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Single-layer and multilayer (20 mm high) composite scintillators based on stilbene were
studied in the work. For all the scintillators the luminous transmittances on wavelengths
of 360 nm, 390 nm, 440 nm and 700 nm have been measured. It was shown that the basic
channel of light losses for investigated systems is not absorption by stilbene of its
luminescence, but light scattering by grain boundaries. For the multilayer composite
scintillators the scintillation response value increased with the grain size growth. This
dependence is accounted for decrease of the amount of scattering facets on the path of
light to a photodetector.

WccnemoBannl ogHocaoliHbIe U MHOTOCHONHBIE (BbIcOTON 20 MM) KOMIIOBUIIMOHHBIE CIIHH-
THJIJAATOPEl HA OCHOBEe CcTHiabOeHA. [ BCeX CIUHTUIIATOPOB H3MEPeHbl KOa(DOUIMEHTHI
nponyckanusa csera Ha JuiuHax BoaH 360 mm, 390 mm, 440 am u 700 mm. Iloxasano, uro
OCHOBHBIM KaHAJOM IIOTE€Pb CBETA [IJs MCCIEeNyeMbIX OOBEKTOB sBJseTcd He IIOrJIOIIeHNe
cTUIb0eHOM COOCTBEHHOM JIIOMUHECIEHIIMM, 8 paccesHHe CBeTa Ha I'paHuUIlaxX rpanyia. uasa
MHOT'OCJIOMHBIX KOMIIOSHUIIMOHHBIX CHUHTUJIJIATOPOB HAOJIOLAJNCH POCT BEJIWYMHBI CIIMHTHJI-
JANNOHHOIO OTKJIMKA C yBeJHWYeHHEeM pasMepa I'PaHyJl, KOTOPbIA OOBACHSIETCA YMEHbIICHU-

© 2012 — STC "Institute for Single Crystals”

eM KOJIMUEeCTBa PACCEHBAIOIMX I'DAHEN Ha IIyTH cBeTa K (POTONPUEMHUKY.

1. Introduction

Organic molecular scintillators are very
effective for detection of short-range
charged particles (o- and B-radiations), and
also in problems of spectroscopy of fast neu-
trons [1]. Recently the new class of organic
scintillators, composite scintillators, has
been developed [2-8]. The proposed compos-
ite material is a mosaic of the scintillation
monocrystal grains introduced into the
transparent polymeric matrix (a binder). A
doubtless advantage of this scintillation sys-
tem is that it allows to make detectors of
any geometrical shape and with unlimitedly
large detecting area, what is very important
for detection of low fluxes of the most haz-
ardous to human health ionising radiation
(a-particles and fast neutrons) [2—8]. De-
pending on specification of a considered
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problem it is possible to use single- or mul-
tilayer composite scintillators. An increase
in number of grain layers of the composite
scintillator is necessary for enhancement of
detection efficiency of the radiations having
a big depth of penetration for the material
of the scintillator. At the same time, trans-
mission of light through such optical sys-
tem will be diffusion in nature that can
essentially influence on its coming to a pho-
todetector. Composite scintillators are
rather new class of scintillators and proc-
esses of light collection and peculiarities of
light transmission in these systems have not
been investigated yet, but these investiga-
tions are important for practical applica-
tions of the detector. Composite scintilla-
tors can find wide utilization in radioe-
cological researches, radiobiology and
medicine. The large area detectors for de-
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tection and spectrometry of fast neutrons,
which at the same time can be applied as
effective detectors of short-range radiations
(such as a-particles), can be used for reli-
ability enhancement of monitoring systems
of nuclear power plants, enhancement of
safety and improvement of a radiocecological
state of the atomic power stations and for
control of unauthorized transportation of
fissionable radioactive materials. Under-
standing of the processes defining proper-
ties of composite scintillators is a necessary
element of their further development and per-
fection. Therefore, study of peculiarities of
light transmission through the material of
composite scintillator is the important task.

2. Experimental procedure

Composite scintillators were produced
from crystalline grains, which were ob-
tained by grinding of organic crystals at
liquid nitrogen temperature. By means of a
set of calibrated sieves crystalline grains
were separated into fractions with a differ-
ent size. The chosen fraction of grains was
introduced into the transparent polymeric
matrix (Sylgard-527). In the work there
were studied: the series of composite scin-
tillators based on stilbene of 80 mm in di-
ameter and 20 mm high (grain size was
varied in ranges: 1.0-1.3 mm; 1.3-1.5 mm;
1.5-1.7 mm; 1.7-2.0 mm; 2.0-2.2 mm;
2.2-2.5 mm; 2.5-3.0 mm; 3.0-3.5 mm;
3.5—4.0 mm; 4.0-4.5 mm) and the series
of single-layer composite scintillators based
on stilbene of 30 mm in diameter, whose
height was determined by a size of grains
(grain size was varied in ranges: 1.0-1.3 mm;
1.3-1.5 mm; 1.5-1.7 mm; 1.7-2.0 mm;
2.0-2.2 mm; 2.2-2.5 mm; 2.5-3.0 mm).

The following ionising radiation sources
were used for investigation of the value of
a scintillation response: 23994Pu (o-particles
with energy E, = 5.15 MeV), 137;:Cs (pho-
tons of y-radiation with energy EY =
0.662 MeV). The value of a scintillation re-
sponse was determined from spectra of am-
plitudes of scintillations for all samples; the
measurement error did not exceed 5 % . The
scintillation amplitude spectra were ob-
tained by means of multi-channel pulse-
height analyzer AMA-03F. For calibration
of the analyzer scale there were used: y-ra-
diation sources '37;:Cs (E, = 0.662 MeV),
€0,7Co (E,=1.178 MeV, E,=1.333 MeV),
22/\Na (E,=0.511 MeV, E,=1.275 MeV)
and the reference stilbene single crystal,
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Fig. 1. Scintillation response of the multilayer
(20 mm high) composite scintillators versus the
average grain size. Stars — excitation by o-par-
ticles with energy EY =4.97 MeV (23994Pu),
squares — excitation by photons of y-radia-
tion with energy EY =0.662 MeV (13755CS).

light yield of which is known in photons per
1 MeV of y-radiation energy.

It should be noted, that the source of
a-particles 239,Pu was in the collimator.
Therefore, o-particles passed through a
layer of air of width equal to the collimator
width before hit a scintillator. As a result
their energy was decreased. It has been cal-
culated that for the collimator width used
in the work energy of o-particles hitting a
sample was 4.97 MeV.

Measurements of Iluminous transmit-
tances were made by means of spectrometer
"Hitachi 330" with an integrating sphere of
150 mm in diameter. The effective range of
the sphere was 350-750 nm. The measure-
ment error was 0.5 %.

3. Results and discussion

Fig. 1 shows dependence of the value of
scintillation signal versus the average grain
size for multilayer (20 mm high) composite
scintillators. Measurements have been made
for cases of excitation by o-particles and
photons of y-radiation and, as one can see
from the figure, in the second case the scin-
tillation signal was significantly higher.
One of the reasons of such result may be
that o-radiation is short-range. According
to [1, 9], for o-particle with energy about
5 MeV the track length in organic single
crystals is close to 30 um.
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We have calculated ranges of a-particle
in stilbene for different energies of o-parti-
cle E, in the range of
0.05 MeV<E, <10 MeV in [10, 11]. The
formula for range of a particle in substance
with the complex atomic composition and
data on ranges of o-particle in hydrogen
and carbon, presented in the handbook [12],
were used for the calculation. Dependence
of value of o-particle range versus energy
E,, obtained as a result, is presented in
[11]. The results of the calculations have
shown that in the considered energy range
(from 0.05 MeV to 10 MeV) the value of
o-particle range in stilbene varies approxi-
mately from 0.001 mm to 0.09 mm. This
value 1:3 orders of magnitude less than the
size of crystalline grains from which the
composite scintillators were made. Accord-
ing to the calculation results for energy of
o-particle E, = 4.97 MeV used in the work
the value of range in stilbene makes about
29 um, that is in a good agreement with the
data presented in [1, 9].

Thus, it is possible to state that under
excitation of investigated composite scintil-
lators by o-radiation with energies up to
10 MeV scintillation flashes always arise in
the top layer of ecrystalline grains. Light
have to pass a scintillator throughout its
height to reach a photodetector what can
lead to the strong attenuation of a scintilla-
tion signal. Under excitation by photons of
y-radiation, penetrating power of which is
considerably higher, scintillation flashes
arise over all volume of the scintillator.

Dependences of the value of the scintilla-
tion signal versus the average grain size for
the single-layer and the multilayer (20 mm
high) composite scintillators are given in
Fig. 2. Scintillators were excited by o-parti-
cles with the same energy as during the
measurements, results of which are pre-
sented in Fig. 1. As one can see from Fig. 1
and Fig. 2, scintillation signals of the mul-
tilayer scintillators increased with the aver-
age grain size growth. For the single-layer
scintillators it was not observed any de-
pendence of the scintillation signal versus
the average grain size. The scintillation sig-
nals of the single-layer composite scintilla-
tors were essentially higher, than those for
the multilayer (Fig. 2).

It is possible to explain such results by
the fact that in a multilayer scintillator
with an average grain size increase the
amount of grains on the light path de-
creases and, hence, the amount of grain sur-
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Fig. 2. Scintillation response of the single-layer
(squares) and the multilayer (circles) composite
scintillators versus the average grain size,
measured under excitation by o-particles with
energy E, = 4.97 MeV (23994Pu).

faces causing light scattering decreases. It
should lead to decrease of number of scat-
tering acts. Therefore light losses should be
lower and, hence, the scintillation signal
should be higher. For single-layer composite
scintillators the light having got out a grain
hits a photodetector without additional scat-
tering. Therefore the value of scintillation
response should be higher than for the mul-
tilayer scintillators, and should not depend
on the grain size.

For all investigated scintillation samples
luminous transmittances on wavelengths of
360 nm, 390 nm, 440 nm and 700 nm have
been measured. These wavelengths have
been chosen on the basis of analysis of exci-
tation and luminescence spectra of stilbene
single crystal [1]. In the area of wavelength
A =860 nm the maximum light absorption
should be observed. Wavelengths A = 390 nm
and 440 nm correspond to the maximum
and droop of the luminescence spectrum of
stilbene and therefore they have been cho-
sen for simulation of transmission of pho-
tons of luminescence through a sample.
Wavelength A = 700 nm is in the transpar-
ent region and can be used for an estima-
tion of influence of process of light scatter-
ing in the sample in absence of light absorp-
tion [1].

The results of measurements of luminous
transmittances for the single-layer and the
multilayer composite scintillators are pre-
sented in Fig. 3 and Fig. 4, respectively.
The results of measurements of luminous
transmittances for stilbene single crystals
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Fig. 3. Dependences of luminous transmit-
tance versus average grain size for wave-
lengths of 360 nm (squares), 390 nm (cir-
cles), 440 nm (triangles), 700 nm (stars). For
the single-layer composite scintillators.

of 3 mm and 20 mm high are also given at
these figures for comparison.

As one can see from Fig. 3 for the single-
layer scintillators on wavelength of 360 nm
the value of luminous transmittance varies
approximately from 30 % to 40 % while
for the other wavelengths this value varies
approximately from 60 % to 70 % . For sin-
gle crystal of 3 mm high the luminous
transmittance falls to 13 % on wavelength
of 8360 nm and reaches values about 80 %
for the other wavelengths. The higher val-
ues of luminous transmittance on wave-
length of 360 nm for single-layer composite
scintillators, as compared with single crys-
tal, can be explained as follows. Firstly,
height of the single crystal, which has been
chosen equal to the maximum grain size
(3 mm), was larger than the average
heights of the single-layer composite scintil-
lators. Secondly, in the composite scintilla-
tors there are areas filled with the transpar-
ent polymeric matrix between crystalline
grains, where there is no light absorption.
Thus, the single-layer composite scintilla-
tors are characterized by the value of trans-
mittance comparable with the one for the
single crystal over the wavelength range,
corresponding to their luminescence.

The diffusion nature of light transmis-
sion through scintillator, predictably, leads
to essentially higher losses of light for the
multilayer (20 mm high) composite scintilla-
tors, than for the single-layer ones (Fig. 4).
The luminous transmittances for the multi-
layer scintillators on all four wavelengths
are extremely low and amount to a few per-
cent. For the single crystal of 20 mm high
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Fig. 4. Dependences of luminous transmit-
tance versus average grain size for wave-
lengths of 360 nm (squares), 390 nm (cir-
cles), 440 nm (triangles), 700 nm (stars). For
the multilayer composite scintillators.

the luminous transmittance on wavelength
of 360 nm amount to about 6 %, and for
the other wavelengths varies in the interval
72 % -85 % . Thus, the multilayer compos-
ite scintillators are characterized by essen-
tially lower values of the luminous trans-
mittances in comparison with a single crys-
tal of the same height over the wavelength
range, corresponding to their luminescence.
It is easy to note (Fig. 3 and 4), that for
the single-layer scintillators no dependence
of the value of luminous transmittance ver-
sus the average grain size is observed, while
for the multilayer scintillators there is such
dependence: with growth of the average
grain size the luminous transmittance is
also increases. For example, for average
grain size of 1.15 mm the luminous trans-
mittance on wavelength of 700 nm is about
4 %, and for the size of 4.25 mm it is
about 7 %. Such results are in a good
agreement with obtained dependences of the
values of scintillation response versus the
average grain size presented in Fig. 1, 2.

4. Conclusions

Thus, comparison of the measurement re-
sults of the luminous transmittances on
wavelengths of 360 nm, 390 nm, 440 nm,
700 nm denote that the basic channel of
light losses is not absorption by stilbene of
its luminescence, but light scattering by
grain boundaries.

Dependence of the value of scintillation
response versus the grain size observed for
multilayer composite scintillators is ex-
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plained by growth of the amount of scatter-
ing facets on the path of light to a photode-
tector with grain size decrease. In such sys-
tems light scattering can has the defining
influence on light coming out of a scintilla-
tor and result in essential decrease of scin-
tillation signal. In the case of single-layer
composite scintillators, light having got out
a grain hits a photodetector without addi-
tional acts of scattering. Therefore, scatter-
ing, practically, does not influence on light
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IIpoxom:xkeHHs CcBiTiIIa Yepe3 mMaTepia
KOMIIO3HMI[IHHOTO CIHMHTHJIATOPA

H./l.Kapasaesa, €.B.Mapmunenko,
B./].Ilanixapcoka, O.A.Tapacenko

Hocaimxeno oguomiaposi i 6araTomaposi (Bucorow 20 MM) KOMIOSHIIHHI COMHTAISTOPA
Ha ocHOBI cTuabLOeHy. A BCiX CHUMHTUIATOPIB BUMipaAHO KoedillieHTH IIPOIIyCKaHHA CBiTJIa
Ha JoB:KHHAX XBWIb 360 M, 390 M, 440 uMm i 700 um. IToxkasaHo, 10 OCHOBHUM KAaHAJIOM
BTpar cBityia pad o6’eKTiB, M0 HOCHIIKeHO, € He IOINIMHAHHA CTHUJIbOEHOM BJACHOI JIOMiHe-
cueHIii, a posciloBaHHA cBiTJa Ha MeKax rpadya. Hasa 6araTomrapoBuxX KOMIIOSUI[IMHUX
CIMHTUJSATOPIB cIiocTepirasocs 3pOoCTaHHSA BeIWYMHN CHUHTHUJAANIHOrO Biaryry ai
30inpIIeHHAM PO3SMIipy rpaHyJti, IO IIOSCHIOEThCA 3MEHIIEeHHAM KiJIbKOCTi poaciioiouumx rpa-
Hell Ha HLIAXY cBitia go ¢gorompuiimaya.
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