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Abstract: 

Transparencies and agenda of the GEM Calorimeter Meeting on Central 
Calorimeter Systems held at the SSCL on January 24, 1992. 
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AGENDA 

•aghetti Calorimeter Readout Issues Eric Hazen 

tlibration of Liq. Ionization Calorimeters - Veljko Radeka 

1alog Pipelines John Parsons 

f ct>~--i----- -
'date of Studies of Levels l, (l.5), 2 -
U. Readout into Level II and Beyond 

(&) itCl!Z as Ell& 3562 sazts szaaaccs 
(b) Overview of the ZEUS CAL readout - Steve Ritz 

lectronics Placement Dan Marlow 

uture Plans and Organization 
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Objectives of BaF2 Review Meeting 21-22 January 1992 

Define what is needed for GEM to make a decision on using BaF2 by 
August 1992. 

- This panel will make technical recommendations, but GEM must 
make the decision. 
Schedule for BaF2 project is not the Panel's problem directly. Panel 
should offer views on feasibility of production capabilities. R&D, or 
measurements to meet a schedule defined by GEM. 
Panel should establish set of new measurements and calculations 
needed to make a GEM decision possible. 

GEM must define acceptable crystal characteristics for radiation 
environment. 

Electron or Photon damage (ionization) 
Hadron damage (spallation) 
Variability of attenuation within crystal 
Degree of saturation required (i.e. change of radiation damage over 
time) 

Review what has been learned about radiation damage mechanism 
Crystal purity and defects, and their relation to radiation resistance 
What is role of dose rate? · 
Is saturation real? 
Surface vs. bulk effects and how they are dealt with 

Review ability of potential vendors to produce adequate crystals 
Purity of raw materials 
Ability to analyze sample purity 
Ability to control contamination 
Production "black magic" --key personnel 
Liaison between GEM and vendor 

Understand production process for crystals 
Crystal fabrication 
Crystal tuning for uniformity of response 
Test procedures 
Is pre-radiation for saturation feasible? 



H. Gordon 
Jan. 24. 1992 

Progress and Problems in LAr for GEM 

• Meeting at Martin Marietta - Jan. 9-10, 1992 

• Pressure from µ-group on radius, Z, thickness and 
material 

• Pb/Fe/DU vs hybrid 

• Test beam organization - David Lissauer 
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Gem3 ·Central Calorimeter Argon Vessel Wall Thickness 
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1 ASME Section VIII Division 2 
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~ 
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1.0 Sm 50.0 10.8 

1.0 Sm 50.0 13.3 

1.0 Sm 50.0 11. 4 
~ 

1.0 Sm 50.0 16. 7 

1.0 Sm so.o 14 .1 

1.0 Sm 50.0 10.6 

1.0 Sm 50.0 11.6 
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Action Items from GEM LAr Meeting at MMA 
January 9·10, 1992 

Engineering Tasks 

• Tabulate all wall thicknesses -----.-/ 
~/: 

• Check corner of EM Barrel "-"-' !/ vs 

• Projective Accordion - vary angle and length 

•Calculate Support web thickness for split case 

•Calculate Liquid Volume 

·rep View of Calorimeter (11=0) including tolerances, 
gaps, utilities, cable routing 

• Detailed concept of barrel support leg 

• Pipe and cable routing, cable count (calibration 
=1 Oo/o of signal lines) including feedthrough 
installation 

• Thermal schematic - magnetic field effect on 
valves, pumps, etc. 

• Understand Division 2 ASME Code Approval 
process 

• Detailed concept of Internal Electronics -
location, mounting, cooling 

• Thermal and structural analysis of accordion 
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• Cost of Pb (vs. Fe) 6 mm (extra weight, support. .. ) 

• Integrated forward calorimeter - W - Beam tube!!! 

Options 

• Parallel Plate EM - engineering and cost 

• Krypton - separate liquid vessel 

• Decrease barrel length 

• End cap diameter - larger in split case??? 

• 4 mm Fe -> 6 mm Pb, Fe -> 6 mm DU 

• Bumper technique for vacuum vessel 

• Ray trace 6 mm DU model 

( I~ 



Physics Issues and Simulation Tasks 

• t. E/E, Xo vs. ri, projective accordion 

• Segmentation for optimal e/rc, y pointing {barrel 
and endcap) 

• Warm preradiator corrections on E, B (massless 
gap needed?) 

• Cold Preradiator 

Hadron 

• t.E/E vs. plate thickness, constant term, stuff 
escaping behind 12 A. vs. Fe/Pb/DU 

• Effect of EC/CC walls 

• Noise vs. shaping time in leakage section 

• Effect of gaps between tiles in EST, effect of 
charge non-uniformity 

• Explore effect of changing fine to coarse for ri = 1 
crack 

• Explore long barrel with large plug 

• Neutron flux vs Fe/Pb/DU 
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From: BNLCL6::GORDONH "HOWARD GORDON OR VIA BITNET "gordonH@bnlcll"" 23-J 
To: 
CC: 
subj: 

SSCVXl : : HGORDON 

weighting 

From: Jnet\"NESSI@CERNVM" "Marzio" 23-JAN-1992 08:30:59.37 
To: GORDONH@BNLCLl 
CC: 
Subj: Hadr resolution 

Received: From CERNVM(MAILER) by BNLCLl with Jnet id 0186 
for GORDONH@BNLCLl; Thu, 23 Jan 1992 08:30 EST 

Received: from CERNVM (NESSI) by CERNVM.cern.ch (Mailer R2.08) with BSMTP id 
0471; Thu, 23 Jan 92 14:28:25 SET 

Date: Thu, 23 Jan 92 14:27:03 SET 
From: Marzio <NESSI@cERNVM> 
Subject: Hadr resolution 
To: GORDONH@BNLCLl 

Yes we did try, just to have a first idea about weightng technique • 

- we have divided longitudinally the EM accordion in 3 and the HAD 
in four segments. 

to each one we apply an energy dependent weight: 

alpha(i)=a(i)+b(i)*E(i) 

where E(i) is the energy deposited in the i-th compartement. 

- The 14 coefficients were calculated using minuit and minimizing 
the spread of the total measured energy 

for jets at 150 GeV this method improves 
expressed in sigma/E 

the resolution 

::f-Y% 
~ 

•rr% from 6.1+-.3 % to 4.5+-.2 % ~J 

similar results were 
tlE 

found at different energies for jets and pions. 

This was just a first look. We probably will continue that with the 
the data we will get from the '92 prototype next summer. 

regards, Marzio N. 
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2 Fast speed and large signals 

• Fast signals in LXe and LKr (+5% Xe): 
decay time is 2ns for as and 20ns for e/'Ys; 

• Full size, windowless, fast silicon photodiodes with quantum effi­
ciency> 30% and matcbing fast amplifiers with 10 ns peaking time 
have been developed and tested in beams. They (as well as ca­
bles) work well hnn1ersed in liquid xenon and krypton, making 3-D 

Joo) shower measurements possible. 

• LXe/Kr detectors have large output (107 photoelectrons/GeV), per-
1nitting calibration witb 5.5 MeV a's. 

• Homogeneous LXe detectors achieved 6E/E < 0.5% at 1.5 GeV with 
heavy ion beams; 



3 Radiation Hardness 

All reflective and support materials of the UV mirrors, shown in Figure 1, 

are know:n to be sufficiently radiation hard: 

STRUCTURE OF PC LAYER MIRROR 

Al + Mg F 
2 

mirror----~~~===::::::=""".---~--------------------, 
Cu 
30 µm 

KAPTON 
100 µ m 

Cu 
30 µm 

KAPTON 
100 µ m 

cu 
30 µm 

PC layer 

Al + Mg F 
. 2 mirror 

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

Figure l: Schematic structure of a UV-refiector wade of prillted circuit boards and 

coated with Al and MgF2. 
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Y1.gl''2 transmitance( Co60 7-ray irradiation) 
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Figure 2: Measured transmission efficiency of a 1500 µ thick MgF 2 window as a 
function of the wavelength before and after 10 Mrad of radiation from Co60, showing 
the radiation damage effect for 170 nm UV is negligible ( <1%). 

1. Cu, Al, Au and ceramic are all hard; 

2. MgF2 is radiation hard up to 107 rad .. As seen in Figure 2, 

the radiation damage effect in the transmission efficiency of l 70 nm 
UV is not visible (<1%) for 1500 µthick window. Our mirror is < 
l µ thick, so the effect of radiation damage is < 1/1500 of 1 %; 

3. Kapton is hard up to 5 x 1os-9 rad.; 

4. Silicon diode can be calibrated and the leakage current is negligible 
at -100 ° C. The frame of the diode is either ceramic or kapton, 
both are radiation hard. 



in LXe 

directly 
hitting diodes 

·--.--

Pulse height (channel) 
Figure 5: 5.48 MeV et's signals detected using a UV photodiode and fast amplifier: 
with the o: particles stopped in a) liquid xenon (scintillation signal) and b) in the 
diode directly. The signals in a.) are (from left) pedestal, signa1 and test pulse 
(to measure the number of photoelectrons in the signals) while the pedestal is 
suppressed in b). 

5 Calibration 

One can use o:, cosmic µ and MIP for calibration, after the detectors 
have been calibrated in beams. 

Using two a: sources: one calibrates the complete detector system 
using LXe scintillation light, and one calibrates the electronics system 
using the direct hits of o:'s. (Figure 5 and Figure 6), 

As seen in Figure 6, a resolution of 0.23 per o: has been routinely 
achieved and the signals are stable to io-3 over weeks. This demonstrates 
how the LXe detectors can be calibrated in situ. 
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signals are (from left) a passing through the metal grids, signal a.nd. test pulse (to 
measure the number of photoelectrons in the signals). A resolution of 0.2% per o: has 
been achieved and is sta.ble over weeks. 
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Al 2.47GeV 

Quantum eff .• 25 % 

CJ. 0.5 % 

Ar2..65GeV 

Quantum eff. z so % 

CJ. 0.7%. 

Resolution independent of 
large variations of the quantum efficiency 

1 3 4 
Charge [pC] 

Figure 7: Measured numbers of photoelectrons for 2.65 GeV Ar ions (solid); and 
2.47 GeV Al ions with 50% reduced quantum efficiency (points), showing that the 
resolutions are not liIDited by photoeleetron sta.tistics. 

6 Energy Resolution measured with Heavy Ion 
Beams Calibrated with a's 

The observed energy resolution was 0.63 rms for 1.64 GeV HN, and 
0.7% for 2.65 GeV 40Ar. The charge observed is 2.91x107 for 2.65 GeV 
40Ar. 

we baked the same diode used for the above measurements until the 
quantum efficiency of the diode, calibrated using a's. dropped to 503 of 
its previous value. We repeated the measurement using 2.47 GeV 27 Al 
ions 2 months after the previous Ar ion tests. Indeed the charge observed 
is reduced to 1.36 x 107 electrons (Figure 7), exactly corresponding to the 
decrease in quantum efficiency. The measured energy resolution without 
corrections iinproves slightly to 0.53 with 40 ns gate, due to better beam 
collUnation. These results demonstrate that: 

• the calibration method with a's does work; 

lg) 010/014 

• the measured energy resolution is mainly due to beam energy spread, 
not electronics or intrinsic photon statistics: the actual intrinsic ~n­
ergy resolution ofLXe detectors may be much better than what are 
quoted above. 
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Figure 9: a. Mean energy ; b. energy resolution as function of the impact point of 
incident particles a.wa.y from the center of a. 3 cm wide front wii:iclow iD 65 cm long 
LXe cell, as ~mula.tecl by GEANT. 

10 Transverse Uniformity 

Transverse non-uniformity due to particles enterin5 at different points 
across the small end of the cell is very small because: 

l. Liquids are homogeneous due to diffusion. 

2. Diodes are uniformly covered due to the very large numbers of 
photons emitted and reliection Involved. 

3. T Little dead material: 

UV-reflector is 290 nm thin, to be compared with the 900 µ lntercell 
cracks of the L3 BGO. 

The nonuniformity is less than 13 at the very edge of the cell, 
which can be corrected, for isolated particles with known impact points, 
to retain the energy resolution(<< 0-53). 

141014/014 
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Uniformity of LXe cell 
cosmic muons and alpha -particles 
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Figure 10: The measured light collection acceptance, using cosmic µsand as, versus 
the distance to the photo-detector, in a 65cm long LXe cell MIT-ll. The last data 
point is due to an a source situated on the end mirror, which serves 21$ a calibration 
point for each cell. 

11 Measured Longitudinal Uniformity 

Mirror: (2.4x2.4 + 4.4x4.4) x 65 cm3 • 

Without using getters. 
The a signal at the far end provides . 
stable calibration in-situ for each cell. 

70 



.... 
Q 

• ra 
• 

~ • 
0 
C> 

• 
0 
IO 

• 
M 0 

~ ~ -... 
c::s . -... 

A o~ $ . .CJ (!' 
~~ -tf) "'> 

"" . ' o..,. 
'\ -~ ........ 

~ •• liQ 
~ ~ 

~ ·~ ,, ~ (\1, 
eo<. d .... 

+ 

... 
• 

'--~~.._~ ________ __.__.__..__ ...... _... __ ....... __ ..J! 
• •O • 

0 
0 

• 
N 

OQ Cl) ro- 0 IO 
• • • • • • 

.... 0 0 0 0 0 



I ... . . 
Cl') .... 
d ... 
tr 
I 
i 
't; 
0 

I 
J 
1 .a 

-!!- :_ 
."' -

0 
0 .... 

0 
IC) 

0 .... 

l 
~ 

.Ji 
s: 

0 Q 

0 . " 
';.J .... rd ·-> 
I\) 

~ 
0 )C 
IC) d e:· 

'· 

> Q) 

t!J -. !>-. 

0 ~ .... Q) 

= r.l 
+' ::s 

IC) .9' 



,, ;., 

E 
\J -

~ 
ti 
r( .. 
A 
cc 
a.. 
~ 

0 cc (0 
• • . 
~ (I') (I') 

~! 

'" 

,., 
"' 

~·! 

'" 

"' ;., 

T'"-4 

Q) 
• 

03 
• 

0 
r-

• 
0 
(0 

• 
0 

lO . 
0 

~-. -o~ 
~ -(I') ";> 

.......... 
0 T'"-4 --~ -(\} ";> .......... 
0 T'"-4 

T'"-4 . 
C) 
0 . 

~o . 
(I') 



...-4 

m . 
9 . 
0 
r-. 
0 
co . 
0 

lO . 
0 

€ .qt -. (J . -. c o> 
"'l Q) 

II eJ 
c-( -CW) '"";> 

" . ' 
A 

0 ...-4 -QC -. a.. Pi:l 
C't") -N '"";> 

. ' 0 ...-4 

. 
n 

0 0 0 om co r-. . . . . . 
~ CW) ...-4 0 0 0 



... 
~ 

14 Cell to Cell variation 

Cell to Cell variation: 
1. cells share the same liquid, 
2. the quantum efficiency of each diode is calibrated by a 

on the diode, 
3. the· reflectivity is calibrated by a at the far end, 
4. the overall effect can be calibrated by beams at one 

energy, 
5. the linearity of the detector ensure calibration at all 

• energies. 



16 Checks performed 

To check the simulation results, we use some conservative fitted param­
eters that the effective attenuation length, A > 40 cm and the effective 
reflectivity of the mirror, R > 80% {A and R are correlated, but our 
results are sensitive to the product not the individual parameter): 

The input light collection efficiencies at a distance d cm away from 
tbe photo-device approxi111ately are the follows: 

0.4 * {e-d/40cm + 0.8 * e-(8-d)/40cm) 

~ for the first section, 
0.3 * (e-d/4Dcm + 0.8 * e-(30-d)/40cm) 

for the second and third sections. 
We apply such analytic light uniformity curves to the energy distribu­

tions of electron showers generated by Geant, and reproduce the results 
of the original Monte Carlo. 

We also fitted the co1nbined cosmic and alpha data ( flg.21 ) using 
tbe su1n of two exponents 

0 -d/L + O.B * e-(65-d)/L 

obtained the result for L=46.5±3 cm. 
so using L=40 cm is conservative and 30 c1n is abs. worst case. 
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19 Future improvement 

Starting Jan. 24, 92, 
1. At MIT: 

purify with Oxysorb + Molecular Sieves and + Ti-getter. 
2. At ITEP: 

purify with MOYDODYR: 
Using high voltage Ti electrides emmersed in LKr(LXe), 
to produce sputtering of Ti 
during high voltage dischages, 
and absorb impurities. 
Earlier, we used MDD 
to increase elctron drift length 
from 1 cm to more than 100 cm in LKr. 



22 Petitions 

LXe detectors are: 
• precise, 

homogeneous, 
radiation hard; 
have natural longitudinal segmentation; 
and can be calibrated in situ. 
With our major breakthrough in uniformity 

we would like to request for a review 
of using LXe detectors 
for GEM precision EM calorimetes. 



Recently, PAC stated that: 
"It is, however, concerned about the problen1s of radiation dan1age 

and the lack of longitudinal segn1entation of the BaF2 calorhneter, as well 
as the potential inho1nogeneity of response and the difficulty of longitu­
dinal segn1entation in the lead/scintillating fiber calorhneter. Also, the 
effect on the constant ter111 of the hadronic energy resolution, when em­
ploying very different con1positions for the electromagnetic and badronic 
parts, needs to be quantified. 

Further1nore, the PAC recognizes that in the accordion design of the 
liquid argon/krypton calorin1eter, a 7%/v'E perfor1nance has not yet 
been de1nonstrated (even for a n1oderate size prototype) and that a sub­
stantial engineering R&D effort will be needed." 
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PRELIMINAll\' SPEaRCATIONS 

PROTOTYPE SPACAL JOWEil FOR GEM (11.3~» 

• __ .,.. ..... dela-41p ol both ends: 2m (78.74in) 

• Ila ol small end: 

a. After casting: 149mm (5.866in) square mold sizle 

la. After clean-up removal of 40.83mm (U01im) i-__. 9111: 
153.lmm (6.027'm) square 

• Siz.e of big end: 

• 

• 
• 

L After casting: as required to adequakly ~ 'the tcp pillle j. 

b. After dean-up removal ol 3.taa. (lit lnc:N mi. 6e tclffil*: 
350.56mm (13.8in) square .. -_ 

Casting taper angle: 5.73" ~ucled , . 

•' .., 
. " . . .. 

... "'!""&•atbL 

.. ftacie • 7.91nm (.3111n) c:enter 

• .., NN.rs through top plate (43 x 43 arra7' 
IA llJen t1vough bottom plate (19 x 19 ura1' 

• ¥ I t nllo of lead lo eutectic ~ 8ae dust lead lo 40'I ISi .,.,..,. !fie 

• D ;i&w 

Lal CIJne dust): 6.'Jp/cc (GJ l/ft3> 
158 Euledic: 9.4 gm/cc (.339 # /in3) 

• 
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FERMILAB TEST BEAM 
12/13/91 - 1/8/92 e,n ,µ Runs 

• CALTECH: Shi*, Shevchenko, Lu, Nolty, 
Zhu, Matzner, Newman; Wei* 

• UCSD: Kobrak*, Branson, Swanson, McKigney 

• ORNL: Read, Bauer, Kamyshkov 

• CMU: Vogel 

• BEIJING: Sun, Zhu 

• PRINCETON: Marlow 

• BOMBAY: Gupta 

• OREGON: Funuro, Hwang 



DCB DC7 WALL DC DC6 DCS DC4P DC4 DCJ DCZ DCl DClP 

~ .. 

~ I! El !~Li!, I~ [fill! B 
HTFPWC - -NTESC HTEPWC 

I 
SK S7 

HALO 

MUOH 
BAC 

THETA-Plll 

DC oonftpatm 

DC1P: 3X DC!: 2X2Y DC2: 2XZ'i DC3: 3X DC4: 2X2Y 

· DC4P: 3X DC5: 2XZ¥ DC6: 2X2Y DC7 : 4X4Y DCB: 4X4Y 

:Semitne device 

SWIC: HTEPWC, HTFPWC 

s 
Trigps fa .EPIOJRE s.v'*­

NTESSCl: S1 

: HTESC 

NTESSCZ: S1 • SZA • S2B 
NTEESC3: S2 •SS 
NTEESC4: S1 • SZ •SS• RS 
HTEESCS: S1 • SZ •SS •s6 • R6 

, 

~-NTEESC6: S1 • S2 •SS• S6 • VETO• GOOD BE.AM 
NTEESC'I: VETO 
NTEESCI: S1. S2 ·~ ·S& •V£To. SI •sg 



BARIUM FLUOlUDE 
CALORlMETER TEST DATA 

Photomultiplier Readout 
Fermilab T-849 - 12/91 

Date 
(December 1991) 

3-6 

9- 12 

13 

14 - 16 

17 - 18 

18- 21 

21- 22 

22 

• 23 

T23-26 

27 

Activity 

Install Prototype Matrix in NT beam 

Alignment and trigger studies 

Muon Calibration, central 9 crystals 

15,000 triggers 46 GeV electrons 
10,000 triggers 115 GeV electrons 
25,000 triggers 68 Ge V electrons . 

Muon Calibration, full matrix ( 49 crystals) 

250,000 triggers 68 GeV electrons 

Muon Calibration, full matrix ( 49 crystals) 

60,000 triggers 68 Ge V electrons 

Change ADC 

300,000 triggers 68 Ge V electrons 

60,000 triggers 16 GeV electrons 
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Crystal 

• S1B008 
S1B009 
SlBOlO 

•SlBOll 

SlAOOB 
SlA009 
SlAOlO 
SlAOll 

* 
* Light yield test report 
*(The crystals were wrapped with Aluminum 
*and tested with H4652 PMT(K-Cs-Te) .) 
* 

* 
* 

foil* 
* 
* 

* May 23, 1991* 
*********************************************** 

Demension 
Light Output (b.e./MeV) 
55 nsec. 20 6 nsec. S.G./L.G 

2*25*3 47+-2 77+-3 61 
= 59+-2 89+-3 66 
= 63+-2 95+-3 66 
= 61+-2 88+-3 69 

3*25*4 75+-3 110+-4 68 
= 74+-3 108+-4 69 
= 78+-3 108+-4 72 
= 78+-3 109+-4 72 

------------------------------------------------------------
S3B003 2*25*3 63+-2 

1 
96+-3 66 

S3B004 = 52+-2 88+-3 59 
S3B005 = 61+-2 90+-3 68 
S3B006 .. ... 43+-2 77+-3 56 
S3B007 = 65+-2 98+-3 66 

S3A003 3*25*4 

77>-2 J 105+-4 73 
S3A004 = 71+-2 98+-3 72 

eS3A005 = 65+-2 95+-3 68 
S3A006 = 78+-2 114+-4 68 

•S3A007 = 82+-3 111+-4 74 
------------------------------------------------------------

S2B010 2*25*3 43+-2 76+-3 53 

S2A010 3*25*4 68+-2 93+-3 73 
------------------------------------------------------------

S2B012 2*25*3 61+-2 88+-3 69 
S2B013 = 60+-2 90+-3 67 
S2B014 = 69+-2 100+-3 69 

S1A012 3*25*4 69+-2 98+-3 70 
SlA013 = 75+-2 104+-4 72 
SlA014 = 66+-2 95+-3 69 
S2A004 = 61+-2 88+-3 69 
S3A009 = 79+-2 110+-4 72 
S3A010 = 80+-2 112+-4 71 
S3A011 = 81+-3 112+-4 72 
S3A012 = 79+-2 110+-4 72 
S3A013 = 77+-2 108+-4 71 
S3A014 = Bl+-3 111+-4 73 

-------------------------------------------------------------

( % ) 
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Photoelectrons/MeV For 50 cm BaF2 Crystal-Pair 
Measured With Cs137 Source: 6 = 6.8%. 
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Latest Update: 25 November 1991 

jNo./Old No. Cable No. I 

l Glue Step -l - 'P# ( :&2. $"...,..,,..) 
I High Voltage I 
!Downstream Upstream! -PH(a~r"""wV 
!Piece Piece I 

As seen when looking into the upstream end 

Top 

171/11 3172/12 5173/13 6174/53 7175/25 32176/31 33177/67 341 
I 1.00 I o.91 I o.89 I o.97 I o.93 o.95 I o.9o I 
I 1259 I 1407 I 1439 I 1312 I 1429 I 1812 I 1549 I 
l3A2 3Bl4l2A7 2BlOllA2 lB5llA10 1Bl2l2A2 2Blll3Al 3B414Al 4B41 

161/51· 8162/75 9163/73 10164/54 35165/45 36166/76 
I o.91 I 1.08 I i.19 I i.01 I 1.04 I i.03 
I 1705 I 1500 I 1547 I 1657 I 1747 I 1593 
l3All 3B712A3 2B611A6 1B711A17 1B17l2A12 2B413A7 

37167/77 381 
I i.10 I 
I 1473 I 

3B814A6 4B21 

---- ----· ·---- ---- ---- ----
151/61 11152/52 12153/14 13154/74 14155/65 39156/71 40157/47 411 
I o.92 I 1.05 I i.02 I 1.09 I o.98 I 1.01 I 1.01 I 

I 1355 I 1475 I 1669 I 1692 I 1439 I 1396 I 1129 I 

l3A4 3B9l2All 2B8l1A5 1B211A4 1B412A4 2B5l3A8 3Bl3l4A7 4B31 
. . . . . . ·----
141/21 15142/42 1614~[ 17144/44 42145/55 43146/46 44147/17 451 
I 1.10 I o.94 I 1.73 I o.98 I o.96 I 1.03 I 1.01 I 

I 1439 I 1424 I I 1648 I 1181 I 1489 I 1355 I 

l3A13 3B612A15 2Bl3llA16 lB16llA12 1BlOl2A9 2B12l3A9 3Bll4A5 4Bll 
. . . . . . ·----
131/36 18132/22 19133/33 20134/34 21135/35 46136..lil.. 47137/37 481 
I 1.13 I 1.11 I o.95 I 1.00 I o.96 I ~ I 1.05 I 

I 1803 I 1149 I 15'90 I 1460 I 1269 I 1819 I 1519 I 

l3A13 3B212A8 2B211A9 1Bl3f 1A7 1B912Al 2B14l3A10 3812f4A2 4861 
. . . . . . ·----
121/56 22122/32 23123/23 24124/24 49125/15 50126/26 51127/27 521 
I 0.16 I 1.00 I 1.02 I 1.01 I 1.09 I 1.03 I 1.06 I 

I 1759 I 1409 I 1499 I · 1334 I 1599 I 1325 I 1116 I 

l3Al4 3B3l2A5 2B311A14 1B811A8 1B14l2Al4 2B7l3A6 3BlOl4A4 4B51 
. . ·. . . . . ___ _ 
111/66 25112/72 26113/63 27l14~8f15/62 53116/16 54117/57 551 
I 1.02 I 1.29 I o.99 I 1.61 I o.93 I 1.04 I 1.03 I 
I 1356 I 1426 I 1439 I 42 I 1397 I 1299 I 1544 I 

l3A3 3Blll2A10 2B911A15 1B15l1Al 1Blll2A13 2Bll3A12 3B5l4A3 4B71 
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SECOND BaF2 MATRIX 
CONSTRUCTION: (ucs'D,CAJ..1rcu) 

Experience from the First Matrix: 

PROTOTYPE ENGINEERING 
REQUIRED 

• Oven Improvements in China: Cold Trap, Western 
Diffusion Pump, Vacuum Gauges and Readout 

• Crystal Dimensional Tolerances: Small Bevels 

• Mounting Without Carbon Fiber Structure: (OR.KL) 
- Crystals Mounted In Compression; 

Longitudinal Loading Only 

- Bonded Surfaces Flat and Parallel to lOµm 

- Reliable THIN Grease Joints to Photodevice: 
OR AIR GAP. 

•Develop MgF2 -Al203 (Multilayer) (~~k.O~E) 
Reflector: ''C. 

- Improved Control of Uniformity 

- Sealant Against Adsorbed H20 

• Control Electronic Noise Pickup: 
Higher S /N; Dynamic Range 

- Improved Front End, Shielding, Grounding 
Cable Layout, Power Distribution 

- Tested Prior to CERN Beam Test, At UCSD 
Test-Bed (First Matrix) 
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PRODUCTJON OF 400 MJRaORS WITH IUGH VUV 
REFLECTJVITY FOR USE IN THE SLD 

(:ERENKOV RING IMAGING DETECTOR* 
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ABSTRACT 

Sl~"l 
(' "i 

The Stufonl I.up Detector far ~ ,..Ude pb7ela detection a\ \be 

SLAC Uaear Calllder coololn1 a C:-...0. Rl111 lma&IDI De\eelor (CRJD). The barrel 

CRID mlnon haw iieeD 1u .... luU7 produced and lo1t.Ued. The loduotrlal mirror 

producllon p-, \lie ..,all\)' control of \he mlrron produced, and \he re1ult1 ol 

\be vacuum ul\ravlolit (VUV) NflectlwlJ and mlnor-1hape accurac1 are delcrlbed. 

[Ao averaae re8ecllvlt7 of al leu\ 80" for llpl al l&O om aod I&" for lighl lo \ht 

180-230 nm wawleagtb range bu been achieved In the production of over 400 mlrron 

of a tJPlcal 1lae of 30 b7 30 an. The 1urface rou1hoe11 and opllcal dl1lorllon 

meuuremen\1 lmpl7 \ha\ \be Up\ 1011 due io acallerlng lo a few percenl ol the 

indden\ ligh\ and \~e angular error due lo obape diotorllon lo leoo than I mrad. 
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G-lo btt i 
by K. ~hm~ !::'av ORNL 

Natural BaF2 spectrum, Fresnel., opiica I coup I in' 
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Spectrum - 8oF2 x K-Cs-Te, Fresnel FROM 6 SURFACES 
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Spectrum - BaF2 x K-Cs-Te, Fresnel and MgF2 mirror, 5cm SLACK 
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• BaF2 +SCINTILLATOR 
HCAL SYSTEM BEAM TEST 

By END 1992 (5>/j< - JO~-') 

' 

• EFFECTIVE COMPENSATION: 
Weighting Methods for Best Resolution 

-+• ENERGY RESOLUTION: 
Systematics (Constant Term) 

• e/7r SEPARATION: 
Shower Shape, HCAL Veto, E-p Matching 

• MIP CALIBRATION TEST 
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XS-6 

TABLE 3.1 

Test Beam Characteristic• 

Maximum Momentum (GeV/c) 

Horizontal angular acceptance (mrad) 

Vertical angular acceptance <mrad> 

Solid angle acceptance ~sr 

RMS Momentum bite <"> 

Intrinsic (i.e. slit) momentum 

Spectrometer resolution (") 

Length of Test Area A (m) 

Length of Test Area B Cm> 

Area of Test Area A Cm2
) 

Area of Test Area B (m2
) 

Distance Target - middle Area A (m) 

Distance Target - middle Area B (m) 

Beam Height above floor level Cm> 

*) 

X3 

so 
2.0 

5.0 

31 

:!: 3.5 

:!: . 4 

~ 0.2 

15 

- 80 

63 

3.66 

.·, 

15 ll. 
100 100 

3.9 3.7 

1.4 0.9 

17 10 

:!: 3.S t 4,5 

± .6 ± .75 • 
.3-.6 .3-.8 ~ 

25} 
38 

27 24 

200 210 

250 190 

160 116 

192 155 

3.64 ** 

X5 can be run exceptionallJ at 300 GeV/c for calibration.of the neu­
trino detectors - X7 can be run exceptionallJ at 150 CeV/c to BEBC. 
Extra power supplies and magnets would be taken from other beams. 

**> X7 descends at 6 mrad towards BEBC (see Section 3.7). 
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XS SPECTROMETER RESOLUTION 

to 

INTRINSIC HOHENTUH RESOLUTION ------------ ------------
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Pig. 3.4 The XS Bem11 Spectrometer aeaolution. 4 Plauea of 
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Position 

X5A 

X5B 

XSB 

TABLE 3.2 

X5 Beam 

RMS spot sizes without Coulomb Scattering 

Position Q4, QS 0% oy 
Polarity <mm> ( 11111) 

XSA FD 18.4 3.2 

XSB FD 23.6 4. 4 

XSB OF 4. 6 11.0 

TABLE 3.3 

XS Beam 

Effect of Multiple Coulomb Scattering 

·~ 

fn..A111L(/ 
"°BQ.f~ 

"zAtlft.~ 
kCA1. I 

Q4,Q5 Effect of scattering Effect of sc~tterlng 
PolaritJ in Beam Spectrometer• in 2 Cerenkov's•• 

' 

ox<mm> a1 <mm> OX ( =a,> (mm) 

FD 96/P 32/P 75/P 

FD 114/P 45/P 126/P 

DF 33/P 148/P 126/P 

•) ·spectrometer= 4 HWPC: 0.0016 radiation lengths/de~ector. 

••) l ~ radiation length/detector. 



v·rom: UA1V1.Ll\1"1:: c I\.U..LU~\,.;.01."\.L'I YL'.l• "-"'- ...... .!.& ............. 

To: vxcern: : newman 
CC: 
Subj: Re: Test Beam Request -- Please acknowledge to Branson and to 

newman@cithex 

As we discussed a week ago, there are no real problems with your 
request on my side ... However, I have been told very firmly by 
W. Hoogland tht you will get this test beam time only if the SSC 
management comes clearly with a statement that they will pay for 
this test beam following the lines which they have discussed 
(Gilman and Stefanski) with W. Hoogland ... My feeling is that 
you should make them feel the urgency of satisfying the CERN 
management if you want to run next year for an extensive period 

If anything happens before Christmas please 
inform me ... After Christmas you should deal with J. Shukraft 
the new SPS coordinator ... 

Daniel Froidevaux 
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Daniel Froideveaux 
SPS Coordinator 
CERN 

Dear Daniel, 

November 26, 1991 

I would like to make the following preliminary test beam request 
for use of the CERN XS Test Beam next year, on behalf the BaF2 -crystal calorimeter project in GEM for the SSC, together with the 
Scintillating Fiber (SF) hadron calorimeter project. This initial 
request is for your first planning purposes. I expect to 
be discussing this further within the GEM Collaboration 
starting with the next meeting at the SSC Dec. 4-5. 

After this note, Jim Branson will serve as the onsite 
contact person until mid-December. Starting next year, we will 
designate a contact person for GEM who is based at CERN, to 
begin the actual planning of the beam area and to handle other 
issues which may arise during 1992. 

It is my fervent hope that matters concerning the {jspecial status''] 
of SSC-related test beam work may be handled directly between the 
administrations of CERN and the SSC laboratories. 

Following my discussions with you and with M. Gatignon, 
it is clear that the X5 beam is very well suited to our needs. 
I cite as examples the high electron resolution (0.25%) and purity, 
energy range for electrons and pions (to 110 GeV), and the 
good state of the barrack and areas available for putting 
equipment in the beam. 

Request 

(1) 4 weeks from August 1 onward, for BaF2 in the forward area. 

Preparations of the SF KCAL in the rear area can proceed 
in parallel with the BaF2 running, with the movable beam 
dump in place. 

(2) Startup of the SF hadron calorimeter for the remainder of 
the first period, through September 14, and at the beginning 
of the second period, from September 24 - 30. 

(3) 3 weeks of joint running of the BaF2 and the SF calorimeters 
during the second period, starting approximately October 1. 

Sincerely, 
Harvey Newman 
CALTECH 
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