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ABSTRACT 

A study of a large-volume CsI(Tl) detector with a PIN diode readout was carried out. Our 
results show a light output of £ 20000 photoelectrons/MeV, an equivalent noise charge (rms) of 
about 900 electrons, and an equivalent noise level of < 60 keV. We obtained an energy resolution 
of 11.2% (fwhm) for 1275 keV gamma rays from a ^Na source. The characteristics of the PIN -
preamplifier system as well as the parameters of a small CsI(Tl) - PIN detector with a direct and 
wavelength shifter readout are also reported. 
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1. INTRODUCTION 

In the proposed experiment E246, "Search for T-violating Muon Polarization in K-»^n+v 
Decay using Stopped Kaons" at KEK [1], CsI(Tl) crystals will be used as elements of a photon 
detector from the decay of n°-»2y. The detector should detect photons with the energies from 
about 10 MeV to 250 MeV with good energy and position resolution. The scintillation light of the 
CsI(Tl) crystals will be detected by large-area silicon PIN photodiodes instead of photomultipliers, 
since the detector will be placed in the central region of the toroidal magnet where a leakage 
magnetic field exists and space is very limited. 

In general, CsI(Tl)-PIN detectors have the following features: 1) immunity from magnetic 
fields; 2) a compact PIN diode; 3) the emission spectrum of CsI(Tl) is well matched to the spectral 
response of the PIN diode; and 4) inherent stability since no gain is involved. The disadvantages 
are: 1) electronic noise of the PIN-preamplifier system, which dominates the energy resolution at 
low energies; 2) a problem in accepting high counting rate; and 3) poor timing resolution. 

In order to check the feasibility of using a CsI(Tl) - PIN in our photon detector, a study was 
carried out for different CsI-PIN configurations. In this paper we report on the results of per
formance test of the PIN - preamplifier system, small CsI(Tl) - PIN detectors having direct contact, 
and small CsI(Tl) - PIN detectors with a wavelength shifter readout. Finally, we present the results 
regarding large-volume CsI(Tl) crystals and large-area PIN diodes, which could be the prototype 
of real segments of the photon detector. 

2. PERFORMANCE OF PIN-PREAMPLIFIER SYSTEM 

Since a PIN diode has no gain a low-noise charge-sensitive preamplifier is required. For a 
charge-sensitive preamplifier with a PIN diode the dependence of the output charge fluctuations 
(square of the equivalent noise charge ENC (rms)), is described by [2] 

(ENC)2 = A( 2kTRp-' + el d )x + 4BkTRsC inr» + A 1 / ( C i n

2 • (1) 

Here, A, B and Aj/f are coefficients; kT = 25.85 m Ve at 300 K; Rp is the total parallel resistance; 
Id is the PIN diode leakage current; Rs is the total serial resistance, (the sum of the serial resistors 
of the PIN and FET channel resistance), defined as l /g m ( g m - transconductance of the FET); Cjn 

is the total input capacitance, i.e. the sum of the PIN capacitance , FET capacitance and stray 
capacitances; t is the shaping time constant; and e is the electron charge (e=1.610" 1 9C). Three 
terms represent the contribution due to parallel noise, serial noise and 1/f noise. The contribution of 
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Figure 1: Schematic view of the CP- preamplifier 

1/f noise to the total ENC is quite small. The parallel noise is proportional to the shaping time 
constant, while the serial white noise is inversely proportional to it. The electronic noise is the 
dominant factor which determines the energy resolution for the low energy of Ys; it is very 
important to have a low level of intrinsic preamplifier noise and a low gradient [Ng/pf] for the input 
capacitance. Taking into accout all possible details (noise parameters, stability, compactness, 
power consumption ) we decided to use a preamplifier manufactured by CLEAR PULSE K.K.[8] 
for our tests. Fig 1 shows a schematic view of the preamplifier. The main parameters of the CP 
preamplifier are: the first stage FET in the hybrid CS507 is Hitachi's 2SK322G ( g m ~ 40 mS, 
CFET ~ 10 pF); the feedback resistor (Rf) is 1GQ; the load resistor is 200 MQ (therefore R p - 170 
Mil); the feedback capacitance (Cf) is 1 pF; the gain is lOOOmV/pC; and the power dissipation is ~ 
0.5 W. An overview of the various charge-sensitive preamplifiers used in several CsI-PIN 
detectors is given in Table 1. Due to the fact that serial and parallel noise sources have different 
functional dependences on the shaping time constant (T), there is an optimum shaping time constant 
(topi) w h i c h i s e c l u a l t 0 Cj^RgRp'^where 1/Rp' = l/Rp+eId/2kT [9]. However, since R s is 
unknown, it is important to optimize x experimentally. We found that, the optimal time shaping 
constant is between 2 and 3 Us; in our test x = 2 u.s was used. 

An important factor that affects the noise and energy resolution is the bias voltage, on which 
the leakage current and the junction capacitance of a PIN diode depend. The leakage current 
increases as the bias voltage is increased, while the junction capacitance decreases (CPIN ~ 
VB"" 2 ). In addition, the serial noise contribution is further reduced since a totally depleted detector 
has the lowest serial resistance (Rs). This shows that the optimal operating bias voltage for 
individual diodes should be experimentally defined so as to minimize the noise contribution to the 

4 



detector energy resolution. 

TABLE 1 
Noise characteristics of charge sensitive preamplifiers 

Intrinsic noise (rms) 
Reference unloaded preamplifier 

[ N e ] 

Noise gradient ENC (rms) 
at Cin=100pF 

[ N 0 ] 

C.Bebec et at.[3] 250 4 650 

V,Kilgusetal.[4] 300 2 500 

S.Berglund et al.[5] 200 

T.Taniguchi et al.[6] 165 1.9 352 

Y.Hosono and 
M.Nakazawa [7] 188 <1 252 

S.Guinji et al. [8]») 164 2 364 

')This preamplifier was used in present work 

To optimize the PIN - preamplifier system a set of measurements was carried out with x-ray and 
y-ray sources and using the PIN diode as a semiconductor (Si) detector without a CsI(Tl) crystal. 
As long as the total energy of the photon is absorbed in the PIN diode this is a good test of the 
photodiode-preamplifier system characteristics. 

The noise of the PIN-preamplifier system was measured by irradiating the diodes with 59.5 keV 
y-rays from a 2 4 , A m source, as well as 122 and 136 keV y-rays from a 5 7 Co source. Knowing that 
it requires (on the average) 3.62 eV at room temperature to produce one electron-hole (e-h) pair in 
Si, it follows that the position of the 59.5 keV total absorption peak is equivalent to 1.65-105 e-h 
pairs. From the width of this peak, the electronic ENC can be calculated and the absolute charge 
calibration of the ADC derived. We tested a number of PIN diodes that could be used in our 
detector; their main parameters are shown in Table 2 [10]. The bias voltage dependence of ENC for 
all of the tested photodiodes is shown in Fig.2. In this figure ENC = fwhm/2.36, where fwhm is 
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TABLE 2 
Specifications of tested PIN diodes [10] 

PIN type No. Photosensitive area Thickness Junction capacitance Leakage current 
[mm2] [urn] [pF] [nA] 

S 3590-03 10x10 300 50 

S 3588-03 3.4x30 300 55 

S 3204-03 18x18 300 140 

S 3204-05 18x18 500 80 

S 3584-03 28x28 300 330 

S 3584-05 28x28 500 200 
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Figure 2: Electronic noise for different types of PIN diodes as a function of the bias voltage. The 
preamplifier noise is 164 e". 1 - S 3584-03; 2 - S 3584-05; 3 - S 3204-05; 4 - S 3204-03; 
5 - S 3590-03, S 3588-03. 
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the width of the 59.5 keV 2 4 1 A m peak in the number of e-h pairs. The preamplifier noise 
contribution (rms) at T=25° C (unloaded noise) is <164 photoelectrons. A shallow noise minimum 
occurred as a result of decreasing the capacitance and increasing the leakage current as the bias 
voltage was increased. Mounting of PIN diodes on a CsI(Tl) crystal does not change the noise 
characteristics, thus indicating that no extra leakage current is created in the detector assembly. All 
of the PIN diodes require a bias voltage of- 50-100 V for optimal noise reduction.. 

It should be stressed that the ENC of a 28x28 mm 2 PIN-preamplifier assembly is only a factor 
of 2 higher than the ENC of the 10x10 mm 2 PIN - preamplifier assembly; the ratio of the PIN's 
sensitive areas is - 8. This point may be important in the case of a large-volume CsI(Tl) crystal 
when the light yield of the detector is roughly proportional to the sensitive area of a PIN diode 
connected to a crystal. 

3. SMALL CsI(Tl)-PIN DETECTORS.DIRECT CONTACT 

The PIN-diodes mentioned above were used with a small 30x30x30 mm 3 CsI(Tl) crystal in 
order to determine the best reflector for emitted light and to define the surface condition of the 
crystal and optical contact quality. An electronics block diagram is shown in Fig 3. We used two 

Ai-Box 

Shaping Amp 

Tsh=2fiS 

ADC 

V 2048ch 

^ i_r 

v ~ CFD 
ORTEC 
473 A 

» CATC 
CFD 

ORTEC 
473 A 

» 

T di f = T in t 
= 0.5/iS 

Vt~0.2MeV 

Figure 3: Electronics block diagram. 
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preamplifier outputs: both had output pulses with a rise time ~ 1 LIS and a decay time of - 500 LIS. 
The CLEAR PULSE preamplifier was followed by a shaping amplifier (ORTEC 572) with a 2 LIS 
filter time constant. The second preamplifier output was connected to a timing filter amplifier 
(ORTEC 474) with Tj m = T d i f = O.SLLS, and was used for self- riggering with a constant fraction 
discriminator threshold of ~ 0,2 MeV. The CsI(Tl) crystal and PIN diode were placed in an Al 
container in order to protect them from external noise sources. We tried different surface 
conditions of the crystal and several types of reflectors. The best performance was obtained when 
the crystal surfaces were polished and wrapped in white Millipore paper [11] sprayed with white 
paint [I2|, The PIN diodes were directly coupled to the crystal surface. Optical contact was 
provided by a Bicron couplant (grease). 

The amplitude spectrum of a ̂ Co y-source was measured in order to obtain the photoelectron 
yield, energy resolution and the noise parameters for a number of PIN's coupled to the same 
CsI(Tl) crystal. Fig.4 shows the spectrum for the 10x10 mm 2 S3590-03 PIN diode. Results are 
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Figure 4: Pulse-height spectrum for a ̂ C o y-source. 

given in Table 3. In the case of the S3584-05 diode, it covered ~ 90% of the surface. The absolute 
reflectivity of the Millipore reflector at a wavelength of 560 nm (the maximum of CsIfTl) emission 
spectra) is reported to be as high as ~ 98-99% [8], and the average quantum efficiency of a 
photodiode for 560 nm CsI(Tl) emission spectra is approximately 70%. 
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6.1 380 22.5 

6.1 370 23.8 

7.0 670 27.0 

7.1 910 31.4 

TABLE 3 
Characteristics of small CsI(Tl) -PIN readout detectors (direct coupling) 

PIN Photoelectron yield AEyEy ENC(rms) ENL(rms) 
[N„/MeV] atl332keV 6< )Co [NJ [keV] 

(fwhm), [%] 

S 3590-03 17000 

S 3588-03 16000 

S 3204-05 25000 

S 3584-05 29000 

By assuming that the light-collection efficiency on the PIN surface is 100%, we can estimate the 
number of photons emitted per 1 MeV deposited in our CsI(Tl) crystal. This gives a value of 
46000. This number is only - 10% less than 5X104 photons/MeV reported for a smaller CsI(Tl) 
crystal [13]. All of the tested PIN diodes provide high light yields, good energy resolutions and a 
low ENL of-20-30 keV. 

4. SMALL CsI(Tl) - PIN DETECTORS. WAVELENGTH SHIFTER 
READOUT 

Another possibility for the readout is a combination of CsI(Tl), fluorescent flux concentrators 
(or wavelenght shifters (WLS)) and rectangular photodiodes. In our study we used two types of 
WLS, which matched the wavelength of scintillation light from CsI(Tl). Both of them were made 
of acrilic plate doped with fluorescent materials, commercially called Y-8 and R-3 [14], The 
absorption and emission spectra of Y-8 and R-3 as well as the emission spectrum of CsI(Tl) are 
given in Fig.5. In comparison with the broad emission spectrum of CsIfTl), which extends from 
about 330 nm into the infrared, most WLS's exhibit only a limited acceptance [15]. Because of this 
restricted sensitivity, using WLS's allows to collect and reemit only a fraction of the scintillation 
light from CsI(Tl). 

We tested WL shifters with concentrations of Y-8 and R-3 50 ppm and 100 ppm as well as a 
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Absorption 

Y-8 R-3 

Fifure 5: Absorption and emission spectra of Y-8 and R-3 and the emission spectrum of CsI(Tl). 

sandwich construction of Y-8 and R-3. The light was collected at the rear side of the crystal by 
WLS, and converted light was detected by a PIN diode of 3.4x30 mm 2 sensitive area optically 
coupled to the edge of a WLS, Optical contacts between the PIN diode and WLS as well as the 
WLS and the crystal were provided by Bicron optical grease; some tests were also carried out with 
an air gap of 1 mm between the crystal surface and the WL shifter. The ENC of used PIN equaled 
370 photoelectrons at an optimal bias voltage of - 70V. The obtained results are summarized in 
Table 4. 
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TABLE 4 
Results of Csl - WLS - PIN readout 

Shifter Thickness Concentration Light yield Energy resolution ENL 
[mm] [ppm] [Np</MeV] ^Co 1332 keV [%] [keV] 

Y - 8 3 50 14500 6.3 26.5 

Y - 8 3 100 14300 6.3 26.6 

R - 3 4 50 14200 6.4 26.8 

R - 3 4 100 13800 6.6 27.8 

Y - 8 1.5 100 10400 - 36.8 

R - 3 1.5 100 10300 - 37.1 

Sandwich 1.5+1.5 100+100 12300 7.8 31.0 
(Y-8+ R-3) 

Y - 8 3 50 9170 - 41.7 
air gap 1 mm 

A comparison of both readout methods (direct coupling and WLS) clearly shows that the direct 
method provides a higher yield of photoelcctrons. It is worth noting that the photoelectron yield for 
a 28x28 mm 2 sensitive area PIN diode is a factor two greater than largest value of 'Agf yield ob
tained by the WLS method. 

5. LARGE VOLUME CsI(Tl) - PIN READOUT DETECTOR 

In experiment E246 the photon detector will be placed in the central region of the toroidal 
magnet. The size of the photon detector, especially the length of the crystals, is limited by the 
toroidal magnet; the maximum length may be chosen to be around 25 cm (~ 13.5 r.l.). For such a 
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length a longitudinal leakage of an electromagnetic shower was calculated to be less than 1.5% for 
100 MeV gammas. The photon detector will be segmented in order to obtain position resolution of 
the ys and to reduce accidentals. For the test we used CsI(Tl) crystals manufactured by HORIBA 
and Kharkov. The front size was 30x30 mm 2, 60x60 mm 2 in the rear, and 250 mm in length. 
Here, we describe our HORIBA test and only briefly mention some of the results obtained with 
Kharkov crystals. Electronics with the same parameters as those shown in Fig,3 was used. 

For large-volume scintillation crystals there are several important factors that define the light-
collection efficiency and signal-to-noise ratio: the transparency of the crystal for emitted light, the 
treatment of surfaces, the reflector, and the effective photodiode area. We varied some conditions 
during the test; the surface of the crystal (sanded and polished ), different types of reflectors 
(aluminized Mylar, nontransparent teflon tape, white paper, Millipore paper sprayed by white 
paint [8]) and different types of PIN diodes. 

The results presented here were obtained under the following conditions: a) all of the crystal 
surfaces were polished, including rear one where a PIN diode was mounted; b) the reflector used 
(thickness is ~ 300 ^m ) was white Millipore paper sprayed with KODAK paint [11,12]; c) the 
contact between the crystal surface and the reflector (including the part of the rear one not covered 
by PIN) was made as tight as possible and d) the rear surface of the crystal and PIN diode sensitive 
area were directly coupled. The results are summarized in Table 5. The energy resolution was 
measured with a 2 2 Na y-sorce for Ey = 1275 keV. The bias voltage was tuned individually for 
each type of PIN diode. Its average value was around 80 V. In this table we also present the results 
obtained regarding the wavelength shifter readout method. The WLS plate had an R-3 
concentration of 50 ppm and a thickness of 4 mm and totally covered the rear surface of the 
CsI(Tl) crystal. Covering only 22% of the crystal rear surface, we obtained for a large crystal 
16000 photoelecrons/MeV; that is only a factor 2 less of the light yield of a small crystal. Perfect 
light collection and improved PIN diode characteristics [10] lead to a substantially enhanced S/N 
ratio and, thus, to an essentially improved energy resolution of large CsI(Tl)-PIN detectors. 

The measured photoelectron yield is roughly proportional of the area covered by the PIN diode; 
ENL decreases with increasing PIN sensitive area. The method of using WLS gives essentially 
less light output and, respectively, a higher ENL, compared to that of the direct PIN readout. 

The energy loss for a minimum ionizing charged particle in Si is - 0.4 - 0.5 keV/u.m, which 
creates about (1.0- 1.4)-102e-h pairs per 1 |im, thus, ~(5-7)-104 pairs in a PIN diode of 500 u.m 
thickness. This so-called nuclear-counter effect seems to be a strong argument for using the WLS 
instead of a directly coupled PIN diode. This effect was investigated using an electromagnetic 
shower simulation program (GEANT [ 18]) to estimate the rear leakage of e"(e+) and Ys for our 25 
cm length crystal. Monte-Carlo calculations for Ey=100-300MeV show that the probability of 
e"(e+) rear leakage is to be ~ 10"2 with an average Ec-(e+)of < 6.5 MeV; the average number of 
electrons (positrons) is about 1-2 per one leakage event. The y-leakage probability is to be ~ 10"' 
with <Ey> = 3.6 MeV and <ny> - 1-3 [19]. Taking into account that the PIN diode covers only 
20% of the crystal rear surface, we can estimate that in the e"(e+) case the probability of the nuclear 
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TABLE 5 

Characteristics of different large CsI(Tl) - PIN assemblies 

PIN S P j N AE/E Phoelectron yield ENC(rms)noise ENL 
[mm2] [cm2] atl275kev [Nc/MeV] [NJ (rms) 

(fwhm),[%] [keV] 

SpiN/Scr^ 

10x10 1.0 3300 380 116 0.028 

18x18 
(300nm) 

3.24 14.6 8800 530 60 0.09 

18x18 
(500nm) 

3.4x30 2> 
WLSR3 

3.24 

1.0 

14.9 9100 

2800 

670 

370 

75 0.09 

140 1.0-WLS 

28x28 
(500|im) 

7.84 11.2 15900 910 57 0.22 

l)S c r=36cm 2 

2 ) S W L S = 3 6 cm 2 ,50 ppm, 4 mm of thickness 

counter effect is about (1-3)10"3. Since the linear absorption coefficient in Si for Ey= 3.6 MeV is 
about 6-10"2 cm - 1 , only a small part of leaked Ys (about 510"4) create e-h pairs in the PIN diode. 
We can conclude that: 1) the nuclear counter effect in the presented detector is small (about 10~3) 
and does not affect the 7t°-detector efficiency for Ey£300MeV; 2) even when it occurs, since 
the output signal from escaped e"(e+) and ys corresponds to only 2-4 MeV because of the 
very high light yield of the CsI-PIN detector, this can only slightly deteriorate the 71° energy and 
invariant mass resolution. 

The energy spectra from 2 2 Na and ^Co y-souroes are shown in Fig.6. This figure shows that 
two peaks of ^ C o (1171 andl332keV)are practically separated, that AE1/EY=11.2% at 
Ey=1275 keV and is noise dominated. 

A test of the nonuniformity of the light yield along the axis of the crystal was made using 1275 
keV photons from a collimated 2 2Na y - source. The light output changes only within ±3% along 
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Figure 6: Pulse-height spectra for ^ o and 2 2 Na, as observed in a large Csl(Tl) crystal read out 
by an S3584-05 PIN diode. 
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2 4 
Shaping time constant 1 (is | 

Figure 7: Equivalent noise level as a function of the shaping time constant. 

the length of the crystal that shows good light collection and transparency of the crystal; however, 
only after testing many samples we can definitely affirm the mean value of this parameter. A pre
liminary test of the time resolution showed that At ~ 20-22 ns could be obtained over wide energy 
region (3-60 MeV for cosmic muons) in coincidence with a plastic scintillator and could be further 
improved by using a more appropriate timing amplifier and a constant fraction discriminator. 

As mentioned above, we used a shaping time constant of 2 (is. However, for a better counting 
rate capability of the detector in the experiment it is important to know the noise level for a shorter 
x. Fig.7 shows ENL of the tested detector as a function of the shaping time. Using x = 0.5|is we 
still have ENL<100 keV; it, therefore, allows us to reduce the width of the output signal, while 
keeping at the same time a reasonable S/N ratio. 

At present there are two big calorimeters using CsI(Tl) crystals with a PIN readout, which are 
operating in strong magnetic field. Moreover, there are some ideas of using such detectors in 
various proposed experiments: for example, at the B-factory [16]. The Crystal Barrel Collaboration 
[17] at LEAR uses as a photon detector a barrel-shaped assembly of 1380 CsI(Tl) crystals with a 
16 radiation length depth. They have a typical size of 3x3 cm 2 (entrance face) and 6x6 cm2 (rear 
face). Each crystal, wrapped in teflon and aluminized mylar, is enclosed in a titanium container in 
order to maitain mechanical stability. The light is collected at the rear end by a wavelength shifter. 
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The reemitted light is detected by a photodiode glued to the edge of the shifter. The photodiode 
signal is amplified by a charge-sensitive preamplifier mounted directly on each crystal. The noise 
level (rms) is typically ~ 400 keV. The CLEO-I1 detector, constructed at CESR, also has an 
electromagnetic calorimeter with 7800 CsI(Tl) crystals with a PIN diode readout. All of the 
crystals are approximately 5x5 cm 2 by 30 cm in length. Each crystal has four PIN S1790 and is 
operating inside a 1.5 T magnetic field. The noise (rms) is 1600 electrons or less for the sum of 
four PIN diodes, Since the light output level is approximately 4500 photoelectrons per MeV, the 
energy equivalent noise level is about 300 keV. The parameters of these detectors are summarized 
in Table 6 and compared with our prototype test. 

TABLE 6 

Experiment Crystals PIN diodes Photoelectron yield ENC(rms) ENL(rms) 
[Npe/MeV] [NJ [keV] 

CLEOII CsI(Tl) 4PIN/cr 4500 1600 350 
(CESR) 8000 10x10 mm2 

16 r.l. S17190 

CRYSTAL CsI(Tl) WLS, 1 PIN/cr 4001) 
BARREL 1380 3.4x30 mm2 (1000) 
(LEAR) 16 r.l. S3588-01 

E246 CsI(Tl) 1 PIN/cr 160002> 900 57 
(KEK) 600-800 S3584-05 

13.5 r.l. 

') ENL=400 keV of individual crystal, ENL=1000 keV - individual-womelated noise after stacking 
into crystal barrel configuration. 
2) for some of Kharkov crystals the photoelectron yield is ~ 20000 pe/MeV and ENL is <50 keV. 

A photoelectron yield of ~ 20000 pe/MeV means, that we collect - 60% of the photons emitted 
in a large-volume CsI(Tl) crystal; Np0/MeV for a large crystal is about 2/3 of the photoelectron 
yield of a small one. Thus, this clearly indicates perfect light collection from the designed large-
volume CsIfTi) - PIN readout detector presented here. 

16 



6. SUMMARY 

The results reported here show new possibilities for constructing a high resolution photon 
detector comprising CsI(Tl) crystals directly coupled to large-area PIN diodes. Low energy tests 
give very promising results for large-volume CsI(Tl) crystals: light output/MeV is - 20000 photo-
electrons; the equivalent noise charge (rms) is about 900 electrons, the equivalent noise level is 
<• 60 keV. We collect in our detector ~ 50-60% of the photons emitted in CsI(Tl), indicating the 
high quality of all the components: the CsIfTl) crystal, the reflector, optical contacts, the PIN diode 
and the charge-sensitive preamplifier. This should result in excellent energy resolution, especially 
at low energies where the resolution is not limited by shower leakage.Typically, electromagnetic 
showers spread over 9 (25) crystals. If the noise is added in quadrature, ENL will be only < 240 
(300) keV (rms). This photodiode noise practically does not affect the resolution also at Ey S100 
MeV. The high light yield also allows the photon detector to be calibrated with standard low-energy 
7 - sources. Further tests should be carried out in order to optimize the timing resolution with the 
PIN readout. The problem of a high counting rate acceptance must be solved, perhaps at the expen
se of the noise level. 

The CsI(Tl) - PIN diode detector presented here indicates the possibility of designing a unique 
electromagnetic calorimeter which can operate in a strong magnetic field. 
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