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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 are: 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.



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 (1. 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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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

Memorandum 92 6424 E P 0001

To: Harvey Lynch and Jon Ives
From: Gary Sanders - GEM Project Manager 6
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 ime indicated that the only solution was to place this
building at IR8. This was due to the fact that the access to both IR5 and IR8 was foreseen
commencing from the north and that the exploitation of the IRS site would also involve -
more preparation than IR 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 IR8 then the 24 transportations of the
finished wound magnet coils, approximately 20m diameter, from IR8 to IR5 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 IR5, 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: Ed Crumpley
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 part 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 of calorimeter drawings
Wire readout to stereo pads
Material budgets for silicon gnd IPC - plots for all eta
Drop cabling requirements
Calorimeter
Legitimize new baseline
Show module details - EM and Hadron
Show plots of X0 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

23
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GEM MAGNET ACQUISITION PLAN

Routing Sheet

PERSON TITLE STATUS SIGNAT UR%' ,
Richard Fischer GEM Business Manager |Review WWO{%?C’,/QA
Gary Sanders GEM Project Manager Approval /'—7 %\, -
Bill Davis GEM Subcontract Admin | Review / LOMJ
Fred Gilman Physics Associate Dir, Approval %Aﬂ«gﬂé / /é/_‘_,/ |

Charlie Dan SSCL Procurement Review |

) [zeorge Provencher SSCL Procurement Dir. Approvalj
Steve Brumley SSCL Legal CouneiZ=! |Review
Roy Schwitters SSCL Director Approval

For the submittal of the GEM Detector Magnet Acquisition Plan to DOE on Friday,
May 8, 1992
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4. " GEM MAGNET TECHNICAL DESIGN REPORT'
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MAGNETMOBILITY QUEsTIoN M- Haeals

THE MAGNET MOBILITY POSSIBLITES WERE DISCUSSED AT THE
PREVIOUS EXECUTIVE MEETING AND AFTER VARIOUS INTERACTIONS
WITH MAGNET, MUON, CALORIMETER AND TRACKER GROUPS THE
FOLLOWING RECOMMENDATION IS PROPOSED AFTER RESTATING THE
FACTS.

1.  SINCE THE MAGNET HAS TO BE INSTALLED THERE WILL BE A
NEED OF SUITABLE EQUIPMENT TO DISPLACE THE TWQ HALF
UNITS ALONG THE LENGTH OF THE HALL.

2. THE MAXIMUM COST DIFFERENCE BETWEEN 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 BEINGLESS. Picsent enrbmak A ~2.5M

3. THE SEQUENCE OF THE BASELINE INSTALLATION SCHEME IS
THAT THE MAGNET IS INSTALLED WITH THE CENTRAL
MEMBRANE AND 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 AND THE BEAM PIPE
CONNECTED. THIS IMPLIES MOVABLE SERVICES FOR THE MUON

BARREL.

4. IF THE CALORIMETER AND THE TRACKER COULD BE INSTALLED
WITH THE TWO MAGNET HALF UNITS TOGETHER THEN THE
MUON CHAMBERS COULD ALSO BE INSTALLED UNDER THE
SAME CONDITIONS. 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 ~$1M.
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

track 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-92-008-3
2M3/%




Fl- Hansy - PresemT veommamaanens

IN ORDER TO HAVE COMPLETE FLEXIBILITY IN THE FUTURE AND TO
PERMIT THE STUDIES TO CONTINUE AT LEAST A FEW MORE MONTHS

IT IS PROPOSED THAT THE MA BEING MOBILE
AND AT THE SAME TIME CONFIRMING THE COST DELTA BE

ONE TIME MOVEMENT AND SEVERAL MOVEMENTS. HOWEVER, THE

DETECTOR DESI ELIMINATE THE P USE OF SUCH
R INTER D BE CONTINUED WITH THE
HIGHEST PRIORITY.
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Magner DESIGN STATUS

e Tecmmear DESIGN REPORT = REPRESENTS A CONSISTENT
SNAPSHOT OF DPASELINE 4 DESIGN . WOR K conTINVES
ON DETAILED DESIGN OF EVERY ASPEcT OF THE
MAGNET AND MODIFILAMTIONS OF ELEMENTS
DESCLRIBED 1Y TODR SHOULD BE EXPECTED .
OVERRLL CONCEPTS RATHER FIRM EXCEPT
THE QUESTION OF MOBILE VS NoN-MOBILE
Coil HAUWES 1S STILL PVRSVED By M. HAQMS,
THIS QuEsTiod \S COVPLED TO "FINAL™ CALORIMETERS

ArND MVUEN SVUSTEMS DESIGN AND Wl BE REsSoLyeED
in NEXT FEN HON'I'”,‘

CONBUCTOR QD - WM\TIATED BY MIT-PFC
IN COLLARORATION LiIiTH  INDVSTRY ., Witk PRodDWCE
FEW NVNDREO METERS OF (ONBVCTIR  WoRK o
DEFNINE QUALITY ASSVRANCE CRITERIA AWD
PRODVCE SEVERAL  QoINTS

. NINDING QD = OVTUNE PReEPARED BY
RVTHERFORD LABORATRY IT HiLL 8E A MAQR
KAD \TEM v [382/1883 .

. l‘y;},oa ALERS OF ConNceERN
e FIELD MAPPING PLAN
AcCELERATOR INTERFACE
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M.C. SIMULATION STUDY OF GEM EM BARREL CALORIMETER
WITH PROJECTIVE ACCORDION STRUCTURE

MICHAL SEMAN
COLUMBIA UNIVERSITY

* ATM - 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 TQO BE THE SAME
FOR BOTH SLOW AND FAST VERSIONS

§

* DEFINITIONS

- MEAN GAP WIDTH
- energy resolution (sampling ratic 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 X0 REQUIRED

* PHI DENSITY OPTIMIZATION WITH ’‘GEANTINO SCAN'
* PHI DENSITY OPTIMIZATION WITH 50 GeV SHOWERS
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jsers DIRECTIVES OPTIMIZED for this run

—

75.00 cm
76.00 cm
80.90 cm
82.50 em

86.43 cm

138.53 em

142.53 em

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

2.00 cm - LKr GAP

1.00 cm - G10 for Electronics+Cables+Spacers '

1.00 cm - G10 FRAME with SS sheet holders
- INNER RADIUS of ACCORDION STRUCTURE
- ACCORDION STRUCTURE :
0.095785 cm - LEAD thickness

785 cm - AB hickness

0.190254 cm - LKr thickness

0.556293 cm CELL thickness
84Q 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
57.47%47 deg - ALFA of last stack
14 - Number of STACKS
- OUTER RADIUS of ACCORDION STRUCTURE
- BACKWARD STRUCTURE :
1.00 em - G10 FRAME with SS sheet holders
1.00 cm - Gl0 for Electronics+Cables+Spacers
2.00 cm - LKr GAP
- Rout of EM CAL

NERN CORNER RADIUS -~ 2.5 mm
58 - 2 x 0.5 mm
GILUE - 2 x 0.05 m»ro
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DEPOSIT ENERGY DEV.(%)—————~ .

* ISCAN with GEANTINO
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Normakzed response uniformity
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Figure 6: The calorimeter response, normalized to the mean value, as a function of the electron
Z position over half a cell for 2 90 GeV beam, Closed circles: experimental points. Open circles:
prediction of a full shower Monte Carlo simulation of the Accordion geometry. -
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<ENERGY> OUTSIDE < ENERGY ) CENERGY > SIDE LEARED

EALII;;R'%Y RCCORDION STRUCTURE  BACKWARD LEMLED FROM 7kT TOWERS (
(4
[Gel] aiL Gev] 14 [Gel] hL
20 9.33 —=> 15§ o.0f5 = 12 o0.19 203
50 0.3 > 3 0.2% =3 0.46 ot
fo 144 =4 0.5 =3 0.74 19
120 224 = ¢ 4.05 —>6 0.9 =214
160 * . 3.32 19 466 —>13 4.5 — 21
320 * 3.6 —»25 496 — 17 3.45 =40

% PRELIM/NARY
LOWER STATICT/ES



C/VE [ %] | CONTR(BUTION
ENERGY  NO CORR. BACK LEAK  CORR.FOR AlL  BACK LEAK  OTHERS

04

L GQVJ ' CORRECTED LERKED ENERCY

1 59+02

5 54102

10 54310.2

20 543t0.2

50 53102 56 525

40 54proe2 58 5.43
4120 §N202 58 5.41 1.9 2.4
460 245+ 0.6" 5.96 543 4.5 2.5
320 £9140" 6.8 5.5 5.7 4.0
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arg DIRECTIVES QOPTIMIZED for this run :

Rin of WARM CRYO wall (Al)
Rout of WARM CRYO wall
Rin of COLD CRYO wall (Al)
Rout of COLD CRYO wall
FRONT STRUCTURE : -
2.00 cm - LAr GAP :
1.00 cm - G1l0 for Electronics+Cables+Spacers
1.00 cm - Gl0 FRAME with SS sheet holders
INNER RADIUS of ACCORDION STRUCTURE
- ACCORDION STRUCTURE : -
0.094465 ¢cm -~ LEAD thickness
0.134465 ¢cm ABSORRBER thickness
0.188405 cm LAr thickness
0.551275 ¢cm CELL thickness
840 Total number of CELLS -
4 Number of CELLS in TOWER
2190 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
151.52 ecm - OUTER RADIUS of ACCORDION STRUCTURE e
- BACKWARD STRUCTURE :
1.00 cm - Gl10 FRAME with SS sheet holders
1.00 cm -~ G10 for Electronics+Cables+Spacers
2.00 ecm - LAr GAP
155.52 ecm - Rout of EM CAL

75.00 com
76.00 cm
8°.90 cm
82.50 cm

86,43 cn
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Jsers DIRECTIVES

—

75.00 cm
76.00 cm
80.90 cm
82.50 cm

86.43 ¢cm

138.49 cm

142.49 cm

2.00 cm -

OPTIMIZED for this run

Rin of WARM CRYO wall (Al)
Rout of WARM CRYO wall
Rin of COLD CRYO wall (Al)
Rout of COLD CRYO wall
FRONT STRUCTURE
LAr GAP

1.00 ecm = Gl10 for Electronics+Cables+Spacers
1.00 cm -~ Gl0 FRAME with SS sheet holders
- INNER RADIUS of ACCORDION STRUCTURE
- ACCORDION STRUCTURE :

0.125530 cm
0.165530 cm
0.175876 cm
0.557282 cm
840
4
210
0.029820 rad
0.003740 rad
4.880
0.018251 rad
30.53631 deg
57.40606 deg
14
- QUTER RADIUS

2.00cm -

- Rout of EM CAL

LEAD thickness
ABSORBER thickness

LAr thickness

CELL thickness

Total number of CELLS
Number of CELLS in TOWER
Number of TOWERS
TOWER dimension in PHI
DELTA

Ratio BETA/DELTA

BETA

ALFA of first stack
ALFA of last stack
Number of STACKS

of ACCORDION STRUCTURE
- BACKWARD STRUCTURE :
1.00 cm - G10 FRAME with SS sheet holders
1.00 cm =~ G1l0 for Electronics+Cables+Spacers
LAr GAP
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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 %

o
AT THETA = 90

* FIT IN ENERGY RANGE (5 - B0) GeVv
Q= 5.4
0.0

- =___ 4
/e = =t /-

' - 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 GCeV 90
—> (1.9%-0.2)°, al 20Gel 4%°
- LIQUID ARGON AS ACTIVE MEDIUM

1. STRUCTURE - THE SAME AS FOR LKR BUT 65.1 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

7/ - 2 @g, a= 4k.21 00%
/€ VE

L= 0.29 %001
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lKr EM CRL
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THETR DEPENDENCE OF ENERGCY ReSoLuTION

LKr
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10 5.4
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10 £2

2. STRUCTURE L25Xo in 52.1 em]
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BARREL/ENDCAP EM - LIQUID ARGON PLUG-TILE ENDCAP

ENDCAP SCINTILLATING TILE

1928

BARREL SCINTILLATING
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GEM Liquid Argon Calorimeter

-
L

Shows General Conliguration with Electronic feed throughs

Elecironics Box 1/4 Section "Off Vertical" CENTRAL BARREL CALORIMETER WEIGHT =775 MT
obDer n Absor ENDCAP CALORIMETER WEIGHT = 505 MT each
Copper Hadron Absorber TOTAL CALORIMETER WEIGHT = 1785 MT
2156 Weights have zero Margin
1 Electmnics Box
| P
_\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ | e
\ 1.76MT ea.
H 40 Modules SRR
? ; : 2.40MT ea.
~1 : 20 Modules
o '
N S ] 3
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- o A [3.61 MT Box
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..... ————— - 2ol Module A1 REV I F .
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GEM Liquid Argon Calorimeter - Plug Version
Electronics Box
Copper Hadron Absorber
il
T
: Electronics Box
[ ]
3600
M
EM
| 890
i TAAGKER 750 :
| = Forward Cal. ’ _____
J__ = L et
— NEUTRON ABSORBER :
et — 5090 o-Lo— 1260 ———»]
- 5126 -

LLMason GEMLAC.Plug Version 5/13/92
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(347 2 0.44) mum

VE
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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 SEOW 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
(NROT 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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FIELD STRENETH AT 2 RU/gen

10.53 BUfem - conslant /c'e!o/ n7:'on
11.72 LV/em - convex bend (reed. ef.)
2.9% ﬂV/an - concave Pend (read . ef.)

0.020 7 T T T ] Y ]
0.015

L-E 0.010 |- + + + + o + o

0.005

! | ! 1 A ! 1

1200 1600 2000 2400
High voltage (Volt)

Figure 7: Energy resolution at 122 GeV as a function of the high
voltage applied to the test module
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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

r

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

91



125 mmm,
4.875mm

2.5 mnme

SPRCCR DM

gV
op)
Jf77777777] [777777777] 77777
// 7/ 1 7777 (/7/ 777497 71 7/7/7 ¢/
..-“u.......u“ .~..m-...~....q

da o g TREN PREP

[
SR ERTRRLLE B VPR Y TR e [

AT T T T T
AD NN MNMAINYL N ANMNNLIZ WY




92/05/26 14.45

GM20z128402522490022632z252z530zKR. 133

1D 1

50 | Entries 600
. Mean 104.2

1 RMS 8.749

40

30

20

10

0 l 1 | 1 1 l | 1 L] 1 l__l 1 i | l il 1 I 1 l ) B | "l

a0 100 110 120 130

ACTIVE ENERGY in DEPTH (0.0*I%rr:% SUBZSTEP CHARGE P(QS.)




gem

Presentation by:
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Yu. Ka mr;hk‘ 4

Present major activities in Calorimetry

Formulation of the new Baseline II

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 etec.
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Calorimetry Progress Report

June 4, 1992, GEM meeting SSCL

Projective accordion simulations

. Hybrid Option =-> new baseline

Progress in SSCintCAL hadron calorimeter
BaF2 radiation resistance, mechanics, coating

BaF2 production news

M.Seman
Yu.Kamyshkov
L.Sulak
H.Newman

R.Y.Zhu

207
10’
107
207
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Electronics Box 1/4 Section "Off Vertical”
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Liquid Argon Plug Calorimeter

* Welght = 2011 MT

+ Barrel Channels Plug Channels Ewd Cat Channels

EM = 29,600 EM = 36,000
= 4 =
I Total = 39,040 Total = 52,960 Total = 1,736
RCold Feed Through __— Support

Support

Cold Feed Through

Warm Feed Through
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Fiber Hadron Calorimetet"
.03.CU.043 Fiber with Current LAr Design

Rennich
May 25,1992
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GEM Detector
Fiber Hadron Calorimeter

G.03.CU.043 Fiber with Current LAr Design

Rennich
May 28, 1992
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EM and Hadron Plug - Center Split

* Weight = 282 MT

* No. of Channnels

EM = 66,400

Had = 16,320
FW =

Total = 84,456 Cold Fosd Thru
. Active & Inactive Coarse Hadron
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Support Support
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RECENT PROGRESS
ON
SSCintCAL HADRON

CALORIMETER

L. Sulak

GEM Collaboration Council
Meeting

June 4-5, 1992
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SSCintCAl Hadron Calorimeter
Status Report June 4, 1992

® Number ‘MPHOEE%Q-W—MEDW Beam test table
electronics etc. all ready and tested, easy Tigging 1n and out of
shop. o
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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 be 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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SSCintCAL Hadron Calorimeter

Sequence for Construction of Prototype Towers

3.&4.

6.

7.&8.

9.

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.

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.

Station3 -  The blur is a technician cleaning the
plates. Degreasing milled plates with ionic detergent
“Alconox”, standard labware cleaner.

Station4 -  Shearing grooved plates to final
trapezoidal shape. Hold down holes of one edge trimmed

off. Others await trimming.

Station5 - 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).

Station 6 -  Stacking plates on assembly fixture and
applying solder/flux paste (Nocorrode Liquid Solder).
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10.
11.
12,

13.

14.
15.
16.

17.

18.

19.

20.

Station 6 -  Stack approximately 1/2 assembled on
assembly fixture.

Station6 - Checking alignment of layers with
straight edge.

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

Station6 - Applying clamps and loading by
compressing springs under nuts. Max load approximately
300#, each spring, when fully compressed.

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

Station6 - (cont.) Additional views of clamping
procedure.

Station6 - (cont.) Additional views of clamping
procedure.

Station6 -  Inserting thermocouples in center and
near edge of stack to monitor temperature during furnace
soldering.

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

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).

Station9 - (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 - e rber block production
Shipping to Eguador

- Equador - Ingert fibers
Bundled fibers, attach PMT s, mount

Test
Ship (same container) to SSC

China - Alternate source copper blocks

Belarus - Quartz and plastic fibers
Electronics

India - Forward Calorimeter
200 G¢V GEM dedicated test beam

CJL "hk ‘1!'
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gtional Accsierator Laberatory
Superconducting Supar Colider
2550 Beckieymeadae Avenye

Dalias, Toxas 75237

Dear Dr. Schwittors,

Proteseor JaseEsiadman has suggested | writa I you o describe briefly some of .
the discussions | have had cver the past few m with members of the GEM

collsboration conceming possible in the work of

the S8C.

| understang from Leamry Sulak {(a former coifeague at Brookhaven whe .

me into these discussicns) that you are aiready somewhal familiar with the -

potential in Albania. In that regard, | have been asked to transmit a personal

invitation from Albania: On behal! of the Dhysicsts of the University of Tirana,

Faculty of Natural Sciences, Department of Physics, and the Academy of

Sciences, Republic of Albania, Institute of Nuciear Physics, you and members of

your staff and the GEM coilabaration ers warmly invited 10 visit the University, the

instiiute, and other scientific and technical sites in Albaniz, including copper -
facilities. ! know that a formal invitation is on its way o you from Professor

Rexhep Mejdani, Dean cof the Department of Physics, and Dr. Perperim Fugas,

Directer of the Institute of Nuciear Physics.

During my iast visit to Tkena, | mentioned your laboratory to Dr. Berl
Jew Eregtent oL DABMDRIS He wis WM i -
expressed great intgregt in hnking Albanign scientisls aed anginests to such
g e h he wil give his personal suppert %
your vistt or of your colteagues. partners in ALBUSA International -
Tirana, & private Albanian-Amarican snterprige, will be happy to sssist in
arrangements for any vig. Dr. R 's office has indicated he would kke

vist ai the end of July; thet wou afing ime. -
1235gupt Lane 19- auemae Trembley
ROt Harmpion. New YOIK 11937 1 208 Gernwvo, Suitaeriond
Tel i 510334615 Tel 41227330877 ]
fax Y- 13110 4% a1 -
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4L 22 7353 S3aL F.ar

e R

EURUS TECHNOLOGIES, Ing,

1, chemin Tralliet

1209 Genreva, Switzeriand
Tel 41-22-733-9377

Fax 41-22-733-9301

27 May 1992
By Facsimile 30-682-51297

Protessor James BR. Wiseman
Hotel Kieopatra

Kastrosikia

Praveza, Greece

Dear Protessor Wiseman,

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

The immediate good news for afl of us, as reported by our ALBUSA cofleague
in Tirana, Mr. Fatos Osmani, is that U.S. and Eurcpean citizens no longer need
visas to enter Albania. We will check to meke sure that Ms. Bienkowska of
Poland is covered by this change. However, Mr. Osmani is working with the .
Ministry 1o assure that the field school group are met by appropriate and helphut
peopie from the museum and university. | have sent him ali the backgound info
you gave me in Boston. Az soon as you know your exact travel plans (when wi
you arrive at the border and when would you fike to ieave), Mr. Osmani can
make hotel and other arangements for the group.

As 1o your visit to Trrana at the end of the project, may | suggest that you give me
exact dates when your travel schedule would permit a day or two in the capital.
Since gembs ype . i : _

oo Gnate Tave Trane va Toteh or Pome every day except Sunday,
although the Fnday flight makes an out of the way stop in Budapest.

| hope this finds you well into your challenging summer's work and that
ALBUSA international can discover 2 little more of Albania through your eyes.

Please let me know if | can be helptul in any way.

Sincerely,

e
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41 22 733 93BL

Fggu;tz of Natural Sclances

pepartment of Physicis
Dean =Prof.Dr Rexhep Majdani 3591;23““‘3?csﬁ‘53¢1673

- . Dr.Kastriot Islanmi APh {Franca) postgraduate
Dr.vladimir Lasks S$SPh(¥France) postgraduste
Dr.Rajmond Sharko $§SPh(France) postgraduate
Dr.Maranglan Spize¢ BPh (France) poggraduate
Dr.Gierg) Leka NPh (Franc¢s) postgaduate
‘Doc.Patos Kiosi 8§SPh{Franca-treining)
Dec.Ploran Vila SSPh(Franca=training)
Do¢.Ilia Prifti - 8SPR(Italy-training)
Doec.Meri Treska SSPH(Gexrmany-trainig)
Doc,Halil Sykjs . I.Ph(France,Italy~training)
Doc.Nike Thome T SSPh
Doc.lulzime Aliko 3srh
Doc,Zenun Mula) - 8sPh

Candidat of Sciences ;
Perrit Berzhani  SSPH(France-trainig)
Afardita Vevecka SSPh{China,ltaly-trsining)

Bejo Duka TPh (ftaly-training)
Maria Dede BPh (Prance-training)
Engjell Hysenbegssi BPh
Bardhyl Guda SSPH(Italy-training)"
Nikolla Nosi 5sPh ‘
Antonete Dede NPh(Prance-training)
Dhurata Xhuglini SSPh(France-training)
Lecturer; - ~
Zef Giona) ¥.Ph -
Dragan Gjikondi  ssSeph
Ilo Xhunga SSPH
Assistant; -
| Iliz Mele gsph
Kristi Pance 88PFh
Ariana Fuge TPh
Artan Borici . S8Ph
Bdlira Ciu B,Ph
Briks Gabs) B.Ph
Emil Xhuvani B.Ph
Mishel Panaziti 88kh
Margarita Ifti Ssph
MR TE. P AW Z2d MRS WO CLND e fLr22ecET
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Agim Gashi
Qrane Cifcja
Mirela Xugo

< S8 F.OS

3SPh
SSPh

SSPh ete

| Instizué_gf Nucl

ics)

ear Phys tel.395-4232596

(Academy of Sciencag)
Diractor; Dr.Perparim Fugs
Dr.Petrit Skendo
Dr.Jovan Theresks
Dz.Agim Minxhozi
br.Dukagjin Rexha
Doc.Mario Kedhi
foc.Jovan Zoto
Candidat of Sciences; .
Baft jar Nevryzaj
Andon Dodbiba)
Xhevdet Myteberi
Sabri Zaganjori
Algi Kemansci
Betim Cico
Luan Karcans}j
Fates Y1li
Orago Zesell

E

Abbreviation

Solid State Physics
Atomicohysics
Nuclear Physica
Biophysics

TPh=  Theoretical Physics
E.8.Phe Elsccronics snd Nuclear
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Blectronic Hicroacgéa
X-Ray difrectometer
Atonic Absorber
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88Ph-
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(Fcculﬁy
(Feulty
(FPaculty

Ganerator -of Neutzene (xn-c_cz
Mosobasuer Device {Inet of
Prof . Dr .Rexhep Mejdani tal
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N.Fh
N.Ph
N.Ph
E.N.Ph
R.X.Ph
H.rm

thiics

of Scienc)
of Scienc)
of Sciance)

{Inet of Nuclear Physica)

Neelear Physics)

Nuclear Phyaics) ste
+35% -~#2-26372 off
3%5- 42-23187 home
355-42~28258 Pax-
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27 May 1992
By Facsimi

Professor L.R. Sulak
Physics Department

Boston University

Dear Larry,

Attached are copies of recent corespondence with your department (please

41 22 733 S501

EURUS TECHNOIL OGIES, Inc,

1, chetain Trofitet

1208 Genevx, Switzeriand
Tel. 41-22-723-0377

Fax 41-22-733%-30

give to David as appropriate), just for your info, By the way, lan Ross (stik

President Emeritus of Bell Labs) hag agreed to look

?as "bought™ about ]Q; fiber %gm:s specialists in Russia so has gotten USEY
o te idea (see enciosed articie)

with Eurus: BTL

Dates you and Paui Reardon suggest for Trana (2526 July) are fine. [T tak

to Paul as_soon_3a

oL Chma via Moscow. Memwhﬁe as of

Ciaot

Lyn
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ECUADOR .

{ Joint Letter of IntenWA
- T

As a past of becoming a full contributing member of the.G igp at the-

U.S. Superconducting Super Collider Laboratory (SSC), the lnstitute of Applied Sciences
{IAS), a unit of the Coporacion de Promocidn Universitaria - University Saa Francisco of
Quito (USFQ), intends to pursue the following mutyally bepeficial projects with the GEM
Collaboration and the SSC:

] 1) Develop a plan to m' ntribute to the comstruction of the GEM Detector at the SSC.

At this time, jcipate assembling, testing and installating (into the co absorber) the
optical package consisting of scintillating fibers, light mixer, photo multipliers and basesof a
fiber calorimeter, should it become the hadronic subsystem of choice jor the GEM Detector.
We understagd that the components would be delivered to us and tr'amhigﬁ to the SSC.
In the event that snother technology is chosen, Qur contribution tg GEM would got be

sonstrained b shis ipitial project, nor will our contribution be limited o it. We anticipate

£igning an interlaboratory agreement and protocol with the SSC Lab at the M
date to confirm this intent.

—‘2) As a source of potential funding for the facilities improvement, test equipment, tech-
sicial manpower apd {raining necessary for the project described above, both IAS and GEM
(in cooperation with the SSC Lab) will endeavar to obtain an exchange of US/Ecuaderian
debt for this development. The USFQ will negotiate with the Ecuadorian Government for
up to SIOM of debt excha.nge. GEM intends to pursue obtaining the appropriate agreement
in the US to obtain this amount of contp'hutxon from IAS for the GEM Detector.

, 1992
Massachusetts -

b T
Saati otena G., PhD . Sr}hk

hancét] for the International ittee
Universidad San Francisco de Quito | GEM Cellsbanstma. Comand
Ecuador Boston University ‘
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- —— - D 41 22 T33 9301

EURUS TECHNOLOGIES, inc

Fax 41-22-733-0301

1, chetmin Trolliet
}l 1200 Geneve, Switreriand
( 1¢ Tel, 41-22-733-0877

vsst
&c d dh ] C'%

NL n\mh
0 NS&

27 May 1992

Profassor George Zimmerman
Supersolder Technologies, Inc.
580 Commonwealth Avenue
Boston, MA 02215

Dear George,

Another challanging week in Bel As usual, hospitality was remarkabile
and all your triends, especially Academician Roman, send you grestings.

After good' discussion with Oleg and Bill Begell {Bysiocorp's science

specialist), we have reached the foliowing agreements on our site:

gg Y
aach design on a blsmuth base,

ﬂw%‘éﬂ%im&mwhmhmbm
U.S. for a Powder cgnference at the and of.lune.

- Oleg prefers that you do the contacts in Boston for tha sampigs. He
will of course do them if you insist, but says it is too difficult to work this out for
just the iimited nuimber of sampiles.

- Byalocorp will act as the contracting party with Community
Temmlogias Foundation / Suprsclder Technologies, Inc.

- Byelocorp proposes a prica of $40.000 USO (forty thousand US
doliars) to provide you with what we have been calling "phase |I" material,
including all the extra tubular and bismuth sampies, as welil as the early

delivery.

t e l‘*m
Gem Ca)lobpitim Muf
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Belavas ...
in the Repubiic of scientists at the Powder Metall institute are

making test samples mﬁuﬂmm&mma samm

- iwouldgnwywoclwumﬂytomwwmwu gQuestions
gumlyhanaboutwofmmm“ | witl be in the U.S, m:‘nymmﬁ
1 ﬂyuuhmhmondmarofm

Ju
ostes. | E Qe Waf u. Coune '

it is & privilege to bring sam- these taiented pecple o
wublodhimydoasnotmmmmmwwbapmdudwiwo. Ilook
fgs%ardtomeo‘dngmmnin'rmw @xpiore their potential centribution 1o the

Sincerely,

Lo Adans

President
Eurus Technolgise, Inc.

©¢: J. Friedman, L. Sulsk
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EURU‘}TECHNDLBGIES Inc.

1, shemin Trollist

1289 Genaua, Switzevisnd
Tel. 41-22-753-9377

Fan 43-22-733-9381

25 May 1882

Mr. Eric Hazen arfﬂ' e‘wﬂ(ﬁm clechiw| U

Mr. Dmitry Oriott

Electronics Design Facility enid NFE;Q |V Lf
Physics Department

Boston University

Dear Eric and Dmitry,

| presentedt your proposal to the Director and staft of ACAT Instiutaip Minsk
last week. After discussion and a detailed tour of their facilities the next day,
they offered me the enciosed letter of intent. They also gave me Wl
examples go! their PCB _and copper stri technolo ghich -

assures e tfiat these are among the
their field. | would be happy to give you more information on their previous work
and their current situation when we next speak.
Ta answer a few of your specific questions:

1. They do multiiavar boards. | have sampias of their 8 layer boards.

, 2. They can make Qversized boarts as iarge as 400 x 400 cm ()

3. Thay have *IBM 360370 type" computers and "1BM XT/AT type® PCs.
That means WWMW | saw these in operation,
tunning DOS etc. Naturally they would like to upgrade their equipment as this

becomes necessary and possible.

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

5. Average wage for scientist/engineer is now up to 5000 rubles per
month (Jess than $50).

Lets talk at your earliest convenience since AGAT is a remarkably taiented
gang and could definitely add high quality, vety low cost additional muscle to

your group.
Sincerely,

- e

ev\%\bfo(-d\.a.
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SUiENLILEIC-KEdSEARU I
INSTITUTL@A’.iﬁ__(

THE REPUBLIC OF BYELORUSSIA

220067 Minsk

Zhodinskaya str., 21

tel. €3-76-84
84-64.22

talex: - “Yerba™

teletax: 83.5%8.20

INSTITUTE
CHARACTERISTIC:

-

The scicntific-research institute “Agat™ is a3 modern
cnterprisc involved in development and production aclivities. The instilete is posscssed
of rich experiences of designing and installing gpplicalipnaspccitic auiomated-—inlesmaion
and management gSystems and has at its disposal the necessary techaological and
productien basis with the staff of abom IMW There are
H well-dev
meteorological, supply and other auxiliary scmccs in our institule as well as a hotel
with a2 restzurant and a conference hall with a seating capacity of 500.

The scientific-research institute “Agat™ specializes In systems and their sofiware and
hardware componcnis cengincering for communication, judicial, aircraft control, public
heaith, fire control departments, etc..

OUR OFFERS:

. The institute is imiercsted in recciving orders for
design. delivery, installation and further maintenancs of astomated informaticn
and management systems of any .kind including real-time systems;

- recelving orders for soﬁw:ire*ensineu-ing for use on all computers including PC
IBM-360/370, IBM PC XT/AT and other. The sofiware enginsering can des carricd
out in any of th¢ most common programming languages: Assembier, PASCAL, C;

- setting up production and sale of radioclcclronic devices, small-scale production
of unique producty with 2 large amounnt of hand lbour on the basis of its own:

- providing horet apartcments, halls for canducting conferences as well as document
copying, communication, transportation and public servicing.
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AGAT Sodentifie Resesrch Institute

Zhodingkaye 21, 220067 Minsk, Republic of Byelorussia
Tel.:01I72/646422 Pax:0IT2/635620 Telex:Verdba 252271

PLASTIC® QUALTZ fipeas + als A P

%‘Lf ’j’lél OW“ 2Ith May,I992
- b#ri

Daar Mrs.hidensz,

The AGAT Scientific Research Institute (Mfrsk) which
is under the Jjurisdictiorn of the Republic of ﬁze_orussig
asks You to render assistance in establishing business
contacts with foreigm scientific reggesxgh or produciion
organizations and firms. ,

The institute 1is interesied in receiving orders for
gsoftware tools development on the bmse of & computer of
any type including I3K 360/37C and IBK 2C IT/AT, By the
sof{ware development can be used one of the most ﬁidely

spgegd progremming languages such as Assembdler, Pascal
and C.

.The AGAT Institute is ready to itake part in davelop-
ing, spreading end installing soltware producis of foreign
firma in the Rapubliec of 3yalorussis as well as in develop-
nent, delivery and installation of any informestion manage=-
ment systems including real-time ones.

The instidfuie has at its disposal the necessary
technological and production base with the staf? of high=-
1y B8killed specialists.

Iouzrs faithfully,

Sysoysvy

‘+l ’&u AAU‘ %Cz,/ | ) Institute Director
lehemas o TUSSK § Pace A’f"“r
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Telluvium

Mill Direct Orders - Copper Products
y, 1 Sheets/Plate.
National Warebousing cets/Plates
5 Roofing Sheets and Rolls
Prompt Service Lead Cvated Copper Sheet
Nails, Gutters and Downspouts

Rod/Bar
Bus Bar
Rectangulars, Rounds, Squares
Silver Plated Bus Bar

ﬂtach.\e;  Free Machining

o~

Rod

Sulphur
Leaded

OFHC Copper Rod

[ 6 3’ Copper Radiator Strip
]

Copper Tube and Pipe

SO
\V

S

o

For quotations
and availability
call TOLL-FREE

1-800-225-4378
FAX 617-787-7823

g LMZ m ophmi2afion 1 . P
ee back page for bfa b locations. ' ,1
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BaF,; R&D May 1992:
RADIATION DAMAGE STUDIES; |
MATERIALS STUDY, MANUFACTURE

o NEUTRON IRRADIATION AT UNIV. LOWELL
e SIC: OXYGEN, FAST COOLING, and DAMAGE

e TONGJI UNIV: DAMAGE MECHANISM STUDY:
HYDROLIZED BakF,

e MICROANALYSIS At CE&A
e LLNL - SMALL ULTRA-PURE CRYSTAL GROWTH

e LLNL: SURFACE LAPPING, POLISHING, |
COATING. MECHANICAL PROCESS DESIGN

e 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. umm
Two barium fluoride scintillators were -irradiated with fast neutrons
on April 29, 1992 at the University 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.

o Fast

/

+ Location  Axial Radial Fast Gamma Estimated Surface
Distance, Distance, Neutron Fluence Gamma Dose
y/ a Fluence (429.2keV)

¥
Upper Lower QJOW
Limit Limit Y’.}va

[cm] [cm] (n/fem2]  [y/cm2] [rad] [rad]
1 1.019 1.785 7.30x1013 4.56x1012 1970 924
2 0.318 2.269 6.52x1013 3.67x1012 1580 740
3 0.797 1.785 8.27x1013 5.04x1012 2180 1022
4 1.477 1.751 5.44x1013 3.67x1012 1580 741
5 1.019 1.785 7.30x1013 4.56x1012 1970 923

=> CoNerusioN: ittbe A ffect, Q/mk fdo{; 1-2
Rea
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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. ((}}Z R )

The total charge delivered to the target is v I
578.2 mC.

The parameters are: J\/MQLAT,@V
a= 1.019 cm. E

z= 1.785 cm. - Cov

R= .8000 cm.
Kappa= 20.00
Slow neutrons (En < 10 keV) per cm2: .5222E+11
¢ Fast neutrons (En > 10 keV) per cm2: ,6758E+14 4=
® Equivalent number of 1MeV-neutrons per cm2: .6488E+14 %
The total number (angle and energy integrated)
of neutrons generated is: .1694E+16
The output file name is BARF31

cui

4

Bin Bin Number of ASTM KERMA (E722-85) 1Mev equivalent

number energy  neutrons divided by number of
[keV] per cm2 95.0MeVmb neutrons per cm2

1 30 .749E+12 «233E-01 .175E+11

2 75 .812E+12 .626E-01 .508E+11

3 - 125 +940E+12 +425E-01 +400E+11

4 175 .871E+12 425 .370E+12

5 225 «744E+12 .824 .613E+12

6 275 .689E+12 « 587 +404E+12

7 325 .823E+12 .548 <451E+12

8 375 .126E+773 .546 .688E+12

° 425 +206E+4i3 «565 .116E+13

10 475 .286E+13 594 _ «.170E+13
11, 525, .3Q2E+13 Q66 T, | (291E+13 )
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Absorbance

SIC

BaF, 1" X 1" cylinder # S—9 5/26/92

] 3
" neutron irradiated then annealed and re—irradiated to 10 R.

0.10 —3-—1—1nmo+—(4/—14} ‘ A—i—‘i—h‘m‘

)
LZ. after néutron irradiation (5/01) o .2. f’éer &m}kr

I3. after on'\gecling (5413)

4. ofter 10 R ¢ -.3. NNE L
e 4 ¥ Re-Trradiate
ll o
0.06
0.04
0.02
%
§
' 0.00 i

200 300 400 500 600 700 800
Wavelength (nm)

. C.woobcy et af. (BNL)
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Absorbance

0.10

0.08 K

0.06

0.04

0.02

0.00

BoF2

& GRTH

1" X 1" cylinder #k14430b

re—i_rrodioted to 10 R.

5/26/92

samplie was negtron irradiated then annealed:-aond

 nnéaf

P [ ' L 1. injtial
u« T A 2. after neutron ifradiation
e ' 3. after angealing
a i er ”eu-hons 4_ after 10 R
® 3 .

y >4 T-Relrradiate ({1 £Rad)

200

300 400 S00
Wavelength (nm)
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100

90 lb. ! ! ® [(01?'!” (Q.fc,.lo) initial '(0 rad) :I

80 _|>ood

70 | et al(1999)
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n 60 after 10" rad i COGO
g 50 | — JRRAMIAT ION
a 40 ¢ —
X 30 ofter 104 rad ~—

20 —
Z 10 _

o L | | l | | |

WAVELENGTH (nm)

Fig. 5: Transmission spectra of 26 cm Bal,
trapezoids measured after 10° and 10? rad, (a) SIC
sample (b) Korth sample.



NEUTRON ENERGY SPECTRUM.

University of Lowell. 3:48 AM TUE., 12 MAY , 1992
The following table gives the neutron fluence in
neutrons per c¢m2, for an irraddiation of a

thick lithium target with a 4000 KeV proton beam.

The total charge delivered to the target is

578.2 mC.

The parameters are:

a= 1.019 cn.

z= 1.785 cnm.

R= .8000 cm.

Kappa= 20.00
Slow neutrons (En < 10 keV) per cm2: .5222E+11
Fast neutrons (En > 10 keV) per cm2: .6758E+14

.6488E+14

Equivalent number of 1MeV-neutrons per cm2:
The total number (angle and enerdgy integrated)
of neutrons generated is: .1694E+16

The output file name is BARF31l

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

[keV] per cm2 95. 0MeVmb

1l 30 . 749E+4+12 - 233E-01

2 75 .812E+12 -626E-01

3 - 125 -940E+12 -425E-01
4 175 .B71E+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 .2B6E+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 l1.02
1s 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 -144E413 «975
29 1425 -144E+13 -975
30 1475 .144E+13 1.04
31 1525 «144E+13 1.04
32 1575 -145E+13 1.07
a3 1625 -145E+13 1.07
34 1675 -145E+13 1.27
35 172S -146E+13 1.27
36 1775 -147E+13 1.02
37 1825 - 148E+13 l1.02
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1Mev equivalent

number of

neutrons per cm2

.175E+11
.S508E+11
-400E+11
-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+13
«141E+13
.150E+13
.150E+13
.155E+13
«155E+13
-184E+13
.185E+13
+149E+13
.151E+13
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An EM Industrieas Campany

Associate of E. Merck, Darmstadt, W. Germany . TEL. 508-867-6444

NORTH BROOKFIELD, MA 01538 FAX 508-867-8349 0 ” .;9 / :

To Harvey Newman

(« »
From Rob Sparrow ® \r )76/’[1. ?&RE
4/28/9 C‘Eg&rAr_ FRocRMM

BARIUM FLUCRIDE : STATUS REPORT

Growth crucibles of graphite have been fabricated and then

given a proprietary cleaning treatment. CRuCIRLE

Using Merck Optipur raw material furnace conditions have been

established. Crystals are grown in groups of three, each

G- RowTH

stal being 32 mm diameter. In the first run the as grown
il —_— g CoNdiTioN

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

wasg not sufficient to remove all the lead fluoride scavenger
and the ingots all had absorption bands at 207 nm-
In the second trial growth run more power was added and the

ingots are currently being tested for lead absorptiocn.

3Q.For future work, high purity custom synthesized raw material ?u RE

I

4+

has been ordered and delivery is expected at the end of May. /M ATER(ALS

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 ?E'AC""VE

some problems as the gas reacted with the vacuum pump oils. A G-AJ‘;

RECA

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 |

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

e Dr. W. Kway maintains a humber 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 (Junet): initial pre-treat of BaF2 in HF atmosphere at high temp.

e 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.



191

BaF2 UV Reflective Coatings L

¢ Aluminum/MgF2 coatings applied and analyzed at LLNL - 90%
@ 220 nm.

¢ Scatterometry and Reflectometry measurements on new samples in
progress.

o Cost estimates have been made for coating 15,000 crystals:
$IM-$15M (TecnoLocy “TRANSFER)

o' LLNL owns and operates a nhumber of large (3m x 3m x 3m) evap-

orative coaters at Spectra-Physics and Optical Coatings Labor-
atory, Inc. (OCLI).

« Discussions will be held with BGRI to transfer coatings technology
(coating composmon masks for graded coatings) to their large eva-
porative coating system.

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

e Summer student at LLNL to evaluate 50 cm BaF2 for linearity with
various coatings using HTV R-431S PMT (CsTe photocathode) and

Co-60, SR-90 sources.



BaF2 Surface Preparation and Analysis |-

cIT

e 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.

° Defifj':l'nl_and fabrication of polishing blocks and fixtures is proceeding
at . |

e Trips to Shanghai and Beijing planned - early June, mid-summer.

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

-» Evaluate Chinese technology and equipment.

< Suggest LLNL-developed polishing methods and begin discussions
on adapting existing polishing machines to new methods.

e Visits to LLNL by Michel Lebeau and others during the summer.
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. Chinese-finish on LLNL-finishon =~ Surface scan of
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**  crystal end face BaF2 sample - ~ ‘sample: 0.108 A P-V
| @ 633 nm
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CHARLES EVANS ¢ ASSOCIATES

SPECIALISTS IN MATERIALS CHARACTERIZATION

May 13, 1992
TO: Harvey Newman

Lauritsen Laboratory
California Institute of Technology

391 8. Holliston
Pasadena, CA 91125 // %ng%ifEi::D
FM: Michael D. Strathman ;2?//

RE: SIMS Report for work performed April 1 and 9, 1992.

\'4 dr H

The results of the o en bulk measurements and the deep depth
profiles have been gaxea or attached to previous reports.
Confirming copies of this data are included in this report. The
oxygen data is presented 1in table #l. 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.

Three sequences of SIMS elemental images were acquired from
sample T27 cut from the 1 _of 19 prototype crystal. These data
are presented 1n figures #5 through #14. All images were taken
with a 150um x 150um image area at a depth of less than twent
microns from the surface _ of the cleave. Figure K.
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 CHARLES EVANS AND ASSOCIATES
9 Apr 82 Ce FILE: 1

T_27
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PROCESSED DATA CHARLES EVANS AND ASSOCIATES

9 Apr 92 Ce FILE: &
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PROCESSED DATA
9 Apr 82 Ce

CHARLES EVANS AND ASSOCIATES
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PROCESSED DATA CHARLES EVANS AND

ASSOCIATES
9 Apr 92 Ce FILE: 4
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File Name:
AH1
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H (3 ocker)
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Saved On Disk
Spectrum:
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File Name:
AC1
Type:

2 |
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Saved On Disk
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Image Scale:
Not Rvailable

File Name:
AC1
Type:

O (Focloet)

Status:

Saved On Disk
Spectrum:
Unknown

Image Scale:
Not Available
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File Hame:

Status: \j;\
Saved On [isk

Spectrun:
Unknown

Image Scale:
Not Available

File Name:
ACL1

Type:
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Saved On Disk
Spectrum:
Unknown

Image Scale:
Not Available
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Comments: Area H, 3. :, B0 sec int O, H]
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File Hame:
BBA1
Type:

bl T 17T
Ay L
—

Status:

Saved On Disk
Spectrum:
Unknown

Image Scale:
Not Available
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Comments: Area B, 138Ba, 60 sec int
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File Name:
(40 BF 1
i Type: F 19
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CZj Saved On Disk
<0 Spectrum:
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Comments: Wrea B, 19F, 60 sec int -BEG'UI‘!\J
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File Mame:
BH1

Type:

Status:
Saved On D:isk

Spect rum:

Unknown H
Image Scate:

Not Available

Comments: Area B, 1H, 60 sec int

File Mame:
BC1
Type:
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Saved On Disk
Spectrum:
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Not Available
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Comments: Area B, 34S, B0 sec int

File Mane:
BS1
Type:

Status:

Saved Un Disk \5\34
Spectrun:

Unknown

Image Scale:

Not Available

File Name:
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Spectrum:
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Image Scale:
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File Name:
CBA1

Type:
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Saved On Disk
Spectrum: Ba
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Image Scale:
Not Available
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File Hame:
CS1
Type:

Status: 5\34
Saved On Disk A
Spectrum:
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Image Scale:

Not Hvailable
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Status: 3
Saved On Disk Ce
Spectrum:
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s . SIS IMAGING

The SIMS images suggest that there are microscopic variations in
the lateral chemical composition of the BaF2 crystals. The

@ variation of oxygen :[s sometimes correlated with carbon and at
mes cCco gen.

fﬁfﬁI‘Ei?ﬁEﬁ“EBﬁEEnfraf1on may not give a clear %isture of the

oxygen which 1s optically active in the crystal. Processing
parameters may effect the chemical state of the xygen in the
crystal and thus change the optical response of the material.

t: All of these images were acquired from the near surface 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 crystali]
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SIMS:
I have recently sent a formal report to Harvey on the SIMS
imaging of a crystal from the prototype (1 of 19) crystals. 1In

.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 °

«> RBS/ARC Image;

The most recent crystal is similar in surface damage to other

crystals. We will  —continue to investigate the interior
crystallinity. '

4 . 725»/ Ck(yJ‘mL TEAN 2o HAVE koks
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FROM: Michael D. Strathman

SUBJECT: Analysis of BaF2 7&EWER ( _9,2') /NN d{’dep

C l%( AL Qg(AL}JIJ

In this Fax I will include some of the most recent results we
have obtained on BaF2.

GDMS 3 ’
+~+ 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 new crystal (852) has dramatically less Sr,
14,000ppmw verses 420ppmw. (& Note also that there has been a b big

reduct on in the amount of heavy and transition elements in the
For example SIC-XTL has on the order of

new crystal.
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(<0.071ppmw), and Lu(<0.0067). I would state
that this is a very detectable difference between the two
crystals.

© The sulfur and chlorine seem to be in the same range for the new
crystal. I w be doing other analysis to confirm this result.




TABLE 5

Date: 1/16/92

Analyst: W.A. Vieth

SIC (Larfy 1994)

GDMS Analysis Results of One BaF; Glass Sample #SIC~XTL, Base Cleaved

Element

Rb?

Zr

Mo
Ru

Concentration

(ppmw)

<0.003
<0.004
0.3

(<870.)

(<1.72)
(<1.1%)

MATRIX

~4.
1.
12.
10.-40.
0.6

~90.
~210.

<0.8

~70.

<0.01
<0.1
<0.004
<0.1
<0.008
<0.5
<0.005
<0.1
<0.2
<0.2
<0.04%
<0.1
<l.
<0.7
<0.6
<0.2
1.3% '
<2. i
<0.01
<0.01
<0.6
<0.1

182

Concentration

Element (ppmw)

Rhl <120.

pd? <0.1Z%

Ag BINDER

Cd <1.

In 0.04

Sn 0.9

Sb3 <110.

Tet <280.

I° <130.

CsS <2.8

Ba MATRIX

La$ <33.

Ce 0.07 €

Pr® 0.2 e

Nd® 1.6 &

Sm® <28.

Eu® <0.1%

Gd® 1.3 @

Th® 0.3 & 'Rare

Dy® <3.4

Ho?® 0.] & é‘ %r

Er® 0.1 & avr

Tm® 0.2 &

Ybe 2. <

Lu® 1. &

Hf 0.7 %=

Talo <25.

W <0.02

Re <0.03

Os <0.03

Ir <0.02

Pt <0.04

Au <0.2

Hg <0.5

T1 <0.04

Pb <0.1

Bi <0.01

Th <0.002

U <0.007



TABLE 6

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

JIC

3DMS Analysis Results of One BaF; Glass Sample #SIC-XTL, Tip, Cleaved

a—

Element

Rb?

Concentration
(ppmw)

<0.005
<0.004
0.2
(<0.17%)
(<0.92)
(£1.7%)
MATRIX
3.
0.3
6.

Element

Rhl
Pd?
Ag
Cd
In
Sn
Sb3
Ted
IS
CsS
Ba
Laﬁ
Ce
Pré
Nd®
Sm®
Eu®
Gds
The
Dys
Ho®
Er®
TmB
Yb®
Lu®
Hf
Talo
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%X
2.
0.4
<3.
0.08 €=
0.5 o=
0.3 &
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

e
)
<



DM JRACE pnalyst: WA Vieth
{'fc",enf J‘ZU‘VCJ. TABLE 2 KORTH

'DMS Analysis Results of One BaF; Glass Sample #K458484A, inside cleaved

Concentration Concentration
Element (ppmw) Element (ppmw)
Li <0.002 Rh <0.6
Be <0.002 pdl <4,
B 0.8 Ag BINDER
c (<440.) cd <0.2
N (<1.7%) In 0.09
0 (<1.8%) Sn <0.2
F MATRIX Sb? <80.
Na 3. Te3 <220.
Mg 0.1 14 <65.
Al <1. Cs5 <1.8
Si 24. Ba MATRIX
P 0.5 Lad <22.
e §° ~70. Ce <0.01
e Cl¢ ~100. Pr? 0.2 <~
K <0.2 Nd7 1. «=—
Ca 3. Sm’ <4,
Sc <0.01 Eu’? <800.
Ti <0.1 Gd7 ‘ 0.5 ¢
v 0.004 b7 0.1 &
Cr <0.04 Dy’ <1.6 Rare
Mn <0.01 Ho? 0.07 &~
Fe <0.4 Er’ 0.03 ¢— Cﬁ
Co <0.003 Tm’ 0.04 arths
Ni <0.1 Yb? 0.2 <&
Cu <0.1 Lu’ <0.3
Zn <0.2 Hf 0.9 ¢
Ga <0.04 Ta® <40.
Ge <0.04 1% <0.2
As <0.5 Re <0.02
Se? <0.2 Os <0.005
Br <0.2 Ir <0.002
Rb? <0.03 Pt <0.02
'S Srl 160. Au <0.09
Yl <0.4 Hg <0.3
Zr <0.005 Tl <0.03
Nb <0.002 Pb <0.08
Mo <0.5 Bi <0.02
Ru <0.01 Th <0.001
U <0.004

184



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

JIC JEw

Jlce From €nd cf 20em C';'{thﬂ

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

Element Concentration-

AANAAAA

A

AAANAAAANAAIANAT

AAAAAANNA

A

AANAA

(ppm except
as noted)

0.015
0.0035
0.13

640

0.88 7
0.59 %

MATRIX

3.
0.4

24,
30. «

b
0.4
‘ho

.53  RARE

10.

0.0016
0.26
0.027
0.024
0.016
0.47
0.0079
0.055
1.7
0.26
0.058
0.022
0.8
0.21
0.22
0.24

EARTHS

420

1.0

NOOOO
* e s
~1OWVWW~
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‘Element Concentration

A

ANMNAANA

AIANAAANAAANAANANAAAAAAANNANANAAANAAAAIAANA

(ppn except
as noted)

0.70 -
170 %
0.93
0.18
1.
3.9
47
3.5
1.2
MATRIX %
4.9
0.015
0.20
0.31
52
680
0.11.
0.014
0.094
0.010
0.025
0.0077
0.071
0.0067
0.028
28
0.2
0.027
0.037
0.056
0.017
0.043
0.13
0.031
0.16
0.026
0.004
0.002



Table 2. GDMS analysis results of 1 barium fluoride sample #S52-T:

JTC 775\:\/ Analyzed by W.A.Vieth, 5/14/92.

J4 cejfrm Her é‘ nd c QOCM Cré\rfa.f

Element Concentration
(ppm except

"Element cConcentration
(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 3 Sn < 1.6
0 < 0.76 % Sb < 13
F MATRIX T < 45
Na < 3. Te < 72
Mg 0.25 Cs < 1.9
Ao a1 “«“. v 2 G
P 0.4 Ce < 0.044
e S - 60. Pr < 0.17
v T M0 Rare < 297
Ca < 6. Eu < 1200
Sc < 0.0013 ( O.r%J‘ Gd < 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 HE < 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
s OSr 360. Hg < 0.077
Y < 0.88 T1 < 0.025
Zr < 0.049 Pb < 0.1
Nb < 0.6 Bi < 0.033
Mo < 1. Th < 0.0027
Ru < 0.0069 U < 0.001¢9
Rh < 1.7 186
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FROM: Michael D. Strathman 2 // %C//J ) ,

- SUBJRCT: Quantitation of SIMS Data
P PN NANNS NN

L,

We have analysed the ion impl&gked BaF2 samples computed the
appropriate Relative 8ensitivity Factors (RSF’s). This allows us
to gquantitative the previously reported S8IM8 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: Oxygen Bulk data 01/14/92 ,_.’({Eupép -HERE Y EANS

\-”/L $ Table 2: Elemental Bulk data 03/19/92 )oleer‘Cq-ﬂC EQJ!’{Q@ICP
Table 3: Elemental Bulk data 04/01/92 4 o *Jean

[ ‘

et Table 4: Elemental Bulk data 05/18/92 "’50/0"-33@"0

Also attached is a summary figure of the Leco and SIM8 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 avalilable.
Note that the numbher of samples is different for the SIMS and
L.eco data, Of particular intarest 1is the spike up in the Leco
sulfur and oxygen concentration at slice 19. This 1s followed by
an increase in the SIMS oxygen and hydrogen concentration at
slice 23. I wonder SIMS data were avallable for slice 19 would
the oxygen Jjump up even more? I will txry to acquire more SIMS

data in the near future.
o 50 > Gas Fusion



88T

Analyses Performed on 14-JAN-952

Sample

$IC XTL BASE
~ (K458484A
K458484A
Kor |\ Tk144170
BAF SIC 2X2.5
SIC XTL TIP
~SIC CUBE

[O]

(PpPMW)  Cacdy STC

2.9

2.B§/{om‘n
1.5

1.5 |
0. 9‘—%;% gg«i:r
2.9 Clder Jr

e JIMS : O}:(y&en Content <1-3 pPp™
¥ => (away" From Jwciuwiop)
W,
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Sampl
CE&A FZ

SICXTL TIP

SIC CUBE

T1
T3B
T7

T19

. T27

)

)

. Bulk Conccntrntlons (ppmw)

* NoTe lfariations

S-1.2 T’P w
<0.3ppmW. { ppre 0 1 "
5 Analystes\.l%tonned on l-APR?/ // w £0.2ppml

File H C

1 0.11 0.20 0.061 14 0.012 0.068

14 0.093 0.18 0.047 0.92 0.010 0.042

2 0.14 0.28 0.052 0.55 0.027 0.17 8600

3 0.19 0.46 0.060 1.0 0.041 0,050 9400

13 0.15 0.22 0.021 0.59 0.020 0.020 7600 &ed.er
4 0.15 0.33 0.067 0.73 0.030 0.048 8700

5 0.16 0.32 0.046 0.66 0.031 0.070 11000

6 0.078 0.34 0.062 0.85 0.030 0.047 8100

9 0.057 0.21 0.013 0.51 0.021 0.036 7500 [ YLICES
7 0.27 0.59 0.043 1.2 0.052 0.18 14000 Gf

10 0.14 0.26 0.011 0.69 0.024 0.11 9500 “F/VAL‘
15 0.18 0.23 0.009 0.62 0.028 0.11 10000 CREETAL
8 0.26 0.44 0.076 1.1 0.044 0.22 6000 él

12 0.070 0.18 0.019 0.52 0.018 0.11 5300

'Zf’a.ré.e



06T

Bulk Concentrations (ppmw)
STC hew
Analyses Performed on 18-MAY-92
Sample File H ¢ N _0 S Cl Sr
CEB&AFZ 10 0.060 0.24 0.020 0.96 0.005 0.038
§52-E2 11 0.12 0.99 0.11 2.0 0.070 0.17 260
. 12 0.12 0.67 0.014 13 0.082 0.084 190
S52-El 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

1
Q%-rger?

1
Qo éess
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Prototype Cryétol ()1 of i9)

Gas Fuslon (Leco) and SIMS Data P .
20 /
i g P o n'-eco M
+ Sima Oyx (X50) $—0—0
80 —4 © Leco Carbon (x0.25)
A Leco Sulfur
X Slms Hydrogen (x200}
70 -
60 -
50 -
32 -
P>
e =
T
30 -~ i
20 -
10 -
0 = ! | T | :

i 0 30
o FIM.T OXMGEN : », :
5_84; 100 g IMES QZ’E §§& Distance along Crystal (Slice #) C(;?F g’ : C}f-p}‘é\cec'_é\:

“TAAN gco OXYGEN ' Crucia_? J



BaF, 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
e “No” Rare Earths
¢ Other Trace Elements Similar
e RBS: May Be Less Monocrystalline

— SIMS, Gas Fusion on New SIC Crystal Underway
e 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° RMS; Surface Structure
¢ Flatness “One-Tenth Wave”
¢ Coating: 90% Reflectance (220 nm)
e Manufacture: Jigs, Process, Machine Designed
¢ Technology Transfer: China Trip in June

192
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Presentation by:
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. .u’d_.,

TEM obscrvauon and elcctron diffraction - -

Expenment condmon ZOOKV 20-30 pA

o Vacoum 107 torr

.'An e!ectron bcam of d:ametcr of 1000A focused on crystal

Every 2 mmutcs took a pt'cture | , | ﬂ ! ”“ ”"
Samples: No 1, 3and4.  Oxpgen cem 2‘«1‘ zvu SNe3 S Wl ,

T Ne. lt o fast Culm Suu SRR
In powder form ¢ 0, 1 - 1 pm * f‘ J F L

1. Obscrvatton ot' morphology change (F:g 9)
2, electron dlffractnon pattcrns (Fig.10) - . S T
-Traasm:s-on of JMPMS o-fﬁr w‘ rad lrmdccf:un{ q;! zzo mm)

peli WK, M3 sy wedr u-y

( 25‘0— L?) -
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ClehTon withe Loligad pin-sTle Dammily
7""“1"( : Golee Ceders |

Tab. 1 absorption peaks of the color centres, hydroxyl and oxygen impurtj; centres
. _ _ o -
Color centres A ( nm ) mcentres_' A(nm) -
. F 611 2= 130
' 200
M 720 290 e
Vi 336 0%--V, 123 148 '
750 127 188
U 206 - | Fu(0?*) 394 -
OoH~- 191 443
o- 175 | Fau(0?) 365
230 539
413 ) -
From the above results we know the U,01i5 O~ and O% centres would be all the
possible sources for the damage in BaF3, since they have the absorption bands near 220
nm. But we need to make it clear what would be the main one that resuits in the radiation -
damage in actual process.
3 Experimental Results and Discussion
‘ -
3.1 Experimental Procedure
The BaF; crystals used in our experiment were provided by Shanghai Institute of Ceram-
ics. One is 1¥# BaF; grown in recent experiment, and the other is 2 BaF; grown at low
vacuum. All the samples were processed to the thickness of 2 mm. Some were treated in g
air above 900 °C. The characteristic of optical absorption curves of samples before and
after « -irradiation were obtained in the regions of VUV, UV and IR with Actor VM 505,
Graphicord UV-204 and Nicolet DX-V 5.07 Spectrophotometres. The radiation test was -
performed with the dose of 1 x 10° rad.
-
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| Hyc(n.o 6'.:;: ‘

“I : f;iau( C:;th;!'

WAVELENGTH (nm)

O
i ——— untreated 1¥ BagF,
E OH —+--~ hydrolysed 1% BaF; (15 min. )
T\ —«— hydrolysed 1* BaF; (1 hour)
T «se s hydrolysed 1* BaF, (12 hour)
N,
’ 1.0 4. .o —
. ! ‘ ‘..
[ ]
\ .
\ .
o\ ..
' .\ .
- ‘\' .. -
\ - \ .
\ N,
‘ \ \-\ %
C ~ - - '\_. . “
- , -~ - - - - \o .. )
: L ""-__“-'\...‘;__‘.‘H_‘_. -t 9 e s 0. ..’J
0.0 L= . : »
" 190 230 280 330

Fxg 1. Absorption spectra for different hydrolysed 1# BaFy
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$2: BaF C?:ﬂg ) Cainiag e lowr Vassuin:
. oH” 6o~7fmmxm

20
h! -
§
46l i Ot-v, -
z E : untreated 1#¥ BaF;
o< % : ,
- = 12} Y ——— hydrolysed 1#¥ BaF;, -
& uZJ b —+~— untreated 2* BaF;
- i\
8 Q sl ‘\ i *+ « + hydrolysed 3* BaF;
u o\
L v
O 4t \ \\"._ _ -
O NN
L\\".
D —ﬁ

O — i 180 210 240 270 300
WAVELENGTH (nm) -
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MEMORANDUM OF UNDERSTANDING

BETWEEN

E&%%kan&

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 to establish an arrangement

that Tsinghua University

can most

effectively perform

collaboration on the GEM project of the Superconducting Super

Collider (SscC).

Main collaboration mechanism is summarised belovw.

1. Tsinghua University will join the GEM collaboration and make
contributions,which particularly toward building GEM, as
well as operating experiment and producing physics results.

2. Tsinghua University Nuclear Instrumentation Center (TUNIC)

will take the

responsibility of this collaboration . The

following departments are selected 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 Mechanical Engineering

Dept. of Precision Instruments

Dept. of Thermal Engineering

Electronics and detector
modules . .

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 BaF, crystals
Titanium cover for BaF, crystal
Prototype of electronics circuit board,mass production and
testing for EM calorimeter,hardron calorimeter and Muon
chamber.
~y — .BaF, / 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
wsp ~ Thermal control system. -
~ Optical alignment of GEM detector.

3

Agreed

ﬁmgwﬂ - ’b‘?’u‘y CA: Wed

William Wi1l Ni Wei-Dou
Spokesman of GEM Vice-presideht of
collaboration Tsinghua University

Date: (c;(’_}z_ Date:
A "le97 - &jf: ﬁa.a(/ 99
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¥ ) )
USTC / Chirac
To 3 Prof. W.Willis (GEM Spokesman)
From : Asso. Prof. BingXin Yang, Department of Modern Physilcs,
University of Science and Technology of China, Hefeil
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 -- BAF2 option;
1. Radiation damage study of BAF2;
2. BAF2 c¢rystals quality control,
3. Cosmic ray test;
4, Asgembly.
B. ‘Detector and physics simulation and data analysis.
C. Electronics and DAQ.

The GEM group at USTC consists of the following members :
A : Department of modern Phsics
; 2 Prof., 6 Asgo., Prof., 7 Lectures, 4 Asis. Prof.:
B ¢ Centre Laboratory of Structure and Element Analysis :
5 Asso. prof.

To perform physics simulation we need two workstations from.. -wy .
GEM which will be used at USTC to permorm GEM relateve ; -
simulation task and educate students. One physist of the -
USTC will visit SSCL in near future to receive the i
workstations,



B A LLH A AL LLR,
MEMORANDUM of MUTUAL UDERSTANDING /HEf / GAM

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 phase
May 24, 1092

The spokesman of 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 Symposium
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, §.X. Fang, the deputy
director of IHEP, 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 GEM collaboration noticed that a IHEP GEM group has been
established and is working actively to explore the possible aree of GEM experiment where
they can make contribution. :

THEP appreciates highly the expectation of GEM experiment that IHEP can take
leading role in calorimeter system. According 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 of GEM as the contribution to SSC project.

IHEP expressed its intention of participating GEM experiment during design and con-
struction phase. In following four items where IHEP could contribute. GEM menagement
will provide necessary assistance to help IHEP’s participatian in GEM experiment,

—3 A.BaF2 EM calorimeter |
As the tesks of BaF2 EM cealorimeter have been assigned to many institutions of -

China, THEP 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- et
pate quality control (and module construction). If the LAr option is selected, IHEP 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 of Calorimeter options in August. After that they will join the design of LAr
calorimeter or scintillation fiber hadronic calonimeter according to the final calorimeter
selection. Their expenditure will be provided by GEM collaboration.

C. Scintillation Fiber Hadronic Calorimeter

IHEP 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 aystem has not been determined, IHEP only expresses
its intention of perticipating R & D of mass production and underteke part of the mass
production of any chosen option for muon system.

Members of GEM collaboration visited the facilities for muon detector menu facturing |
in JHEP and had a deep impression on it. Part of muon system mass production will be
assigned to THEP GEM group. GEM collaboration would invite one physicist and one
engineer to visit U.S. in Jaly for six weeks, they will investigate diffrent techniques for
muon detector and participate in designing later on. GEM collaboration will provide the
~ expenditure.

In the design phase, IHEP would participate GEM muon detector simulation. work-
stations are requested from SSC GEM collaboration for doing the simulation =t IHEP.
Network support is also needed for intensive discusstion and software upgrade in simula-
tion.

As the first step, GEM collaboration would provide two workstations to JHEP 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

e BaF, Calorimeter:
— BaF, Crystal Production: SIC/BGRI;
— Crystal Quality Control & Cosmic Test: IHEP/USTC;
— Mechanical Support Structure: Tsinghua;
— Detector Assembly: IHEP/USTC/Tsinghua;

— Thermal Control System: Tsinghua.

e L Ar Calorimeter & SHCAL.:
— Design & Absorber Processing: IHEP/Tsinghua.

¢ Muon Chamber:
— Mass Production (1/4 of Barrel): IHEP/Tsinghua.

e 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:

(c)

Attachment of support structure to magnet
Computation of solid angle coverage with real chambers

Package for July PAC

Installation of sectors in magnet:
Options:
Monolithic structure assembled outside

Individual sectors installed one-by-one
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Cost Review: May 3

(@)

(b)

(@

with

Barrel: PDT with RPC trigger
EndcapCSC  ------

Barrel:LSDT with RPC trigger
EndcapCSC  ------

without

electronics

Barrel: PDT with RPC trigger
EndcapCSC @ e-----

Barrel:LSDT with RPC trigger
EndcapCSC @ e-ee--

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 / technology / heavy
quarks

222



CCLUON=IUaA]

--- -—- LI |

223

(w) £



’ ]
G, ON—}URA

g'a-

ca‘ns

A
B
o

[

- 4 &

hool. 22

Y&

ez sbby H

10ld PIPd NHO

[+ At

S'L-

'zT-

§T

§L

ot

(w) £

224



Rateg Ha/unit of 7

Rgacr hAC Mﬂ.:[

T 1 | T | ]
0.0<Inl <05 P>0
5 -
——8&— All Cherged Pert.
108 . E
- =— & — Real Muong E
4 (Prompt + Decays) -
Q . Punchthrough 1
\ -
~
105 |- =
\\\ 1~ <
Punch-through J L ~ o -
C"-'-L rea r'qtg) b
104 |- /“ ! “\\ -
1 ~o ]
] ] ! ! | i
6 8 10 12 14 16

Calorimeter depth (A)

h‘aw-e 0.3 —|e,

225



Rateg Ha/unit of 5

—
o
(4 ]

107

[y
(=)
[+ ]

Ty

I I I 1 | t

10 < |nl < 1.5 Py>0

. ——8— All Charged Part.
- e - Real Muong
(Prompt + Decayp)
Punchthrough

P

AR A

= ~ -
[ . ~0 ]
q B N ]
[ . | \o ]
| ] { I { |
é 8 10 - i2 . 14 i8

Calorimeter depth (A)

‘:t:iaurt. 10.3" b

226



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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4010 £0.1mM o
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prototyps design goal limite.

- Need for GEM barrel, endcaps!

JAP-Alignment Schedule-5/20/91
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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 Au'gust.

(c) CSC at RDS5/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

June 2,1992
DRAFT- III

TO: GEM Muon Group
FROM: Muon Group Steering Committee
SUBJECT: Which Technolegy (ies) ?

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 - 1892.

Sources of Information:

Calculations:

These can be used to evaluate the influence of various sources of error and
should be presented with sufficient detail in orxrdexr 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 determine the single layer resolution of
the proposed tracking technologies. Tests will also be performed on the TIR
to investigate the compatability with other technologies (if relevant).

Same measures of the robustness of the technologies can also be cbtained.
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 assoclated 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 determined the layer resclution (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 scurce at MIT. The RPCs, LSDTs,
and CSCs were exposed to the source. 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 Mcmentum Determination:

{I) Performance - Spatial:

{1) Layer Resolution: < 100 microns for barrel region (randcm)
< 75 miecrons for endcap region (random)
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Barrel option with

Cathode Strip Chamber

Magc d Atiye
DPan warle~
Hexcel chambers with cathodes along the z-direction. Effective cathode

segmentation is Smm. 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 Barre]:

. Single Technology for trigger, precision measurement.

« Potentially easier superlayer-supérlayer 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 /cm?2 sec.

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

» Potential simplification in muon system assembly. Each chamber
unit < 200 1b. |

- Single Technology with Endcap.

The major areas of concern (aside from gen technical guestion
common th Endcap and barrel) 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

0 Prepare next Baseline -June 25

o Complete response to ‘PAC 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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CENTRAL TRACKER

thick with a strip pitch of 50 um. Each pair of sensors provides a space
point with a resolution of 10 um in the r — ¢ 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 ¢m. 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 c¢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 "¢
direction”, with wire length between 10 and -40 cm.

In the present design pad sizes are a uniform An x An¢ = 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 precision
better than the pad size in the "© 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 superiayers will provide the required 8z ~1 mm to
separate event vertices at a luminosity of 1034 ¢cm-2 s-1, 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

240



De*ailf, o: | °C Clﬁ‘SCCSY\
Y. < -
/
2mmy o _/

anode wire

cathode pad

a) Cell geometry viewed along the wire

< 100 cm >
R A
EPEN Y _
cathode_ggg}l M | w =0.5¢cm
HERN 2)cm
[ —>]
EREN :
anode wires
RN
HEENE \
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b) Pad arrangement in the Barrel Chambers

anode wires

Resolution sigma= 1% of w =50 um
Length of padsAr= 0.5 to 7.5 cm
¢) Pad arrangement i{n the End Cap Chambers
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