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Abstract

Dolgopolov: A Vet al. Stady of a planar version of the BAYAN EM-calorimeter at high
cucrgies: THER Preprint 9167 Protvino, 1991 p 6, ligs. 6, refs.: 6.

A planar version of the BAYAN clectromagnetic calosimeter hias been tested with 10, 25,
A and 100 GeVoclections. The BAYAN energy resolution shows a very low constant term:
ol - A VE GO 2% T the range 13> 100 GeV it drops well below 1%.
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Homononosw A B wonp. Mecneponaimine xapak 1epiciig iaiapioro Bapiaiia 2JIeKTpoMar-

wninoro wanopustcr pa AT gpn wiaconux saeprosx: Tipespur WdBD 91 67, Hporsino,
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Hipororim mnasapuoro saen cpomarswinoro kassopisetpa BASH wsyuen na nyuxe anex-
fpotion ¢ oneprucit 10,25, 50 w100 5B Dacprerniecnoe paspeutenie kanopusictpa BASHI

XAPAR LCPIDYCTOR OCHE MAJICHERIN 10C108000IM ichom: o/l = T.7%/VE & 02%. 1pn
suepriix B2 100 178 ono ssammieanno sy anie 1%.

o Institate for High Encrgy Physics, 1994.



Introduction

The results of beam studies of a novel sandwich-type electromagnetic
calorimeter BAYAN have been already described [1,2]. In this calorimeter thin
converter and scintillator layers are placed along the beam direction and have a
wave-like shape. Such a photon (electron) detector has a number of advantages
as compared to other sandwich-type calorimeters existing so far:

e good energy resolution,

¢ high uniformity in depth,

¢ good lateral uniformity of detector response,
the lack of any dead zone and bordering effects,

¢ simplicity in manufacturing and assembling as well as of the projective
geometry design (essential for large scale collider experiments).

The design and manufacturing of the detector become much easier if a planar
BAYAN version is used [3]. In this case alternative converter and seintillator
layers are not bent to a wave-like shape but the whole detector is assembled
using the planar scintillator and lead strips and is turned to a small angle
towards the beam direction.

This paper describes the test results of the planar BAYAN calorimeter in
clectron beams with energies from 10 GeV to 100 GeV using the H8 heam of
the SI'S CERN accelerator. This study is a part of R&D project of the BARC
EM-calorimeter (ALICE, LHC) [4]. Preliminary results have been reported {5].



1. Prototype design

The studied BAYAN calorimeter prototype consists of 9 towers assembled
in a3 x 3 matrix. The lateral tower dimensions are 70 x 70 mm?, the length
is GOO e (23.X). The tilt angle of the tower axis towards the beamn direc-
tion 1s 8 = 120 mrad. Each tower consists of 37 lead layers and 37 scintillat-
ing elements (fig. 1). Prototype is assembled of 210 x 600 mm? lead plates
0.37 £ 0.02 mm thick and 70 x 600 rman? scintillating clements. A scintillating
clement, consists of 1.4 £ 0.1 mom thick seintillator strip and 1.1 non diameter
wavelength shifting (WLS) fiber placed along the edge of a seintillator strip.
The front end of a fiber is polished, thin aluninum layer is evaporated on it as a
mirrow providing 80% reflection. Each scintillating element has heen wrapped
mto aluminized mylar. A polysterene seintillator doped with 1.5% PTP (para-
terphenil) + 0.001% POPOP (1.4-bis-[2-(5phenyloxazolyl)]-benzene), extruded
according to the technology developed at IHEP [6], is used in the scintillating
clenients.
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The WLS fibers ( the polysterene core with K-27 dopant, cladding made
which a Huorinated PMMA) were fabricated at INR (Moscow). The fibers are
epoxy glued into bundles with + 0.1 1 position accuracy and coupled to
a photomultiplier (PMT) by an air light guide. The fibers are read out with
FEU-84 PMTs. Light-ennitting diodes are used for monitoring. A typical light
attenation curve of the seintillating element is shown in fig. 2. The vanation
of response along the element is 25% ( 1.1% per radiation length). Hence, the
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contribution of the longitudinal calorimeter nonuniformity to the constant term
in the energy resolution should be smaller than 0.6%.

The light yiekl is measured according to the technique deseribed in [2].
It is found to be 1.3 photoelectrons per 1 mon of muip. track length in the
scintillator. Though not very high, the light yield is enough for photoelectron
fluctnations to contribute negligeably to the calorimeter energy resolution.
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2. Beam test results

The BAYAN prototype has been tested in the electron beams with energies
10, 25, 50 and 100 GeV using the NA12/2 GAMS setup. The clectron coor-
dinates are measured with the scintillator hodoscopes of 1 mm precision. " The
prototype calibration is performed in both electron and muon beams.

A mean electron-to-mnuon ratio of the detector response is about 120 at
50 GeV (fig.3). So, the muon signal corresponds to 400 MeV of the electron en-
ergy deposited in the calorimeter. The number of photoelectrons corresponding
to this energy deposit is determined with the monitoring light-emitting diode.
It equals to 350. Hence the measured light yield is 0.9 ph.c./MeV.

The calorimeter spectrim measured at 100 GeV is shown on fig. 4. A tail to
the left side of the distribution at 50 GeV and 100 GeV is due to the presence of



some passive material in the beam upstream our setup (0.2 Xg) and the leakage
of EN-showers, especially at 100 GeV.
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Fig. 3. Amplitude spectrum of the summed Fig.4.Same as in fig.3, but for the 100 GeV
signal of the planar BAYAN electron energy.

calorimeter measured i the 50 GeV
electron bean.

The measured BAYAN energy resolution is plotted in fig. 5. It is well
described by

o E =73%/VE 1) 0.2%. (1)

The stochastic term in formnla (1), a,,o(.,,/\/E, may be represented as gyp0n =
Tsamp D 0pn . The contribution of the photoelectron statistics to the encrgy
resolution is oy, =3.4%, thus oy = 6.9%.

This experimental datais in a good agreement with the GEANT simulations,
accordimg to which 00, = 6.7%, when 8 = 120 mrad (fig. 6). The #-dependence
of the energy resolution is well fitted by

g/ E = 0055/ (Vsint +0.55) + 0.006. (2)
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Fig.5.Planar BAYAN énergy resolution vs
the electron energy. Points are the

Fig.6.Monte Carlo simulation‘results for
Osampt U8 Lthe inclination angle of

measurcment results, curve is

scintillator and converter plates
formula (1).

towards the beam direction. Black
point shows the experimental
dala, open circles are the
simulation results. Curve is
dependence (2).

Conclusion

The planar version of the BAYAN calorimeter described in this paper sat-
isties the requirements for the BARC detector of the ALICE experiment [4]. It
shows good energy resolution and large light yield. The design of the detector
is simple, the detector is cheap in fabrication and assembling. High uniformity
may be achieved in a Large-volume calorimeter of this type.

We would like to thank all GAMS collaboration members for their help in
the beam tests of the BAYAN prototype.
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