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Abstract: 

Agenda, attendees, and transparencies of the GEM Collaboration 
Council Meeting held at the SSC Laboratory on June 4, 1992. Agenda 
items ate: Report from Spokesmen; Report of Progress on Full GEANT 
Simulation; GEM Baseline I and Evolution to Baseline II; GEM Physics 
Simulations; GEM Organization Committee Report; GEM Costing; Report 
on GEM Magnet; GEM News; Calorimeter Report; Muon Report; Central 
Tracker Report; and Electronics Report. 
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GEM Collaboration Council Meeting 
June 4, 1992 

Revised Agenda 

Report from Spokesmen (B. Barish/B. Willis) 
Report of Progress on Full GEANT Simulation (K. McFarlane) 
GEM Baseline I and Evolution to Baseline II (M. Marx) 
GEM Physics Simulations (F. Paige/K. Lane) 
GEM Organization Committee Report (C. Baltay) 
GEM Costing (G. Sanders) 
Report on GEM Magnet (R. Stroynowski) 
GEM News (I. Sheer) 

LUNCH 

Calorimetry Report 
M. Seman 
Y. Kamyshkov 
L. Sulak 
H. Newman 
R. Zhu 

Muon Report (F. Taylor) 
Central Tracker Report (C. Baltay) 
Electronics Report(D. Marlow/M. Shaevitz) 
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Memorandum 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Mail Stop 2005 

Dallas TX 75237-3946 
(214) 708-6325 

Fax: (214) 708-6088 

Physics Research Division 
GEM Project Office 

92 6424 E P 0001 

To: Harvey Lynch and Jon Ives 

From: Gary Sanders - GEM Project Manager G~ 
Subject: The GEM Coil Winding Building 

Date: June 1, 1992 

Due to the fact that the Gem Magnet is on the critical path of the experiment and the 
completion of the SSC, the on-site facilities for the magnet construction and assembly are 
required at a very early date. · 

The beneficial occupancy of the coil winding building is required for February, 1994 and 
the information available at that time indicated that the only solution was to place this 
building at IRS. This was due to the fact that the access to both IRS and IRS was foreseen 
commencing from the north and that the exploitation of the IRS site would also involve 
more preparation than IRS because of the wetlands present in that area. 

An alternative solution for access has now been proposed using the upgrading of Ebenezer 
Road and Tammy Lane to enter the site, which would enable the surface equipment of the 
contractor to be brought in at an early date to start the necessary preparations. Since these 
roads are off the SSC site area, the TRLNC have been responsible for the negotiations of 
these road improvements. The schedule must be maintained, within a month or so, thus 
permitting the required access in order to meet the Coil Winding Building BOD. 

If the Coil Winding Building were to remain at IRS then the 24 transportations of the 
finished wound magnet coils, approximately 20m diameter, from IRS to IRS would 
impose special requirements on the road and bridges between those two sites. 

With these facts we request that you pursue the option of the Coil Winding Building being 
placed at IRS, as shown in the attached preliminary drawing. This solution we feel will 
considerably improve the GEM magnet manufacturing and assembly process and, at the 
same time, meet the schedule requirements. I would appreciate any comments you may 
have at your earliest convenience and would also appreciate receiving confirmation of a 
modified layout showing these changes in the near future. 

Copies to: EdCrumpley 
Holly Durden 
Mike Harris 
Tom Prosapio 
Bob Richardson 
Gary Sanders 
Bill Willis 
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Suggestions for IMprovement of Baseline 1 
M. Marx 
June 2, 1992 

We intend to upgrade and improve the baseline 1 document for 
the dual purposes of providing more coherent information to the 
collaboration and to use as a major pan of our submission to the PAC 
in July. For the former we request help from the subsystems in 
updating the information, improving the format, adding material 
where needed, and weeding out extraneous material. For the latter, 
we intend to beef up the textual material as a guide for the PAC to 
our current design status. It is worthwhile to recall that the last 
submission to the PAC was our LOI in December - this had no FFS, a 
completely different tracker, no mobile magnet, etc ... 

We list below requested changes in the baseline. First general 
changes and additions are listed, and then subsystem specific 
comments are indicated. Further improvements suggested by each 
susbsystem are welcomed, and suggestions of others will be 
forwarded. You are urged to look critically at all subsystems - this 
volume is intended to be read and used by non-experts as well as 
afficionados ! 

General Comments: 
1 We will add 2 new sections on Radiation Levels/Activation and 
on SSC Test Beam Facilities and Plans. 
2 All technical drawings should conform to standard engineering 
practices. 
3. All drawings, plots, and illustrations should be provided with 
clear captions, if at all possible, directly on the figure. 
4. All subsystems should revisit the introductory texts from the 
point of view of explanation to the PAC of changes from the LOI (and 
rationale), and the current staus of the design and the outstanding 
issues. These should be submitted within 1 week (due June 
12). 
5 All subsystems should re-examine the statements of physics 
and engineering specifications which preface the sections. These 
should provide a clear statement of the highest level specifications, 
goals, purposes and constraints within which the design is 
proceeding. 
6. All plots of performance calculations should reference existing 
or future GEM notes to provide the basis of the calculations. This 
includes resolutions, acceptance, efficiencies, etc. 
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7. All drawings showing more than one subsystem should show 
baseline versions of each system for consistency. 
8. All systems should provide abbreviated lists of key milestones 
to augment the general GEM and facility milestones. These are due 
by June 12. 
9. All submissions to the new baseline should be 
complete by June 25. 

Specific System Comments: 
Magnet and Field 

Check that Baseline is coinsistent with TDR 
Tracker 

Fix consistency or calorimeter drawings 
Wire readout to stereo pads 
Material budgets for silicon ii.nd IPC - plots for all eta 
Drop cabling requirements 

Calorimeter 
Legitimize new baseline 
Show module details - EM and Hadron 
Show plots of XO and lambda vs eta.phi 
Resolution vs eta 
Acceptance for e,gamma 

Muon 
Show technical details of technologies 
Show truss details for barrel and ends 
Fix table p 11-17 
Captions and Figures in Sec 4 don't match 
DEpth doesn't match calorimeter baseline 
Does energy loss include calorimeter measurements?? 
Trigger plots hand drawn!!! General quality poor 

Alignment 
Needs beef 
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PERSON 

GEM MAGNET ACQUISITION PLAN 
Routing Sheet 

TITLE STATUS SIGNATURE 

-

-

Richard Fischer 

Gary Sanders 

Bill Davis 

Fred Gilman 

Ch:irlie Dan 

,,;r,'°""'eorge Provencher 

Steve Brumley 

Roy Schwitters 

GEM Business Manager Review 

GEM Project Manager Approval 

GEM Subcontract Admin Review 

Physics Associate Dir. Approval 

SSCL Procurement Review 

SSCL Procurement Dir. Approval 

SSCL Legal Counett-~ I Review 

SSCL Director Approval 

For the submittal of the GEM Detector Magnet Acquisition Plan to DOE on Friday, 

May 8, 1992 

35 



... - ·o .. - --
~HV 

1. "5"PLcHENT'lf~ E:"'v1~0,.,HE>1,.1r1.. lrl'ltcLvS•~ OF 'f"HE:' ,, 
&EM M~GM'E'T' !ti- 91-10 

1"'"'"$~itul bl Roy 5J..w;tf-t4, ht bOE o"' M(J 14. 

2. ''GEM M~GNET f\'C.QV\~tTror-1 PLA-#1/'' rtJ-~2.-g 

Ruic.w~ CAA\o o.~p~t.cl ~ i-W.. t...bonJ..~ ~,~~t.wtt.J. 
1"' f'IW'~"""-Mt.J ~J e.J Sc.Lw'~s t- t>oe ."' Md 1~ • 

~ ... GtH Ml\G-Nf:T JtEGvEsr Fotl. PtOPoS/rL'' 

_ Dn.\+ .. llL,!i."" . 1-J:" be. "C.""~ r c.-.... ~ .i. i_..\~ 
."' }"" ,, . 

- P~~~1 Pit'- o.rro...t "'" "- ~1- °""" ··~ 
~~Wt .. ~.s~rtt."'\.U "ti~"'""o b\.1~ *c. 
... M ·t ~"rk.-.. tau I Oc.\:.~. 

... 

-

-

-

-
-
-

-- P"~u boe ... rr~~.t brt! ~11 ~ ~~ 
.,t, d--w ·~ \~,) • 

_ ~o ~ - W\O ~lAr~ '"' ~J,,,oW"' . ... 

fl~"' : ~a.i"'~+ i"'d-'...,.J 4- b\.l ·~ tei~ ~~""'4c.:ko111. 
~cro..,.Jc, w"'~J.,,., "e.ft'~·~- ,J'fk~ 1 ... 

~~ rJ..\ sh..~ ... "'.\ (.L"'.Wil s"'r0 
"''W\~'q. 0.\ ~C.~Q.n.,k : ~t.•\. 

36 -



-

the gem magnet 
. REQuEsT.J?o~':pf{oPosAL 

.- ' I • -'- .• I • - ' 

I ~ej> ! 
\ I 

magnet subsystem 

Superconducting - . ' '· . . .. 

r 

37 



4. "GEM MPrG-iJEI i"E"C.Hr'ICftL- be.~IGlll RE?o1tT
11 

I ~ <A~~ u\~h . 
.2 "'.l Gl~ .. tt Mic. j"' "" 's . 
w;\\ be. ~~b~\k.-1 ~ PfrC... J. L. ""'.( -f dtA.vtc. · 

5. " GEM M~~Wlt.+ Spc.c.A~u:ko~~ '' 
olf'-.{t al!.~ 

'. "CoY1clM.c..tor Ac~IM:.i-h·o"' 
'"' p<t.p .. .,..,-k."" 

Plo.i.. 
,, 

1.. '' ~i V1c!i~~ Dc."c.lop~c.""+ PlCllll '' 

'"' p<t.p&~ff•V'-

I. " M~_,c.J c~+ Es"'~"'k'' 

c.•"'\\~·-'l ""t-'•k-1 , w\ll ~ '"'L~~ "9 PA--c 

38 

-

-

-

-

-

-

-

-

-

-

-



-

-

MAGNET MOBILITY QUESTION 

THE MAGNET MOBILITY POSSIBLIITES WERE DISCUSSED AT THE 
PREVIOUS EXECUTIVE MEETING AND AFTER VARIO US INTERACTIONS 
wrrn MAGNET, MUON, CALORIMETER AND TRACKER GROUPS THE 
FOLLOWING RECO.MMEJ.'IDA TION IS PROPOSED AFTER REST A TING THE 
FACTS. 

2. 

3. 

4. 

SINCE THE MAGNET HAS TO BE INSTALLED THERE WILL BE A 
NEED OF SUITABLE EQUIPMEt'IT TO DISPLACE THE TWO HALF 
UNITS ALONG THE LENGTI:I OF THE HALL. 

THE MAXIMUM COST DIFFERENCE BE1WEE.."l'll" A SOPHISTICATED 
SYSTEM TO CARRY OUT THIS MANEUVRE SEVERAL TIMES AS 
OPPOSED TO ONCE IS ESTIMATED AS $7.0M FINAL STUDY MAY 
SEE THIS FIGURE AS BEING LESS. '?, !i '~"' t .,,+,-.-4<, A "" :l .S M 

THE SEQUENCE OF THE BASELINE INSTALLATION SCHEME IS 
THAT THE MAGNET IS INSTALLED WITH THE CENTRAL 
MEMBRANE Ai'ID TESTED. THEN THE MAGNET CONNECTIONS 
ARE BROKEN AND THE HALF UNITS DISPLACED TO INSTALL 
THE CALORIMETER, THE BARREL MUON CHAMBERS AND THE 
TRACKER. THE MAGNET IS THEN CLOSED ONCE MORE AND THE 
ENDCAP MUON CHAMBERS ARE ADDED AL'ID THE BEAM PIPE 
CONNECTED. TIIIS IMPLIES MOVABLE SERVICES FOR THE MUON 
BARREL. 

IF THE CALORIMETER AND THE TRACKER COULD BE INSTAI I ED 
WITH THE TWO MAGNET HALF UNITS TOGETHER·THEN THE 
MUON CHAMBERS COULD ALSO BE INSTAI I ED UNDER THE 
SAME CONDffiONS. THIS WOULD GIVE MINIMUM ACCESS 
DISTURBANCE DURING THE MAINTENANCE OF THE INNER 
CENTRAL REGION WHERE IT IS EXPECTED THAT THIS ACCESS 
WOULD BE REQUIRED EVERY YEAR AND THE ACCESS TO THE 
CALORIMETER IS ESTIMATED AS EVERY FIVE YEARS. 

5. THIS IMPLIES NO MOVABLE SERVICES AND NO MAGNET 
DISCONNECTIONS. 
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Mobile Magnet costs 

• We do save some installation cost, compared to fixed­
magnet approach. 

' 
Total estimate for fixed magnet is -$3M. 
Savings guesstimate: as much as -$1 M. 

best guess -$0.5M 
(We still must move to headhouse, lower, move to position, 
align, connect aux systems, etc., and now we have track 
inst/alignment) 

• With integral calorimeter support (less weight on magnet) 
and grease pads, revised cost-increase guesstimate: 

min cost max cost 
frack 0.25 1.0 
drive system 0.5 1.5 
grease pads 0.25 0.5 
additional structure 0.5 1.0 

1.5 4.0 

VG-GEM-92-006-3 
2/\3/W. 

. . . ·- .. - -·· . ·- .. --------·--·-- ----- -···· ·--·--. -~----·· 
f • f • • f • f • 
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-
IN ORDER TO HA VE CO.MPLE1E FLEXIBILITY IN THE FUTURE AND TO 
PERMIT THE S1UDIES TO CONTINUE AT LEAST A FEW MORE MONTHS 
IT IS PROPOSED THAT THE MAGNET BE DESiffiIBp AS BEING MOBILE 
AND ATTHE SAME TIME CONFIRMING THE COST DELTA BE'IWEEN A 
ONE TIME MOVEMENT AND SEVERAL MOVEMENTS. HOWEVER, THE 
DE1ECTOR DESIQN~ELIMINA1E THE posswx BUSE OF SUCH AN 
IMPORTANT IN1ER ON SHOULD BE CONTINUED WITH THE 
HIGHEST PRIORITY. 
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M.C. SIMULATION STUDY OF GEM EM BARREL CALORIMETER 
WITH PROJECTIVE ACCORDION STRUCTURE 

MICHAL SEMAN 
COLUMBIA UNIVERSITY 

* AIM - OPTIMIZATION OF ACCORDION STRUCTURE FOR BARREL 

- START WITH CURRENT 'BASE LINE' DIMENSIONS 

* GEANT 3.14 ENVIROMENT 

- SET UP 
- OPTIMIZATION OF GEANT 
- PHI DENSITY OPTIMIZATION WITH 'GEANTINO SCAN' 
- PHI DENSITY OPTIMIZATION WITH 50 GeV SHOWERS 

(GEOMETRY CODE IS BEING MODIFIED BY M. LELTCHOUK 
FOR THE SIMILAR ENDCAP OPTIMIZATION) 

* ENERGY RESOLUTION 

- ENERGY RESOLUTION IN THE RANGE (5-320 GEV) 
- LINEARITY OF CALORIMETER RESPONSE 
- THETA DEPENDENCE OF ENERGY RESOLUTION 
- ENERGY LEAKAGE AS FUNCTION OF IMPACT ENERGY 
- POSITION AND ANGULAR RESOLUTION 

* MOST OF THE STUDY WAS DONE WITH LIQUID KRYPTON 
AS ACTIVE MEDIUM 

- ENERGY RESOLUTION FOR LIQUID ARGON FOR : 
- TWO STRUCTURES.AT THETA= 90• 
- ONE STRUCRURE AT THETA = 45• 

* INFLUENCE OF CHARGE COLLECTION AND PULSE SHAPING 
ON ENERGY RESOLUTION 
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CALORIMETER SET_UP 

* FOR 7 x 7 TOWERS > 3000 POSITIONE VOLUMES 

* GEANT CAN'T STANDARD WAY OPTIMIZE SEARCH OF THE VOLUMES 

- IT WILL SPEND MOST OF THE TIME IDENTIFIING IN WHICH 
VOLUME IS IT CURRENTLY AND WHERE TO STEP NEXT 

- OVER 20 min/GeV with 100 keV CUTS ON SGI 

- TABLE OF NEIGHBORN VOLUMES then 12-25 sec/Gev 

- VERIFICATION RANDOM GENERATOR SEED NUMBER AFTER 
GENERATED EVENS HAVE TO BE THE SAME 
FOR BOTH SLOW AND FAST VERSIONS 

* DEFINITIONS 

- MEAN GAP WIDTH 
- energy resolution (sampling ratio and frequency) 
- tower dimensions 

- STARTING ANGLE 
- local inhomogenities (number and magnitude) 

- BETA/DELTA RATIO 
- energy resolution 
- position and angular resolution 
- isolation 

- MEAN CORNER RADIUS 
- energy resolution 

* STARTING CONSTRAINS 

- 52.1 cm AVAILABLE FOR ACTIVE CALORIMETER DEPTH 
- 25 XO REQUIRED 

* PHI DENSITY OPTIMIZATION WITH 'GEANTINO SCAN' 
* PHI DENSITY OPTIMIZATION WITH 50 GeV SHOWERS 
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GEM EM ACCORDION CALORIMETER - SEC. OF BARREL 

-

10 cm 
x 
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Jsers DI:RECTIVES OPTIMIZED for this run : 

75.00 cm 
76.00 cm 
80.90 cm 
82.50 cm 

86.43 cm 

138.53 cm 

142.53 cm· 

- Rin of WARM CRYO wall (Al) 
- Rout of WARM CRYO wall 
- Rin of COLD CRYO wall (Al) 
- Rout of COLD CRYO wall 
- FRONT STRUCT~ : 

2.00 cm - LKr GAP 
1.00 cm - GlO for Electronics+Cables+Spacers 
1.00 cm - GlO FRAME with SS sheet holders 

- INNER RADIUS of ACCO:RDION STRUCT~ 
- ACCO:RDION STRUCT~ : 

0.095785 cm - LEAD thickness 
0.135785 cm - ABSOBBER thickness 
0.190254 cm - LKr thickness 
0.556293 cm - CELL thickness 

.§.!g_ - Total number of CELLS 
4 - Number of CELLS in TOWER 

210 - Number of TOWERS 
0.029920 rad - TOWER dimension in PHI 
0.003740 rad - DELTA 

4.900 - Ratio BETA/DELTA 
0.018326 rad - BETA 
30.70820 deg - ALFA of first stack 
57.47947 deg - ALFA of last stack 

14 - Number of STACKS 
- OUTER RADIUS of ACCO:RDION STRUCT~ 
- BACKWARD STRUCT~ : 

1.00 cm - GlO FRAME with SS sheet holders 
1.00 cm - GlO for Electronics+Cables+Spacers 
2.00 cm - LKr GAP 

- Rout of EM CAL 

ltEllA/ eo~/t/Gll.. 'llADlllJ 

ss - 2 • o.1s ,,,,., 
GLUE - 2. JC o. OS ""' "'Z... 
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Figure 6: The calorimeter response, normalized to the mean value, as a. filnctioa of the electron 
z position over half a. cell for a. 90 Ge V beam. Closed circles: experimental points. Open circles: 
prediction of a. full shower Monte Carlo simulation of the Accordion geometry. .. 
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~rs DI~CTIVES OPTIMIZED for this run : 

75.00 cm 
76.00 cm 
8' .90 cm 
8:..: .so cm 

86,43 cm 

151.52 cm 

155.52 cm 

- Rin of WARM CR.YO wall (Al) 
- Rout of WARM CRYO wall 
- Rin of COLD CR.YO wall (Al) 
- Rout of COLD CRYO wall 
- FRONT STRUCTURE : 

2.00 cm - LAr GAP 
1.00 cm - GlO for Electronics+Cables+Spacers 
1.00 cm - GlO FRAME with SS sheet holders 

- INNER RADIUS of ACCORDION STRUCTURE 
- ACCORDION STRUCTURE : 

0.094465 cm - LEAD thickness 
0.134465 cm - ABSORBER thickness 
0.188405 cm - LAr thickness 
0.551275 cm - CELL thickness 

840 - Total number of CELLS 
4 - Number of CELLS in TOWER 

210 - Number of TOWERS 
0.029920 rad - TOWER dimension in PHI 
0.003740 rad - DELTA 

4.900 - Ratio BETA/DELTA 
0.018326 rad - BETA 
31.56763 deg - ALFA of first stack 
60.85427 deg - ALFA of last stack 

18 - Number of STACKS 
- OUTER RADIOS of ACCORDION STRUCTURE 
- BACKWARD STRUCTURE : 

1.00 cm - GlO FRAME with SS sheet holders 
1.00 cm - GlO for Electronics+Cables+Spacers 
2.00 cm - LAr GAP 

- Rout of EM CAL 

72 

.. 

-

.. 

-
-

-

... 

-



-
1sers DIRECTIVES OPTIMIZED for this run 

-

75.00 cm 
76.00 cm 
80.90 cm 
82.50 cm 

86.43 cm 

138.49 cm 

142.49 cm 

- Rin of WARM CRYO wall (Al) 
- Rout of WARM CRYO wall 
- Rin of COLO CRYO wall (Al) 
- Rout of COLO CRYO wall 
- FRONT STRUCTURE : 

2.00 cm - LAr GAP 
1.00 cm - GlO for Electronics+Cables+Spacers 
1.00 cm - GlO FRAME with SS sheet holders 

- INNER RADIUS of ACCORDION STRUCTURE 
- ACCORDION STRUCTURE : 

0.125530 cm - LEAD thickness 
0.165530 cm - ABSORBER thickness 
0.175876 cm - LAr thickness 
0.557282 cm - CELL thickness 

840 - Total number of CELLS 
4 - Number of CELLS in TOWER 

210 - Number of TOWERS 
0.029920 rad - TOWER dimension in PHI 
0.003740 rad - DELTA 

4.880 - Ratio BETA/DELTA 
0.018251 rad - BETA 
30.53631 deg - ALFA of first stack 
57.40606 deg - ALFA of last stack 

14 - Number of STACKS 
- OUTER RADIUS of ACCORDION STRUCTURE 
- BACKWARD STRUCTURE : 

1.00 cm - GlO FRAME with SS sheet holders 
1.00 cm - GlO for Electronics+Cables+Spacers 
2.00 cm - LAr GAP 

- Rout of EM CAL 
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ENERGY RESOLUTION 

LIQUID KRYPTON AS ACTIVE MEDIUM 

* 100 keV CUTS on GAMA, ELECTRONS and DELTA RAYS PRODUCTION 

* 10 keV CUTS 'IMPROVE' PRESENTED RESOLUTION BY 0.4 % 

* FIT IN ENERGY RANGE 

--

0 
AT THETA = 90 

(5 - 80) GeV 

a = 5. 't1 :t o. 2 8 
t- = o. 0 ± o.os 

- PARALLEL PLATE GEOMETRY WITH THE SAME STRUCTURE AT 20 GeV 
(51.7 cm DEPTH; - 25 Xo) 

SIGMA/SQRT(E) = (4.7 +/- 0.2) % AT 20 GeV 
---?'(If.!~/- o.z)"/. t:tl lD~~I/ 

- LIQUID ARGON AS ACTIVE MEDIUM 

1. STRUCTURE - THE SAME AS FOR LKR BUT 65.l cm in DEPTH 
TO GET 25 Xo. 

SIGMA/SQRT(E) = (6.25 +/- 0.2) % AT 50 GeV 

2. STRUCTURE - MORE DENSE TO GET 25 Xo IN 52.1 cm 

SIGMA/SQRT(E) = (7.03 +/- 0.2) % AT 50 GeV 
(6.91 +/- 0.2) "• AT 10 GeV 

* FIT IN ENERGY RANGE (5 -320) GEV 
ADDING SAMPLING AND CONSTANT TERM IN QUADRATURE 

--
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CHARGE COLLECTION AND PULSE SHAPING 
-----------------------------------

* ELECTRIC FIELD INHOMOGENITIES IN THE CORNERS 

* VARIATION OF GAP WIDTH IN THE STRAIGHT SECTIONS 

* CHARGE RECOMBINATION 

* DRIFT VELOCITY 

* RD3 
- FOR NOT OPTIMIZED NONPROJECTIVE VERSION : 

- M.C. DID'NT SHOW ANY CHANGE IN RESOLUTION 

- EXPERIMENT 

APPLIED VOLTAGE IN THE RANGE FROM 6 - 12 kV/cm 
AT 122 GeV NO CHANGE IN THE ENERGY RESOLUTION 
WAS OBSERVED 

* PROJECTIVE GEOMETRY 

- ANGLES AND DIMENSIONS OF CORNERS VARY 

- DETAILED STUDY ON THE WAY 

- FIELD MAPS, RECOMBINATION DONE BY IULIU STUMER 

* FIRST RESULT ON FAST CHARGE COLLECTION AND PULSE SHAPING 
(NOT CONSIDERING FIELD INHOMOGENITIES AND RECOMBINATION) 

AT 20 GeV with 10 keV CUTS; 

ALL CHARGE CONTRIBUTES-WITH SAME WEIGHT 

SIGMA/SQRT(E) = ( 4.98 +/- 0.2) \ 

CHARGE CONTRIBUTION WEIGHTED : 

SIGMA/SQRT(E) = ( 4.99 +/- 0.2) \ 

- NO EFECT ON ENERGY RESOLUTION 
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* POSSIBLE 'EVERY CASE' SOLUTION 

SPACERS IN THE CORNERS - ADDS RIGIDITY TO THE STRUCTURE 
WITHOUT ENERGY RESOLUTION DETORIATION 

20 GeV ; 100 keV CUTS ; SUBSTEPS = 100 microns 

SPACERS MEAN ENERGY IN ACTIVE RESOLUTION 
[mm] MEDIUM [GeV] (+/- 0.2)% 

NO 6.832 +/- 0.0036 5.29 
1.25 6.699 +/- 0.0035 5.24 
1. 875 6.636 +/- 0.0035 5.27 
2.5 6.576 +/- 0.0035 5.31 
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Present major activities in Calorimetry 

1. Formulation of the new Baseline II 

2. Formulation of response to Exec.Committee requirements 

about e-m option: 
• 

a) Liquid ionization technique : viable design and beam test results 

b) BaF2 : radiation resistance, uniformity, calibration etc. 

) 



Calorimetry Progress Report 

June 4, 1992, GEM meeting SSCL 

1. Projective acco~dion simulations M.Seman 20' 

2. Hybrid Option -> new baseline Yu.Kamyshkov 10' 

3. Progress in SSCintCAL hadron calorimeter L.Sulak 10' 

co 4. BaF2 radiation resistance, mechanics, coating H.Newman 20' -..J 

5. BaF2 production news R.Y.Zhu 10' 

• • • • • • • • • • • • 
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SSCintCAI Hadron Calorimeter 

Status Report June 4, 1992 ... 

!\' Number one prototype tower completed. Beam test table 
'-Y electronics etc. all read and rested. easy nggmg m and out of ... 

shop. , ft\ btl•f1 J~s~ 11 

@ Proving technol~Jj<=tJ?rtim~ufacture for GEM. !*=~~f( 
fl""' All techniquesh8'J~fip!!~h~~Chci£ians jn ;Is . .:,;;All~~~ 
~ equipment shipped from U.S. Engineer from U.S. res1 ent n 

site. Penod1c morutoring and gua!ity control with reports fix E­
Mail. 

' ' • • 

~~~t 

J~l). 
folo..f.-1( hit-t•l' : 
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SSCintCAL Hadron Calormeter 

7 Prototype Towers 

Status Report June 4, 1992 

W. Worstell 

Mechanical test of first tower (hammer & chisel. 
Tower holds together well. 

Stuffing fibers into tower will ~e completed today. 

New hex clamp holds fiber bundle prototype well. 
Drawings prepared and submitted to shop, 17 being made (7 
towers, 2 tower mockups, 1 4-tower mockup, and 4 spares). 
(Mike Brooke, University of Mississippi, machinist) 

First version of PMT mounting structure in progress. 
Spring-loaded for Silastic joint. 

Light mixer completed by MSU. 
Six more ordered. 

Expect to ship tower to BNL by next weekend. 
Beam test scheduled before June 17 & 18th, "BNL Calorimeter 
Meeting". 

Modification of three inch PMT design. 
100 "tail-catcher" fibers bundled to one inch PMT in progress. 
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1. 

2. 

SSCintCAL Hadron Calorimeter 

Sequence for Construction of Prototype Towers 

Photo Captions 

Station 1 Mill-run plate in fixture on a ball pad, 
fordrilling hold-down bolts and alignment pins. Plate 
under far drill press. 

Stations 1 & 2 - At right is Station 1 with plate being 
drilled. Station 2 is at left, ready to accept drilled plate 
from right. 

3.&4. Station 2 "Gang" milling array of parallel grooves 
with square cross section, lubricated by "Marvel Mystery 
Oil". Allows approximately twice volume removal 
relative to standard cutting oil. 

5. Station 3 The blur is a technician cleaning the 
plates. Degreasing milled plates with ionic detergent 
"Alconox", standard labware cleaner. 

6. Station 4 Shearing grooved plates to final 
trapezoidal shape. Hold down holes of one edge trimmed 
off. Others await trimming. 

7.&8. Station 5 Tubes inserted in grooves of first plate 
of tower. Tubes are pushed against stop for uniform 
protrusion on large (far) end. (In photo 8, remnant holes 
a relic of too narrow of mill order plates (this run only). 

9. Station 6 Stacking plates on assembly fixture and 
applying solder/flux paste (Nocorrode Liquid Solder). 
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-
10. Station 6 Stack approximately 1/2 assembled on 

assembly fixture. 

11. Station 6 Checking alignment of layers with 
straight edge. 

- 12. Station 6 Completed lay-up of stack. Ready to 
apply clamps to load to specified pressure. 

13. Station 6 Applying clamps and loading by 
compressing springs under nuts. Max load approximately 
300#, each spring, when fully compressed. 

14. Station 6 Small end view. Last 2 clamps not yet 
applied. 

15. Station 6 (cont.) Additional views of clamping 
procedure. 

16. Station 6 (cont.) Additional views of clamping 
procedure. 

17. Station 6 Inserting thermocouples in center and 
near edge of stack to monitor temperature during furnace 
soldering. 

18. Station 7 (Not shown). 500 degrees F for 8 
hours; 8 hour cool-down. 

19. Station 8 Completed tower stack assembly as 
returned from heat treating vendor. View of large end of 
tower, protruding end is mill finish of tubing as received 
from vendor. (clean and deburred). 

20. Station 9 (no photo) Tower machined to remove 
steps and remove off-center condition caused by one side 
grooving of plates. 
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OFF-SHORE PRODUCTION 

Albania - Cgpper absorber block production 
Shipping to Equador 

Equador - ln&ert fiber~ 
Bundled fibers, attach PMT' s, mount 
Test · 
Ship (same container) to SSC 

China - Alternate source coppe~ blocks 

Belarus - Quartz and plastic fibers . 
Electronics 

India - Forward Calorimeter 
200 Ge V GEM dedicated test beam 

' . 

t..~~~_,\·a tfOtvf 

:-::::.--. ~ '11-Ct 
.Sowtt 
~ ~s ~;to. 

132 



4 June 1992 

. c;.•· Roy Sc:hwitl9ra1 
r--'t'ic J . 
&.i Aceelenator Laboratory 

Superconductl~ SUI* Colidtr 
2560 Beclcleymeade Awnu. 
Cellaa, Texaa 1S2S7 

Otl8I' Dr. Schwitter9, 

IZ3~l.OIW 
SC* f'i07IPl!lrl. -YON< 1193? 

~- l·Sl•-1~ 

Lyn Adams 
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27 May 1992 

By Eacsimjle 30-682·51297 

Professor James R. Wiseman 
Hotel Kleopatra 
Kastrosikia 
Preveza, Greece 

Dear Professor Wiseman, 

4: 22 733 s3a1 F.a7 

EURUS TECHNOLOQ!ES, !no, 
1, cllemln TMlll•t 

f2a9 G•ll• .... SwltzertallCI 
T•L 41•22·733•'3?7 
Fax ·41·22·733·9301 

Again, thank you for your prompt letter of 15 May, giving all information on the 
Nikropolis Project schedlJle and participants. 

The Immediate good news for all of us, as reported by our ALBUSA co!league 
in Tll'ana, Mr. Fatos Osmani, is that U.S. and European ci1izens no longer need 
visas to enter Albania. We will check to make sure that Ms. Bienkowslca of 
Poland is covered by this change. However, Mr. Osmani is working with ~ . 
Ministy to assure that the field school group are met by appropriate and helpNI 
people from the museum and unive~ty. I have sent him all the bactg"ound into 
you gave me in Boston. All soon as you know yO\I' exact travel plans (wh«I w!I 
you arrive at the border and when would you Bke to leave), Mr. Osmani can 
make hotel and other arrangements for the 11oup. 

I hope this finds you· well into your challenging summer's work and that 
ALBUSA International <:an discover a little more of Albll\ia through yr:m eyes. 

Please let me know If I can be helpful In any way. 

Sincerely, 

~~ 
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_Faculty of Natural - Sc !,•nee a 
p1partment ot Phys.!.cis 

Dean •Pi:"of.Dr Rexhep Mejdani 
Dr.Kastriot Islalll.i. 
Dr.Vladimir Laska 
Dr.Rajmond Sharko 
Dr.~aranglan Spii:"o 
Dr.Gjergj Leka 
l)oc.l'atoa Kloai 
Doc.Floran Vila 
Doc.ilia Pl:'ifti 
Doc.Meri l'raska 
Doc ,Hal.il Sylcja 
Doc.Niko l'bo1110 
I>oc.Lulzime Aliko 
Doc.Zenun MulaJ 

Candidat of Science• ; 
?atrit lleri:hanJ. 
Afardi;a Vavecka 
lejo Duka 
Kai:"ia nede 

SSP CEN•Sacley) 
L----: APh. Franca) 

SSPh('Fr1nce) 
SSPh(France) 

postgraduate 
post1raduate 
po1cgraduate 

BPh (France) posgraduate 
NPh (France) postgaduata 
SSPh(France-treining) 
SSPh(Franca-train1ng) 
SSP~(Italy-trainin;) 

SSPH(Germany-trainig) 
T.Ph(France,Italy•training) 
SS Ph 
SS Ph 

. SSPh 

SSPH(France-trainig) 
SSPb(China,Italy-training) 
TPh (Italy-training) 
BPh (France-training) 

!ngjell Hysanbegaai IPh 
llardbyl Guda SSPH(ltaly-training) 
Hikolla Noei SS Ph 
Antoneta Dede NPh(France-tra1nina) 
Dburata Xhuslini SSPh(France•training) 

LecC11J:"er; 
Ze! Gjonaj lf.Ph 
Dragan Gjilcondi SS Ph 

Ilo Xhuiiga SSPH 
A111iat.11nt.; 

Ili: Male SS Ph 
tc:11ti Pance SS Ph 
Ariana Puga TPh 

'· Artan Borici SS Ph 
l!dlira·c1u I.Ph 
1:$r1ka l;&btJ 'B .Pll 

lmil Xhuvani I.Ph 
i!l.!.&hel Pancu::I. t:I. SS Ph 
Margarita Ifti SSPh . 
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- Agim Caehi 
Oranc Ciftja 
Mirela ltuqo 

SS Pb 
SS Ph 

SS Ph etc 

Phys:c:i 
,SJcademi of Sciences?. 

"J:Institut o! Nuclear 

D.f.r•ctor; Dr.Per~arim Fusa N~h 

Candidat 

SS Ph• 

Alb -
If.Pb• 
I.Ph• 
'?Pb• 

Dr.Petrit Ske~do N.Ph 
Dr.Jovan Theteska N.Ph 
Dr.Ag~m Minxho~i N.Ph 
Dr.bukagjin !exha N.Ph 
Doc:.M~rio Kedh1 N.Pb 
.Doc.Jovan Zeto 

of Sciences; . 
Baftjar Neo,;ruzaj 
Ac.don Dodbibaj 
Xhevdet .Myteberi 
Sabri Zaganjori 
Alqi laanaci 
lletiln Cico 

I.uan larcanaJ 
Pato1 ?lli 

Drago :anal.I. 

Abl>reviat1on 
SolJ.d State l'bys.f.c• 
Ato111icfhyeics 
Nuclear rbyaica 
Biophysic a 
Thtorttical Phy1ic1 

N.Ph 
N.Pb 
N.Ph 
Dr.Ph 
N.Ph 

E.N.Ph 
E.H.Ph 
a.w.l'h 

JI .111 

11:.N.Ph• l'J.eecronics and Jucl1arPby11cs 
SOME DRVIC!S 
Electronic Microsc~p• 
X-Ray d~frectomeeer 
Atomic Ab•orber 

(faculty of Scianc) 
(iculty of Scienc) 
(Faculty of Scienc) 

tel. 3'5•4232596 
Fag 355-42-32759 

x-:r11&0reeceii.ce 
O.nerator:of Neutron• 
Mosebeuer Device 

(%n•~ of Nuclear Phyaica) 
(Zn1t of Nuclcor rhya1ca) 
(In•t of Nucleer Physic•) 

ta1.JSS •4%-%6372 off 
,,,_ 42-Z,187 bOllle 
3~5-42-28258 PlX· 

f • IY~ic..: ~~~it~ Q tJil'f~. UH \'T J. AL. 
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27 May 1992 

Sy. Facsimile 

Professor L.R. Sulak 
Physics Department 
6o$ton University 

Dear Larry, 

Ciao! 

Lyn 
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C.~.VClLLERl.·1 

.. 
As a. pa:t of becoming a. full contributing member of the.GEM CgllahqratsjgQ...&' the 

U.S. Superconducting Super Collider La.boratory (SSC), the Institute of Applied Sciences 

(IAS), a unit of the Coporacicfa de Promocicin Univel'llita.ria - University_ San Francisco of 

Quito (USFQ), intends to pursue the following mutua.I!r_ beneficial projects with the GEM 

Collaboration and the SSC: 

1) Develop a pl&ll to ezntribute to the consiructiOD of the GEM Petestw at the SSC. 

At this time, we apticipate rsembllng, testing and installating (into the copper absorber} the 

cptical pacbge consisting of scintillating fibers, light mixer, photo multipliers alld basesof a. 

fiber calorimeter, should it.become the hadronic subsystem of choice for the GEM Detector. ' . . . 
We understazid that the components would be delivered to us and tranahipped to the SSC . 

• 
In the event that another technology is ~. Q!!t 00J1tribu9 tq GQ,would.JWLbe 

conrtrajned, by this initial ,PrDiect, nor wi1l our contribution be Jimjtecf to it. We amic:ipa&e 
~ . 
.fi(!!inl a.u interlaboratory agreement and protocol with the SSC L&b

0 
at tbe earliest nmihJ.. 

date to coufinn this intent. - 2) As a. source of potential funding for the facilities improvement, test equipment, tech-
nicial ma.npower and training necessary for the project described above, both IAS &11d GEM 

(in ax>petati011 with the SSC Lab) will endeavor to ob~ a.u exchange of US/Ecuadorian 
- -~ --~-

_debt. fo~- this_ development •. The USFQ will negotiate with the Ecuadorian Government for 

up to SlOM of debt exchange. GEM intends to pursue obtaicing the appropriate agreement 

in the US to obtain this amount of cont;i"bution from IAS for the GEM Detector. 

~~-,PhD 
Universidad San Francisco de Quito 
Ecuador 
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27May1992 

Professor George Zimmerman 
Supersolder Technclogies, Inc. 
590 Commonwealth Avenue 
Boston, MA 02215 

Oear George, 

EUBUS TECHNOl OGIES, Inc. 

1, Chemin tnom.l 
120f6-SWllWlllM 

Tiii. 41.a-m uan 
Fu .a1.zz-7*MIOI 

Another challenging week inf;;larua! As usual, hospitality was remarkable 
and all your friends, espec:iaJJY cademician Roman, send yau greetings. 

After good discussion with Oleg and Bill Segel! (Byeloc:orp's science 
specialist), we nave reacned tne folloWlng agreements on our sioe: 

·ti RomiwHl lead am to provide you with twmt)' aan~IH at 
~ur rod sign, tw_ SiiffiPliiS Mrs tubular design, and 80me l1Ul11b9r ct 
aacn design on a bismuth base. 

- ,Pl,., wm deliver the sampl• tp ypu in PPl'Pn when he C1J1•• t.7 f'l8 
lJ.S. for a Powder Metal!Uigy CQ!lference at ltJ• om qt ·"me 

- Oleg prefers that you do the contacts in BoSliDn far ha samples. He 
will of COUl'M do them if you insist, but saya it is 1oo diftieult to work this out for 
just the llmited number or samples. 

- B)cetoeorp wlll act as the contracting party with Community 
Technologies Foundation I Suprsolder Technologies, Inc. 

- Byelocorp proposes a price at f54ll 000 1 !SD (forty thousand US 
dollars) 1D provide you with what we have been calling •pt1ase 1• materlal, 
including all the extra tubular and biemuth sampla, aa well as the early 
delivery. 

~ (hv,'h'f,,~ -}t, 
Gtfll Ce/ I aj,,,yi,4:i>M hiif'i 
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25May1992 

Mr. Eric Hazen i. /7 r&t'f 
Mr. Dmitry Ono~) \!f'Ci" 
Electronles Design Facility 
Physics OepartT'lent 
Boston University 

Dear Eric and Dmitry, 

1, ;llemin Trvli.t 
I Zl9 &anaua. SwltzeriUll 

T1I. 41-22-753-13'17 
Fn 41-22-733-Hll 

l presented your proposal to the Director and staff of •aGar lostmrte lg Minsk 
last week. After discussion and a detailed tour of their facilities the next day, 
they offered me the enclosed letter of Intent. They also gave me MY'!'ll 
ex m es f their P and copper strl technolo in 

a 1 • elr previous mission 
assures t at these are among the ~rv best QMpla tb' c1s ha5 ta offer.in 
their field. I would be happy to give you more information on 1heir previous work 
and their current situatioh when we next speak. 

To answer a few of your specific questions: 

1. They do multilaver !x?pm3. I have m• of 1heir 8 layer boalds. 

, · 2. They can make Q,versized boa'ds as large as 400 x 400 an (!) 

' 3. They have "IBM 3601370 type• computers and iE!M Y:r/AT type• PCs. 
That means rpa¢'i0 •§ lhfv have b;yllt 1h,,,.,,. I saw 1hese in operaticm, 
running DOS etc. Naturaly they wouldllke to upgrade 1heir equipment as this 
beccmes necessary and possible. 

4. Byelocorp's attorney is checking the latest export control lists for us. 

5. Average wage for sclentlsVenglneer is now up to 5000 rubles per 
month (less than $50). 

Let's talk at your earliest convenience since AGAT is a remskably takintild 
gang and could definitely add high quality, very low cost additional muacte to 

... 

... 

.. 

... 

. -
... 

.. 

your group. .. 

Sincerely, 

~ M.0~ .. 
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INSTITUTE 
nur llt:PUllUC a, avt:LORUSSIA 
220087 Mln1k 
Zhodlnakaya atr. , 21 
tel. 113-76-84 

84-414-22 
telex: -Verba" 
telefax: 113•!18•20 

INSTITUTE 
HARACTERISTIC• 

The scicntific-rcse:irch inslltutc ~ Ac;it" is ;i modern 
cn1erpri.sc involved in dcvclopmcn.1. and produc1ion ac livities. The ins1i1u1c i$ possessed 
of rich experiences of dcsi&njng and ins1allln1 pppl191jgp·'QSGiNc 1°10-···a l•k=a"on 
\Dd manapient »stems and has at _Its dlspos.,I lhe necess:1ry tcxhnological and 
production basis with the stafl of about 1000 mmro1c0

' trp'nvc= There are 
C2fRpl;1-medcllng sentsr, well-deveJoPEd desjm: t5hnologi9!, Wj'UClion, jgtgcmqtlgn, 
'IDeteorolo&ical, supply and 01her auxiliary services in our Institute as well as a hotel 
with a rest111r:ant and a conference h11ll with :t scaling capacity of SOO. 

The :ldenllflc-researcb lnstitu1e • Aga1" spec:i:illzes In systems and 1heir sof1warc and 
bardwarc componcnlS engineering for communic;llion, judi~I, airer.if! control, public 
health, fire ccntrol departments, etc.. 

L.::===================================~= ~~~~ 

OUR OFFERS: 

. The insti1ute is in1crcs1Cd in rccci•ing orders for 
dcsiia. delivery, iastaU:uioa and furlhcr ~in1en:inc:: of aulomalcd informallon 

and manasement sys1ems of any . kind lnd11dln1 real-lime ~ 
' -

• recelvinS orders for software,. cn1inccrln1 for 11SC on all campu1crs including PC 
IBM-360/370. IBM PC XT/AT and other. The soflware engincertns c:in de carried 
out ill any of the - COlll1llOI\ prosrammlng lancua1cs: Assembler, PASCAL. C: 

• settlq up production :and sale of radioc:lcctronic dcric=, mmll·scale prodllC1ion 
d. 11t1iqac prod~ with a larsc amoun1 of hand labour on lbc basis of its own: 

• prooridiag llcncl · aponcmcnlS, halls for condac:ting c:onferen= as well as documen1 
copyinJ, communication, tr:ansportlllon and public servicing. 
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1't"S~ 
AGAT Scienti!ic Research Institute 
Zhodinsksya 2I, 220067 l41nsk, Republic 
Tel.:0!72/646422 Fax:OI72/635620 

41 Z! 733 9301 P.05 

of. :Syelorussia 
Telex:Verba 25227! -

'· flAST(C. t B.UAt-T:C fl~f;tS ~ al~o p~~~ ~nsk 
l, ~:t-! ~G~uix =u 21th ..,.·"'". 

Dear Yrs: • .A.dQmsi, ft 
The )..GAT Scientif.ic Research Institute C.1:!1%:s~ which 

is 11..~der the jurisdiction of. the ~epublic ot ~Yelorussi.p. 
asks You to render assistance il: establishi..~g business 
contacts with !oreig;; scientific reqeerch or production -orge.n.1zations and ti:rms. 

The institute is interested in receiving orders !or 
so!tware tools development on the base of a computer o! 
any type .including I3Jit 360/ 370 and IBM PC XT/ AT. B3" tht 
eo!tware deTelopnent can be used one o! the most widely 
spread programming languages such as Assembler, Pascal 
and c • 

.. 

. The AGAT Ins·ti tute is ready to talr:e pa.rt 1n deTelop- .. 
ing, spreading and inst•llil:lg 110.tt\tan prod11cts or toreign 
firms in tha Rapublic of. B7alor~saia as wall as in develop­
ment, del1Ter7 and installation o! an7 in!ormation ~ 
ment syateDlS 1nclud.1ni real-time ones. 

The institute has at its disposal the neoessa%7 
technological and praduotion oase· with the stat! o! high~ 
11 skilled spegialists. 

c1- ~ l \ oJ rr~t.tJ 
&lsi¥9?1<~> -fur 
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Yours .tai th!ully, 

S7so7eT 
Institute Direotor 
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Mill Direct Orders Copper Products 
National Warehousing Sheets/Plates 

ETP.OFHC 

Prompt Service 

For quotation."' 
and :n'ailability 
call TOLL-FREE 

1-800-225-4378 

Roofing Sheets and Rolls 
I.cad Coated Copper Sheet 
Nails. (;utters and Downspouts 

Rod/Bar 
Bus Bar 
Rectangulars. Rounds. Squar~-s 
Sil\'er Plated Bus Bar 

>'Lrac~11'.•l FreeMacbining Rod 

~~t :::=; . ulph~r -

' ' 

1.c-.aded 

OFHC Copper Rod 

Copper Radiator Strip 

Copper Tube and Pipe 
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BaF2 R&D May 1992: 

RADIATION DAMAGE STUDIES; 
MATERIALS STUDY, MANUFACTURE 

• NEUTRON IRRADIATION AT UNIV. LOWELL 

• SIC: OXYGEN, FAST COOLING, and DAMAGE 

• TONGJI UNIV: DAMAGE MECHANISM STUDY: 
HYDROLIZED BaF2 

~ • MICROANALYSIS At CE&A 
00 

• 

• LLNL- SMALL ULTRA-PURE CRYSTAL GROWTH 

• LLNL: SURFACE LAPPING, POLISHING, 
COATING. MECHANICAL PROCESS DESIGN 

• PLANS: HADRON IRRADIATIONS AT THE AGS, 
and LAMPF (800 MeV) IN JUNE 

• • • • • • • • • • 
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Radiation Laboratory, University of Mass. Lowell 
Irradiation Report for Brookhaven National Laboratory 

April 29, 1992 

1. Summary· 
Two barium fluoride scintillators were ·-irradiated wjth fast neutrons 

on April 29, 1992 at the Un.iversity of Massachusetts ·Lowell Van-de-Graaff 
Accelerator, in one eight-hour ·exposure. Neutron and gamma fluences and 
gamma dose estimates at five locations are shown in Table 1. 

• ?a.J't-

· Location 

Table 1. Neutron and Gamma Fluences 

Axial 
Distance, 
z 

Radial 
Distance, 
a 

Fast 
Neutron 
Fluence 

Gamma 
Fluence 
(429.2keV) 

~ e 1'.ironS: . 
s-~ x1013 %m·~ 

Estimated Surface 
Gamma Dose 

Lower • ::/ow 

) 

·[n/cm2] 

Upper 
Limit 
[rad] 

Limit ""(- -rb 
[rad] ... 1·cvx 

1 
2 
3 
4 
5 

[cm] [cm] 

1.019 1.785 
0.318 2.269 
0.797 1. 785 
1.477 1. 751 
1.019 1. 785 

[y/cm2] 

7.30xl013 4.56xl012 
6.52xl013 3.6.7xl012 
8.27x1Q13 5.04xlQ12 
5.44x1Q13 3:67xl012 
7.30x1Q13 4.56xl012 

1970 
1580 
2180 
1580 
1970 

924 
740 
1022 
741 
923 

~ CoJ1C-'.'llJ'10}/: ~tt~ Ojfct>Qf4,.tJ~Ow¥1 J-:)_ 
kRo.d Y~r 
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NEUTRON ENERGY SPECTRUM. 
University of Lowell. 3:48 AM TUE., 12 MAY , 1992 

The following table gives the neutron fluence in 
neutrons per cm2, for an irraddiation of a 
thick lithium target with a 4000 keV proton beam. 
The total charge delivered to the target is 

578.2 me. 
The parameters are: 

a= 1.019 cm. 
z= 1.785 cm. 
R= .aooo cm. 
Kappa= 20.00 

Slow neutrons (En'< 10 keV) per cm2: .5222E+ll 

((~ )) 

''lUR1 
-3° I M..11..LATI Q,\I 

Co'bE 

• Fast neutrons (En > 10 keV) per cm2: • 6758E+14 .._ 
•Equivalent number of lMeV-neutrons per cm2: • 6488E+14 ~ 

The total number (angle and energy integrated) · 
of neutrons generated is: .1694E+16 

._. The output file name is BARF31 
:J1 
~ Bin 

number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

• 11 • 

Bin Number of 
energy neutrons 
[keV] per cm2 

30 .749E+l2 
75 .812E+12 

125 .940E+12 
175 .871E+12 
225 . 744E+12 
275 .689E+12 
325 .823E+l2 
375 .126E+11 
425 .206E+J.3 
475 .286E+13 
s25. . 3r2E+13 4 

ASTM KERMA 
divided by 
95.0MeVmb 

.233E-Ol 

.626E-Ol 

.425E-Ol 

.425 

.824 

.587 

.548 

.546 

.565 

.594 
•• 966 • 

(E722-85) 

• 

I 
lMev equivalent 
number of 
neutrons per cm2 

.175E+ll 

.508E+ll 

.400E+ll 

.370E+12 

.613E+l2 

.404E+l2 

.451E+l2 

.688E+12 

.116E+13 

.170E+13 
4 291E+l~ • 
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Fig. 5: Transmission spec~ra ·of 25 cm BaF2 
trapez~s measured after 103 a11.d 104 rad, (a) SIC 
sample (b) Kortl1 sample. . 



NEUTRON ENERGY SPECTRUM. 
University of Lowell. 3:48 AM TUE., 12 MAY , 1992 

The following table gives the neutron fluence in 
neutrons per cm2, for an irraddiation of a 
thick lithium target with a 4000 keV proton beam. 
The total charge delivered to the target is 
578.2 me. 

The parameters are: 
a= 1.019 cm. 
z• 1.785 cm. 
R= .8000 cm. 
:Kapp<.= 20.00 

Slow neutrons (En < 10 keV) per cm2: .5222E+11 
Fast neutrons (En > 10 keV) per cm2: .6758E+14 
Equivalent number of lMeV-neutrons per cm2: • 6488E+_14 
The total number (angle and energy integrated) 
of neutrons generated is: .1694E+l6 
The output file name is BARF31 

Bin Bin Number of ASTM KERMA (E722-85) 
number energy neutrons divided by 

[keV) per cm2 95.0MeVmb 
1 30 .749E+12 .233E-01 
2 75 .812E+12 .626E-01 
3 125 .940E+12 .425E-Ol 
4 175 .871E+12 .425 
5 225 .744E+12 .824 
6 275 .689E+12 .587 
7 325 .823E+12 .548 
8 375 .126E+13 .546 
9 425 .206E+13 .565 

10 475 .286E+13 .594 
11 525 .302E+13 .966 
12 575 .272E+13 1.14 
13 625 .236E+13 .600 
14 675 .209E+13 .612· 
15 725 .190E+13 .669 
16 775 .177E+13 .886 
17 825 .166E+13 1.02 
18 875 .159E+13 .899 
19 925 .153E+13 1.03 
20 975 .150E+13 .967 
21 1025 .148E+13 .763 
22 1075 .147E+13 .659 
23 1125 .146E+13 • 659 
24 1175 .146E+13 .463 
25 1225 .145E+13 .463 
26 1275 .145E+13 .736 
27 1325 .145E+13 .736 
28 1375 .144E+13 .975 
29 1425 .144E+13 .975 
30 1475 .144E+13 1.04 
31 1525 .144E+13 1.04 
32 1575 .145E+13 1.07 
33 1625 .145E+13 1.07 
34 1675 .145E+13 1.27 
35 1725 .146E+13 1.27 
36 1775 .147E+13 1.02 
37 1825 .148E+13 1.02 

158 

lMev equivalent 
number of 
neutrons per cm2 

.175E+11 

.508E+11 

.400E+ll 

.370E+12 

.613E+12 

.404E+12 

.451E+12 

.688E+12 

.116E+13 

.170E+13 
• 291E+13 
.312E+13 
.142E+13 
.128E+13 
.127E+13 
.157E+13 
.169E+13 
.143E+13 
.158E+13 
.145E+13 
.113E+13 
.969E+12 
.963E+12 
.674E+12 
.672E+12 
.107E+13 
.106E+13 
.141E+l3 
.141E+13 
.150E+13 
.150E+13 
.155E+13 
.155E+13 
.184E+13 
.185E+13 
.149E+l3 
.151E+13 
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Ut" I UV A\J 
- Ari EM Industries Company 

AQociete of E. Merck, Darmstadt. w. Germany 
NORTH BROOKFIELD, MA 01535 

TEL.508-867-6444 
FAX 508-867-8349 t'Jpkd ~'ldak 

((' J) 

• Sh(_ALL. ??./.'RE 
CRJ~AL 7>ROG.7(~ 

To Harvey Newman 

From Rob Sparrow 

4/28/92 

BARIOM FLUORIDE : STATUS REPORT 

j, Growth crucibles of graphite have been fabricated and then 

given a proprietary cleaning treatment. 

_, u.sing Merck Optipur raw material furnace conditions have been 
~· 

established. crystals are qrown in groups of three, each 

crystal being 32 JlllD. diameter. In the first run the as grown 

ingots were 275 mm long. The power to the furnace, however 

was not sUfficient to remove all the lead fluoride scavenger 

and the ingots all had absorption bands at 207 IlJll. 

In the second trial growth run more power was added and the 

ingots are currently being tested for lead absorption. 

3Q..For tuture work, hiqh purity custom synthesized raw material '"PU.RE 

has been ordered and delivery is expected at the end of May. l'<,A11!RfALS 

'3Ji. A sublimation unit has been fabricated and cleaned and will 

now be used for subliming Optipur powder. 

Trial runs have been made using a reactive gas. This caused 

some problems as the gas reacted with the vacuum pUlllp oils. 

design change has been made to the growth furnaces, the 

necessary components ordered and the modification will be 

complete by the beginning of May. 
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BaF2 Crystal Growing ~ 

• Small (cm) samples of ultra-pure BaF2 will be grown using zone refining 
in reactive gas atmosphere and inert gas atmosphere. 

• Dr. W. Kway maintains a number of zone-refining and Tzochowski 
process crystal growing systems. Experienced with growing 
fluorides of all kinds. 

• Ultra-dry/pure BaF2 powders ordered from Fluortran and Johnson-
Massey. 

Schedule: 

• Week 1 (June1): initial pre-treat of BaF2 in HF atmosphere at high temp. 

• Week 2: zone refine first sample and evaluate for impurity and quality. 

• Weeks 3-8: Parallel effort to grow BaF2 using different sources and 
different growth methods - all crystals to be chemically analyzed at 
LLNL and Charles Evans and Associates. 

• As crystals are made available, B. Fuchs will polish and samples will 
be analyzed for optical properties and radiation hardness . 

• t c • • • • • • • 
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BaF2 UV Reflective Coatings ~ 

• Aluminum/MgF2 coatings applied and analyzed at LLNL - 90°/o 
_@220 nm. . 

• Scatterometry and Reflectometry measurements on new samples in 
progress. 

•Cost estimates have been made for coating 15,000 crystals: 
$1M -$1.5M (JecH.Xol.OCJ /'RAJ<SFER) 

f--" ,. Ll,.NL owns and operates a number of large (3m x 3m x 3m) evap-
m · orative coaters at Spectra-Physics and Optical Coatings Labor-
f--" atory, Inc. (OCLI). 

• Discussions will be held with BGRI to transfer coatings technology 
(coating composition, masks for graded coatings) to their large eva­
porative coating system. 

• Discussions with coatings experts at LLNLto evaluate long term integ­
rity of coatings - accelerated aging tests, etc. 

• Summer student at LLNL to e·valuate 50 cm BaF2 for linearity with 
various coatings using HTV R-431S PMT (CsTe photocathode) and 
Co-60, SR-90 sources. 

) ) 
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BaF2 Surface Preparation and Analysis l.1\1 

• Diamond Pitch Wheel Polishing method chosen for surface preparation. 

• Int·· ractions with J. Heck • ORNL to develop the necessary polishing 
procedures to satisfy mechanical specifications. 

• Design and fabrication of polishing blocks and fixtures is proceeding 
at LLNL. 

~ • Trips to Shanghai and Beijing planned .. early June, mid-summer. 
°' N 

._.. B. Fuchs and C. Wuest to meet with SIC, BGRI, Wuhan Defense. 

-1> Evaluate Chinese technology and equipment. 

+ Suggest LLNL-developed polishi,ng methods and begin discussions 
on adapting existing polishing machines to new methods. 

• Visits to LLNL by Michel Lebeau and others during the summer . 

• • • • • • • • • • • 
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BaF2 Surface Preparation and Polishing ~ 

Chinese-finish on 
4cmx4cm 

crystal end face 

• • • • 

LLNL-finlsh on 
4cm x3cm cut 
BaF2 sample 

• • • 

Surface scan of 
. LLNL-finished 

sample: 0.108 A. P-V 
@633nm 

• • • 



<HARLfS f VANS~ A~SO<IATf·S 
SPECIALISTS IN MATERIALS CHARACTERIZATION 

May 13, 1992 

TO: 

FM: 

Harvey Newman 
Lauritsen Laboratory 
California Institute 
391 s. Holliston 
Pasadena, CA 91125 

Michael D. Strathman 

of Technology 

Jt,( ~d :We/ :::> 
RE: SIMS Report for work performed April 1 and 9, 1992. 

) 

,_. 
~ en Previously reported results: 

The results of the o~en bulk measurements and the deep depth 
,profiles have been axed or attached to previous reports. 
Confirming copies of this data are included in this report. The 
oxygen data is presented in table #1. The deep depth profiles 
are presented in figures #0 through #4. Figures #0 and 1 are 
color plots of profiles in which inclusions were not found. 
Figures #3, 4 and 5 show evidence of inclusions. 

SIMS Elemental Imaging: 
Three sequences of SIMS elemental images were acquired from 
sample T27 cut from the 1 pf 19 proto~ype cryst.~ These aa~a 
are presented in figures #5 through #14. All images were taken 
with a 150um x 150um image area at a depth of less than twenty 
microns from the surface of the cleave. Figure #5 ==1s a 
background check of the RAE detector. This image shows the 
residual noise on the image detector when no signal is present. 

) ) 
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PROCESSED DATA 
9 Apr 92 Ce 

CHARLES EVANS ANO ASSOCIATES 
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Comments: Area B, 13BBa, 60 sec int 

Comments: Hrea B, 19F, 60 sec int 

175 

F 1 le M.;me: 
BBA1 
Type: 

Status: 
Saved On Disk 
Spectrum: 
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Spectrum: 
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Image Scale: 
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Summary: '--J/#/...S I_M..AC/J((; 
@) The SIMS images suggest that there are microscopic variations in 

the lateral chemical composition of the BaF2 crystals. The {i) variation of oxygen is sometimes correlated with carbon and at 
other times correlated with nyotogen. Thus measurement ot tl'm 
total oxygen concentration may not give a clear p~ture of the 
oxygen which is optically active in the crystal • .3 .Processing 
arameters ma effect the chemical state of the en in the 

crystal thus change the opt cal response o the mater a • 

~ All of these images were acquired from the near sµrf ace of the 
~ cleave. It may be useful to sputter into a crystal .cleaved face 

for several microns in the depth profiling mode (as in figure #3) 
until a precipitate is found. Then(the SIMS instrument could be 
used to image the precipitate at depth in the crystal-] 



SIMS: 
I have recently sent a formal report to Harvey on the SIMS 
imaging of a crystal from the prototype (1 of 19) crystals. In 
.summary, we found the material to be microscopically (on the 
order of 10 to 20 microns) non uniform. There were clearly 
defined regions of increased fluorine, carbon, oxygen, hydrogen, 
sulfur, and chlorine. The images have been sent to Caltech 

~ 
00 
0 

• 

-> BBS /ABC Image; 
The most recent 
crystals. We 
crystallinity. 

crystal 
will 

is similar 
continue to 

in surf ace damage to other 
investigate the interior 

~ 

• 

• lz.Ew C7trJ'TAL ~,..M to #,qv£ ~ 
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FROM: 

SUBJECT: 

) ) 

Michael D. Strathman 

Analysis of BaF2 :•'(EWE~ ('g:L) lf'J: 6fder 
CR'tJ'TAL Ol'IAL~J'rJ 0 - ----H u 

In this Fax I will include 
have obtained on BaF2. 

~ 

some of the most recent results we 

GDMS: 
._. I have included a comparison between the GDMS analysis of the 
~ most recent crystal (S52) and an old crystal designated SIC-XTL. 

(!)Note that the pew crystal (852) has dramatically less Sr, 
14,000lpmw verses 420ppmw. <!JNote also that there has been a big 
reduct on in the amount of hea and transi on elements in the 
new crysta • For examp e SIC-XTL has on e order of 
Ce(0.07ppmw), Yb(2ppmw), and Lu(lppmw) where as for the new 
crystal (S52) all of these elements are below background, 
Ce(<0.015ppmw), Yb(<0.07lppmw), and Lu(<0.0067). I would state 
that this is a very detectable difference between the two 
crystals. 

~ e sulfur and chlorine seem to be in the same ran e for the new 
crystal. I w be doing other analys s to confirm this result. 

) 



TABLE 5 

GDMS Analysis Results of One BaF2 Glass Sample 

Element 

Li 
Be 
B 
c 
N 
0 
F 
Na 
Mg 
Al 
Si 
p 

• s1 , c11 

K 
Ca9 

Sc 
Ti 
v 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Se11 

Br 
Rb2 

• Sr2 

y2 

Zr 
Nb 
Mo 
Ru 

Concentration 
(ppmw) 

<0.003 
<0.004 

0.3 
(<870.) 

(~l. 7%) 
(~1.1%) 

MATRIX 
-4. 
1. 

12. 
10.-40. 
0.6 

-90 • 
-210. 

<0.8 
-10. 
<0.01 
<O.l 
<0.004 
<0.1 
<0.008 
<0.5 
<0.005 
<0.1 
<0.2 
<0.2 
<0.04 
<0.1 
<1. 
<0.7 
<0.6 
<0.2 , 

1.3% 
<2. • 
<0.01 
<0.01 
<0.6 
<0.1 

182 

Element 

Rhl 
Pd2 

Ag 
Cd 
In 
Sn 
Sb3 

Te4 

rs 
Cs6 

Ba 
La6 

Ce 
Pr8 
Nd8 

Sm8 

Eu8 

Gd8 

Tb8 

nye 
Ho8 

Er8 

Tme 
Ybe 
Lu8 

Hf 
Ta10 
w 
Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Pb 
Bi 
Th 
u 

Date: 
Analyst: 

1/16/92 
W.A. Vieth 

src. (ca.rt> 1991) 
#SIC-XTL, Base ~leaved 
~~~~~~~~~~~ 

Concentration 
(ppmw) 

<120. 
<0.1% 

BINDER 
<1. 

0.04 
0.9 

<110. 
<280. 
<130. 

<2.8 
MATRIX 
<33. 

0.07 ~ 
0.2 ~ 
1.6 +-

<28. 
<0.1% 
1.3 +-
0.3 .... 

~3.4 
0.1 ~ 
0.1 ~ 
0.2 ~ 
2. ..... 
1. ~ 
o. 7 +-

<25. 
<0.02 
<0.03 
<0.03 
<0.02 
<0.04 
<0.2 
~0.5 
<0.04 
<0.1 
<0.01 
<0.002 
<0.007 

-"Ra.re 

fllr1'r 

... 

-
.. 

.. 

... 

-
-
-

-



- Date: 1/16/92 
Analyst: W.A. Vieth 

TABLE 6 
S!C 

}DMS Analysis Results of One BaF2 Glass Sample #SIC-XTL, Tip, Cleaved 

Element 

Li 
Be 
B 
c 
N 
0 
F 
Na 
Mg 
Al 
Si 
p 

• 51 

• c11 

K 
Ca9 

Sc 
Ti 
v 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Sell 
Br 
Rb2 

• Sr2 
y2 
Zr 
Nb 
Mo 
Ru 

Concentration 
(ppmw) 

<0.005 
<0.004 

0.2 
(<0.17%) 
(~0.9%) 
(~1.7%) 

MATRIX 
3. 
0.3 
6. 
6. 
0.4 

-60. 
-100 • 

<0.4 
-50. 
<0.01 
<0.1 
<0.03 
<0.09 
<0.04 
<0.5 
<0.006 
<0.1 
<0.2 
<0.2 
<0.07 
<0.06 
<0.5 
<0.7 
<0.4 
<0.3 , 

1.3% 
<2. " 
<0.01 
<0.01 
<0.4 
<0.05 

183 

Element 

Rhl 
Pd2 

Ag 
Cd 
In 
Sn 
Sb3 

Te' 
rs 
Cs 6 

Ba 
La& 

Ce 
Pr8 

Nd8 

Sm8 

Eu8 

Gd8 

Tba 
Dye 
Ho8 

Er8 

Tma 
Yba 
Lu8 

Hf 
Ta10 
w 
Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Pb 
Bi 
Th 
u 

Concentration 
(ppmw) 

<84. 
<440. 

BINDER 
<0.7 
<0.2 
~0.5 

<90. 
<200. 
<190. 

<1.5 
MATRIX 
<15. 

0.2 .... 
0.4 ~ 
2 • ... 

<9. 
<0.16% 
2. +-
0.4 ... 

~3. 
o.oa.-
0.5 ... 
0.3 4-
2. ~ 
2. +-
0.3~ 

<21. 
<0.07 
<0.06 
<0.04 
<0.04 
<0.1 
<0.09 
<0.2 
<0.05 
<0.08 
<0.05 
<0.004 
<0.01 



;."?> f>'lS: J~CE 
ce~~~nt J'u.rve~ TABLE 2 koRTH 

.... , ......... , .,J-

Analyst: W.A. Vieth 

•DMS Analysis Results of One BaF2 Glass Sample UK458484A, inside cleaved 

Element 

Li 
Be 
B 
c 
N 
0 
F 
Na 
Mg 
Al 
Si 
p 

• S6 

• Cl6 
K 
Ca 
Sc 
Ti 
v 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Se9 

Br 
Rb1 

• Sr1 

y1 

Zr 
Nb 
Mo 
Ru 

Concentration 
(ppmw) 

<0.002 
<0.002 
o.s 

(~440.) 
(<1.7%) 
(~1.8%) 

MATRIX 
3. 
0.1 

~1. 
24. 
0.5 

·70. 
-100 • 

<0.2 
3. 

<0.01 
<0.1 

0.004 
<0.04 
<0.01 
<0.4 
<0.003 
<O.l 
<0.1 
<0.2 
<0.04 
<0.04 
<0.5 
<0.2 
<0.2 
<0.03 

160. 
<0.4 
<0.005 
<0.002 
<0.5 
<0.01 

184 

Element 

Rh 
Pd1 

Ag 
Cd 
In 
Sn 
Sb2 
Te3 

I' 
Cs5 

Ba 
La5 

Ce 
Pr7 

Nd7 

Sm7 

Eu7 

Gd7 

Tb7 

Dy7 

Ho7 

Er7 

Tm7 

Yb7 

Lu7 

Hf 
Ta8 

w 
Re 
Os 
Ir 
Pt 
Au 
Hg 
Tl 
Pb 
Bi 
Th 
u 

Concentration 
(ppmw) 

<0.6 
<4. 

BINDER 
<0.2 

0.09 
<0.2 

<80. 
<220. 

<65. 
<1.8 

MATRIX 
<22. 

<0.01 
0.2 ~ 
1. +-

<4. 
<800. 

0.5 ..-
0.1 +-

~1.6 
0.01.-
0.03+-
0.04~ 

0.2 ~ 
<0.3 
0.9~ 

<40. 
<0.2 
<0.02 
<0.005 
<0.002 
<0.02 
<0.09 
~0.3 

<0.03 
<0.08 
<0.02 
<0.001 
<0.004 

~re 

C1ar~S 

-
-
.. 

-
.. 

.. 

-



Table 1. GDMS analysis results _of 1 barium fluoride sample #S52 

SIC. !(_Ew Analyzed by w.A.Vieth, 5/14/92. 

,J'.f,ce '3-r~ end cf <Ocrw> C '°J.J~.P 
Element Concentration Element Concentration 

(ppm except (ppm except 
as noted) as noted) 

Li < 0.015 Pd < 0.70 
Be < 0.0035 Ag 170 
B < 0.13 Cd < 0.93 
c < 640 In 0.18 
N < 0.88 % Sn < 1. 
0 < 0.59 % Sb < 3.9 
F MATRIX I < 47 
Na 3. Te < 3.5 
Mg 0.4 Cs < 1.2 
Al 24. Ba MATRIX % 
Si < 30. 

"tc.o "' 
La < 4.9 

p 0.4 Ce < 0.015 
• s 150 Pr < 0.20 -- • Cl 100 f<ARE Nd < 0.31 

K < 0.53 Sm < 52 
Ca < 10. 

C'A1rrHS 
Eu < 680 -Sc < 0.0016 Gd < 0.11. 

Ti < 0.26 Tb < 0.014 
v < 0.027 Dy < 0.094 
Cr < 0.024 Ho < 0.010 
Mn < 0.016 Er < 0.025 
Fe < 0.47 Tm < 0.0077 
Co < 0.0079 Yb < 0.071 
Ni < 0.055 Lu < 0.0067 
Cu 1.7 Hf < 0.028 
Zn < 0.26 Ta < 28 
Ga < 0.058 w < 0.2 
Ge < 0.022 Re < 0.027 
As < 0.8 Os < 0.037 
Se < 0.21 Ir < 0.056 
Br < 0.22 Pt < 0.017 
Rb < 0.24 Au < 0.043 

• Sr 420 Hg < 0.13 
y < 1.0 Tl < 0.031 
Zr 0.7 Pb < 0.16 
Nb < 0.3 Bi < 0.026 
Mo < 0.9 Th < 0.004 
Ru < 0.031 u -< 0.002 
Rh < 2.7 185 



..., 

of 1 barium fluoride sample #S52-T~ 

Analyzed by W.A.Vieth, 5/14/92. 

~c,., Cr~s~af 
.. 

(,~ 
~ 

') 
E ement Concen ra ion oncentration 

(ppm except (ppm except 
as noted) as noted) -

Li < 0.0095 Pd < 0.63 
Be < 0.0029 Ag 190 % 
B < 0.068 Cd < 2.0 
c < 1100 In 0.099 
N < 1.1 % Sn < 1.6 
0 < 0.76 % Sb < 13 
F MATRIX I < 45 
Na < 3. Te < 72 
Mg 0.25 Cs < 1.9 .. 
Al 6. (( )) Ba MATRIX 
Si < 10. ¥ La < 3.9 
p 0.4 Ce < 0.044 

• s 60. Pr < 0.17 
• Cl 100. ~a.re Nd < 0~39 • 

K 0.6 Sm < 29 
Ca < 6. ~a.~~s Eu < 1200 - Gd Sc < 0.0013 < 0.11 
Ti < 0.1 Tb < 0.016 
v < 0.0067 Dy < 0.091 .. 
Cr < 0.076 Ho < 0.012 
Mn < 0.024 Er < 0.026 
Fe < 2. Tm < 0.013 
Co < 0.0068 Yb < 0.092 
Ni < 0.1 Lu < 0.016 

.. 
cu 0.9 Hf < 0.044 
Zn < 0.41 Ta < 32. 
Ga < 0.023 w < 0.3 
Ge < 0.047 Re < 0.029 
As 0.72 Os 0.018 

.. 
< < 

Se < 0.59 Ir < 0.012 
Br < 0.22 Pt < 0.034 
Rb < 0.55 Au < 0.053 

• Sr 360. Hg < 0.077 .. 
y < 0.88 Tl < 0.025 
Zr < 0.049 Pb < 0.1 
Nb < 0.6 Bi < 0.033 
Mo < 1. Th < 0.0027 
Ru < 0.0069 u < 0.0019 .. 
Rh < 1.7 186 
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FROM: 

SUB~T: 
• 

Michael 
1

D. Str~thman ) ~ v··~l--/""' ) 
guantitaticn of SIMS Data 
~ ~ 

v 
We have analysed the ion implanted Sal'2 samples computed the 
appropriate Relative Sensitivity Factors (RSF's). This allows us 
to quantitative the previously reported SIMS data. Color plots 
on concentration scales will follow in a report next week. 

Attached to this FAX are data summarized in Tables 1-4: 

Table 1: Qxygen Bulk data 01/14/92 

\l"l.,S Table 2: El•mental Bulk data 03/19/92 

7+ "T?u~{'' 1/~l?f ?'f eAJl.J 
~1tn,.tcopic 8¢.N~ef 

3 
~ 

°' '1 

Table 3: Elemental Bulk data 04/01/92 e1 j ~rt> •J'cQ.n 

Tabla 41 Blamantal llulk data 05/18/92 .,J / "'Sl>J"'" "l~ctM 
Also attached is a summary figure of the Leco and SIMS data take 
from the T Series crystal, Prototype (1 of 19). This figure was 
generated by taking the elemental concentration from a given 
slice, plotting it on the graph and then extending that 
concentration until data from an other sample was available. 
N.ote that the number cf samples is ditferent for the SIMS and 
Leco data. Of particular interest is the spike up in the Leco 
sulfur and oxygen concentration at slice 19. This is followed by 
an increase in the SIMS oxygen and hydrogen concentration at 
slice 23. I wonder SIMS data were available for slice 19 would 
the oxygen jump up even more? I will try to acquire more SIMS 
data in the near future• ~ G ~ 
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Analyses Performed on 14-JAN~92 
Sample [O] 

SIC X'l'L BASE 
K45B484A 

KoRTU ~ K458484A 
K144170 

SAF SIC 2x2.s 
SIC XTL TIP 

SIC CUBE 

( ppmw) Ca.re~ .src 
1 • 6 .- 1.9gi ~uJ.r'h-
2. 9 
2 • 8 ) f(ORrH 
1.5 
1.5 
0 94-{hr~ ..fjC 

• / .1) I Q<Mt IT)! 

2. 9 fr('der J'IC 

• s1M..s : o"C!~YI Co..ie~ <t-3 P'f>YI? 

# ~ ( Q.Wa.21 ,1RONI.. J.NCL1<.J'1{).J(..t) 

• • • • • • • • • • 
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. Bulk Concenttattons (ppraw) O.S -1. ~ rP/Vf. W 
~0..3~W~t~W 

Sample File 

2 ADal)w ~rmedon 1°APR;-/ r < 0.~~0.:/.1"1'"'\ 
H C N 0 S a ~ 

CE&AFZ 1 0.11 0.20 0.061 1.4 0.012 0.068 
14 0.093 0.18 0.047 0.92 0.010 0.042 

SICXTLTIP 2 0.14 0.28 0.052 o.ss 0.027 0.17 8600 

SIC CUBE 3 0.19 0.46 0.060 1.0 0.041 o.oso 9400 &ed.er 13 0.15 0.22 0.021 0.59 0.020 0.020 7600 

Tl 4 0.15 0.33 0.067 0.73 0.030 0.048 8700 
..... 
°' c.o T3B s 0.16 0.32 0.046 0.66 0.031 0.070 11000 

T7 6 0.078 0.34 0.062 o.ss 0.030 0.047 8100 
9 0.051 0.21 0.013 0.51 0.021 0.036 1soo I .. fLICES 

T19 7 0.27 0.59 0.043 1.2 0.052 0.18 14000 I of 
10 0.14 0.26 0.011 0.69 0.024 0.11 9500 

kf/IAL w 
0.62 T23B 15 0.18 0.23 0.009 0.028 0.11 10000 I C7AL 

T27 8 0.26 0.44 0.076 1.1 0.044 0.22 6000 I 
12 0.070 0.18 0.019 0 • .52 0.018 0.11 5300 

f 

• f[oTE l{'a.ria.t1<MS :ta.rg.t 



'LJTC }/_EW Bulk Concentrations (ppinw) 

Analyses Performed on 18-MA Y .92 

Samme_ .__Elle_ H c N 0 s --..Cl ~ 
Sr 

CB&AFZ 10 0.060 0.24 0.020 0.96 o.oos 0.038 

~S2-E2 11 0.12 0.99 0.11 2.0 0.070 0.17 260 
12 0.12 0.67 0.014 1.3 0.082 0.084 190 

S52·E.1 13 0.054 0.56 0.020 1.2 0.050 0.062 184 
14 0.12 0.84 0.10 1.7 0.080 0.12 318 

t t 
~ ~r3er~ ~es.s c.o 
0 

• t • • • t • • • • • 
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Prototype Crystal ( 1 of 19) 
Gae F'ua1on (Leco) and SIMS Data 
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BaF2 R&D May 1992: MATERIALS 
ANALYSIS, MANUFACTURE 

• CHARLES EVANS & ASSOCIATES 

- Inclusions Decorating Dislocation Boundaries: 
Impurities Highly Localized. 

- SIMS: Depth Profiling, Elemental Imaging, 
and Correlation of Impurities. 

- Quantitation of O,N,C,H,S in "FNAL" Crystal 
Cleaved in Slices: 
•Microscopic (SIMS) Base Level 0.5 - 3 ppmw 
• Global Level 50 - 100 ppmw 
• Dominance of Inclusions 

- New SIC Versus Older Crystals: GDMS 
• "No" Rare Earths 
• Other Trace Elements Similar 
• RBS: May Be Less Monocrystalline 

- SIMS, Gas Fusion on New SIC Crystal Underway 

• LLNL - SMALL ULTRA-PURE CRYSTAL GROWTH 

- Ultra-Pure Materials 

- Multipass Zone-Refining 

- Reactive Atmosphere 

- Tests at CE&A, Caltech, BNL By End June 

• LLNL: SURFACE LAPPING, POLISHING, 
COATING 

- Diamond-Impregnated Pitch Polish Chosen: 
• Roughness 10 A 0 RMS; Surface Structure 
• Flatness "One-Tenth Wave" 
• Coating: 903 Reflectance (220 nm) 
•Manufacture: Jigs, Process, Machine Designed 
•Technology Transfer: China Trip in June 
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Presentation by: 
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. . ··TEM. study 
,. 

. . 
TEM observation and electron diffraction 

Experiment condition: 200KV, 20..30 µ.A 
.. 

Vaci) um: · 10-7 torr. 

ll. Z.hv 
- ' 

. ·. . 

s:rc 

~. : .. 

' . I .. 

. i: .. ~-.. 

~ . 
·, .. 

; 

. ' 

. ·.' 
., . , ... : 

· ... .. · ' .... . .. . : . .. · .. " 
. : ' ".. .:;:: 

.. ·. .: .. :.: .. ,i.· 
.. .. _;~ . 

. · .... : ....... ..... : . : '·. :_ ·:· 

.·An electron beam of dian1cter of 1000A f~used on crystal.• . ; : . . :-',.' ... :-
l . . : , . 

':' : ~' ... 
. Every 2 .minutes tooK a picture. . .. J-;t· ·~·· r;,,.: '. .: . '.. · :::::/r .. 
Samples: No. l, 3 and 4. . OXf 34'h . COit t~ .. t: uo4 )' .io.J > 11 .. -, .. ', ; '. : 

.In powder form: . ¢ O. 1 ~ 1 µm ~.4. is. • f1-st' C•"*J $~;fit. · ·:. ·· ..-:,- '.. ). · 
•· .•. ·.· ·.·. , . ·: .. ~··· ·. -. . . . . . . . . . . . . . . 

: • . l . . 

1. Observation of m~rphology change (Fig.9) 
. ' . . . . 

·2. electron,diffrnction patterns (Fig.10) · · . . . . . . . . 
. .. . .. . . . . '. 

· T~"!'"'ss•o" o.f· .sc.rt:ts ef'G.r 10 · ·"' 

· 110.1: .ro % ,· . · "'· J: 2.rro: 
. ,c lS- e- .t..1) 
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~ Elhet of OH- on radidto11 ti1.11t•/t 1it BaF.~~:: : i: ! .. 
. .. . ' . . . . . . .. .·.'. 
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Cd~ - ; tL l.ou.1.~ '1->~ - sf Je :P~::tj­

~~~labso:ption ~c~the c!l!.:!-::!droxyl and oxygen impurty centres 

Color centres ~ (nm) Color centres · ~ (nm) 

F 611 Jl!;. 130 

~ 

M 720 290 

VK 336 0 2--v. 123 148 

750 127 188 

u 206 FH(02-) 394 

ou- 191 443 

o-- 175 F2H(02-) 365 

230 539 -413 

From the above results we know the U,011-; o- and 0 2- centres would be all the 

possible sources for the damage in BaF2, since they have the absorption bands near 220 

nm. But we need to make it clear what would be the main one that results in the radiation 

damage in actual process. 

3 Experimental Results and Discussion 

3.1 Experimental Procedure 

The BaF2 crystals used in our experiment were provided by Shanghai Institute of Ceram­

ics. One is}# BaF2 grown in recent experiment, and the other is 2# BaF2 grown at low 

vacuum. All the samples were processed to the thickness of 2 mm. Some were treated in 

air above 900 •c. The characteristic of optical absorption curves of samples before and 

after -y -irradiation were obtained in the regions of VUV, UV and IR with Acton VM 505, 

Graphicord UV-204 and Nicolet DX-V 5.07 Spectrophotometres. The radiation test was 

performed with the dose of 1 X 106 rad. 
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Fig. 3. VUV absorption for hydrolysed and untreated BaF2 
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Fig. 4. Absorption spectra of 1 # BaF2 before and after irradiation 
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BaF2 EM CALORIMETER 

1992 R&D PROGRAM 

RADIATION HARD CRYSTAL 
PRODUCTION 

0 
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BaF 2 crystal are shown as function of dosage. 
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MEMO~NDUM OF UNDERSTANDING 

BETWEEN 

THE GEM COLLABORATION 
SSC .U.S.A. 

AND 

TSINGHUA UNIVERSITY 
BEIJING, CHINA 

A PROGRAM OF COLLABORATION ON THE GEM PROJECT OF SSC 

MAY 23, 1992 

The objective of this memorandum is 
that Tsinghua University can most 
co11aboration on the GEM project of 
Co11ider (SSC). 

to estab1ish an arrangement 
effective1y perform 
the Superconducting Super 

Main col1aboration mechanism is summarised be1ow. 

1. Tsinghua University vi11 join the GEM co11aboration and make 
contributions,vhich particu1ar1y toward building GEM, as 
we11 as operating experiment and producing physics results. 

2. Tsinghua University Nuclear Instrumentation Center (TUNIC) 
will take the responsibi1ity of this co1laboration • The 
following departments are se1ected to be the participants at 
the first stage. 

Dept. of Engineering Physics 

Dept. of Applied Physics 

Institute of Nuclear Energy 

Institute of Micro-electronics 

Dept. of Mechanica1 Engineering 

Dept. of Precision Instruments 

Dept. of Thermal Engineering 

E1ectronics and detector 
modu1es 

Detector and experiments 

Gas detectors 

Custom chips 

Laser welding and Mechanical 
structure 

Fine processing of optical 
crystals, Optical alignment 

Thermal control and cooling 
system 

3. Selected professors,engineers,postdoctors and technicians of 
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Tsinghua University will work on GEM project for SSC. The 
devices and material which should be purchased on the 
international market will be offered by SSC. The technical 
specifications, time schedule and total budget of a subproject 
of this collaboration will be signed case by case. 

4. GEM will offer the complete R&D documents for prototype making 
and testing. SSC will support the visiting scholar or engineer 
of Tsinghua University to join R&D in USA before and after a 
contract of the related subproject has been signed. 

5. Listed below are the most possible subprojects of GEM-Tsinghua 
collaboration. 

_. _Fine processing of BaF2 crystals 
~ - Titanium cover for BaF2 crystal 
~ - Prototype of electronics circuit board,mass production and 

testing for EM calorimeter,hardron calorimeter and Muon 
chamber • 

... -.BaF2 I LAr detector assembling and testing. 
-·custom chips ( Preamp, shaping amp, analog and digital 

pipeline ,ADC, etc.) 

Composite structures. 
Absorber plate for H-calorimeter and Muon chamber 

.-.- Thermal control system. 
Optical alignment of GEM detector. 

Agreed 

--~L_ IJ_u}Jt, 
William Willi· 
Spokesman of GEM 
collaboration 
nate:~lff1f' ('1'72-

/ 
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To ~ Prof. W.Willis (GEM Spokesman) 
From : Asao. Prof. BingXin Yang, Department of Modern Physics, 

University of science and Technology of China, Hefei 
230026, P.R. China, FAX : 86-551-331760 

The GEM group at USTC would like to contribute to the following 
area of GEM Physics program : 

~ A. EM calorimeter -- 8AF2 option1 
1. Radiation damage study of BAF2: 
2, BAF2 crystals quality control; 
3. Cosmic ray test; 

i4. Assembly. 
B. ;Detector and physics simulation and data analysis. 
C. Electronics and DAQ. 

The 
A : 

( 
B : 

GEM group at USTC consists of the following members : 
Department of modern Phsic• 
2 Prof., 6 Asso. Prof,, 7 Lectures, 4 Asis. Prof.; 
Centre Laboratory of Structure and Element Analysis : 
5 Asso. prof. 

. 
To perform physics simulation we need two 
GEM which will be used at USTC to permorm 
simulation task and educate students. One 
USTC will visit SSCL in near future 
workstations. 

workstations fr~in, ...... 4' .. 
GEM relatev• i ··. 
physist of the 
to receive the ' 

) 
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MEMORANDUM of MUTUAL UDERSTANDING /HE.fie~ 
between 

The GEM Collaboration 

SSC, U.S.A. 

and 

The institute of high energy Physics Beijing, China 

A program of collaboration on the GEM experiment at the SSC 

in the design and construction ph1111e 

May 24, 1992 

The spokesman~! GEM experiment, Prof. W. Willis and other members attended the 

Beijing GEM meeting on May 20th at IHEP and the First East Asia/Pacific-US SymposiUJ'TI 

on SSC physics, Experiments and Technology from May 21 to 24 held at CCAST ,Beijing. 

During these meetings, extensive discussion with the director of IHEP, S.X. Fang, the deputy 

director of !HEP, Z.P.Zheng, and the member of the IHEP GEM group were carried out to 

idendify the role of IHEP's participation in GEM experiment during design and construction 
phase. 

The spokesman of GE.\!t collaboration noticed that a IHEP GEM group has been 

established and is working actively to explore the possible area of GEM experiment where 

they can mue contribution. 

IHEP appreciates highly the expectation of GEM experiment that IHEP can take 

leading role in calorimeter system. Acco:rding to present ecnomical condition of China, IHEP 

could only contribute their experience, manpower and help to reduce the the construction 

cost to meet partialy the budget need o£ GEM as the contribution to SSC project. 

lHEP expressed its intention of participating GEM experiment during design and con­

struction phase. In following four items where IHEP could contribute. GEM management 

will provide necessary assistance to help IHEP's pa:rticips.tian in GEM eXperiment. 

~ A. BaF2 EM calorimeter 

As the tasks of BaF2 EM calorimeter have been assigned to many institutions of 
China., IHEP would like explicitly join the cosmic :ray test as well as assembling of BaF2 

detector. Detailed specifications are requested and cost estimate will be made later. 

B. Liquid Argon Calorimeter 

IHEP intends to undertake the production of absorber plates and electrodes, partici­

pate quality control (and module construction). IC the LAr option is selected, IBEP GEM 

group would be involved further. 
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GEM collaboration would invite one physicist from IHEP and one engineer from 

Shanghai Aircraft factory to join the lmm option beam test starting late Jun. for final 
decision o£ Calorimeter options in August. After that they will join the design of LAr 
calorimeter or scintillation fiber hadronic calorimeter according to the final calorimeter 

eelectic.Jl.Their expenditure will be provided by GEM collaboration. 

C. Scintillation Fiber Hadronic Calorimeter 

mEP intends to join the design of scintillation fiber hadronic calorimeter and be in 

charge of mechanical processing, assembling, quality control and detector characteristics 

test. 

D. Muon System 

As the technique of the muon eyatem. haa not been determined, IHEP only expresses 

its intention of participating R & D of mase production and undertake part of the mus 

production of any chosen option for muon system. 

Members of GEM collaboration visited the facilities for muon detector me.nu f'actUring 
in mEP and had a deep impression on it. Part of muon system mass production will be 

assigned to IHEP GEM group. GEM collaboration would invite one phyeic:ist and one 

engineer to visit U.S. bi Jaly for aix weeke, they will investigate difi'rent techniques for 

muon detector and participate in designing later on. GEM collaboration will provide the 
expenditure. 

In tl).e design phase, IHEP would participate GEM muon detector simulation. work­

stationa are requested from SSC GEM collaboration .for doing the simulation at IHEP. 

Network support is also needed for intensive discusstion a.ud software upgrade in simula­

tion. 

As the first step, GEM collaboraticm would provide two workstations to mEP and 

one physicist is invited to U.S for about one month to learn the simulation software and 

accept the workstations. GEM collaboration will provide the expenditure. 

Agreed 

William Willis, spokesman of Fang Shou-xian, Director of 

GEM collaboration Institute of High Energy Physics 

Date: Date: 
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Interest of Chinese Collaborators 

• BaF2 Calorimeter: 

BaF2 Crystal Production: SIC/BGRI; 

Crystal Quality Control & Cosmic Test: !HEP /USTC; 

Mechanical Support Structure: Tsinghua; 

Detector Assembly: !HEP /USTC/Tsinghua; 

- Thermal Control System: Tsinghua. 

• L Ar Calorimeter & SH CAL: 

- Design & Absorber Processing: !HEP /Tsinghua. 

• Muon Chamber: 

- Mass Production (1/4 of Barrel): IHEP /Tsinghua. 

• Electronics for all Subsystems: 

- A Joint Center: Tsinghua/IHEP /USTC. 
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Presentation by: 

F. Taylor 



June 4, 1992 
Frank E. Taylor 

Status of Muon System 

Recent activities: 

Engineering: 

(a) Strengthened group: 

Howie Baker - Draper Project Management 
Joe Pohlen - MM System Integration 
Jacques Pier-Amory - · SSCL Installation & Integration 
Funding for alignment task: 

Joe Paradiso - Draper Muon system 
Rick Sawicki - LLNL Global Alignment 

(b) Design: 

Attachment of support structure to magnet 

Computation of solid angle coverage with real chambers 

Package for July PAC 

( c) Installation of sectors in magnet: 

Options: 

Monolithic structure assembled outside 

Individual sectors installed one-by-one 
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Cost Review: May 5 

with electronics 

(a) Barrel: PDT with RPC trigger 
Endcap CSC ------ $ 129 M 

(b) Barrel:LSDT with RPC trigger 
Endcap CSC ------ $ 121 M 

without electronics 

(c) Barrel: PDT with RPC trigger 
Endcap CSC ------ $ 95 M 

(d) Barrel:LSDT with RPC trigger 
Endcap CSC ------ $ 89 M 

How to descope? 

Action items being worked on. 
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Pattern Recognition Software Meeting 
BNL: May 19 

Organize the muon hit-level Monte Carlo Efforts 

Goals: 

- Generate fake events and reconstruct 

- Include backgrounds - muon associated, 
punch-through, neutrons 

- Evaluate system performance with bkgs and 
inefficiencies 

- Study pattern recognition I technology I heavy 
quarks 
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Alignment Meeting-SSCL May 22 

Organize efforts for muon system & integrate in GEM 

- Detail specifications for each dimension of system 

- Review of straightness monitor technologies 
LED-Lens 
SWAT - stretched wire 
LASER beacon 

- Transfer technologies to chamber proponents 

- Compile table of straight-line monitor options 

- Integrate requirements into support structure 

- Each technology tabulate their own error budget 

[Meet again June 10, 1992 at Draper] 
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Chamber Technologies 

(a) Neutron tests at MIT: 

CSC, LSDT, and RPC exposed to Cf neutron source. 
Sensitivity to neutrons measured. 
Results being analyzed. 

(b) Full-scale chamber prototypes at TTR 
. 

Plan to ship them this August. 

(c) CSC at RD5/CERN early fall 

Proposal funded through TNRLC. 

(d) How to choose chamber technology for TDR: 

Resolution, alignment, cost, robustness ...• 
Memo written and will be discussed with Muon Steering 
Committee and Muon Group. 
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Session Name: sscvxl 1 

D R A F T - III 

TO: GEM Muon Group 
FROM: Muon Group Steering Coamittee 
SUBJECT: Which Technology(ies) ? 

June 2,1992 

The following is a list of the criteria which will be used to judge which 
technology we will take for the Engineering Design Report. It is hoped that 
these decisions be made in the time scale of early fall - 1992. 

Sources of Info:cmation: 

Calculations: 
These can be used to evaluate the influence of various sources of error and 
should be presented with sufficient detail in order to judge their 
accuracy. Important assumptions should be clearly stated. 

Texas Test Rig: 
It is anticipated that cosmic rays, with the hardened momentum spectrum 
possible at the TTR, will be used to detel:I!Line the single layer resolution of 
the proposed tracking technologies. Tests will also be perfoDDed on the TTR 
to investigate the canpatability with other technologies (if relevant). 
Some measures of the robustness of the technologies can also be obtained. 
These will involve noise susceptibility, sensitivity to ambient temperature, 
and pressure. 

RDS tests at CERN: 
This series of tests should determine the single layer resolution of the 
csc option using beam muons. Measurements of the associated delta rays, 
pile up should also be possible. The rate of hadron punch-through should 
also be measured. 

Muon beam tests at FNAL: 
Data have been taken with the LSDT chambers in a 0.5 TeV/c muon beam. These 
results detel:I!Lined the layer resolution (B-0) and the delta ray flux 
from absorber in front of the detector. There is a possibility to run again 
at FNAL during the summer of '93 (between collider runs) using the E665 
magnet and muon beam. 

Neutron source tests: 
Tests have been performed using a Cf neutron source at MIT. The RPCs, LSDTs, 
and CSCs were exposed to the SOtP.:Ce. The efficiency for detecting neutrons 
in each technology will be determined from these data. Further tests may be 
necessary to explore the sensitivity to gas mixture, chamber construction. 

For Momentum Detel:I!Lination: 

(I) Performance - Spatial: 

(1) Layer Resolution: < 100 microns for barrel region (random) 
< 75 microns for endcap region (random) 
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Barrel option with 
Cathode Strip Chamber 

~o.~• d. A fl~t:\ 
P«.'" Wl<rlt" , , ..,.. 

Hexcel chambers with cathodes along the z-direction. Effective cathode 
segmentation is 5mm. Wire spacing is 2.5 mm ganged into groups of 8 
for trigger. With 8-8-4 configuration it is possible to tag beam crossing. 
Chambers arranged in a 32 segment geometry and tilted by about 5 
degrees to account for lorentz angle effect 

Advantages of placing CSC in Barrel: 

• Single Technology for trigger, precision measurement . 
. 

• Potentially easier superlayer-superlayer alignment by photo-
lithography. 

• Potentially improved pattern recognition and reconstruction using 2-
D correlated measurement (we have yet to prove we need 2-D 
mesurement) • 

• Rate capability to > 1034 /cm2 sec. 

• Lighter structure with simpler supports (entire barrel system about 
50 tons). 

• Potential simplification in muon system assembly. Each chamber 
unit < 200 lb. · 

-
• Single Technology with Endcap. 

The major areas of concern (aside from general technical questions 
common to both Endcap and barren are: 

• Cost of Electronics (about 1 million strips and 1/2 million wires). 

• Cost of mechanical construction of 15,000 square meters of active 
cathode area. 
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Short Term Plans 

o Cost Review Action items and preparation for 
next round - June 23 and 24 

o Prepare next Baseline -June 25 

o Complete response to ·p AC questions for July 
meeting 

o Write TDR 

o Agree on criteria for technology choices 

o Construct chamber prototypes and test at TTR 
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GEM Central Tracker Team. 

University of Albany 
M.S. Alam, I.J. Kim, B. Neman, J. O'Neill, H. Severini, C.R. Sun, L. Zhichao 

Brookhaven 
P. O'Conner, V. Radeka, G. Smith, B. Yu 

Indiana University 
C. Bower, M. Gebhard, R. Heinz, S. Mufson, J. Musser, J. Pitts 

Los Alamos 
Ron Barber, J.G. Boissevain, M. Brooks, D. Brown, M. Cafferty, B. Cooke, K. 
Fuller, S.F. Hahn, J. Kapustinsky, W.W. Kinnison, D. Lee, G.B. Mills, R. 
Prael, G.H. Sanders, W.E. Sondheim, L. Waters 

University of Michigan 
D. Kouba, D. Levin, S. McKee, G. Tarle, A. Tomasch 

University of Oregon 
A. Arodzero, J. Brau, R. Frey, K. Furuno, D. Strom. 

ORNL 
Kenneth Reed 

Rutgers University 
P. Jacques, M. Kalelkar, R.J. Plano, P. Stamer, G.B. Word 

Academia Sinica, Taiwan, R.O.C. 
Y.C. Chen, TL. Chu, S.C. Lee, P.K. Teng, MJ. Wang, P. Yeh 

SSCL 
L. Barabash, Y. Fisyak, K. Morgan, I. Sheer, J. Thomas 

Washington University 
J. Beatty, P. Dowkontt, J. Epstein, G. Simberger 

Yale University 
C. Baltay, Chairman, R. Ben-David, D. Dong, W. Emmet, S. Manly, S. Sen, 
J. Turk, E. Wolin 

Members of the Steering Committee are listed in bold type. 

6/4/92-KM 
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CENTRAL TRACKER 

thick with a strip pitch of 50 µm. Each pair of sensors provides a space 
point with a resolution of 10 µm in the r - ip plane and 3 mm in the r -
z projection. The six layers of ladders are organized into three 

superlayers, each of which provides a track stub to a track finding 
algorithm. In the forward region, the silicon sensors are mounted into 
disks with the strips projecting radially inward toward the beam axis. 
The SM is 200 cm long and extends in a radius from 10 to 35 cm. The 
total area of silicon ladders in the detector is about 7 m2 with about 
3 .5 x 106 strips to be read out. The read out will be highly 
multiplexed, with 1028 strips to one fiber optic readout channel, for a 
total readout channel count of 3500. 

The outer tracker consists of 8 layers of IPC, both in the barrel region at 
radii between 35 and 70 cm, and in the forward region which extends 
from 20 to 70 cm in radius. The 8 layers are arranged in 4 superlayers 
with 2 layers each. Each barrel layer will consist of 20 chambers, each 
covering 18° in azimuth, with the 'largest chamber being 30 cm wide x 
200 cm long. The forward layers will be disks divided into ten 
trapezoidal chambers about 50 cm x 50 cm each. 

Each of the chambers will be tilted in azimuth by the Lorentz angle of 
the gas (-6 to 9°) so that the E x B effect in the 0.8 T field does not 
degrade the resolution. This tilt also allows the chambers to be 
overlapped, eliminating dead regions due to electronics and structural 
elements.' 

The direction of good resolution in these chevron pad chambers is along 
the anode wire. Thus, the wires in the barrel chambers will run across 
the chambers, in the "¢ direction", keeping the wire length between 15 
and 30 cm. In the forward chambers the wires will also run in the "<P 
direction", with wire length between 10 and ·40 cm. 

In the present design pad sizes are a uniform L\11 x L\11cl> = 0.0007 in all 
parts of the tracker. This results in a total of just under 400,000 pads 
for the entire device. 

The anode wires will be spaced at 2.0 mm intervals. To obtain prec1s1on 
better than the pad size in the "e direction", readout of the anode wires 
is expected in at least one layer in each superlayer. A digital readout 
would provide a precision of .;;600 mm in this direction. This precision 
in each of the superlayers will provide the required oz -1 mm to 
separate event vertices at a luminosity of 1034 cm-2 s·l, when the 
silicon tracker is expected to be out of operation. This would require 
about 100,000 wires to be read· out digitally, which will be multiplexed 
at a level that satisfies the occupancy requirements. 

Source: KM 
Updated: 

Page 9-2 4/10/92 
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