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Collaboration Council Meeting 
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Abstract: 

Agenda and presentation of the GEM Collaboration Council 
Meeting held at the SSC Laboratory on April 30, 1992. Agenda items 
were: Status and News; GEM Facilities; Baseline 1 Overview; 
Subsystem Reports: Central Tracker; Calorimeters, Muons, 
Triggering/Electronics, Computing, Magnet, and Physics; Test Beam 
Report; R&D/Engineering; Cost Review; and Report/Discussion GEM 
Organization Committee. 
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DRAFT AGENDA 

GEM Collaboration Coun:il Meeting 
April 30, 1992 

9:00 I. Status and news (Barish) 
9:15 IL GEM Facilities (Harris) 
9:45 ill. Baseline 1 Overview (Marx) 

10:15 Coffee Break 

IV. Subsystem R.;;ports 

10:30 
10:50 
11:20 
11:45 
12:00 

12:15 Lunch 

1. Central Tracker (Baltay) 
2. Calorimeters (Kamyshkov) I (\,:: '.JJ ,, ,_ .. \ G "' ,. ;. e' ' 
3. Muons (Taylor) 
4. Triggering/Electronics (Shaevitz) 
5. Computing (McFarlane) 

1:15 6. Magnet (Stroynowski) 
1:45 7. Physics (Lane) 

2:00 V. Test Beam• Report (Yost) 
2:15 VI. R&D/Engmeering (Webb) 
2:30 VII. Cost Reviews (Sanders) 
2:45 VIII. Rep~"t/Discussion GEM Organization Committee (Baltay) 

3:00 Adjourn 
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GEM Baseline 1 

April 23, 1992 

Abstract: 

This document details parameters of the current GEM detector 
baseline design. This design will be used for an in-depth analysis of cost, 
schedule and physics performance. 
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TABLE OF CONTENTS 

1.0 OVERVIEW 

2.0 SCHEDULE/MILESTONES 

3.0 FACll.ITIES 

4.0 DETECTOR INSTALLATION 

5.0 DEIECTOR ACCESS 
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INTRODUCTION 

GEM Coordinate System and Field Direction 

towards ring center 

x 

Interact Jon 
point Is <O,O,Ol 

Uf) 

y 

x y 

z 

8 

direct Ion or magnet lc 
field Inside coils 

Nort/1 

t 

The GEM coordinate system Is rl1ht-ha11.ded with its ori1ill at the 11.omi11.al 
illteractio11. poi11.i. the z dlrectio11. is alo11.1 the beam dlrectio11. a11.d 
positive z Is North. Tiie positive z direction is towards the machine center 
a11d y is up. 
The ma111.etic field is parallel to the z a:ris. rou1hly il1 the same direction as 
the Earth's field. 

Fii.:•e 1.7 
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SCHEDULE/MILESTONES 

INSTALLATION SEQUENCE REQUIREMENTS 

1. Underground Hall ready (unequipped) 
2. lns..Ul Magnet Rails 
3 Underground Hall completed 
4. Install Magnet Flux Concentrator (south) 
5. Install Magnet Half Coil (south) 
6. Install Central Membrane 
7. Install Magnet Half Coil (north) 
8. Install Magnet Flux Concentrator (north) 
9. Test Magnet Systems 

IO. Map Magnet Field 
11. Install Calorimeter 
12. Install Muon Barrel 
13. Cold Test Calorimeter 
14. Install Tracker 
15. Close Magnet Coil Halves 
16. Install Muon Endcaps 
17. Complete Subsytem Connections 
18. Close Detector 
19. Install Collider C:-:nponents 
20. Complete Beamline 
21 . Complete Tests and Checkouts 
22. Commission Collider 
23. Detector Ready for Physics 

Si: l 1 

Source: MH 
Update 

Page 2-2 

January, 1996 
January, 1996 
April, 1996 
May, 1996 
May, 1996 · 
June, 1996 
June, 1996 
June, 1996 
February, 1997 
March, 1997 
June, 1997 
September, 1997 
October, 1997 
December, 1997 
February, 1998 
March, 1998 
September, 1998 
October, 1998 
October, 1998 
January, 1999 
March, 1999 
April, 1999 
October 1999 

4/16/92 
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Figure 1: Lines of cons rant magnetic flux in a meridional half-plane: the figure is 
rorationally symmetric about the horizontal axis :ind h:is mim>r symmeey about Z = 0. 
Note: the be:un :i."<is. z. is vertical while the transverse :ixis. R is horizontal. Both :ixes 
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Filename 
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Lu•~ 3130/92 

SURVEY AND ALIGNMENT REQUIREMENTS 

The following requirements arc for initial design pwposcs while exact tolerances and variances arc 

determined. 

Positioning Accuracy Requirements 
The detector subsystems must be positioned to the following accuracies: 

Sub-System Alignment Description Tolerance 

Beam pipe Radial ±Imm 

Tracking Systems Radial ±IOmm 

Relalive to Calorimeter ±1-Smm 

Calorimeter 1ysccms Axial ±Imm* 

Radial ±Imm* 

Muon systems Describcc. .. !scwherc Described elsewhere 

Magnet Axial ±IOmm 

Radial ±lOmm 

Magnet Halves relative to each other TBD 

Flux Concenncor rclalive to magnet TBD 

• The physics ~uircment for all calorimeter components. 

P:ige l::?-2 

-

-
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-
-
-
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Mea5urement Accuracy Requirements 

Fllawne: 
ClE."d_Alip. Toll.Basclinc 
A\&&bar: M Jona 
Lut Rmaod: 3/30/92 

The position of the dctcctar subsystems must be known to the following accur.u:ics: 

Sub-System Measurement Description Tolerance 

Tracking Systems Radial ±0.lmm 

Relative to Muon Otambcrs ±0.2mm 

Calorimeter Systems Axial ±Imm 

Radial ±Imm 

Muon systems Described elsewhere Described elsewhere 
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Silicon Electronics 
Developements 

• Non-Disclosure agreements Completed with: 

Orbit Semiconductor: Received Design Rules 
UTMC 

• Non-Disclosure agreements in Progress with: 

Motorola: 
Multi-Chip Module Technology 
MOSAIC Transistor Design 

(14Ghz@200µA) 

• Front-End Electronics Block Diagram: First Attempt 
Need additional custom chip for: 

lnerface/Control 
Line Driver/Receiver 
Housekeeping(Stateof-Health): 

Amplifier, AID 
Cable Cost Estimates with Lenthor, PentaFlex 

• IC Cost estimates: 

Yield plays an important role: Y= (1 :dA) 

where: 
d=# defects/area(d <1 OO/in2 for Harris UHF) 
A=area 

for zero defects: 
Y- 0.2 for Harris UHF, A=6.4x6.4mm2 

Need to optimize allowed channel failure rate, 
number of channels per wafer, and die size. 

... 

-

-
... 

... 

-
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Silicon Strip Readout 

Electronics Schematic for Half Ladder 

Amplifier/ 
I Oisri1 in:ttor LV1 Buffer LV 2 Buffer Oi;tpoc• Regisle 

....•• • I 13 I I I ....... 

LY 1 ....... 
• 

I 
• • • • • • • • • 

I I • I 
• I • ~ I I : I • • • • I Trigger 

Data 
Out 

- -i Opllcal Driver I 4MHz 

I 
~ 

~ .. ·····I I i I J: 
I Optical Driver I 2MHz 

65MHz 100KHz 3KHz 
I 

'.'lL.Sll '.'LL.SU 
Bl~lar Hardem•d 

x5) CMo·· 
(X5) 



·. SST-11/Sft-1 

I\ I < ·• ' 

- H • uRID 

Strip Detector Input 

t t t t t 
.-----~ .-----~ .-----~ r-----, •-----, 

-Bipolar 

c=i c=i c=i c=i c::J c::J c::J [:=:J c=i [:=:J 

Decoupling 
Capacitors ~--CMOS-1 

\ IL_JI 11 11 IL_ 
c:.:..:::J c=i c:J c=i c=i 

Do 1 
c::J c::J 

CMOS-2 ... , I c::J c::J ,,. L~D 

.:-,~ 1 Optical Fiber 

t t t t 
Power/Control In 

Optical Out 

Fig. 1. Conceptual Layout of Si-Tracker tvir;'./I 
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SILICON TRACKING SYSTEM WAFER SHELL 

Silicon Strip Detector 

Bus 

With Electronic Assembly -- . I I .........._ 

Op ti ca! 
Driver/Modulator 

Bus_ ~ 
Connector 
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Central Tracker Radiation Environ. :::~nt 
from L. Waters 

Charged Fluence (SSC year)= 1.6 x 1013@ 10 cm 

Dose(Rads/SSC year) = 3.5 x 105@ 10 cm 

Neutron Fluence(SSC year)= 2 x 1012 @Ea> 100 keV 

= 5 x 1012 Total 

Effect Of HadrQn Calorimeter on Central Volume - None 

Effect of Forward Calorimeter on Central Volume - very small 

... 

• 

... 

• 

-
.. 

-

-
... 



I 

4 s I ") I I.. 

I \ \ IS' 
3 
~ (, \0 I I '-I 

I 5 Cj I '3 I 

!l I 
~ 

- ' 

..... 

F=-1- ..J 

I ; 



1 

-1 
10 

1 

-1 
10 

-2 
10 

0 

0 

· I ti 'T";: p C: 

.. .. .. .. 
I 
1--···~ I ., 
I L " 
i • .... ..::. 

Z-491.00 CID 

t.; . 
•• ·I 

:i 
I' l°'l 
i .. \ 

.. ~. 

2 
Theta 

... 
Io' ;1.; • 

'1. 

'!'11 ... 
•.I ..... 

~:i.,_ 
, : . ~. •. I 

'•· -·"" .,, - ... 
I 

. " I 

4 6 
(de a) 

Z•559.64 c• 

. : :-:., 

, 
. , '., 

. ! .. 
1·1 .I I 

2 
Theta 

. :-._ ....... .. ... 
·:,:-._ ... 

4 
(de a) 

. 

6 

8 

E 

FCAL Neutron Fluence by plane 

solid total 

1 

-1 
10 

, 
_, 

10 

-:? 
10 

-3 
10 

0 

0 

. ... 
'• ,·· .... 

" -"\..._ 

I I., 

'"' . 
I ., 
2 4 

Theta 

:~ .... 

Z•525.32 c• 

.. , 
"•::.,_ 

·::I • L . . ,, 
• I ., :"' 

6 
(de&) 

• ~ I. 

Z•593.96 CID 

... , 
:.J J . ,., 

•• 

., .. 4 
Theta 

; ~. :i :i 
.I I f· l·.i 

(de a~ 

dash ne· ·on 'kinetic energy less than 100 keV 
dots ne,.ron 'lte gt 100 teV, lt 20 MeV 
dotdash neutron 'lte &t 20 MeV 

-
-

-

-s 

-
-
-

e 

-

-
... 



<n 125 
::> 
<P -(,) 100 
::> z -'° 75 
::> 

"'O -<n 
50 <P 

a:: 
<..... 
0 25 
z 

00 

.... 
c 
~o·3 
:> 
w 
'<P10"4 
c.: 

'-
<P 
~o-c; 
::> z 

10·0 

0 

• 

G 

H 

• 0 

• •oo 
0 ••• 

• • 

20 
z 

40 60 
of" Res1du~l Nucleus 

•• • 

• 
• 
• • 

• • 
• . ~ 

• 0 00 0 

0 • • • •• • •o .... 

• •••• OOo• 
•o .. °'O•o•o•o 

•••••• 0 

20 40 00 
Z of Res1duol Nucleus 

BO 

80 



-
~ 
2 
0 -
\9 
w 
cl 

,r 

~ 
~ 
w 
"'\ 

.. 
0 -

'T ,,. 
' 0 

~ -'>'-
,n -n 'j 
Ir 
0 -

~ 
0 -

-
-
-

..., -
$ 

-:7' r. 0 - ..J. -~ er 
-:J ti 
c6 ll.. 
0 . rl ,r. -0 ")(. - .., ,, 

Cb 

"' ~ • 
~ Cb r e -- ~ I-

_J 

:7 
7 -

-

-

-



Cost Reduction Efforts 

Silicon TrackP.r 

Refine Mechanical Engineering design 

Share Costs with SDC 

Reduce the Number of Silicon Strips 

Lengthen Ladders 

Integrating Pad Char bers 

Investigate VLSI Technology and MCM's 

Reduce Pad Count 
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SINGLE VS DOUBLE SIDED . 

• Radiation Resistance 

Single and Double able to bi? depleted up to 1014 p/cm2.su. '/CA t. . 

• Capacitance 

SIN of Bipolar frontend scales as the square of the detector 
capacitance. 

N- side of double sided has 1.5 to 2.5 x the capacitance of p 
side. I , lt .. 1. S 

o Radiation Length 

Expected radiatio!l length of tracker~ 15 % - 2 0 dJi> 

Support structl!!"e t~~ i:::!!le !'::r ~!!!~I~ :::::! do\.~!e s!:l.l'd 

Savings for double sided~ 1.85% o ~ ~ a.l.. 

o Cost 

double = { 3 • 5 ) x si!l~le 
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ELECTRONICS 

COOLING TUBE 

ANODE WIRE SUPPORTS (KEVLAR-EPOXY) 

HIGH VOLTAGE DISTRIBUTION 

FIGURE 4: 

GEM TRACKING IPC SUPERLAYER 

SECTIONAL OF TYPICAL BARREL MODULE 
"NOTE: LEVEL I :. 18 CM 

LrVEL 11 = 21.8 CM 
LEVEL Ill = 24.5 CM 
LEVEL IV = 27.4 CM 
{SUBTRACT 5 CM f'OR ACTIVE WIDTH) 
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FIGURE 5 
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GEM IPC TRACKER 
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.. 
LOS ALAMOS SIMULATION STATUS 

-
Silicon Geomtry 

l. Silicon Baseline Geometry Installed 

2. Correct 2mm overlap 

3. Support Structure (Barrel) -
a. Mechanical is up-to-date 

b. Electronics - still to be done (now- +30% of Si) -
4. Pattern Recognition 

a. fit track in Silicon ... 
b. fit track in Pads 

c. join both 

Fast Parameterization 

1. provided tables for 

a. deltap/p vs. eta and p 

b. deltap/p (\'ertex constraint) vs. eta and p 

c. impact parameter vs. eta and p -



...... ----

Work in Progress 

1 Pattern Recognition 

a. Improve Pattern Recognition 

b. Correct Covariance Error Matrix for Fit • do u~ 

2 Update Silicon Geometry 

3 Include Complete Coordinate Inefficiencies 

a Dead Time - cl 0 ii>cS: 

b Dead Strip - do,.,o 

c Electronic Noise 

d Dead Spaces - oo,,, .c 

IPC Geometry 

a Implement IU Geometry into Geant 

b Ship to SSC 

-
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Comments 

.Y Baseline LAr (am + hadr + forw) 

.Y Alternative (BaF2 + SciFi + forw) 

$ 152 M 

$ 152 M 

.Y LAr hadronic @ R = 360 cm and Z = 550 cm 

doesn't satisfy baseline parameters : 

only 10.2 A at 

11.5 A at 

T) = 0. and 

T) = 3. 

The. prolo /.e "1 · S 

beis-r.~ fr'xe d.. 

.Y Alternative option @ R = 330 cm and Z = 470 cm 

provides 12 A at T) = 0. and 

14A at Tl = 3 . 

.Y SciFi engineering progress was demonstrated 

.Y Cost of BaF2 can potentially go up if individual 

crtystal treatment will be required 

.Y LAr e-m accordion end cap design - no progress 

-

-

-
-

.. 

-
.. 

-
-



- Cost Review of Calorimetry Options 

( SSCL April 21-22) 
,... 
' 

Prel; ... ~"""X I 
-7-1. BaF2 
,... 

~ 2. Sci. Fibers 

~ 3. Forw. Liq. Sci. 

4. Sci. Tiles 

... 5. LAr e-m + hadr 

5.1 LAr separate e-m 

h 5.2 LAr e-m + hadr. forw 

I 5.3 add accordion prerad 
L 
'+ 6. Forward LAr 

7. LKr parall. plates + '1" 0 

8. Si prerad 

$ 80.3 M (l,ii,a.. i !5 10 ! : 

$ 55~7 M Al b.!l >i i -'l. $ I I M : 
Be/oru!> · 

$ 16.4 M Chi>')a. -

$ 51.8 M 

$ 136.7 M. (+ 4-5% 'fl-1'lZ $) 

$-60.0 M 

$-84.0 M 

$ > 5.0 M? 

$ 15.3 M 

ck.;..,c.... 
Rus!>iei. 
Kc re"". 

.., 
( - , ... , . 

~P.olr. h-.o,!. 

$ 7 I "ryos~-.+, ;..,~~Al/.) 
> 37.8 M . '-. e-!c . .,o+ i.,c.1 .. ,,i .. ,1 

$ 16.0 M 

• 



GEM Liquid Argon Calorimeter 
Eleclronics Box · 1/4 Section "Off Vertical" 

Copper Hadron Absorber 

~-----2158----~ 

"±I 
1T 

520 

' 

r 

Electronics Box 

------·-· " 

1070-1 

TRACKER 750 - - - - - ' ' .. 1111111111111111111 L 
1 r 1Jrward Cal. I 

PRE-RADIATOR _,,,, II '-NEUTRON ABSORBER 

14------ 2350 .. .. • 3120 ------1----.i 

14------- 5090 ~ 1260 .. , 

14--------------5500-----------------..i 

LLMason GEMLAC.4/21192 

' f f • f • • • f • f 



-
E-M 

• More. eh~in.e.eri"5 ~ffort' (~? mo~ey) 

lllre netd~c.l for LAr e-Jtt 0tccoJ"deo)1 

Option 

• En~ ,·n~e rix9 asp.ect, of the S€/1trAt-~ 

e.->11 LAt' CJA./ori >11~ ~e~ optlo,,, Sho~I c:( 

be s?-u cl,·~ r1 (/Ill. R~"' a.tic~ , l. M" s" i-t ') 

, 



A. Requirements for BaF2 technology : 

1. Demonstrate substantial improvement in radiation resistance of 
large BaF2 crystals (20-25 cm long) towards the GEM specifications -
reach absorbtion length of at least >60 cm at 220 nm after lMRad 
irradiation with photons, and if possible high energy hadrons. 
Present a detailed plan to obtain final GEM quality crystals, 
along vi th evidence of m; .ufacturabi:..i ty and cost, including 
work required to prepare crystals after delivery. 

by August 1, 1992 

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

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

3. Address in detail question~ ~f preradiation, wrapping, residual 
non-uniformity, etc in cry~.als ve can practicably expect to manufacture. 
Cosmic ray transverse measurements in produced crysta} .; could provide 
useful data. Provide d~tailed practical plan for cali~ration of BaF2 
system in-situ :describe calibration strategy, RFO layout, required 
calibration time for each proposed technique to achieve necessary 
accuracy. 

by July 1, 1992 

4. Show by MC and by lab.tests that the following effects do not destroy the 
resolution of the BaF2 system (maximum tolerable constant term is 0.6%) : 

- residual non-uniformity (as installed); 
~ non-uniformity developed by possible further radiation damage of 

"saturated" crystals and/or by possible annealing; 
(note - the expert panel and executive committee are not convinced 
of the proposal to preradiate the crystals) 

- accuracy of intercalibration (see point 3); 
- short term instabilities of readout system; 
- linearity, linearity calibration and dynamic range of readout sys•em. 

by July 1,1992 

-

-
-
.. 

-
.. 

.. 

-
-
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8. Requirements for LAr-Kr technology : 

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

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

by August 1,i992 

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

by July 1,1992 

3. Demonst : by MC simulations for realistic projective geometry and full 
angular ~a.ige (between 90 and 5.7 degrees) the resolution 

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

by July 1, 1992 

) 
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I 15150 

3600 

1400 

Muoo Chamber 
Envelope 

,-- Tube 30 mm thick 
Longltudlnal framing 
(fastened to tower extensions) 

•"'Illa--• ------------------------

.. 

5500 

) 

Muon Chamber 
Envelope 

Forward Calorimeter 

t 2300 970 i· 350 2200 ,,.. 
I 4820 f 

Dimensions In mllllmeters 

GEM Scintillator Calorimeter System 
F. Ayer 9203D270 



R3600mm 

Muon Chamber 

Structural Support Tube 

Scintillating Fiber 

Barium Fluoride Crystals 

GEM Detector 
Barium Fluoride/Scintillating Fiber ·:::alorimeter 

End Section View at 90 Degrees 

G.03.CU.003 Rennich 
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-
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Frari'1ing· Tower Attachme~ ~oncept 

180 

Dimensions In millimeters 

Polygonal ring (72°) 
welded to longitudinal angles 
(5 sections total) 

Framing 
connection 
plate 

Tower 
Extension 

) 
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GEM SCINTILLATOR CALORIMETER 
STRUCTURAL SUPPORT SYSTEM 

FORWARD CALORIMETER 
SUPPORT RINO 

f • 

LONGITUDINAL 
ANGLE 

f 

(SCHEMATIC) . 

SO cm WIDE 
MEMBRANE 

POLYGONAL 
RING 

• 4 

CENTRAL 
HEAVY 
RING 

• • 

BARREL-END CAP 
CONNECTION RING 

OUTRIGGER 
TO SUPPORT 

FORWARD 
CALORIMETI:R 

• • • 
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CONNECTION DETAIL WITH MEMBRANE 

(PRELIMINARY) 

9204F2531AYER 

50cm 
MEMBRANE 
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Structural Framing . 

Joint I Cableway 

Feedthru Difficulties Need lo be Studied 

3300 

3000 I ,,- "'I 
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GEM Detector 
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DRAFT 

Pro£. Gu 
Institute ol High Energy Physics 
Beiji11g, China 

Re: Constl'Uction of Liquid Argon Modules. 

Dear Prof. Gu: 

3740 

28 April 11192 

The design of the liquid ugon calorimeter l)'lltem for GEM i1 far enough along tb11t w11 
wiJl benefit areatl;y b7 invol'ri111 at thi1 •tage the phrndata uid englnt1en who will pn.cfoee 
the dlft'erent component•. Morti dt1ta.ll1 ol the Jiqnld argon calorimeter can be t'ound In tbt1 
GEM Baseline 1 Document • GEM TN 92-76 (which 1hould haft been 1ent tc. you recm1Uy) 
and in the Liquid Argon Calorimeter Cost Re\-iew :Meeting - SSCL, April 22, 111112 • GEM 
IN 92-3 which i• enc:lo.ed. The modular construction 0£ the liquid argon calorimeter mould 
entLble tll to benefi.t from coutributiosw from Jnan)' divene iutitutiuns. In thi1 note, we 
list thl' "1lajor co1upouents that arc Involved in building the elec:tromagnc:lic: (E~l) nnd 
hadn1 modules and that we can sec being built OTCnClll· 

EM mDdulcs: 

The coustruction oi the EM modules cui be 1eparated into tlaree main cDmponr.nb: 
prnductiou o£ the aL1orLer platca, prod.uction 0£ the readout electrodes and the assembly 
0£ those two component• into modules thal will fit into the fin.I calorimeter. 

Ab1urber Platea: 

The absorber plate ii made of a thin la~ oi'lead sandwiched between two thin laycr11 or 
ltainle1s steel. The lead and ihe stainless are bonded togc~hcr with a layer o£preprcg. Thia 
sandwich needs to be bent into the accordion shape and then hee.t. and preaau":e &ctivate 
the prepreg. There are at leut two different methods for achieving the accordion shape 
that arc being considered. There will be one 1h11pe {or all the 800 plate1 f'or tl1e barrel. 
For the endcap, the d•sigu is has me.uy opliuns • but all involve Ill !Cllllt oue difi"t.-reiat elaape 
thtLD that used in tht endcap. 



Pn>t Gu 28 April 1002 Page 2 

EM Rea.dout Electrodes: 

'Ve are considering h•o ha.sic solutions a.t this moment. ln the 10-called staudard 
solu1ion, the readout board is made of a large multilayer boa.rd of Kaptou aud copper. In 
the second option, the multilayer board i1 made out o! Lead \trips 1andwiched between 
electrodes of polysolfoam clad with c:opper. In e.i'her cue there are 1ilk sctt.e11ed rcsist.jvc 
areas required. The electrodes then would be bent into the accordio11 shape. 

Module assembly: 

The proposal is lo build modules that subtend about 9° in 4> in the barrel regfon 
(similar eize for the endcap) and a11cmble these :modules outside oC the SSC site. At this 
stage we expect that the preamp a.nd calibration motherboatd will be installed and tested. 

Hadronic Modules: 

Here we Cllll ocparatc the work into two mllin activities. First the ia.brication of the 
pieces: absorbcr/roado11t plates made Crom the copper tile&, solid gro11nd plates, and mod
ule 1tructure. Second U1c st,.clcing of lht-.ae pieces into modules for inatallation i11 the 
calorimeh:r. A 1ignifiCl\Jlt component of the labor required for t"ese modules is in the fah· 
rieaiion ci{ laminations o! copper tiles sn.ndwiched between thii. sheets of Bber~au. The 
weight 0£ the hadronic modules is of the order of 1500 M'f. Thete ate~ 20,000m2 of 
laminations to be :made. ' 

The detailed technical solutions one will choose c-lcarly depends on who at tlae 1>.iul '"ill 
actually pzuduce &be calorimeter cow.po11cnta. We feel •tl'llugl7 that it is ..,ery iwp~tant tu 
get the engineer11 ud p· ··1icist1 &om the reoponlible collaborating institutiom b&vuhed in 
the design now 10 we C4 benefit !roin ~eir mput when deddlng the appropriate technir.al 
solutions. The modularity o! the liqwd ugo11 lc:ad1 Hseli' to dividing the cona&ruction 
rcapomihility between clifl'erent inatitutlons. We will be glad to 1uppl1 more cletailt a11d 
up-to-date drawings when requested, and would like to encourage an immediate exchan~ 
o! physicists and engineers ... 1oon u po11ible. 

We hope tn di1cu11 this rurther with :rou and your colll'.4gltcs at the May, 19112 GEM 
mee\ing in Beijing. We hope that in June, 1992 the fint engineer(•) and ph7~icl11t(11) ean 
visH BNL. 

Encl: GEM IN 92-3 

Sincerely ;yours, 

Howard Gordon, 
David Li11J1.uer 

... 

... 

• 

-
.., 

-

.... 

... 

• 
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BaF2 EM CALORIMETER 

REQUIREMENTS FOR 8/92 GEM 
DECISION: 

DEMONSTRATE CAPABILITY TO 
MAINTAIN 

THE HIGH RESOLUTION IN SITU 

• RADIATION HARD CRYSTALS 

(1) Demon~trate Substantial Improvement m 20 - 25 cm 
? C:ysta~ .A> 60 cm After 1 MR.ad By 8/92. 

a.. (2) Produce Small Rad Hard Crystals: .A > 95 cm After 
1 MR.ad. Show There are No Fundamental Limitations. 
(Recomme~.1..~ed By Expert Panel). 

LIGHT C~OLLECTION UNIFORMITY 

~ (1) Develop Detailed Plan for Obtaining Uniform Crystals 
After Wrapping Or Coating. 

~ 

(2) Demonstr'-l.te Stability, Or Specify Max. Non-Uniformity 
(and Timt:: Dependence) Induced By Irradiation. 

~3) Pre-Irradiation Question: Method; Time Dependence 
Due To Incomplete Saturation, or An!lealing In Situ. 

• ( 4) Cosmic Ray Measurements With Transverse Muons 
~ 

• 



BaF2 EM CALORIMETER 
1992 R&D PROGRAM 

• BaF2 CRYSTAL PRODUCTION: 
(SIC, BGP.1) 

• • RADIATION DAMAGE STUDY: 
(SIC, BGRI, CALTECH, BNL, TIFR, LNPI; 

CEA,OPTOVAC;NllL,UWV) 

../ • UV MONITORING SYSTEM: 
(CMU,UCSD) 

v" •SURFACE PREPARATION, 
UV COATING: 
(LLNL; CEA, CIT, BNL) 

v"'·• PROTOTYPE ENGINEERING DESIGN; 
DESIGN MANUFACTURING PROCESS: 
(ORNL; CALTECH, UCSD, LLNL) 

,/ • PROTOTYPE ELECTRONIC READOUT 
(ORNL, PRINCETON) 

v • CALI! ..ATION, UNIFORMITY, STABILITY: 
COSMIC RAY STAND; RFQ SYSTEM: 
(UCSD, CALTECH) 

• BaF2 CRYSTAL ACCEPTANCE TEST; 
MATRIX ASSEMBLY: 
(CALTECH, UCSD) 

•SIMULATION and ANALYSIS: 
(CALTECH, ORNL; UCSD, CMU) 

-
-

-

-

-
-

-
-
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BaF2 EM CALORIMETER 

1992 R&D PROGRAM 

. RADIATION HARD CRYSTAL 
PRODUCTION 

• 25 Full Sized Pairs With Improved 
Hardness Ordered (6/92) 

• 5 Full Sized Pairs Approaching 
Rad Hard Specs Ordered (7 /92) 

• Large Rad-Hard Crystals Meeting 
Specs: Target Date End 92 

) ) 



BaF2 EM CALORII\ ETER 
. 12/91 BEAM TEST 

• CALORI~1ETER RESOLUTION: 
BaF2-SPECTROMETER DIFFERENCE 

- Resolution 20 x 20 mm2 : 1.0% 

- Instrumental Contributions 

* Spectrometer Resol'n: 0.5 ± 0.2% 
* Pedestal Diff. Linearity: 0.4 % 

- BaF2 Matrix Resolution (at 68 GeV): 
o. 77 ( +0.12 - 0.18)% 

- Further Contribution (Not Subtracted): 
Crystal Non-Uniformity: 0.5±0.13 

- Possible Calorimeter Resolution: 
0.6 ± 0.2% 

-
-

-

-

-

-
-

-
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Cosmic Ray Telescope 
--------------------
The mechanical work on the stand has been completed. Eight chambers 
<4 x-chambers and 4 y-chambers) are in place. Two chambers ( one x-chamber and 

.one y-chamber) have broken wires, which will be fixed once the remaining 
·chambers are operational. The components of the gas and low voltage distribution. 
systems are expected at UCSD by the end of April and should be installed early, 
_i_n~M_a~y_.~T_h_e~r_e_a_d~o_u_t...,_s~y~s~t_e_m~i~s---c~u~r~r~e~n~t~l~y.__b~e.;..;;;.in~g.._~t~e...._.stJi2. 

Trigger counters and electronics are currently being brought up. 

ORNL Base and Preamp 

A prototype preamp, with both high and low gain outputs, has been·designed 
and built by Chuck Britton from ONRL. It is currently being set up for cosmic 
ray tests with a standard BaF2 crystal. 

UV pulsed source 

Delivery of a Hamamatsu TNLD1401 ultraviolet source is expected for this k. 
A quartz fiber distribution ·system from Polymicro Technologies Inc. has been 
purchased. We expect to start testing with a standard BaF2 crystal as a diffuser 
in about two weeks. If everything works out we will order a quartz diffuser 
system. 

High Speed CAMAC crate controller 
---------------------------------
A Kinetic Systems 3929 SCSI crate controller and a Rancho Technologies 
Fiber optics communications system have been processed. It needs a 
software driver which will be written once the above higher priority (for 
us) items have prooressed. It should increase the CAMAC data acquisltion 
rate to well over 100 Kword/sec. 

) 



MART::CN MARJ:ETTA 

April 27, 1992 

Harvey Newman 

Staj;us Report tor GEM parium Fluoride pctector 

~ following describes the work on the GEM barium fluoride detector 
development: 

l. A program was written to find the new dilllensions of the proto~ 
detectOr crystals 30 mil x So mil x Sob a. ':the crystals are 
dh••nslonea so tbit two edges when extended will converge on a 
10 n diameter circle about the centerline of the bore, and tbat 
three faces are Perpendicular to each other to help fabrication ana µispection. . -

2. Prelim!J1uy des!~ of a test boX for both c:oSllli.c ra~teatin9 and 
a tUtUie beu tea c:oritiriuirig. 'fhiii box will bivee capac~ 
for a 7 x 7 array of crystals, and bave the capability to replace 
a photodetec:tor and electronics in-situ without distur!)inq the 
crystals. !l'he test boX will be compatible with two different 
existing photodetec:tors. Titaniwa foil, approximately 0.1 mil 
thick, will be uaed between the crystals. 'lhis will not be a 
welded or bonded atrac:ture as it would be in the GEM detector. 
The fabrication drawings for the test box should be f iniehed in 
the next month or two. 

3. craig WUest and z ave discussed the machining capabilities at 
LUIL, and it appears tbat LLNL bas the technology to proyiM_ 
matched crystal pairs will be mach'lnid so that t.heY can be 
properly flitid iri the tut JiOx and Ultilliitely the GEM deteotQr. 

4. A trip is to be made the first week in May to CERN to meet·with 
Mic:hel Lebeau. Discussions will Include the fabrlc:atlon concepts 
for a cell structure to be used in the actual GEM detector, the 

I grow q, maCh nq, and inspection methOds use_«\ 
• 

5. A trip is beinq planned to visit China the last full week of May 
with Bin FiiChS ot LLNL to get st?!rted on the madiining of the 
prototype size crystals. The trip will be contingent on getting 
approval for the travel authorization for DOE. 

-
-

-
.. 

-
... 

-
... 

-
.. 



BaF2 EXPERT PANEL 

RECOMMENDED R&D PROGRAM 
IN ADDITION TO R&D IN CHINA 

•CRYSTAL PROCESSING STUDY: (SIC; ~G'Rl; 
Grow, Characterize and Measure OP10VAC:) 

v - Small Specially Pure Crystals 

- Compare.Crystals From Common 
Raw Material: China, Optovac 

v"- Improve Growth Process: 
Crucible, Residual Gas Analysis, 
Control of Atmosphere 

• IMPURITY and DEFECT ANALYSIS 

./ - Experimental and Theoretical 
Study of Impurity Effects 

./ - Trace and Defect Analysis of: 

• Raw and Preprocessed Materials 9' 

• Finished Crystals .., 

• Longitudinal Profile " 
• Surface Damage fll1' 

• Subsurface Defects " 

• 



BaF2 RADIATION DAMAGE 

PROGRAM STATUS (Cont'd) 

•FIRST RESULTS from CEA ( C-io..r.fes S"-i.tS &, . a SJ"oCt.ATE J') 
- Bulle Impurities: High Levels of 0 2 , 

S, Cl in Both Optovac and Chinese Crystals 

- Surface Damage Established: 
Improve Polishing (LLNL) 

-
-

-
- Subsurface I?clusio~sObserv~d: [ C.fuli-t.r1ftg a.t l -

Depth Profiling; M1croanalys1S J:>~a.i..., "°Eo"M. ... eldr;e.sj 
• SMALL RAD HARD CRYSTAL PROGRAM 

AtOPTOVAC 

- Study Raw Material Purity Effect, Crucible Effect, 
Oven Variables 

- Residual Gas Analysis 

- Small Crystals and 15-20 cm Rods 

- First Crystals By 5/92 

- Rad Hard Crystals By 8/92 

• COLOR CENTER STUDY At UNIV. WEST VA: 
Paramagnetic and Low Temperature Spectroscopy 

- EPR: Energy Levels of Two Predominant 
Color Centers Determined 

- Correlated With Absorption Bands 
at Liquid Nitrogen Temperature 

- Further Paramagnetic Studies (ENDOR): 

-e Color Center Hyperfine Splitting 
• Test Role of Interstitial 

Ions: Hydrogen, Oxygen 

-

-
-
... 

-



BaF2 R&D 3/92 - 5/92: 

MATERIALS STUDIES 

•CHARLES EVANS & ASSOCIATES 

- Tests of 0 2,C,H,S in Prototype Crystal 
Cleaved in 31 Slices 

- "Nomarsky" Profilometry: Dislocation Lines 

- Discovery of Inclusions Decorating Dislocation 
Boundaries: Impurities Highly Localized. 

• LLNL: SURFACE PREPARATION 

- Diamond Turning On Lathe With Ultrapure 
Mineral Oil (6 A 0 /80 A 0 RMS} 

- Standard Polishing On a Diamond Pad With and 
Oil, as for Laser Mirrors (20 A 0 RMS} 

- Argon Ion Beam Milling : 2 µm/Hour; 
Follows Original Surface Quality. 

- Lapping With Diamond-Impregnated Pitch: (10 
A 0 RMS); Good for Mass Production. 

- Nomarsky and X-Ray Diffraction Studies 

• CE&A and LLNL: SURFACE STUDIES With RBS 

- AIM Best; Diamond Pad Next. 

- Retest Diamond Turning; Test Diamond Pitch, 
and Acid Etched {35 A 0 RMS} Surfaces 

• LLNL: UV Reflector Al+ MgF2 : 

- Front Reflectance 903 {220 nm) 

- Back Reflectance 813 (Through BaF2 ): Sensitive 
To Surface Preparation 

•NAVAL RESEARCH LAB: Dielectric Relaxation 
Technique: 10 - 100 ppb Trace Limit 



ur I UVA\,, 
M EM lndustri• Company 

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

To Harvey Newman 

Froro Rob Sparrow 

4/28/92 

TEL 508-867-6444 
FAX 508-867-8349 

BARIUM FLUORIDE : STATUS REPORT 

J. Growth crucibles of graphite have been fa:bricated and then 

given a proprietary cleaning treatment • 

., Using Merck Optipur raw material. furnace conditions have been "". 
esta:blished. crystals are grown in groups of three, eaeh 

crystal beinq 32 lllJll diameter. In the first run the as grown 

ingots are 275 lllJll lonq. The power to the furnace, however 

was not sUff icient to remove all the l.ead fl.uoride 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 absorption. 

3Q..Por future work, high purity custom synthesized raw material 

has been ordered and delivery is expected at the end of May. 

'31-, A sublimation unit has been fabricated and cleaned and will 

now be used for subliming Optipur powder. 

"'f. Trial runs have been made using a reactive gas. This caused i?':Ac-r•llE 

some problems as the qas reacted with the vacuum pUlllp oils. A G-A .J'; 

design change has :been made to the growth furnaces, the 

necessary components ordered and the modification will be 

complete by the beginning of May. 

"RCA 
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BaF2 R&D 3/92 - 5/92: 
RADIATION DAMAGE 

• CHINA: PRODUCTION IMPROVEMENTS 

- Liquid N2 Trap on SIC Oven 

- Tant-'llum Getter Trial; RGA 

- LeI: u 4/92 Visit (Vacuum, Cutting, Polishing) 

- ORNL and LLNL Visit: End of May 

• CALTECH TESTS 

- Tests on New Large Czech Samples: Early May 

- Tests of New SIC+ OPTOVAC Samples: 
Second Half of May 

- 800 MeV Proton Test (1 MRad) At LANL in June 

.-+ • UNIV. WEST Va. OPTOELECTRONICS GROUP 

- EPR Id <?ntification of H 0 and o- As 
Causing UV Bands: Heat Treatment in Air 

- Studies of Nature of Color Centers: 
Radiation Damage Mechanism 

- Studies of Post Annealing to Increase 
Rad Hardness 

• BNL: RADIATION DAMAGE TESTS 

- Confirmed Caltech Results on Large 
Improved SIC Crystal 

_..,.. - Neutron Test With Univ. Lowell VdG· (Low -y's). 

_. - Hadron Shower Test at AGS Primary Target 
Cave in May; 

- Thermoluminescence (TLD) Tests 



ASPECTS OF 
THE RADIATION DAMAGE PROBLEM 

INBaF2 
• 

L. E. Halliburton, M. P. Scripsick, and G. J. Edwards 
Optoelectronic Research Group 

Deparb11ent of Physics 
West Virginia University 
Morgantown, WV 26506 

Telephone: (304) 293-3422 
. FAX: (304) 293-5732 

-
.. 

... 

... 

.. 

... 

-
-

... 

... 



ROOM TEMPERATURE RADIATION 
DAMAGE :MECHANISM 

ljo-n,a.jl Unrv~rstt~) 
Oxygen and hydrogen are present In the crystal as OJI- Ions 

substituting for fluorine Ions. 

F fu«•"t ifa.ca.c:;~.r 
Rad~tiondoestwothings: ~ 

e 1) Radiation creates F centers and clusters of H centers 

(I.e., fluorine vacancies and fluorine Interstitials). 

• 2) Radiation also dissociates the OH· ions into O· and B1° 

centers. 

_..A portion of the H1° centers will recombine with F centers to 

form :u.· centers. 

_.The 220-nm UV absorption Is due to these Iii centers. 

TWO WAYS TO MlNIMIZE 
RADIATION DAMAGE IN BaF2 

• 1) Prevent OH· from entering the crystal during growth. 

• 2) Prevent the formation of F centers by removing Impurities 

that stabilize the fluorine interstitials (H centers). 
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The above-described results are most Interesting and suggest addition 
experiments. Among the questions that need to be answered are: 1) What is an 
optimum heat treatment temperature to introduce oxygen and hydrogen into the crystal, 
2) What is an optimum radiation dose to convert the oxygen and hydrogen into 
ultraviolet-active defects, 3) What anneal temperature Is required to destroy the oxygen 
and hydrogen related ultraviolet absorption bands introduced by radiation, 4) What are 
the optical bleaching charncteristics of these ultraviolet bands, S) What is the exact 
nature of the oxygen center giving rise to the EPR spectrun1, i.e., what ls the model ~ 
this defect, and 6) Which ls more important, oxygen or hydrogen, in producing 
ultraviolet absorptions. 

Wo propose during the oomlng month to full characterize this phenomenon of 
introducing oxygen an hy rogen to BaP2 y heat treatment. Special attention will 
be given to developing possible procedures for reversing the process. If successful, 
such procedures would allow post-growth treatments of Chinese-grown BaF2 whic~. 

would render them sufficiently radiation-hard for use in a particle detector • 



BARIUM FLUORIDE EM 

CALORIMETER R&D FOR 1992 

By Carrying Out,Our R&D Program, We Expect To 
Have The Following Information By August 1992: 

• Improved Understanding and Control of 
Radiation Damage In BaF 2 

• Small Rad Hard Crystals 

• Large Crystals Approaching the Final 
Specifications for Rad Hardness 

• Realistic Evaluation of the Prospects for 
Rad Hard Crystal Mass Production 

-- At $ 2.5/cc Fixed Price 

• Demonstr~u.on of the Ability To Maintain 
The High Resolution In Situ 

-- Uniformity, Stability and Calibration 

-- Constant Term of 0.5% 

A Sufficient Demonstration of the Promise 

of the BaF2/Scintillating HC£ System 

in Time for the GEM Calorimetry Choice 
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H. Gordon 
April 30, 1992 

Engineering Progress on the Liquid Argon Baseline 
Design 

Date Focus Absorber r(m) z(m) £c. 

Aug. '91 Endcap accordion Fe 
<:, .. ~ 
F ~/c:J\-

Oct. '91 Cryostat SS->.A: 

Nov. '91 Loi Fe 4.0 6.0 

Feb. '92 Space forµ DU 3.5 5.5 c:. 

Mar. '92 Services 

Mar. '92 Background for µ Cu 3.6 5.5 t: 
Apr. '92 Cost review 

F 
Apr. '92 Facilities - assembly and test beams .... 
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GEM Liquid Argon Calorimeter 

Electronics Box Copper Hadron Absorber 
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TRACKER 750 

PRE-RADIATOR ·-NEUTRON ABSORBER 
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Barrel Accordion Electroma2neiic Module 

~""'" "'"' 

Preamp I lfler 
anti calibration 
' ~rontc~ 

·•-··· ... .._.,._ ---- ----" ···-------------• • t t 

Preamp 
and call~ 
electronics 

40 modules, 9 degrees "~r module 
t.16 MT per module "dry· 
1.49 MT per module "wet" 
20 absorber plates per tower, 1.905 mm 
20 sensing plates per tower, 0.40 mm 
40 argon gaps, 2.0 mm 
5 towers In q> per module 

90 towers tn 11Per module ( -1.44 < '1 < t.44) 
0.032 X O.OJ t 4 segmental ton 
2 depth segments split at 7 radiation lengths 
900 channels per module ( 

_)( 

-----·-·------· c • • • 4 
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Layers of the Accordion Absorber plate 

Pb Absorber 

Stainless Stee 

GlO 
y 

vlx 
Stainless Steel 

• 
~·------ ----
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Barrel Accordion After Bending 

519.53 

t 
182.39 
-1 

2156.00 Half Length f---363.31 25 

~~Hi=-+= t!1Stlit/-fH+l-,t <~ SV~TT ~ ~f ~~ _ -+- r "' ;,-l-H-H-//,/,/-T--7'---7'-r 54. 08 _ -- ~ -r--r-r ./
7

;~z.L;z_L;7 A 
ii .,.,_705,00 

, .... -·-~------
f f • 

=...L 

Barrel Accordion Before Bending 
25 

• 

Typical but ob1ol•t• 
200 ob1orber and 200 11n1lnt plalea 

with .04 X .04 Se9"M1ntot1~~ 
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LOADCJISE: 2 
acordcomp 

FRAME OF REF:GLOBAL 
DISPLACEMENT - MAG MIN: 0. 00 MAX: 0. 09784 7 

f f f f • • 

length 3 m 
gravity in x direction 
all edges fully supported 

0. 8 nun lead 
clad on both sides with 
0. 2 nun st. steel 

• ' • f 

0.097847 

0.08381i9 

0. Oli9891 
{::: 
I 

I, 
0.055913 ![ 

0.041934 

0. 02795(; 

0. 013978 

0.00 

f 



1-ladronic Configuration with Electrostatic Transformer 
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co~,1ros1TE SHELL MODULE CONCEPT (Module #2) 

9 degree Included Angle 
2106 mm Length 
570 mm Depth 
2.38 MT 
80 required 

Keyway for Alignment 
and Positioning 
Load Path for Non 
Vertical Placement 

Al. Strongback 
Completes Upper 
Flange of Box Beam 

Mother Boards c ;;; 

0 

Holes for Argon 
Communication(Typ) 

\_ Shell Structure Pretensioned 
to Prevent Buckling 

._ Transfer Molded Fiberglass 
Shell Structure 
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(l.:i.l?ol•<i.~t' 
Vit-W 

1'as ..-~ 
~Jel. 

module 
No stored 'he• 
Post Processing 
1-F! llJDl!Ll 

LOAOCASE: 1 

SDRC" 

FRAME OF REF:GLOBAL 

l-DJ::AS V: F'E_Model l 11g_6 __ Arial ysi '; 

module 

STRESS - VON MISES MIN: 248. '3 MAX: 439'1. H 

• 4 • • . ------·· 

13·Al'll92 13:45:~·4 
Uro.ts . IM 

Display No stored Option 
ltldel 8ln 1-llAIH 

k>~u~iated llforkset: 1-tllDULB 

SHELL SURFACE:TOP 

. - . 

4391. ,4 

3804. 92 

2'19. 49 

202'. 18 

M34. 0' 

841. 35 

\ 
y .. x 

·'Z 
/19. ,_ ... 
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ASSEMBLY POSITION (Module #2) 

Entrance Ground Plate 

~ 

End Plates or Fixture 
In Place for Assembly 
Typ (Not Shown) 

Strongback 
.........__ __ (Supported Fully) 

~Strip Lines In Grooves 

Plates are shown in 
fixtured position 

- ,....;,::;;...;...::-~~~~ .... ~-· 

) 



Hadron Module # 2 
Six Cells Depth Handling Fixture Interface 
Segmentation 611 x 6cp • 0.08 x 0.08 
80 Modules Required 
Wt. .. 2.38 MT each 
Each Module Contains 
the Following: 
1 ·Top Ground Plate 
1 • Bottom Gnd Plate 
5 • Included Gnd Plates ~ .,.. cz1'!-
36 • Tile Plates r'1 V 

Containing 948 Tile 
6 • Sensing Plates 

Containing 258 Tile 
1 • Strongback 
1 • Structural Shell 
2 • End Plates 
28 ·Towers with Strip 
Lines and Electronics 
X • Mother Boards 

Fiberglan End Plate 

Groove lor Radial lnset1ion 
and Support of the Mocllle 

• • 

;•'- K~ _, 
'· 

4 ' t ' 

·n-11 { Fut-r· 
T ensioni: ,. .el 

: ~ MocherBoards 

' • 

St~ Linea, 
Set in RIClll 

Fiberglall 
Structural Shel 

Projective Path tor 
St~ Lines Between 
Adjacent Towe rs 

Top and Bottom Ground 
Plates are Thin 

Seven Stack Tile Panell, 
Middle Panel Serming. 
Ablolber material ii Copper 

Eight panels In Continuous 
Copper Ground 

LLMuon GEMLAC.HadModOelal 41111192 
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Blow-Up of Central Endcap and 
Forv,ard Calorimeter 

-----·1010--1 

3120 

) 

-r1 
885 

239 
1---l 

187 

KLKiDian Central Calorimeter Walls 4/20/92 
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View with1 Ox Expansion in Vertical Direction 

Vacuum 
Seal 

Bell\, I 
...___ 

Central Wall 
/Tube Gulde 

Two Stage Lip Seal 
with N2 Purge 

LAr 

Vacuum 

LAr 

W1 
Fol'Ward ·calorimeters 

I · Z Direction 

. . . . . . . . . . . . I Restraint and Gulde 

icrgon Seal Bellows1111 .. 

f(( (I IJJl J IJlllll Ill If f ( IJlf Ill I UI 1111111111 

,,...,seam Tube- - - Beam Line - - - - --+--

( ' • • 

..fl 

1mm / 
·Argon Wall 

c • • 

Two Stage Lip Seal 
with N2 Purge and 
VacuU!"' Pump-out 

KLKillian Central Calorimeter Walls 4120192 
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13 
3600 
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GEM Calorimeter Wall Thicknesses and Vessel Weights 
Barrel Vacuum Vessel Wt • 39.84MT 
- Barrel Argon Vessel Wt.• 25.2MT 

73 

13 l-tl4- 51 

~50 

(Thickness in Millimeters, Weights in Metric Tonnes) 

·-----------~--------

13 

13 

Endcap Vacuum 
Vessel Wt. m 22.3MT 

Endcap Argon 
Vessel Wt. = 28.24MT 

-.i"4-- 51 
13 ft il!E.i 19 

.... 13 
10701 

9 16 35 •H • 

37 

750 
_.__l t I -m I 

-- - !I I I I ·p- """"I '"' ---t • =- . ..! •• " DI eoo - '=a"! I - +- = .£Ch+ 

50 19 

21 

14----------2350 .. , 
t+------2723----------~ 

!4-----------------5500-----------------..-.~ 

LLMason GEMLAC. Thicknesses 4/16/92 

) 



I 

GEM Liquid Argon Calorimeter 
1/4 Section "Vertlcal" 
Copper Hadron Absorber 

4 Inch High Point Argon line for Barrel 

Vacuum Jackel 

Argon Vessel 

Shows General Configuration wtth High Point Argon Piping 

4 Inch High Point Argon Wei Line for Endcap 

6 Inch Jackel 
Tvoical 

!Vacuum Jacket iS\SSSSSSS< ~ 
~ -iii 

Argon Vessel 
Al/Stainless Steel 
Transition Joints 
Typical 

Barrel Calorimeter 
Endcap catorlmeter 

Tracker 

Forward Calorlmeter 

LLMason GEMLAC.E &Piping 4/17/92 
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) ) \ 
Inner Muon 1.,,1lambers 

) ) ) ) ) 

Inner mid-point Radius ol 3800mm ~ > Endcap Argon Wet 

~ 
Barrel Argon Wet Line 

' I' 
I 

1' 

;;;;.~· - -- --tf!'"'};-;::.--
~ ~ ?;----..---' 

4 Inch Endcap 
Vacuum Line 
~ 

II 

Partial Side View 
Cryogenic Back Slream 
Protection Device 

Diffusion Pump 

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

o o o o o o o a a a a a a a o o o o o o 
o e o o o o o o o o o o o o o e o a o o 

Spacing for Eleclronic Feed Throughs Penetrating the Barrel Vacuum Vessel, 
40 Shown, 80 Required 

UM1-.GEMl.AC E J Pi,_., ... ,1 .. 1 
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Internal Siphon for Cooling Pre-Amplifiers in the 
Argon Annulus Within the Barrel Calorimeter 

.... , 

:--

..,.,,.,.. ................ 

,,.-' 

r---_fV· l• 

\ \ \ \ 

;: . 
:;J 

~i ,; I f! : . f : ~. 
ifl : f i /i 

I\\ '.X/f 
;• ' ;\,::: 11' ., .. , 
\ \ .·~\' 
\ \ .• -::' .. · \ 
\ , ·; 

. : 
' 
/ I 

I 

Desired Flow Path, Up the Back Side of the Modules, 
Channeled to the Head, Then Down and Around the 
Head to the Bottom of the Annulus 

Barrel Liquid Argon Calorimeter 

.. 
I 

I 

I 

Baffles to Force Warmed 
Argon Against the Head Wall 
and to Keep the Electronic 
Strip Lines Out of the Flow 
Channel 

Baffle at Top of Annulus to Collect Flow 
and Direct to Argon Vassal Head 

Pra·Amp Location Relative to 
Modules (Heat Soar ca) 

Argon Vassal External Cooling Tubas 
to Remove Heat via the Vassal Wall 

Addition Balllas to Collect Flow at the Top of Iha Cooling Area 
and Contain It Uni!!~ r: •• ,c:•··: 11·,G Bo~r·m of the Cooling Zona 

._ - - - - - -- - - -- - ---- - - - - ---u.Ml-08l.AC" ..... C ..... 4'111'2 
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I .. :: 
I 

It ....... .. . ......... . ........... ?."!"s:::~?. .. 
i 

1-

1~- ~ 
Barrel Calorimeter I 

1"·~~~·-n• ·•-·~::Mii 
Protrusion on Argon Vessel for 
Beaming Load to Washers and 
H~ads '\ 

I 

1 Steel Interlace Plate -

--L-------------------------....___ 

Thermal Support 

End View Barrel Calorimeter 

• 4 c c ( 

Vacuum Vessels 

\ ' ; 

l~'r ~ ... ] I I 
i '\ \··1 I I 
I \ I i l 

+heffllal l~~ercep t Upp~ 
End ~f Support i :i---=, 
I ~;7,;;;;;;;:.:::::;:,:,;~;;;;;.:;;~::;~;;:;;•;;< ..... ;;~;;;;;;;;;;m;;.ml 

,~·=····························· 

___ .......___ _____________________ .., 
I 
• 

Thermal Support ~I-Cl 

Argon Vessels 

End View Endcap Calorimeter 

• • • • • • 
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GEM Liquid Argon Calorimeter 
1/4 Section "Vertical Section" 

Barrel Argon Vessel and Calorimetry Wt.= 743 MT 
Endcap Argon Vessel and Calorimetry Wt. = 497 MT ea. 

) 

·)(: :::J:~ tf:f:t~¥~~H~lt~JJt;:f~~#fattif%:~f::t~#%1~~mrHfI!:Jf.~~I!I 
,. Barrel Calonmeter m> 

. ! 11 1:111'1;1~1111,111.,Jrltt' 11r1111,~!l!J~!!;~ IEE1£11 
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i Tracker 750 

14------2350-----+11--------- 3120 
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1070-1 
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Supports 

I.Arv-.. 

Support I.end 

V1a1irn Vessel Contoured To 
The t.tion Ollmbws Locllly. 

Struct1r111 Olhetwlstlcs 

o Oellectlon or +I· 0.3• Tow.rcts 
htwactlan Point 

o Design L01d or The 811rt1 
Suppo,t of 337 MT 

o OesJ,,., LOld or The Endc1p 
Suppo,t 1s rao 

o Heat htwcept 
• Stlln/ess St•.i l)r AbNium 
• Cooing T llhh 11119f>"lll 
• LNZ Cooling Is Baseline 
• o.s• Cooling Tubes Leaves 

G-eetw Thin The Necessery 
60 lnZ To Carry LOld 

lNZHeat 
htwcept 

GtO 
hsul1t1an 

hconnef 718 
flex Pl•t• 
1Z"x.4Zt 
Brued In Place 

Spherfc:al lnterrace 
JO• Ratius 

11Mrm.I (.; otlcs 

81rrt1 .... H~. &ZO w 
Endc1p1 • 811 I SS •1240 W 

Totll• 1860W 

18" 

z4• 

• ARGQN VESSEL SUPPORT ---~ .................. _..___, .. ,__ M.-. ........... _ -

( t • ( 

• -------~-• • ---·--·-··· 

• 
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Study of Cryogenic Systems for GEM Surface and Hall Facilities 
(Very Preliminary) 

Argon Vent 
LNz Vent 

Ground Plan 

Calorimeter Head Control Vessels 

___ Beafll li"!l j_ _______ -t-__ _ 

Above Ground Truck Docks and Storage 
Vessels for the Deliveiy ol Argon and Liquid 
Nitrogen 

~ 
I 

I 
! 

I 
Liquid Nitrogen Condtioning Syst~m 

l 
f 

I 
l 
l 
i 
; 

l 

~ : 
; 
~ 
' ai't • . . .! 

Hall Floor line 
Argon Supply and Storage Vessels (Typical) 

4h/Low Pressure Vessels for 
Isolation ol Hall and Surface 
Pressurns and Off-loading, 
Shown Out of Position 

LLMason GEMLAC.Cryo_S,.s1em 4119192 



Sumrt1ary 

• Requirements and Engineering Parameters Definitized 

•. Interface Constraints Identified and Accepted 

• Module Structures Developed 
- Endcap EM Being Finalized 

• Electronics Heat Removal 
- Baseline: Thermal Siphon Using Internal Argon Cooling 

• Vessels Defined and Sized 

• Feedthroughs, Vacuum and Cryogenic Systems Defined 

• Support System and Assembly Scenario Defined 
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Progress on R&D 

RD3 - Produced 4 m projective accordion aborber plates 

BNL Tests: 1 mm, 2 mm, chevron 

All absorber plates are made 

First 1 mm electrodes made this week 

2 mm electrodes expected next week, then stacking 

Entire electronics chain has been set up and tested in 
the beam, including Nevis analog pipeline. 

Cryostat is being leak checked and foam insulated 

Simulation efforts: 

Nonprojective accordion (beam test) - H. Ma (new 
GEM Technical Note) 

Understanding of effects of electric fields - I. Stumer 
and H. Ma. 

Barrel ~:rojective accordion - M. Seman 

End cap accordion designs - M. Leltchouk and 
A. Masslenikov 

Hadronic - electrostatic transformer - E. Kistenev 
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-

-

-

-

-

-
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Status of Muon System: FET4/29/92 

(1) Baseline performance: 

o momentum resolution: 

meets design goal in barrel region < 5 % 

needs improvement in endcaps (11.8 % versus 10%) 

o chamber coverage: 

100 % in endcaps with 0 and 4> overlap 

95 % in barrel withe overlap (loss in 4> between sectors) 

gap between barrel and endcaps 

small angle coverage only down to 9.75 degrees 

o backgrounds: 

hadron punchthrough OK for 12and14 A. 

neutron background being evaluated 
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Neutron Background 

L. Waters 4/28/92 

o Time distribution up to 10 millisec after beam crossing 

o Energy spectrum computed from 10 e V to Ge V 

.. 
o fluence from Cu the same as from U 

o magnitude of fluence a few 105/cm2 sec 

-
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Figure 19: The 6 figures on this and the next two pages show the paths of neutrons hitting 
the first drift chamber (Z=5. 75 m). A and B are for the copper case, C and D for copper 
with no FCAL, E and F for copper wit.h no forward clements. A, C and E are for neutrons 
with kinetic energies greater than 100 keV (note, no particle has energy greater than 20 
Mev); B, D and F for neutrons wi!h kinetic energies less than 100 keV. Only one SSC 
event is illustrated. waters/ 4-4-92 
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A) 1trons with kinef energies less than 100 keV, B) neutrons with kine~ic energies 
greaier than 100 keV. S .. 1bols for both figures are: Diamonds - Uranium setup, Squares 
- Ccpper setup, Plus sign - Copper with no FCAL, Cross sign - Copper with no forward 
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(2) Outstanding Issues: 

o alignment system: 
+ aware of problem 
- how to achieve a - 25 µm ? 
- how to integrate chamber technologies ? 
- integration with a GEM system ? 

o calorimeter: 
- can 12 and 14 A. really be achieved ? ~eS'(CVCt1 \.. 14) 
- neutron background Cu versus .j!:6 U ~ (Ck S' ctlf\~ o.s U.) 
- reconstruction of L\Eµ in calorimeter ? 

o flux concentrator: 
+ longer will help C>Pµ/Pµ at TJ = 2.5 
- move EC chambers further out ? 

bllit- lk. ~. !. 7~. 
1~,.';JCr f11r IJ.. 

o <I> coverage 1n barrel ( i ""- p1"o!t'• q ~ % ) 

o : coverage between barrel and endcaps ( 7.. 0 
,., ot eov, ~·.e~) 
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Contingencies: 

o CSC everywhere 
- channel count/costs ? 
- Russia to fabricate electronics ? 

o LSDT everywhere 
can radial wires be fabricated for EC ? 

- how to trigger ? 

o PWC trigger 1n both endcaps and barrel 

o White Paper on trigger alternatives 

o What are the engineering/cost implications ? 

-... 
.. .. 

--
.. -
--

.. 

.. .. 

• 
• 
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Chamber Technologies: 

TTR: 

RDS: 

- performance evaluation in TTR summer '92 
layer resolution with cosmics 
absolute alignment needed (25 µm) 

- test CSC at CERN fall '92 
- hadron punchthrough 

Decisions: 

o criteria: 
- layer resoh .. tion 100 µm/b - 75 µm/ec 
- alignment cr - 25 µm 
- pattern recognition 

r' leup 
sensitivity to backgrounds 

costs 
number of layers affordable 

who makes it ? 

- Choices: 
' 

- CSC for endcaps 
- RPC trigger barrel 

- - PDT tracking barrel - - LSDT tracking barrel 

--

--



What is needed for TDR: 

o more engineering support for alignment and 
system integration 

o hit level Monte Carlo 
- study pattern recognition problems 
- determine robustness of Pµ resolution 
- detailed simulation of trigger 
- performance evaluation/physics processes 

o neutron background calculations 
- started at LANL 

o measurement of chamber sensitivity to neutrons 
- started at MIT 

o cost review 5/5/92 

o plans and sched.ules for 
- chamber fabrication 
- electronics fabrication 
- support structure 
- alignment 

-
-

-

-

-
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Level 

1 

2 

3 

TRIGGER RATE TABLE 
(MARCH 18, 1992) 

GEM Trigger/DAQ Design Goals 

Rate In Rate Out Latency Comments 

60MHz 10 kHz 2µ.s Synchronous, Pipelined 

100 kHz 300 Hz 100µ.s Asynchronous, Monotonic 

3 kHz 10 Hz - CPU Ranch 

-
.. 

.. 

.. 

... 

.. 

-



Operation Center 
(Level 3 Trigger) 
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ELECTRONIC COST SUMMARY 

Channel Prototype Production Cost per Total Cost -Count (K) k$ Cont.(%) Cont.(%) channel (k$) 
Muon 

RPC 85 585.7 19.5 18.9 48.75 5629.97 

PDT/LSDT 133 1253.2 37.1 32 48.9 10305.58 -
CSC Wire 133(?) 949.8 34.5 30.4 8.19 2700.28 

CSCPAD 252 1985.7 37.9 42.5 26.85 12383.08 

31.0 M • 
Central Tracker 

Inner $.l., ..... \,,.,&~ .. /'Z.,!.M: 

Outer PAD 446 3012.2 49.7 48.7 26.21 21896.43 .... 
Outer Wire 100 2517.7 51.9 43.9 19.03 6566.13 

2~. ~1\1\~ 

Calorimeter 

LA 80 3043.1 25.9 29.3 141.7 18499.37 -
l'i.'S~$ 

Pr e-1 adiatoa 14 2956.2 5e.2 92.5 56.B &479.9 

-
-r;_,Jlc .. /DAQ 

Leve.\ 1 C~\. ~.s~i -t-.\1.U .... '"{.i M\ 

level 2. ~.o M$ 

~f\Q J ?,. to ""' $ -
2 ~.C\ t-i\$. 

Lc..,..~r.es ~ fo~L. 
... 12-bM.i 

+/ofVlf> Ot.i.4-c:,,. Tho..c.!£e.,. 

+2D ~~ -( '""'J /D~Q -
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Exercise on Physics Questions from PAC 

• H- 11: 

Ren-yuan Zhu 
Caltech 

GEM Physics Meeting, SSCL 

April 28, 1992 

Effect of Energy Resolution => done; 

Effect of Drell-Yan Background => done; 

Effect of Misidentified Electron => in progress. 

• Htt - l11X: 

t+ background => done; 

tt11 background => Kunszt? 

Other background? 

• Electron ID in High L: 

Isolated Electron/Isolated charged 7r => done. 

Fake isolated electron from jet => in progress; 

High £ => high pile-up noise in isolation cone. 
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Time Factor in Discovering Higgs via H~ 11 

As function of energy resolution (a and b) 

8E/E = (a/../EfB b) % 

8 x = 1.0 mm 

a 2.0 3.0 5.0 7.5 10 15 

b=0.5 1.0 1.1 1.4 1.8 2.3 3.4 

b=.75 1.4 1.5 1.7 2.1 2.6 3.6 

b=l.O 1.8 1.9 2.1 2.4 2.9 3.7 

b=l.5 2.6 2.6 2.8 3.1 3.4 4.1 

b=2.0 3.4 3.4 3.5 3.7 4.0 4.7 

• Note: Different detectors have different accep
tance and background rate. This table is for de
tectors with the same acceptance and background 
rate. 



Drell-Yan Background Rejection 

Production X-Section: 2.1 nb for PT> 20 GeV. 

• Acceptance of event selection cuts: 41 %; 

• DY Z peak x-section: 20 pb/0.1 GeV; 

• Irreduciable 11 background at Z peak: 0.13 pb/0.1 
Gev· 

' 

• Drell-Yan x-section is 160 times larger; 

• Need R(1/e) < 6 x 10-2 
=} to reduce Drell-Yan 

background to ""'0.5 of irreduciable 11 background; 

• Feasibility: L3 TEC chamber has 2 x 10-4 re
jection to Bhabha, i.e. 1.4 x10-2 single track 
rejection. 

Drell-Yan Background Rejection needs 6 x 10-2 

charged track rejection. 
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Misidentified Electron Background 

• Background for H- -y-y: 

- Drell-Yan: R2 (-y/e); 

- 1-j t: R(1/jet) + R(e/jet).v(1/e) 

2jets: R 2 ( 'jet)+ 2R(e/jet)R(1/e)R(-y/jet) + 
R 2 (e/jet)J._ (1/e) 

• R(e/jet) analysis:::} in progress, following R(1/jet) 
analysis by H. Yamamoto. 

• Isolated electron/7r rejection OK :::} at High £, 
since the usage of central tracker is not essential. 



pp -+ HtfX -+ yylvX 
Production Cross-Section and Events/SSCY 

PYTHIA 5.5 (Mtop=l40 GeV) 

MH(GeV) O' "Y"YttX ( fb) Ne,,co.3) Nl"Y/(0.45) Ne,,co.6) 

80 18 17 16 

90 17 25 22 

100 16 19 16 

120 14.5 20 16 

140 8.5 15 12 

150 5.2 15 7 

• lrlil < 2.5, P~ > 20 GeV, R = 0.3. 

• 1111 1 < 2.5, P} > 20 GeV, R = 0.3, 0.45, 0.6 

• isolation cut => reject tt 

L Er - E~hoton < 5GeV + 0.lE~hoton 
r<R 

• Pr of di-photon > 50 GeV => reject tt 

• Shower Shape Analysis: 0 < 5 mrad 

• Preradiator: ()M < 2 mrad 

14 

16 

16 

14 

10 
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pp --+ HttX --+ 72£vX (Cont.) 

2.6 M tf Backgro11nd 

Rcut 0.3 0.45 

Isolation 45 26 

R-y/q-jet (10-3) 3.5 2.6 

75 GeV< !vl-y-y <165 GeV 11 7 

Pr(21) > 50 GeV 5 3 

Shower Shape 2 1 

Rt,,,, ( 1 o-6 ) 0.8 0.4 

X-Section (fb) 12.8 6.4 

• Events/SS CY 128 64 

Preradiator 2 1 

Rt,,-y (10-6 ) 0.8 0.4 

X-Section (fb) 12.8 6.4 

• Events/SS CY 128 64 

0.6 

11 

1.7 

4 

1 

0 

<0.4 

<6.4 

<64 

0 

<0.4 

<6.4 

<64 
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BACKGROUND 

1. SSC baseline has $550 million in FY90 for two detectors without 
escalation. 

2. GEM promised to design to cost in FY91 to $500 million. 
3. December GEM estimate was $510 million in FY91. 
4. Annual escalation is about 5%. 
5. Items 1- 3 make sense in traditional DOE accounting practices. 

6. SSCL planned Theriot review of GEM costs about now. 
7. SSCL canceled this review in the face of high sensitivity during HEPAP 

deliberations. 
8. Schwitters wrote new guidance letter covering detector costs asking for 

a "funding plan", not a cost estimate. 
9. WHAT WILL PAC EXPECT FROM US AT JULY REVIEW??? 
10. We have proceeded with internal cost reviews as a needed 

management tool to measure ourselves against DOE style costs and all 
previous detector reviews. 

11. We have initiated incorporation of "planned" costs into estimate. 
12. GEM WBS revised to latest SSC PM guidance and to possible consistency 

with SDC. 
13. Revised cost estimating plan published. 
14. Reviews of magnet, all calorimeters and electronics have been held. 
15. Muon and tracker reviews next week. PM, interface systems and 

computing not scheduled yet. 
16. New estimates done in FY92 dollars, so $500 million escalates to $525 

million . 

• c • ( ( ( • ' c 
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REVIEWS 

n r\.RAMETERS 
~. ENGINEERING DESIGN, IAYOUT, ANALYSIS 
3. ASSEMBLY/INSTALIATION PIAN. IABOR ANALYSIS. 
4. CONTINGENCY ANALYSIS 
5. R&D ESTIMATE 
6. VENDOR ESTIMATES 
7. TOOLING, FIXTURES 
8. SUBSYSTEM PROJECT MANAGEMENT 
9. VENDOR MARKUPS (MAGNET) 

10. ELECTRONICS COST ESTIMATE USING CATEGORY RATES FROM LECROY 
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SUMMARY RESULTS 

MAGNET FY91 target= $120 million+ R&D 5-10% 
Estimate $135 million FY92 including R&D 

ELECTRONICS no FY91 target except for DAC/TRIGGER = $10 million 
but estimate totals $120 million with $80 million in subsystems, 
so $40 million FY92 compares to $10 million FY91. R&D outside this 
set of numbers. 

CALORIMETER FY91 target= $150 million+ 11% R&D. Estimates are: 

LAC (integrated) $136 million ($80 million is hadronic) 
FY91with R&D 

SCI-FI $57 million FY92 with R&D 
BaF2 $80 million FY92 with R&D 
Plastic Tile hadron $52 million FY92 with R&D 
Liq. krypton parallel $38 million FY92 with R&D 
Liq. argon forward $15 milllion FY92 with R&D 
Scintillating liq. forward $16 million FY92 with R&D 

WE ARE POTENTIALLY $40 million OVER TARGET WITHOUT TRACKER AND 
MUON SYSTEMS. 

• c c • c c • • c • 



em 

Presentation by: 

C. Baltay 



-

l. -P-.C2.~~IA..-+ H.o_ v....6~ S\µ..f 

c.. . '6a.. l-t Q.. ':i 
:! • ts V" Q. IA., S. OIA.. 

f:\ . c IA. 0.. 'r' ~ ~14. 
°3 . + ~a...Q_ UL 0..IA.. 

G . H i.4s12..l 1M.O.. ~l.A.a-r 
I.. "PIQ.S!o 
~ . Q. Ql.cQ. ':1 
::S. Ru-t\...Q.r+oo"cl 
~ · S 0....1.U.\..o s 
R... S'fvo~u..ows~;,. 
xi O..C> -QC.. y U-

:)_. · ---f~u.t.Q.. S.C..a...lJl. of l).Q..l\..b12+0....~o"'- ~ 
• -p VC2.- \ ;:_w.i, u.. 0....-~ \f'Q.. (' Ot'"t lo '::1 ::l ...J. ~ q ?_ 

- • l=~u..cU( vt..et).,.-\- 'o~ ~Ov.Q..w..~a..- 'C'Z-

3. C..olla.c.+ ~ ~~r11.1..0.. -t-~ou.... ov... O~o...v--'..3a..+;..ot4.. 
o ~ ofu- l O..v'l "- Cc ll Ula.r ;t) ~ ~ r- ~ rou...f S -

4. :C.IA.pu..t ~DIM. GE~ CcllQ..~OV'0-.~01.A... -

-

-

.. C.o...ll ~ ..... t.cw..w..Q...u..~ ( I 'l.:tl-~ I~ 

• D l. "S. c..u.... s. c; ~ o l4. ~ a.+ Co\l a.~ o V"CL-.l-lou.. a...t a ~u.. ~ s 

~ '?os.~\..lo\'::1 UJ..ov-Q.. s.vc.U..' le qUA..~~o~l.A-4. 
Ov- \)o\1 ~ ~~VA.. C..0L.>l.bOv-G.~OU.... 



-
... 

1.. o v ~ o....~go...~~ el>..~ .. .\-

• \: v v..c.. -h:. t>..... o{. C2.Jl. &..... 12... l t:2.. \M.A. u...Jc ... 
• I'u.. ~ UQ..~ou.... ~ ~\12...~u..+c; 

-
' 

• IJ.) \t..o ~ C2.. +s. .+.e. lo Q_ u,..... 12.. ~ ~ "° 0 )C 

• \:' t:>.,- l.u:>~ \ou... 'S C..~\M.~ ~ c9 ~<.Q.) -
• lJ.)\,u) $.Q..\1'c.,.4-S. ~I Q 1 • .0, \J...() lO 

• lJ 12.&...> (o U. Q...b DY'" ()...1-o ~ -• ~~ Wl'.,l.o.. ~';~L o "cQ b oE-
°t=V'a..'1,1.1.A.."-c..~ 0-u..Jl S..Q..q_ 11 0 .. ( 0 ~ I) a..M..011-1 k .lll..ku..~ s. 

-

... 

... 




