Bt

I - " e (OA
TAD VL ERRTA
L8k ‘%f-' - 7 5 ol L TRIPP-85-07
1)‘#] October 1085
(E/M

SLD LIQUID ARGON CALORIMETEB. PROTOTYPE TEST RESULTS*
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ABSTRACT

The results of the SLD test beam program for the selec-
tion of a ealarimeter rediator composition within a liquid argon
system are deseribed, with exphasis on the study of the use of
uranium to obtaln equalisation of pion and electron responses.

1. Introduction

_This paper discusses the Its of the ealorl test
program conducied by the BLD group from May 1983 to May
1985. These teats investigated the SLD design concept which
employs fine sampling electromagnetic and hadronic calorime-
try inside the magnet ¢oll to measure mest of the longitudinal
development of hadron showers, while using coarser calorimetry
outside the eoll 1o measure the tail of these showers. Figure 1
showt the 5LD detector.’ The calorimeter consisis of & 205 inter-
actich length, A, thick (at 90° 1o the beam) liquid srgon~lead
calorimeter (LAC) inside the colt foliowed by a & & warm iron-
Frascat} Plastic Tube® calorimeter (WiC) outalde.

The LAC s constructed in tower geometry with the towers -

having constant projected length o5 seen from the, interaction
point. At 90° to the beam, the tower slse is 36 mrad i the
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towers in this angle, . .
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for underniandlig the squalization properties of vranium-YHquid
argan as teporied by Fabjai ef of® Diffeient radintors were umed
determine whether the equalization of » and ¢ responses were

due to suppression of the ¢ sesponse (sampling inefiiciency) or

enhancement of the « yesponse (Gssion compensation). This .
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) i counter. A trigget ecintilistor and Ph-scintillator veto
counter package defined o 7.5 cm squase bote for the bum in-
cident on the LAC. The pulse hieight ox the trigges counterwaa -
used to reject multiparticle events and the velo countar package
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Four prototype atacks were tested:
¢ U-Fe radiator, G10 readout (U-Fe-G10),
o Pb radistor, G10 readout (Pb-G10),
o U radiator, U tile readout (U-~U), and
s U radintor, Pb tile readout (U-Pb).

These were all wrranged into four ganged segments in
depth, The transverse tower sizes were 6: 6 cm?, growing slowly
projectively in depth in the G10 stacks; 12x32 em! in the
U-U stack and 6x6 cm? (EM) and 12x12 em? (hadronic) in the
U-Pb stack. Tower capacitances ranged from 0.3 to 2.5 nF, The
Isyouta are described in Table 1, The total thickness amounted
to between 2.6 and 3.1 A and the electramagnetic sections were
from 16-30 Xp. Figure 2 illustrates the beamline layout.

For the G10 devices, the WiC following the LACwasa 5 A
warm lron-gas proportional tubset ¢alorimeter arranged in tower
geometry, while for the U-U and U-Pb devices, the proportional
tubes were replaced by Fraseati Plaatic Tube-3

The charge from each tower was put through a low noise
amplifier based on the Toshiba 25X147 FET. In the G10 rend-
out devices, the G10 pads were kept at negative high voltage
and blocking capacitors were used to provide isolation for the
preamps; otherwise, the tiles ware kept at virtyal ground and
no blocking capacitors ware used. The preamp cutput wentto a
sample and hold module (EEAM)® which held the peak output of
the integrating preamps. This result was digitized by a BADC®
and recorded by » VAX 750 computer,

3. Rasulis

To flustrate the data, the response 10 u's, x's and e's
in the U=U stack ars shown in Figure 3(a)-(c). The i peak is
rensonably well separated from pedestal,

The & response was usad to provide a consistent method
of weighting the layers for comparison of the four stacks. The
u calibration scheme accounts for any systematic effects having
to do with the collection of charge such as argon impurity and
integration times. ’

A simple cluster algorithm was used to reduce the num-
ber of channels included in the energy sums; a template of fixed
sise around the peak energy tower was summed, This was more
important for the uranium stacks and resulied in equivalent en-
eigy aaise of (0.03, 0.0, 0.10, 0.04) GeV/e in the EM section
and {0.19, 0.16, 0.35, 0.34) GeV/c in the hadronic section for
the (U-Fe-G10, Pb, U-U, U-Pb) stacks respectively.
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Fig. 2. Test Beam Line and Prototype Layout. The test
beam eonfiguration: the beam iz defined by SE and the veto
counter package.

Table 1. Luyout of LAC Prototypea

Device U-FeG1¢ Pb U-U U-Pb
EXp - EM 18 16 30 26
TA - total 28 28 31 27
Radistor - EM (mm) 3Fe, 186U 3 16 16
Readout — EM (mm) 1.8 16 168 2
Argon Gap - EM (mm) 416 24 44 3
Radiator - Hadron (mm) 13 Fe, 32V 12 48 64
Readout - Hadran {mm) 1.6 16 7 7
Argon Gap - Hadron (mm) 24 24 1
% & of Uranium 3 0 90 65

The regults of this analysis are given in Table 2 for all four
prototypes at 3.5 and 11 GeV/c incident momenta., The Table
shows the relative response of #'s and e's to p's. Typleal errors
on ¢/E are about £0,01, £0.05 on ¢/u and x/4 and £0.10 on
ef¥.

It can be seen that both the «/u and ¢/y responses have
been significantly reduced from unity. Witlin erro =, the ¢ and
r - sponacs are linear as funcilonn of energy anu the ¢/x ra-
tio remains unchanged in all cases, In addition, the hadronic
resolution for all four devices ranges from 18-21% at 11 GeV/e.
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Table 2, Results from Prototypes

Eine Ox x o, e
Device (GeV) E, "u E, "

U-Fe-G10 58 029 057 005 070 1.23
11 0.18 056 004 068 123

Pb 55 030 040 006 054 135
11 019 UG43 004 054 1M

U-u 55 026 0~-5 0065 052 1.16
11 0.18 043 003 0351 119

U-Pb 55 020 044 006 057 1.29

11 021 046 004 036 1.22

4. Conclusions

Similar resolutions and e/x ratios can be obtained in Pb~
and U-liquid argon calorimeters. The SLD configuration of a
U-liquid argon calorimeter followed by a ‘WIC does not achieve
the resolution of U-ecintillator calorimeters.® This is thought to
be caused by relatively amaller amount of fission compensation,
presumably because the liquid argon does not efficiently detect

neutrans as compated with hydrogenous material. There is no
evidence for an enhancement of the pion response from the Pb
stack to the U-U stack, supporting this presumption. Equai-
igation of ¢ and = response appears to be due to greater sup-
pression of the electron than pion signals, This l» thought to be
due to sampling incfficiency in which low energy clectrona attain
greater path lengths in the high~Z material from muitiple seat-
tering than seen in the liguid argon. The ionization sampled in
the argon is then not simply related to that in the radiator by
dE/dx loss in the two materiala.
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