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ne npeB1.1mae*r 1,2% npn cxannponannn aJ1ex·rpo11111.1M nyq1<oM ero ¢pponTam.Ho171 nosepxnocrn.
S20 I/I Mo>xe·r 61.11*1. ynexmqeno eine B HB3. paaa. Heonnoponnocrb OTKIII/[K8. BAHH KGJIOPI/IMBTPB.
o6pa3yeMoe EM·HHBH€M B BA$iHe, paBHo 2500 q>.;—>./1`aB ,1111:1 <poT0yM11o>1<11TeJ1s1 c cpoTo1<aTonoM
CT6.BJI5I€T 30 (1)OTOHOB Ha 1 MM Tpexa B cimnrnmmrope. HBMCPCHHOG '-II/ICJIO cporosnexrponon,

nporronnoro ycxopnrenx I/I<I>B3. CBCTOBLIXOII or MHHI¢IM8.JU>HO nonmnpyiomefx ¤1ac·r1»1nB1 co
npnnana BOJIHO06p8.3H3.$I q>opMa. 1IBa nporornna 1»1ay11e111.1 Ha a.r1e1<rponnoM nyqxe 70 l`sB
TI/IMOCTSIX. Ka11op1»1MeTp nocrpoen na Tommx rmacrrnn cnnnrnnnxropa 11 cBn11na, KOTOPBIM
nafrnepax, Tax 11 B ;a1<c11epnMen*rax c cpm<cnpoBa11no1`& MHHICHBIO npn B1.1co1<1»1x sneprnax I/I cBe

l/lccnenosan r1oB1.1171 rmi 1<a.11op1»1MeTpa (BASIH), 1<o’rop1.1171 Mo>1<eT np1»1Me11s1r1.c>1 Kan na Kon

rp.: 11.

ane1<TponoB: Hpenpnnr I/I<I>BG 93·157. — Hpormmo, 1993. — 9 c., 10 pnc., 1 Ta6.r1., 6I¢I6.TIHO·
A.B. I/Inxxun 11 np. I/Iccnenonanne s11e1<rpoMar111»rr11oro 1<a.r1op1»1MeTpa Tuna BAHH na ny¤11~:e

A1111o·ra1:mx

BAYAN response is uniform within 1.2% when an electron beam moves across its surface.
produced by EM·shower in BAYAN, is measured to be 2500/ GeV; it may be increased two times.
1 mm track length in a scintillator. The number of photoelectrons in S20 photocathode PMT,
proton accelerator. The light yield for a minimum ionizing particle amounts 30 photons per
intensity, is studied. Two prototypes are tested in an electron beam of the IHEP 70 GeV
EM—detector in collider experiments, as well as in fixed-target experiments at high energy/

A new version of the fine sampling lead-scintillator calorimeter (BAYAN), a promising

Preprint 93-157. — Protvino, 1993. — p. 9, figs. 10, tables 1, refs.: 11.
A.V. lnyakin et al. Beam test ot the BAYAN electromagnetic calorimeter : IHEP
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the scintillator sheets being produced with the IHEP extrusion technology OCR Output
POPOP (1,4-bis-[2-(5—phenyloxazolyl)]-benzene) dopants is used in BAYAN,

The polysterene scintillator with 1.5% PTP (para-terphenyl) + 0.01%
14 cm periods along the calorimeter (fig. 1,2).
BAYAN 1 (32 in BAYAN 2) and bent to form a 1 cm amplitude wave with two
interleaved by 1.2 mm thick scintillators. 63 such layers are stacked together in
BAYAN 1 is shown in fig. 1. It is assembled of 120 >< 300 >< 0.5 mm*‘ lead plates
differ in lead converter thickness (0.5 mm and 1 mm). The schematic view of

Two BAYAN prototypes, 1 and 2, have been built and beam studied. They

2. BAYAN prototypes

CMS [6] at LHC, RHIC at BNL, UNK at IHEP
satisfy the requirements of future high-energy projects, such as ALICE [5] and
Carlo simulations. This will allow to choose optimal BAYAN parameters which

on this novel type of EM—calorimeter and to compare the results with Monte
tor The aim of these measurements is to obtain the principal information
GeV electron beam using GAMS setup at the IHEP 70 GeV proton accelera

The calorimeter prototype measurements were performed in a 4 GeV to 16

beam version.

structure [3] to dump the uniformity and dead zones existing in a parallel—to—
lows the idea of [2], but with the converter and scintillator sheets having a wave
which we call BAYAN (Russian musical instrument, similar to accordion) fol
lead-scintillator electromagnetic calorimeter ( see also [1] The calorimeter

This paper presents the beam test results of a new version of a fine sampling



BAYAN. OCR Output

30 photons delivered by a fiber from a mip traversing 1 mm of scintillator in
of FEU-84, used in BAYAN, is 9% in green region (500-550 nm). This gives
to be 3.1 (4.0 and 3.6 with S11 FEU—85 and XP1911). The quantum efliciency

min a single scintillator—fiber element was measured with 6Ru source. It is found
The number of photoelectrons produced by minimum ionizing particle (mip)

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

than 0.5%.

value guarantees a constant term in BAYAN energy resolution being smaller
scintillator-fiber elements amounts 3 meter (1.6 m without Al mirror). This
orated on the front fiber edge. Light attenuation length measured for these

For better light collection, an aluminiummirror of 70% reflection is evap
are used in BAYAN 1 forming a 3><3 matrix of such cells (2><3 in BAYAN 2).
through an air light guide, each PM thus views one 38><38 mmf cell. 9 PMTs
edges are polished and coupled to the photomultiplier (PMT) FEU-84 [9]
plastic matrix (100 micron precision) and epoxy glued. Thereafter the fiber

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

The WLS (wavelength shifter) Hber, 1.2 mm in diameter, is positioned be

Figure 1. Schematic view of Bayan 1 calorimeter.
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spectrum of total matrix signal obtained with 9 GeV electrons after the muon OCR Output
shows the amplitude spectrum produced by muons in a single central cell. The

BAYAN 1 prototype was irradiated only in 9 GeV electron beam. Fig. 3a

3.1. BAYAN 1

within jzlmm with the GAMS hodoscopes.
used for monitoring [11]. The impact points of the beam particles were defined
the muons were used for the cell calibration. Light—emitting diodes (Hg.1) were
16 GeV electrons. The 9 GeV electron beam has a muon contamination (20%),

During the beam tests each calorimeter cell was irradiated by 4, 9 and

3. Beam test results

Figure 2. Photo of BAYAN 2 and scintillatonfiher element
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simulation results. OCR Output

2This differ from 6% given in [1] due to a more detailed treatment of the experimental and MC
a green extended PMT like XP2081B or XP2201B

1The calorimeter signal may be further increased, up to 4500 photoelectrons per GeV, when using

No drop of response in the fiber region is observed.
(fig. 5), both in signal value (within :}:1.2%) and in energy resolution (:l:5%).

BAYAN 1 shows a good uniformity, when the electron beam scans its surface
mip energy loss in BAYAN 1 is equal to 200 MeV, in the EM-scale.
with the shape being Gauss? The e/,u signal ratio comes out to be 44 (fig. 3),
this calorimeter structure equals UE / E = 7% at 1 GeV photon energy (fig. 4b),
BAYAN 1 response (fig. 4a), which also shows that the energy resolution for
leakage effect is well reproduced by the Monte Carlo GEANT simulation of
energy tail in fig. 3b spectrum and in worsening the energy resolution. Such
more than 18XO is required for the total absorption. This results in a low

BAYAN 1 is not thick enough (15XO only) to absorb all 9 GeV EM—shower,

(2)Nphct = 28,000/GeV.

fibers to PMT:

\zVith 9% efficiency of FEU—84, this gives a number of photons delivered by

(1)Nphe = 25UO/GBV

electrons in FEU—84 f or
calibration is presented in Hg. 3b. Its maximum corresponds to 23,000 photo

9 GeV electron beam. Here and further n is the ADC channel number.
*igure 3. Amplitude spectra in BAYAN 1 measured: a) in the 9 GeV muon beam; b) in the
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open circle. OCR Output
beam impact points. Arrows show the cell boundaries, fiber position is indicated by

Figure 5. BAYAN 1 total signal (a) and energy resolution (b) measured in various electron
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but in more details. This calorimeter, with its 23XO thickness, provides the total

The BAYAN 2 prototype was beam tested in the same manner as BAYAN 1

3.2. BAYAN 2

3.8%; b) to 1 GeV photons, ag/E = 7.1%.
Figure 4. GEANT simulation of thc BAYAN 1 response: a) to 10 GeV photons, JE/E =

Am; [ GEV ]Am; [ GGV ]
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e/it = 28, mip energy loss is equal to 310 MeV, with Nphe = 500. This results OCR Output
The comparison of muon signal in BAYAN 2 to that of an electron gives

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

detector uniformity.

term is very small due to a high transparency of our WLS fibers and a high
and 16 GeV (fig. 9), is described by: UE/E = 0.105/x/@-+0.004.. The constant

The energy dependence of the BAYAN 2 energy resolution, measured at 4, 9
fiber region (fig. 8).
within :b1% in the whole area showing only a small, 2% to 3%, drop in the
with horizontal angle within 200 mrad). The calorimeter signal stays constant
impact point, nor on the incidence angle (fig. 7 for vertical angle; no change

BAYAN 2 response is uniforrn, the energy resolution depends neither on the
photons. This is in agreement with BAYAN 1 7% value (og ~
reproduces fig. 6a spectrum nicely (fig. 6b) and gives 0;,;/ E = 10.5% for 1 GeV
calorimeter (s/t = 1.2) unlike BAYAN 1. GEANT simulation of BAYAN 2
sampling fluctuations, the scintillator—to-lead thickness ratio being small in this
present in the beam (z 0.2X0). BAYAN 2 energy resolution is governed by

GEANT simulation in the 10 GeV photons.
Figure 6. BAYAN 2 amplitude spectra: a) measurements in the 9 GeV electron beam; b)
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symmetrical (fig. 6a), a small low energy tail may be attributed to some material
absorption of 16 GeV electron showers. The amplitude spectrum is practically
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Figure 9. BAYAN 2 energy resolution
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in a good agreement with a value measured with 1Ru source (see above).06

in a yield of 3 photoelectrons per lmm track length in the BAYAN scintillator

points.of electron beam incidence.

in various electron beam impactsured at various vertical angles 0,,
BAYAN 2 total signal measuredFigure 7. BAYAN 2 energy resolution mea.- Figure 8.

9,, [ mrad ] x [mm]
10 20 so 40 s0-40 0 40 00 120 70 6

0.01 e

80 >

0.02 %

90 +

0.03

+.1.;+ +__, 100 5 +7++++, + $++
0.04 + + P

0.05
110 r·



1.4 1.1fibers per cm 1.1 0.8 OCR Output

21fibers per cell 16 25 37

cell size, mm 38><38 I 38><38 I 47><47 I 70><70
photons per GeV I 27,000 I 17,000 | 10,700 I 30,000

UE/E, % new/E | 10.5/x/E I 8.4/x/E I5.2/x/E
1.8uniformity, % 2.0 I < 1.0

ISXOtotal I3ll1Cl<I1€SS 23XO I 26XO I 2OXg

22Moliere radius, mm | 25.5 24.5 I 29.0

X0, mm 18.5 11.8 16.8 I 28.0

0.5 1.0Pb, mm 2.0 I 0.35

1.22.4 2.0 4.0Sc/Pb
calorimeter I BAYAN 1 I BAYAN 2 I CMS [6] I BARC

BARC calorimeter, designed for ALICE experiment at LHC
Table 1. Characteristics of the BAYAN calorimeters. Last column shows the parameters of

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

Table 1 summarizes the results of our measurements performed with two

4. Conclusions
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in 100 GeV and 50 GeV electron beams. OCR Output

1993) confirmed a low constant term in energy resolution: UE/E = 0.7% and 1% have been achieved
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