o:e cu=so=ily C.u=:.::.c; :~e a.::e:::.oon sess.:.c::: 
e:esen-:.atio::s we:e 1.:.....~:ed == c~ose iss~e.s ~r.i.c~ ?a::e.: 
me..~e=s fe:: :3~~~=s~ c~a=.:.!i:3::i.c:: == :.:..sc~=s.i.cr. ~eyo~C 
:::.a: co:::ai~ec i~ :::.e ~=~::e::. =espo::se.s. 

:::.e ?a::e!.: 

The pane! iden~i!ied ~O sec~-s=c??~~S :. t~e concepc~al ~esi;:-:. 
p:esen:ed by ::te C.esi~ tea!:'~. 

T~e design of t.!':.e i~:e;:a:e-=. nc:.:e :.:..q-~~c ca:or.i.~e:e: is a: 
an ea:ly s:age of C.eve.:o~rne~e. We :e.:ieve e::.a: complet..i.c:: o: 
e~is compac: des.:.;-:-., :::.cu;~ faas.i.Zle, wi:: be ve=J c::.a::e::.~i~;. 

T~e desig:: of e::.e e.:ec::c::..a;::eci:-0~.:7 ca:or=...~eo;e: a.:sc a::ears 
to be feasi::le. ::.:::·""e'i .. e:, t..!':.e lack. o: a sc.!':.e:::.e t..!':.a: ;:e:::-..:.:s a.:.: 
o.: :~e ba::e: s~;-:-.a:s =~ =e passe~ :::.:c~;::. :~e ciewa= wa:: 
~~=ea~ens c~e 7~.a:.:..:~~y o.: ~::.is o;:~~=r.. 

We s~~;es: t~a~, i! e~:~e= of :~e ~c:la l~::r~i: calo::..~e:a: 
op~.:..=r.s is c~ose~. a :ee~.:..:ac :ec~~.:..:a: e~~.:..::ee:~::; re~~e~ 
be ~e:~ ·~=~i:: a !aw =~nc~s. 

Comr::.en~s ar.C =~r.ce:~s: 
A:.:~:~q~ :::.e pa~e.: ==~~= ~=:~.:..~; ~- :.~e Casi:;::. ~~a: ~c~:~ 
t:; ~.!':.e =.a.:..::.;:e o:: :..::.e ::3.::::=i=.e:er, •-e ::e•.ra::::.e.:ess ::.a·4·e 
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===::::-.::-. .a:-. .:. :.-.-:: -=.:::.:.-:-.a::: 
whi:::. ia-:.a.:....:.3 s;:~·:.:.::..:.:.:.:.:::.! 3.:-• .:. -~-.:.:..::.:: :.-.:::-. 
=eq-..:..:..=s::-.:::.-:.~. x.s.:-.·: -- ==::-:.:-:.-.:s ::-.=. .:.=·.-.:..J:=~· .-:.=.:: ..:.==. 
We ::.c;e ==--~= -:..:-.e ~:-.;:..::.:"==.:.:-.:; :aa::-. · .. .-:.. __ :::-. .:::....:.e= :::a::-. -·· ::-.a 
e~a..:.~~=:; .:.as.:.;::. ~- --~ =~-==~~::..:= 

:::.: 

-...ra.5 =a:..:.s·:-s·:. :.y ==·~:-. .: :-!.=.:-.~::.:.:.:.-:' ~ ::::-.::-.s:::.s a.:::·~= a 
p=:::..::.:·;e :::.a: :~a~ :::ee:: :::·..:.:._: ::::: :::.e ?..::3 
c.:::..:.a:::c=a:.:.::-. a:. =:::.::. :-:::..:.s :::=::.::::·:;::-e ::.as .::ee::. ::::e:. 
a:-.::.. :.as:.eC.. ::.=we•:e:, 
sho:~e= t.~a::. :~e ~:::~ 

:.:::.:.s ;:::::y;e :.s 
::a.==e.:. ::::1 C.esi;:: 

~~--;.o:;_::a-- .• 
--.,·-------·--~ 

( . 4::: "lS 4 . 3r::.; 
a 2::i. :n.cC:':.:..:.e :.s :.::. ?=::C.:;:::.i:::::) , a:::!, t.~.::':.:.:;h :.:. ::.as 
a ::ac..:.a.:.::= ·..;.:.::: s:.=.i:a= =.es:.;::, !:as =.:.:::e::e::.::e.s -·· 
i::.ce:::la: s:.=·..:.:.-::.:.:s a:-:.=. ·=.i::-.e::.s:.:::-.a.: :=:.e:a:.:s ---··· ::;::;1. 

?:.a:.e 
_, .=. ....... !'"'----

_es.:..! :.:..s __ s·...:.:;:;es:. :.=-.e :-.e.:·.:. === a:-. ~::i::: ;::g=a::-.. 
-:::.::-::-.a: c:::-.-:::ac:.:.:r-. ::-.:::.a.:..:.:.:-.; .::: -:=:a a.:::::=..:.::-. 

~s a: :.::.s -.s=y ea:.:.y s:aqe .::: ~:::.si~e=i:::; s.:.::.;:e 
i:-.i:..:.a: a::::.. ::.::.a.:. s:.a:es. :-.::.:..s ::-.==.e.:. s·..:.:;:;es-:s 

c~a:. :~e -e~= .:..:l :.~e s:.ee:-~=e::==:;-:ea= sa::.::.~.:..=~ :ay 
c=ee::. ':'!"'.is =·==::.:..:.:::; s:-.=:.:.:=. :e .;:.:-:;a::=.== -- ==::s.:...::.e= 
c:=:e e::sa!:'..::::a ::f ;,.:.:.:.es :.=:a:. c=:-.s:..:.:.:.:.:.: a ::::::..:._: .a::.: 
c~e asse::'~:y ~= :::::~:es :.~a:. c::~s:.i:"...::.e :~e =a.:.~==-~:.e:. 
T~e ~e:.ai:ec s:::;=:.:.:.:9 .::: ~:::e ?l.?.:.es, i::cl~~i::; :.~e 
pl.ar:.::.eC. q::.C.i::; o! .:.:ac. :.~ick::.e::ss a.!..::::.:; :~e .;.e::.g-:~ o: 
~~e :r:.cd~le a::::. :.~e =..:..:.:e: s:.:i?s, ::eeds c~ :e sc~~ied. 
Ir:. c::e: ~o u::.Ce:s:.a::.d :.~e :eve: o: :is~ associaced 
w!:~ :~e :aCia:o: =esi~::., =~:.:. $i:e a:::::i.::n p:a:es 
s!':ou.:.=.. =~ si;.t:ec:.eC. :.:J ::-.a:".y :.~e::::-.a.: c:lcles -- ~,,·a:'!..!~· 
c::.~:. C.el.?.::-.i:".a":i:::-., b•.!c~-:..:..~~;, e:.:=., ::.c ::.c-:. cc:::"..:=. 

D~:i::.; :.~e c~.:.~==-~e-=.e= c.::c~==~= ;:.::cess. 
~e~~e:acu:e c.i!::e:e::.-:.ia.:s de7elop :e:.~eer:. :.::.e =~~a:j: 
sc::;c~"...::e a::.::. :.::.~ :..:.~~..:..::. ~assa:. -- -~ .:...~;c::.a::.:. :.:: 
unCe:s:a::.= :~e s;a:.ia: i::.:e:i=:i:::. :: :.~ese :a:===-~~:.e: 
co:r:.pc~er:.:.s 

T~e ~es!.;:: 
Ce:.ai.:.s c: 

~:.:.:i::.; :.~is ~=~ce=s ~si::.; :::e:s. 
s~::;:: i:c:~~e a;p=:p=ia~e :.::c:a::.oes. ~~e 
:.~-:e :::: :-::cwr:. __ ..,.,..o,..;··-o ::---------

Assembly: The asse!:'..bl.;r sc!:e::e prese:-:.:.eC. is t.::c ::::::;:licace~. 
T~e :20 sli-:ie:s ~~i:!: =~s: be a:i;::.e~ 40 a:. a :.:..=e 
d:.:.:i=; i~se=:.ior. :: :.::e e:ec:.===~~e:i:: ca::=:...~e:.e: 
i::.:.:i -:.!:e ou:.e: li~~iC. •.resse.:, o: .:.~:.::: :.=:e i::.e;:.a:.e=. 
ca:o:i..T.et.e:, is a::. e:c1.~.;::e c: e:i::essi·.;e e:r:'.;::i::a:.ic::.. 
T~e s:::e:e a:s: i::.~o:7es ~e:C:i::.g sca~;:ed a:i;:":s~:. 
~:~~s, i::.~: ~~=-=~ :.~e =.c:~~es' i::.::.e: :adi~s a:iq:--~e:-:.~ 
pi:s e.:c:.e!" . .::. -:.: ::=e·4·er.:. as:r:=.e:.:i: s:i;:;ac;e ::.:.=:.::.; 
eo~:.:.ac:i:::., :.~==~;~ :.::.e i::.::.e: li~~i: ~e:se:. ~~e so::-: 
of ~e:: i::.:.e::.:e: ~e:e is c::.e::. ?=:r.e :.: :a..:.::.:.:e, wr.i:~ 
wou:: leaC :.: ~ea~3 !.::.:.: :.::e va:~:.:::. vo::.:...~2. ~~e=e is a: 
a:i~i:g :-:--:essi:::. :.~a:. :::e =~=:.~:::/7a=:.:.:.:..~ ~esse: 
asse=.:.:y is c-;e:::::.s:.:.ai:ed. 

~~e a=~~::. ~= :n.a:e:ia: i::. ===~: o: :~e =~=s: 
ae:.i7e e:e::a::.:. i::. :.!:e ac:::::i::::. is r.c:. c~:.i=~:. ':'~e ;ap 
whi::::. c:::.:.ai::.s :.~e i:::.e: t.ie-::::.S a::.: :.~e i::.::.e= 
mot~e::ca::s ::: :.~e e:~=:.::::.:.:s a.:sc :or.:3~~s, i~ ~~e 
case :: !:=::~:.:!"'., .3:ou.: .3 :a.c.=...a:.i::-. !.-e:-.;:.~ .__ ~.:.~..:.:.::. 
be:!:=~ :::.e ::.:s-: !e::si:.=.·:.i:: e:e:;.-e:-:.:.. 
a:.:.e:::;:-: :.: =..:.:::.=..:.:-a :.::...:.~ a.=.::i=i:::.i.:. 
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<Ce:. ·..;ee:: : . 4 a:-.C. -- , 

:ic·..;-e·:-:=' 
.:: =:::= ::::-.s . 

:::..:..s 

T::.e ga;::s !:e:·..;ee:: :.::.e ·.:a:::.::..:.;:. ·:esse:. a:-.:i _.:_~..!i.C. ve;se.:. a-=
ve:y 5;:4::. ~::.e =~~=- se~a:a:..:..::: :.::.a: :.s a:.:.o:.:eC w.:...:.: :e 
c=:wCeC w.:.:.:: ::=:.:..::;- ':.:.:.!::es -...:e.2..~e-:!. :.: -:::e ::.:.:s:..::.e c: :::e 
li.c;r..:..!.C. ·..resse: as well as .. .:..:::. :r:..:..::.:..-:a~·e: .:..:-.s"..:..:.a:.:.::: 
.o.:.~::.~e:.s. (.:.. :.:..~.:..::. n.:.:.=:;-e:-. .:::c.:.::..:-.; :.:..;=-: :aye!.,;: h.:s ::::: 
be:r: ::.c:-.e}. ~'la a:-: c:r:.ce::-.eC a.Cc..::. ~::.; · .. ·a:·.:.:.:...":'. ·.;ess:e.: • -
~~e :eq:..or:. o~ ~a==e:.-er:~:a,;: i.:::.a:!a:e. S::.:.d.:..es s~:~.::i ~e 
pe:=c:=:::.eC. :.: =.a:.e== . .:.~e ;..: :::.e vac:.::..:.:::. · .. ;e.sse:. w.:.:..:. nee-=. :.: ::::e 

t.~e=ta: e:!:!e-::.s o:: :::e :.:a-::<e: ga~ s:;s:.e::-. s::.: 1..:..:.=. :::e 
ev·a!~a:eC.. :::e =.es.:..;::. s::.=t.::.:. aC..:.=ess ::-:.e .:.:::e==~·.:e p:::=:e~ 
o::: :.!le ca!::::.=.e:.a:' s :.::.e:::-.a: e::ec:s ..... :.~-.e ~ei;::.Qc:i::.; 
svs~er:t.s: w~a= .:.s :ecr~i:e: ·- :e=~=::. :::.e sys:e~ bc~::.~a=7 
to ar~.:.e~: =e~pe:a:~:es7 

T~e ba::e: :ee~-~::.::uqh :e~ion, whi:h is :cca:ed i::. ~he 
o~:e= cc:~e= :: :::.e :a=:e: nea: :.::e enC:a?-ba::e: i::.:e::ace, 
is c=~weed bec~~se of ~::e :i~h:. s?a:.:.~: c:r.s::a~::.:.s. 
'!'!:e V'ac~:..:..-:t ga? ;.:..::.c::es C.C#:". on :.::e siC.e c: :::e :eeC.-i:h:ou.q!'l 
c!ose: to :he cen::a: Ce:.ec:o: s~p;c:: (see Fiq. 2-::,~9 in 
'Re~?c~ses ..• ';. ::. w:.:: :e 7e~J :.:..::.:..:~::. :.o i::.s:.a:: :.~ese 
t~ese :a::es. ~~::ss ca:e is :.a~e~, :.::e =~=:es =~~:~ easi:y 
p:=viCe a :~e==~! c~~d~::io::. ?a::: :e:...,ee:: :.::.e c::::. ~~ss 
a::.~ r:cc :e~~e:a:.~:e. s~:::.cien: s;ace is ~~ai:a::e i::. =~e 
endc.ap so t.~a: :.::.is ?=:b:e~ is cc:. e:-c;::ec:eC :.=:.e:e. 

T~e c=~~ac~~ess o: t~e Cesig:: l~:.~ ~~e a=i:ie7 t: C.: :r.any 
of e~e we!Cs wi:~ ease. :~a -:iq~~ :.ole:ances for:e Celicaee 
cables to pass close to we.:.: ?Ci~:.s. ?~a::.s =~= li.-:ti-:inq 
cable da::-~;e ~a?e ;een :.;en:i.:i.eC. We :ee: :.~a:. :.~e e::~c3cy 
o! t:iese 't.ec::.::.:..~.:.es sh.oL.:..:..:. :::e c.ee.c~s-:.:a=.ad.. Ve:i:i:ati·~n o:: 
weld in:eq=i:7 s~o~!~ also :e aC~=essaC: nta~ :.ect::.i::r~e is 
neeCeC1 !s e~e=e S?ace :.: C: i:.? 

Mi:.i:;a::.io:: o: :.::e e.::ec-:s o: ca:as:::;:~i: •rac:..:.:.!-~ less sZ:.culC. 
Ce in?esei;a~e~ as wel: as t~e e!:ec:.3 o: :a:;e !..:..~~.:..: leaks 
in:.o :.~e vac::.~~ vc:::=e. ~~e :.~i:~na3s c: :::.~ :.~e ~=--~cs:. 
·..rac::.~--::. a::.C l.:..=:..:.i::. ·resse: wa:.:s ou:;::.: :: == =e-e;~..:.r.:..:..::eC. 

A:. i~:.e::ace ~esi~ o: :~e ca:==~~e:e: == :~e ca::::a: 
Ce:.ec:.o= s~??:::. :::..::.: s::.:~:::. =e ;ene:a:e~. ?:c~oseC 
g::.sse~s f:o: :~e cen:.:a: ::.e:ec:== s~p;:c::. :o :~e ca:o:i.=e:e: 
ot!~e= ·.;ac~.::.:...""::. ·:esse.:. •i:: a::-e·:: :::a ·.;esse: s:.=e::;-:.::. a:-.::. 
w~~, co~p!i:a:a :~e Ces.:..;-::. 

T~e p:ese~:e -~ a::.:.-;-e e:ec:.::~i= ===~:::.e~~s i~s~~e :.~e 
li:r~i~ ?c:~..e ~~~==~~=es a ~ea~ s:~::e. :~e c==~i~e~ s:ay
c:c:~~; =~=a s=~a=.e a;pa~== ;::=~~~~;. ~==e a:::=:. ~s ~as~e~ 
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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, Hl, NA34, E706 ... 

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

-

-

RD3 4.4mm/.../E 

3. Excellent Timing Resolution - Robust to 
10 34 

System Measured for EM - 1 ns 

4. Not Sole Source for Production 
Therefore savings can be 

optimizing production sources: 
universities, etc. For example, 
Aircraft Manufacturing Factory 

realized by 
overseas, 
Shanghai 

5. Strong Core Team - Would like the 
- ENTIRE Calorimeter Group to Join 
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Tl~IE PRECISION CALOJ?IMETER 
SYSTEM FOR GEM 

• 1-IIG/iER PliYSICS DIS'CO,IEJ~lr [JQTENTIAL 
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GEM Executive Committee requirements to BaF2 and LAr-Kr tP.~hnologies 

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 requfrements 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. 

r-vResponse to the requirements must be reported to Collaboration management by 

~~~ew!~e~~~!~db~a~~e0~x=~~!i~~·c~~m~~~=~ ~~a~1!~: ~~~~e~e~~~~~~:;a~~~n~ 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. 

c • • • • • • • • • • 



A. Requirements for BaF2 technology : 

1. Demonstrate substantial improvement in radiation resistance of 
large BaF2 crystals (20-25 cm long) towards the GEM specifications -
reach absorbtion length of at least >60 cm at 220 nm after lMRad 

- irradiation with photons, and if possible high energy hadrons. 
Present a detailed plan to obtain final GEM quality crystals, 
along with evidence of manufacturability and cost, including 
work required to prepare crystals after delivery. 

by August 1, 1992 

2. As proposed by the expert panel, produce small radiation-hard 
crystals to demonstrate there are no fundamental limitations in 
making rad hard BaF2 crystals. ( eg. absorbtion length >= 95 cm 
at 220 nm after 1 MRad) 

by August 1, 1992 

3. Address in detail questions of preradiation, wrapping, residual 
non-uniformity, etc in crystals 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 

4. Show 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 proposal 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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l\:) 

8. Requirements for LAr-Kr technology : 

1. Demonstrate by beam tests 
geometry <= 7%/sqrt(E). 

stochastic term in resolution for non-projective 
Determine angular dependence of this resolution. 

by August 1,1992 
00 
02. Produce detailed mechanical design/analysis of e-m barrel and end caps 

optimization of gap between barrel and enn cap, wall thicknesses, etc. 
by July 1,1992 

with 

3. Demonstrate by MC simulations for realistic projective geometry and full 
angular range (between 90 and 5.7 cegrees) the resolution 

t 

<= 7%/sqrt(E) + 0.4% 
and physics consequences of the gap between barrel and end cap, wall 
thicknesses, etc. 

by July 1, 1992 

t t • • • ' ' ' ' ' 
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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 

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

2. Provide detailed practical plan for calibration of 
LAr-Kr detector in situ. Provide an evidence that 
electronic calibration is equivalent to the detector 
cali bra tio;·. with the required accuracy. 

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

4. Provide the results of the benchm~r.k 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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00 
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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 
sttategy 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. 

• • • 4 ... • • • • • 
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Calorimeter System Cost Comparison ... 
"US Cost Basis" 

LAr Integrated Scintillating LKrHybrid ... 
Hadron $101,000K S57,000K S63,000K 

Barrel LKr Sl9,500K SOK $2,000K 
... 

EM S78,000K $42,SOOK 

Forward SlO,OOOK SlO,OOOK $10,000K 

... 
Pre Rad SOK SOK SOK 

Electronics S22,000K S6,000K Sl9,000K 

... 
LKrTotal $152,SOOK $151,000K $136,SOOK 

LArTotal $133,000K $134,SOOK 

-
... 

... 

... 
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Calorhnetcr System Cost Co1nparison 

"International Cost Basis" 

) ) ) 

LAr lnteg. Contrlb. Sclntlll. Contrlb. LKr Hybrid Contrlb. 

Hadron $76,000K 25°/o $41,000K 28°/o $45,000K 28°/o 

EM (Other) $33,000K 28°/o $31,000K 28°/o 

LKr/Crystals $6,500K 33°/o $31,000K 0°/o $1,000K 33°/o 

,1~~~~--~--~~~~~~--~--------~~--~--~~~~ 

Subtotal $82,500K $105,000K $77,000K 

Forward $OK 100°/o $OK 1 00°/o $OK 1 00°/o 

PreRad $OK na $OK na $OK na 

Electronics $11,000K 50°/o $3,000K 50°/o $9,500K 50°/o 

LKr Total $93,500K $108,000K $86,500K 

LAr Total $87,000K 



UNRESOLVED DETECTOR R & D ISSUES 

(group reached consensus for these issues) 

l. MATERIALS COMPATABILITY WITH LKR (NOT NEEDED IF LAR IS FALLBACK) 

2. DEMONSTRATION OF 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 

o Higgs-2gamma at higher luminosity 

o Importance of pointing and preradiator 

0 Ti-structure for BaF2 
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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 
• "3 )'... ~~;\J~ i >°\ C«.(~1f'; th<. tc.r '? 

• • Which technologies? 
- chambers for tracking 
- alignment scheme 
- chambers for trigger 
- reports due 9/28/92 
- presentations 10/6/92 

• 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 1 m x 4 m x 8 layers 7/28/92 (delivered) -
PDT-MSU 1.3 m x 3.8 m x 4 layers 9/11/92 

LSDT 1 m x 4 m x 4 layers 9/20/92 

RPC ... 1 m x 2 m x 2 layers 9/20/92 -
CSC-BU 0.5 m x 0.6 m x 3 x 2 layers 9/16/92 
CSC-BNL 0.6 m x 0.6 m x 2x4 layers .9/15/92 
CSC-BNL 1 m x 1.8 m x 4 layers ---------
CSC-UH 0.5 m x 1 m x 3 layers 9/15/92 -
CSC-JINR 1.1 m x 1.5 m x 2 layers 9/28/92 + 

-
• Barrel Issues: 

1. Which is the more attractive drift technology - PDT or LSDT ? -
2. Will the RPCs perform in terms of jitter, background sensitivity ? 

3. In case RPCs arc not accepted, is there an alternative trigger ? -
4. Will the CSCs perform in barrel in terms of alignment, costs ? 

-
• Endcap Issues: 

• 1. Will the CSCs perform in terms of resolutions, background, costs ? -
292 -
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Technology Decision 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 lhr talk 0.5 hr Q&A 

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

• Steering Committee makes a rating 
morning 10/7 /92 

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

• Collaboration Council Meeting 10/8/92 

• Rating presented ~o 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. 

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