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Abstract

A.V. Inyakin et al. Beam test ot the BAYAN electromagnetic calorimeter : IHEP
Preprint 93-157. — Protvino, 1993. - p. 9, figs. 10, tables 1, refs.: 11.

A new version of the fine sampling lead-scintillator calorimeter (BAYAN), a promising
EM-detector in collider experiments, as well as in fixed-target experiments at high energy/
intensity, is studied. Two prototypes are tested in an electron beam of the IHEP 70 GeV
proton accelerator. The light yield for a minimum ionizing particle amounts 30 photons per
1 mm track length in a scintillator. The number of photoelectrons in 520 photocathode PMT,
produced by EM-shower in BAYAN, is measured to be 2500/ GeV; it may be increased two times.
BAYAN response is uniform within 1.2% when an electron beam moves across its surface.

AHHOTANMA

A.B. Unskun u np. MccnenoBanue snekTpoMarauTHOro kKajiopumerpa Tuna bASH na myuxe
snekTponoB: [Ipenpmar UPBI 93-157. — [Iporeuno, 1993. - 9 c., 10 puc., 1 Tabm., 6ubano-
rp.: 11.

Wccnenosan HoBhit Tun kasopuMmerpa (BASTH), koTophiit MOXeT NpUMEHATHCA KaK Ha KOJl-
naiiiepax, Tak ¥ B 3KCHEPAMEHTAX C GPUKCUPOBAHHON MUIIEHBIO PH BHICOKMX JHEPTUAX U CBe-
TUMOCTSX. KaJlopmMmeTp HOCTpoeH W3 TOHKHMX INIACTHH COAHTHIIIATOPA W CBUHIA, KOTOPHIM
nprfaHa BoiiHOOOpa3Has ¢opMma. [IBa mporoTumna u3ydennl Ha 3iekTpoHHOM myuke 70 ['>B
nporonnoro yckopurens UPBI. CeToBrIxom oT MUHMMaJIbHO MOHU3UPYIOMIEH YaCTHUIHI CO-
crapiseT 30 doToHoB Ha 1 MM Tpeka B cnuaTIILIATOpe. M3MepeHBOe uncio ¢oT03/7€KTPOHOB,
obpaszyemoe EM-musnem B BASIHe, paBro 2500 ¢.5./I'3B nn1s poToyMuOXUTENS C HOTOKATOIOM
S20 u MoxeT GHITH yBeIUYEHO elme B 18a pasa. HeogsoponHocts oTkianka bASH kanopumerpa
He npeBumaeT 1,2% npu ckaHMPOBaHWM 3JIEK TPOHHEIM MIyYKOM €ro GPOHTAIBHOR NOBEPXHOCTH.
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1. Introduction

This paper presents the beam test results of a new version of a fine sampling
lead-scintillator electromagnetic calorimeter ( see also [1] ). The calorimeter
which we call BAYAN (Russian musical instrument, similar to accordion) fol-
lows the idea of [2], but with the converter and scintillator sheets having a wave
structure [3] to dump the uniformity and dead zones existing in a parallel-to-
beam version.

The calorimeter prototype measurements were performed in a 4 GeV to 16
GeV electron beam using GAMS setup at the IHEP 70 GeV proton accelera-
tor [4]. The aim of these measurements is to obtain the principal information
on this novel type of EM-calorimeter and to compare the results with Monte
Carlo simulations. This will allow to choose optimal BAYAN parameters which
satisfy the requirements of future high-energy projects, such as ALICE [5] and
CMS [6] at LHC, RHIC at BNL, UNK at IHEP [7].

2. BAYAN prototypes

Two BAYAN prototypes, 1 and 2, have been built and beam studied. They
differ in lead converter thickness (0.5 mm and 1 mm). The schematic view of
BAYAN 1 is shown in fig. 1. It is assembled of 120 x 300 x 0.5 mm?® lead plates
interleaved by 1.2 mm thick scintillators. 63 such layers are stacked together in
BAYAN 1 (32 in BAYAN 2) and bent to form a 1 cm amplitude wave with two
14 cm periods along the calorimeter (fig. 1,2).

The polysterene scintillator with 1.5% PTP (para-terphenyl) + 0.01%
POPOP (1,4-bis-[2-(5-phenyloxazolyl)]-benzene) dopants is used in BAYAN,
the scintillator sheets being produced with the IHEP extrusion technology [8].



Pb-Sc cells fibers LED

Figure 1. Schematic view of Bayan 1 calorimeter.

The WLS (wavelength shifter) fiber, 1.2 mm in diameter, is positioned be-
tween two 19 mm wide scintillator sheets. The scintillators, together with fibers,
are wrapped up to 50 micron aluminyzed mylar. The fiber (produced in INR,
Troitsk) has polysterene core with the K-27 dopant, its refractive index being
n=1.59. A fluorinated PMMA (polymetilmetacrilat) with n=1.43 is used for
cladding.

After leaving the scintillators, the fibers are assembled together, put in a
plastic matrix (100 micron precision) and epoxy glued. Thereafter the fiber
edges are polished and coupled to the photomultiplier (PMT) FEU-84 [9]
through an air light guide, each PM thus views one 38x38 mm? cell. 9 PMTs
are used in BAYAN 1 forming a 3x3 matrix of such cells (2x3 in BAYAN 2).

For better light collection, an alumnimium mirror of 70% reflection is evap-
orated on the front fiber edge. Light attenuation length measured for these
scintillator-fiber elements amounts 3 meter (1.6 m without Al mirror). This
value guarantees a constant term in BAYAN energy resolution being smaller
than 0.5%.

The attenuation length drops by one half after irradiating the fiber to
3.4 MRad [10].

The number of photoelectrons produced by minimum ionizing particle (mip)
in a single scintillator-fiber element was measured with 1%Ru source. It is found
to be 3.1 (4.0 and 3.6 with S11 FEU-85 and XP1911). The quantum efficiency
of FEU-84, used in BAYAN, is 9% in green region (500-550 nm). This gives
30 photons delivered by a fiber from a mip traversing 1 mm of scintillator in

BAYAN.



Figure 2. Photo of BAYAN 2 and scintillator-fiber element.

3. Beam test results

During the beam tests each calorimeter cell was irradiated by 4, 9 and
16 GeV electrons. The 9 GeV electron beam has a muon contamination (20%),
the muons were used for the cell calibration. Light-emitting diodes (fig.1) were

used for monitoring {11]. The impact points of the beam particles were defined
within 1mm with the GAMS hodoscopes.

3.1. BAYAN 1

BAYAN 1 prototype was irradiated only in 9 GeV electron beam. Fig. 3a
shows the amplitude spectrum produced by muons in a single central cell. The
spectrum of total matrix signal obtained with 9 GeV electrons after the muon



| ! o
00 - H i N
{

+ + 150 |
+ + , 100

200

b
! ++ +++
4
| N h,
P N
0 : . 0! - ;
25 50 75 100 125 30 40 50
n 14[0!/A4.u

vigure 3. Amplitude spectra in BAYAN 1 measured: a) in the 9 GeV muon beam; b) in the
9 GeV electron beam. Here and further n is the ADC channel number. .

calibration is presented in fig. 3b. Its maximum corresponds to 23,000 photo-
electrons in FEU-84 ! or

Nyhe = 2500/GeV. (1)

With 9% efficiency of FEU-84, this gives a number of photons delivered by
fibers to PMT:

Nyhot = 28,000/GeV. (2)

BAYAN 1 is not thick enough (15X only) to absorb all 9 GeV EM-shower,
more than 18X is required for the total absorption. This results in a low-
energy tail in fig. 3b spectrum and in worsening the energy resolution. Such
leakage effect is well reproduced by the Monte Carlo GEANT simulation of
BAYAN 1 response (fig. 4a), which also shows that the energy resolution for
this calorimeter structure equals og/E = 7% at 1 GeV photon energy (fig. 4b),
with the shape being Gauss? The e/u signal ratio comes out to be 44 (fig. 3),
mip energy loss in BAYAN 1 is equal to 200 MeV, in the EM-scale.

BAYAN 1 shows a good uniformity, when the electron beam scans its surface
(fig. 5), both in signal value (within £1.2%) and in energy resolution (£5%).
No drop of response in the fiber region is observed.

'The calorimeter signal may be further increased, up to 4500 photoelectrons per GeV, when using
a green extended PMT like XP2081B or XP2201B

*This differ from 6% given in (1] due to a more detailed treatment of the experimental and MC
simulation results.
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Figure 4. GEANT simulation of the BAYAN 1 response: a) to 10 GeV photons, og/E =
3.8%; b) to 1 GeV photons, og/E = 7.1%.

3.2. BAYAN 2

The BAYAN 2 prototype was beam tested in the same manner as BAYAN 1
but in more details. This calorimeter, with its 23.X; thickness, provides the total
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Figure 5. BAYAN 1 total signal (a) and energy resolution (b) measured in various electron
beam impact points. Arrows show the cell boundaries, fiber position is indicated by
open circle.



absorption of 16 GeV electron showers. The amplitude spectrum is practically
symmetrical (fig. 6a), a small low energy tail may be attributed to some material
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Figure 6. BAYAN 2 amplitude spectra: a) measurements in the 9 GeV electron beam; b)
GEANT simulation in the 10 GeV photons.

present in the beam (= 0.2X;). BAYAN 2 energy resolution is governed by
sampling fluctuations, the scintillator-to-lead thickness ratio being small in this
calorimeter (s/t = 1.2) unlike BAYAN 1. GEANT simulation of BAYAN 2
reproduces fig. 6a spectrum nicely (fig. 6b) and gives og/E = 10.5% for 1 GeV
photons. This is in agreement with BAYAN 1 7% value (og ~ v/1).

BAYAN 2 response is uniform, the energy resolution depends neither on the
impact point, nor on the incidence angle (fig. 7 for vertical angle; no change
with horizontal angle within 200 mrad). The calorimeter signal stays constant
within £1% in the whole area showing only a small, 2% to 3%, drop in the
fiber region (fig. 8). |

The energy dependence of the BAYAN 2 energy resolution, measured at 4, 9
and 16 GeV (fig. 9), is described by: og/E = 0.105/+/E +0.004.. The constant
term is very small due to a high transparency of our WLS fibers and a high
detector uniformity.

The lateral profile of EM-shower in BAYAN 2 is very narrow (fig. 10), more
than 90% of shower energy is releasedin a single 38 x 38 mm? cell.

The comparison of muon signal in BAYAN 2 to that of an electron gives
e/u = 28, mip energy loss is equal to 310 MeV, with Nps, = 500. This results
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[igure 7. BAYAN 2 energy resolution mea-  Figure 8. BAYAN 2 total signal measured
sured at various vertical angles 8, in various electron beam impact
of electron beam incidence. points.

in a yield of 3 photoelectrons per lmm track length in the BAYAN scintillator
in a good agreement with a value measured with %Ru source (see above).
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Figure 10. Lateral EM-shower profile in

BAYAN 2.

4. Conclusions

Table 1 summarizes the results of our measurements performed with two
BAYAN prototypes. They allow to reliably extrapolate BAYAN parameters,
satisfying the requirements of various experiments. E.g., in the BARC calorime-
ter (ALICE project at LHC, CERN) which should be sensitive to low energy
photons (& 1 GeV), large s/t ratio must be used to get both high light yield
and good energy resolution (last column of table 1). For a high energy domain

Table 1. Characteristics of the BAYAN calorimeters. Last column shows the parameters of

BARC calorimeter, designed for ALICE experiment at LHC [5].

calorimeter BAYAN 1 | BAYAN 2| CMS [6] | BARC
Sc/Pb 2.4 1.2 2.0 4.0
Pb, mm 0.5 1.0 2.0 0.35
Xo, mm 18.5 11.8 16.8 28.0
Moliere radius, mm 25.5 22 24.5 29.0
total thickness 15X 23X 26X 20X
uniformity, % 1.2 1.8 2.0 <10
og/E, % T/VE 10.5/VE | 84/VE |52/VE
photons per GeV 27,000 17,000 10,700 | 30,000
cell size, mm? 38 %38 38x38 47x47 70x70
fibers per cell 21 16 25 37
fibers per cm? 14 1.1 1.1 0.8




(e.g., CMS project at LHC), BAYAN calorimeter may be built more compact,
with s/t = 2, providing 25 photon/MeV light yield and 0g/E = 7%/VE with
exellent energy resolution at high energies®
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30ur recent beam test of the BAYAN calorimeter prototype at higher energies (CERN, October
1993) confirmed a low constant term in energy resolution: og/E = 0.7% and 1% have been achieved
in 100 GeV and 50 GeV electron beams.






