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The new types of organic radioluminescent materials, namely, polycrystalline and
composite scintillators are studied. The results of measurements of light transmittance in
the range of their luminescence and transparency are presented. The original data of
light-collection coefficients, the absolute light yield, the total number of scintillation
photons and the radioluminescence energy yield for organic heterogeneous scintillators
irradiated by ionizing radiations of different types and energies are obtained. The com-
parison between the characteristics of the new types of radioluminescent materials and the
structurally perfected single crystals are the base of the analysis. The scintillators on the
base of stilbene are the object of investigation.
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HccanenoBanbl HOBBIE THIIBI OPraHUYECKUX PAJUOJIOMUHECIIEHTHBIX MAaTePHUAaJIOB — IIOJIHU-
KPUCTAJNJIUUECKNEe M KOMIIOSUIIMOHHBIE CHUHTUJIATOPLI. IIpeacraBieHsbl pedyabTaThl U3Mepe-
HUHU MX ONTHUYECKOrO IIPOIIYCKaHHA B 00JIacTH JIOMUHECHEHIIMM U IIPO3PadvyHOCTU. BiiepBble
npoBefeH pacueT KO3DPUIMEHTOB CBETOCOOMPAHUA B 3TUX TIEeTEPOreHHBIX OPraHUYECKUX
CHMHTUJIATOPAX, X a0COJIOTHOIO CBETOBOI'O BBIXO/a, YKCaa (POTOHOB B UMIIYJbCE PALUOJIO-
MHUHECHEHIINN U 9HEPreTUUYEeCKOr0 BHIXOAA PAIUOJIOMUHECIEHIIUY LA NOHUSUPYIOIINX UBJIY-
YeHUU PaSHBIX TUIIOB M 9HEPrUi. AHAJM3 IIOJYYEHHBIX TAHHBIX OCHOBLIBAETCSA HA CPaBHEHUU
CBOVICTB HOBBIX TUIIOB PAJHOJIOMUHECIIEHTHBIX MaTEePUAJIOB U CTPYKTYPHO-COBEPIIEHHBIX MO-
HOKpucTasuioB. McciaeroBaHusa IIPOBEJEeHBI AJfA CHUHTUIJISATOPOB Ha OCHOBE CTHJbOEHA.

Ontuuni Ta cumHTHMIAANIAHI BiaacTHBOocTi mModiKpHeTadiYHHX i KOMIO3MUITHMX MaTe-
piaxiB Ha ocHoOBi cruiasbeny. M.3.I'arynos, O.A.Tapacenro, B.O.Tapacos.

Hocuimxeno HoOBI Tunu OpraHiuHMX pagioJIOMiHECHEHTHHX MaTepiaaiB — moJaikpuc-
TasmiuHi i Komoosunifiui cuuaTUIATOPU. [Ipencrasieno pe3yabTaTH BUMIipPIOBAHB IX OIITHYHO-
ro mpoiyckaHHsa B objacti agomimecreniiii Ta mposopocti. Brepiile mpoBegeHO PO3pPaxyHOK
KoedimieuTiB cBiT/I030UPaAHHA B I[UX eTEPOTeHHUX OPraHivyHMUX CIUHTUJIATOPAX, iX abcoaior-
HOrO CBIiTJIOBOro BUXOAy, umcia (oToHIiB B imIryabci pamiomiomimecrienirii Ta eHepreTUYHOr0
BUXOAY papgioamominecieHiii gasa iomisyrooumx BHIPOMiHIOBaHL PisHMX TUIIIBE 1 eHepriii.
Ananis oTpuMaHMX JaHUX IPYHTYEThCA Ha IIOPIBHAHHI BJIACTUBOCTEWl HOBUX THUIIB pamIio-
JIOMiHECIIEHTHUX MaTepiasiB i CTPYKTYPHO-ZOCKOHAJIUX MOHOKPHUCTAJIB. [ociimKeHHA HpO-
BeIeHO [IJA CIUHTHJISATOPIB Ha OCHOBi cTuIBOEHY.

© 2015 — STC "Institute for Single Crystals”

1. Introduction

The ability of organic molecular materi-
als to luminance under an ionizing radiation
is widely used in problems of radiation
equipment, radiobiology, radioecology, and
radiation medicine. In recent years, the new
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types of organic luminescent materials,
namely, organic polyerystalline and compos-
ite scintillators have been developed. In con-
trast to classical organic single crystals, the
proposed technology allows obtaining het-
erogeneous objects of arbitrary shape and
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unlimited size. Crystalline granules are
used as a luminescent material in these
types of detectors [1-4].

The total number of photons in a radio-
luminescence pulse determines a lumines-
cent response of a scintillation material ex-
cited by an ionizing particle. This response
is very different for different types of ion-
izing radiations [1]. The total number of
photons of a radioluminescence pulse that
incident on an optical photodetector will be
determined by the optical properties of a
scintillation material, that are the value of
transmittance coefficient and some aspects
of light passing through a medium. The op-
tical and scintillation properties of organic
single crystals are well known [1], whereas
for the new types of organic heterogeneous
scintillators these data are limited or are
not available.

In this paper, the original data of light-
collection coefficients for organic heteroge-
neous scintillation materials are proposed.
These results are used as the base for calcu-
lation their light yield and the radiolumi-
nescence energy yield for different types of
excitation. The obtained data are compared
with the results of the similar studies of
organic single crystals of the same chemical
composition [5, 6].

2. Experimental

2.1. Objects of investigation

Crystalline granules of stilbene were ob-
tained by grinding under liquid nitrogen
structurally perfect stilbene single crystals,
which had been grown from the melt. The
fractions of granules with required sizes
were selected using the set of calibrated
sieves. To obtain polycrystals the granules
with linear dimension L in the range from
2.0 to 2.5 mm were used, and for composite
scintillators the granules with L from 1.7 to
2.2 mm were used. These ranges of L corre-
spond to the optimal scintillation charac-
teristics of the samples of polycrystals and
composite detectors [7].

The samples of polycrystals were pre-
pared by the hot pressing of granules at the
pressure of 30 MPa and the temperature of
100°C. The samples were kept under pres-
sure during 1 h, after that the pressure was
gradually reduced to zero during 2 h. The
samples of stilbene polycrystals with the di-
ameter d = 80 mm and the heights A = 3, 5,
7 and 10 mm were obtained. To obtain com-
posite scintillators the crystalline granules
were introduced into a two-component gel
composition Sylgard-527 [7]. The composite
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scintillator was placed in a housing, which
was made of light guide material (acrylic
plastic). We studied the samples of composite
scintillators of a cylindrical shape with the
inner diameter d = 25.6 mm and the inner
heights 2 = 2.5, 5, 10 and 20 mm. In con-
trast to polycrystalline, where it was possi-
ble to change the size of the granules due to
their sintering, in composite scintillators
the initial size of granules was not changed.

As the reference scintillator we used the
structurally perfect single crystal of stil-
bene (grown from the melt) with d = 30 mm
and h =5 mm. It scintillation charac-
teristics are recently discussed in [5, 6].
During the measurements of light output
all samples of scintillators were covered (ex-
cept the exit window) with a diffusive re-
flecting material, e.g. Tetratek
(polytetrafluoroethylene) [7].

2.2. Experimental methods

To obtain a wide range of the specific
energy loss (dE/dx) of an ionizing radiation
we used medium energy photons of gamma
radiation from 22Na, 60Co, 137Cs, and 152Eu
radionuclide sources (EY ~105-10% eV), con-
version electrons from a '3’Cs source (E, =
0.622 MeV), alpha particles in the energy
range from 0.4 to 7.5 MeV, fast neutrons
from a 239Pu-Be source [5, 6]. Alpha parti-
cles in this energy range were obtained by
using the attenuation of alpha particles
from 23%Pu  (5.15 MeV) and 226Ra
(7.68 MeV) sources in a layer of air. The
actual energies of the alpha particles were
estimated from their residual range [1, 8].

A  multi-channel amplitude analyzer
AMA-03F was used to measure amplitude
scintillation spectra of samples. The light
output of samples was calculated by com-
parison with the value of the light output
of the reference stilbene single crystal [9,
10] whose light vyield was equal to
14,700 photons per 1 MeV of gamma radia-
tion energy. Next, to calculate the total
number of photons in a radioluminescence
pulse the correction for the light-collection
coefficient t, which takes into account ge-
ometry of a sample and a type of excitation,
was performed [9].

To separate the spectrum of recoil protons
generated by fast neutrons of a 239Pu-Be ra-
dionuclide source, we used the method of
discrimination of an ionizing radiation by
its scintillation pulse shape and the corre-
sponding set-up that provided this method
[1]. The method of reconstruction of the
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neutron spectrum from the measured recoil
proton spectrum was described in detail in a
number of papers (see the review in [1]).
Measurements of light transmittance T
were performed by Shimadzu-2450 spectro-
photometer with the integrating sphere.

2.3. Aspects of light-collection modeling

The light-collection coefficient t is de-
fined as the ratio between the value of the
light output (the total number of photons of
a scintillation pulse that incident on a pho-
todetector from a scintillator) and the value
of the light yield (the total number of pho-
tons produced in the scintillator) [1, 9]. The
light-collection coefficient T was calculated
by the simulation of light propagation
through a scintillator.

The simulation of light propagation in
heterogeneous scintillator was performed by
Monte Carlo method. The general approach
used during the simulation is described in
[10]. In the case of heterogeneous systems,
a light scattering in the bulk of a scintilla-
tor was additionally simulated. Currently,
two approaches are commonly used for mod-
eling in such systems: 1) light propagation
through the system with a large number of
optical interfaces with reflection and refrac-
tion on them by Fresnel’s law is considered
[11], 2) a solid scattering medium is consid-
ered by applying alternating variations of a
photon path length before scattering and a
scattering direction for the specified phase
scattering function [12].

In this paper, we used the second ap-
proach. Variations of path length before
scattering was performed using the coeffi-
cients of optical absorption k, and scatter-
ing k. These coefficients were found from
the measurement of transmittance T in the
different regions of the spectrum for the
samples with varying heights. It was as-
sumed that a change in transmission is only
due to light scattering for A = 700 nm and
a change in transmission is defined both
light scattering and light absorption for the
wavelength which corresponds to a maxi-
mum in the luminescence spectrum of a
scintillator (A = 8390 nm for stilbene [7,
13]). Accordingly, the coefficient k, was
calculated as the difference between the
total coefficient for A = 390 nm and the co-

efficient for A = 700 nm.

Using the values of the coefficients k&,
and %, the total probability of "elimination”
of a photon from the flux in the result both
scattering and absorption was initially de-
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termined, whereat the point of interaction
was determined too. Then the type of inter-
action, i.e. absorption or scattering, was
varied. A "death” of a photon was recorded
in the case of absorption, whereat a "fate” of
the next photon was tracked. The scattering
angle was varied using the phase scattering
function. In this paper, we used the Henyey-
Greenstein scattering function [14, 15]:

L1 1- g2 (1)
CoSsjJ) = — - .
pleos)) 4n (1 + g2 - 2gcosj)3/2

In (1) the g-value completely determines the
scattering properties of a material and
ranges from —1 to 1, j is the angle between
the incident and the scattered light beams,
and p(cos j) is the probability of scattering
by the angle j. If g = —1, then the scattering
will occur predominantly "back”. If g =0,
the scattering will occur uniformly in all
directions. If g = 1, then the scattering will
occur "forward”. This function allows by
selection the g-value (which may be a ran-
dom number distributed in a certain inter-
val) to obtain preferential scattering direc-
tions.

In this paper, the selection of the pa-
rameter g was carried out in such a way
that the dependence between the transmit-
tance T and height A of the samples (which
is obtained by simulation of the propagation
of the external light flux) corresponds to
the experimental dependence. The values of
g were used to determine the coefficient 1
when the scintillations "born” in various
points of the sample volume. This situation
corresponds to the case of irradiation of the
samples by the ionizing radiations with dif-
ferent values of dE/dx [1].

3. Results and discussion

Let us use the following notations: C is
the light yield, Eph(kavem) is the average
energy of a luminescence photon, t; is the
light-collection coefficient, E; is the excita-
tion energy, P; is the total number of pho-
tons in a scintillation pulse, and Y; is the
energy vyield. The suffix i means the excita-
tion of i type. Below by ph, v, e, n, and o
we denote the following types of excitation
i: light photons, photons of gamma radia-
tion, conversion electrons, neutrons and
alpha particles, respectively. The symbol of
averaging will be omitted.

The average value of the radiolumines-
cence energy yield for a particle with the
initial energy E, crossing the maximum
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range in a scintillator is defined as [5, 6]:

1 o L (2)
(¥,) = g | YiEME = 5,
0

where L is the total energy of radiolumines-
cence photons. The L-value for the excita-
tion of i type will be calculated as
P; x Eph(}\'avem)’ where the
E,(A%,,,) for the single crystal of stilbene
was obtained in [13] from its photofluores-
cence spectrum.

value of

3.1. Light yield and light-collection
coefficients

Fig. 1 shows the results of measurements
of transmittance T for polycrystalline and
composite stilbene scintillators of different
height h. The measurements were carried
out at the wavelengths those correspond,
for stilbene, to the maximum wvalues of ab-
sorption (360 nm), luminescence (390 nm),
as well as the spectral band of transparency
(700 nm). We used the T-values to deter-
mine the coefficients of optical absorption
k, and scattering k, according to the above-
described procedure.

The calculated values of %k, and k, for
different heterogeneous scintillators are
presented in Table 1. The coefficients k&,
and k; for the single crystal were earlier
obtained [6, 10] when calculating the light-
collection coefficients.

The obtained values of k, and k, were
used to calculate the light-collection coeffi-
cients 1,, 7, and 7, for polycrystalline and
composi%e scintillators of different height
h. For these calculations we took into ac-
count the fact that the range of an alpha
particle with the energy E, of 5 MeV is
approximately equal to 30 um, and for an
electron with the energy E, of 0.622 MeV is
approximately 2 mm. Values of ranges for
alpha particles and electrons were calcu-
lated using the online programs ASTAR and
ESTAR of the National Institute of Stand-
ards and Technology (NIST) [16]. Thus,
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Fig. 1. Transmittance T of stilbene polycrys-
talline (1, 2 and 8) and composite (£, 5 and 6)
scintillators of height k. The measurements
were carried out at wavelength A: I and 4 for
A =360 nm, 2 and 5 for A = 8390 nm, 3 and 6
for A = 700 nm.

these radiations lose their energy within the
single granule. The location of the scintilla-
tion pulse was considered equally probable
over the sample volume for the cases of
gamma- and neutron excitations. In this
situation, the radioluminescence occurred in
different granules of a heterogeneous sam-
ple. This assumption is wvalid, since the
penetration depths of gamma radiation pho-
tons and fast neutrons for the experimental
energy ranges of E, and E, may be even
greater than the height A of the experimen-
tal samples [1, 8]. Therefore, the value T,
was taken equal to T,.

The calculated VaTues of the light-collec-
tion coefficients t,, 7, and 7, for organic
scintillators on the base on stilbene are pre-
sented in Table 2. The values for the single
crystal are taken from [10]. The study of
composite scintillators for the case of the
excitation by conversion electrons did not
carried out because the energy resolution of
the peaks of conversion electrons for these
objects was very large. This reduced an ac-
curacy of the determination of the scintilla-
tion pulse amplitudes.

Table 1. Coefficients k£, and k, for single crystalline, polycrystalline and composite scintillators

on the base of stilbene

Scintillator k, + kg, cm™! (390 nm) kg, em ! (700 nm) kg, em™!
Single crystal 0.048 0.039 0.009
Polycrystal 1.879 1.709 0.170
Composite scintillator 2.006 1.617 0.389
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Table 2. Values of C, Ty Te and 1, for heterogeneous scintillators on the base of stilbene

Scintillator d, mm h, mm | C, photons/MeV T, T, Ty,
Single crystal 30 5 14.700 0.659 0.649 0.635
Polycrystal 30 3 14.801 0.735 0.838 0.831
-//- 30 5 15.436 0.669 0.728 0.718
-//- 30 7 15.960 0.610 0.604 0.594
-//- 30 10 15.105 0.540 0.413 0.415
Composite scintillator 25.6 5 13.524 0.515 - 0.459
/- 25.6 10 14,505 0.372 - 0.310
-//- 25.6 20 13,629 0.231 - 0.158
The light yield C of the samples was cal- 02 0.4 Oze’ Me(;/s 10 12
culated by dividing the light output by the 20.000 — ; . T . .
coefficient 1,. The light output, in turn, was 32\
determined Yby the comparison method [9, 1
10] with the value of the light output of the 15,000 - T 4
reference single crystal of stilbene. We used a® 0613 5
for comparison the position of Compton o~ \
edges in the amplitude scintillation spectra 10,000 | -
of samples excited by photons of gamma
radiation of '37Cs. The C-values are also
shown in Table 2. 5.000 | E
Using the results of measurements of the

amplitude scintillation spectra and the values
of C, Ty Te and 1, we calculated the total
number of photons P; in the scintillation
pulse and the radioluminescence energy yield
Y, for organic heterogeneous scintillators ex-
cited by the ionizing radiations with low and
high values of dE/dx. The calculation proce-
dure was described previously in [5, 6].

3.2. Low dE/dx

Fig. 2 shows the calculated values of the
number of scintillation photons P, and P,
for the cases of the excitation of organic
scintillation materials by photons of gamma
radiation and conversion electrons, respec-
tively. Secondary conversion electrons initi-
ated the scintillations in the case of gamma
photon excitation. Within the discussed en-
ergy range the plot of P, as a function of EY
yields a straight line. I¥‘or conversion elec-
trons the calculation was performed only
for a specific value, which corresponded to
the energy of the incident electron E,. The
energy E, = 0.613 MeV corresponds to the
experimental conditions. To calculate this
value we take into account that before the
electron with the initial energy E,=
0.622 MeV strikes a sample it has to pass
through a layer of air about 4 cm thick.

The Y, -value, according to (2), is equal to
the product of a slope of the curve (see. Fig.
2) by E,,(A%,,,). The value Y, is obtained as
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Fig. 2. The total number of photons PY and P,
in a scintillation pulse for scintillators on the
base of stilbene excited by photons of gamma
radiation and conversion electrons, respec-
tively. Points are the experimental values;
the solid lines are the calculated linear de-
pendences of P, against E . The arrow indi-
cates the energy E, = 0.613 MeV of the con-
version electrons. The following notations are
used: I is the single crystal; 2 and 3 are
polycrystals with 2 =5 and 10 mm, respec-
tively; 4 and 5 are composite scintillators
with A =10 and 20 mm, respectively.

Peprh(k‘lVem)/Ee for E,=0.613 MeV. The
results of calculations of Y,- and Y,-values
for heterogeneous detectors on the base on

stilbene are presented in Table 3.
From the results shown in Fig. 2 and

Table 3, we obtain the following. There is a
very slight difference in the values of PY and
P, (and, consequently, according to (2), in the
values of Yy and Y,) for all studied types of
scintillation materials on the base on stilbene.
Taking the value of P; for the reference sin-
gle crystal equal to 100 %, we will charac-
terize a spread of P;- (Y;-) values in the
form:
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Table 3. Values of YY and Y, for heterogeneous scintillators on the base of stilbene

Scintillator d, mm h, mm YY Y,
Single crystal 30 5 0.0453 0.0456
Polycrystal 30 0.0456 0.0543
-//- 30 0.0475 0.0458
-//- 30 7 0.0492 0.0428
-//- 30 10 0.0465 0.0400
Composite scintillator 25.6 5 0.0416 -
-//- 25.6 10 0.0447 -
-//- 25.6 20 0.0420 -
80.000} 6w, *
5.0k 10.000 } 5
) \5 R 7 214, k‘e’
—x  H1 T
60.000 ﬁ § \5 8.000 N ®. 3
& =
o & ., 6.000} o
40.000} o 2
5 4.000 "o
Ly 9
20.000 § 2000} g g g
5 1 1 1 1 1 1 1 1 @ $$ %
2 3 4 5 6 7 8 9 10 O

E, MeV

Fig. 3. The total number of photons P, in a
scintillation pulse for scintillators on the
base of stilbene excited by fast neutrons with
the energy E,. The following notations are
used: I is the single crystal; 2, 3 and 4 are
polycrystals with £ =5, 7 and 10 mm, respec-
tively; 5, 6 and 7 are the composite scintilla-
tors with 2 = 5, 10 and 20 mm, respectively.

|pyamp - pref 3)

where P;5¢mP and P;¢f are the values of P; for
the sample of a heterogeneous scintillator and
for the reference single crystal, respectively.

According to the above-mentioned results
(see Fig. 2 and Table 3), the absolute values
of PY and P, (YY and Y,) for organic poly-
crystalline and composite materials are both
slightly higher and slightly lower than the
corresponding values for the reference sin-
gle crystal. The values of and A, did not
exceed, respectively, 9 % and 20 % for all
the samples under investigation.

3.3. High dE/dx

Fig. 8 shows the total number of photons

P_ in the scintillation pulse for the case of

n
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1 2 3 4 5 6 7 8
E, MeV

Fig. 4. The total number of photons P, in a
scintillation pulse for scintillators on the
base of stilbene excited by fast neutrons with
the energy E . The following notations are
used: I is the single crystal; 2, 3, 4 and 5 are
polycrystals with 2 =38, 5, 7 and 10 mm, re-
spectively; 6 and 7 are composite scintillators
with 2 =5 and 10 mm, respectively.

excitation of organic scintillators on the
base on stilbene by fast neutrons. In this
case, recoil protons excite the scintillations.
The P,-values were calculated for the ener-
gies E, of the neutron spectrum of 239py—Be,
obtained by the reconstruction procedure of
the corresponding experimental spectrum of
the recoil protons [1].

The calculated values P, for alpha parti-
cles in the energy range E, from 0.4 to
7.5 MeV are presented in Fig. 4. Expect-
edly, for the ionizing radiations with high
values of dE/dx such dependence is non-
linear. In this case, the non-linearity in
both cases increases with dE/dx, i.e. from
fast neutrons to alpha particles.

Additionally, the data presented in
Figs. 3 and 4 do not find any features in
the P,- and P.- values for the new types of
organic scintillators in comparison with the

Functional materials, 22, 1, 2015
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single crystal. As for the ionizing radiations
with low dE/dx, the P,- and P, -values
weakly and randomly changes relatively to
the corresponding values for the reference
material. Within the experimental series of
organic heterogeneous scintillators (see.
Table 2) the maximum value of A, (3) is
about 18 % for E, = 9.7 MeV and the
maximum value of A, (8) is about 15 % for
E, = 17.56 MeV. A slight increase of the A,-
and A -values was observed for the initial
regions of the experimental values of E,
and E,. Most likely, this is caused by in-
crease in the error of identification of posi-
tions of maxima in amplitude scintillation
spectra for a small total number of photons
in a scintillation pulse.

3.4. Radioluminescence energy yield for
different types of ionizing radiations

For fast neutrons and alpha particles we
calculated the values Y, = anEph(Nl"em)/En
and Y, = P xE, ,(A™,,)/E respectively, ac-
cording to Eq.(2). The Y,-values for the in-
vestigated range of energies E, and samples
of organic heterogeneous scintillation mate-
rials are in the range from 0.016 to 0.025,
while in the case of alpha excitation the
calculation gives the wvalues of Y, from
0.0012 to 0.0040.

Fig. 5 summarizes the dependence of the
radioluminescence energy yield of organic
scintillation materials as a function of
dE/dx. To demonstrate these results we
randomly selected one sample from each of
the studied types of scintillators: single
crystal, polycrystalline and composite scin-
tillators. Values of dE/dx were calculated
using the online programs ESTAR, PSTAR,
and ASTAR of NIST [16]. The calculated
values of Y, (see Table 3) are also presented
for comparison. In the case of neutron exci-
tation we calculated the values of dE/dx for
the maximum energy of recoil protons,
which were generated by the corresponding
fast neutrons with a set of energies E,,.

The results of the investigation of the
radioluminescence energy yield for different
types of organic scintillation materials con-
firm the common regularity of the energy
losses in tracks of ionizing particles with
different values of dE/dx. Previously [5, 6],
we have identified such a regularity for or-
ganic single crystalline scintillators. The ra-
dioluminescence energy yield reduces by a
factor of 2—8 in going from the ionizing ra-
diations with low dE/dx (values Y, and Y,) to
fast neutrons (values Y,). Further increase
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> 0.0447 for 3
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Fig. 5. The radioluminescence energy yield Y,
of scintillators on the base of stilbene as a
function of dE/dx of the ionizing radiation.
The following notations are used: 1 is the
single crystal, 2 is the polycrystal with
h =5 mm, 3 is the composite scintillator
with £ = 5 mm. Solid lines indicate the posi-
tion of the Y -values in the scale of Y, for
samples 1, 2 and 3.

in dE/dx leads to a more precipitate drop in
the radioluminescence energy yield. For the
case of alpha excitation, the Y -values are
10-40 times less than the Yy_ and Ye-values.
Using the scintillation materials on the base
on stilbene as an example (see. Fig. 5), it is
obviously that this tendency holds true both
for structurally perfect single crystals and
for the new types of organic heterogeneous
scintillators.

The complicated dependence of Y, versus
dE/dx (see. Fig. 5) in the range of large
values of dE/dx (or small values of E,) has
been discussed previously [5, 6]. The effect
of an ion recharge can be the reason of this
dependence [1, 17]. According to [17], this
effect takes place for alpha particles with
the energies about 1 MeV.

In our opinion, slightly lower values of
Y, (P,) obtained for composite samples in
comparison with the single crystal and poly-
crystalline samples (see. Fig. 5) may be ex-
plained by the technology of production of
this type of material. A thin layer of trans-
parent gel composition, which is used for
binding of granules [7], may be formed on
the surface of such a scintillator during it
production. In this case, the actual energy
of the alpha particles passed through this
layer will be less than the initial one. This
effect will increase with decreasing the in-
itial energy E.
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4. Conclusions

The original data of the light-collection
coefficients for the new types of organic
materials, i.e. polycrystalline and composite
were obtained. This allowed calculating the
light yield C and the radioluminescence en-
ergy yield Y; for these types of detectors.

The analysis of the experimental results
did not find any significant differences in
the values of C, P; and Y; for organic single
crystal and for heterogeneous scintillation
materials excited by ionizing radiations of
different types and energies. This allows us
to extend the mechanisms of the energy
losses, which we recently proposed [6], to a
wider class of organic scintillation materials.

Inconsiderable differences in the wvalues
of C, P; and Y; do not depend on the aspects
of energy exchange processes in different
types of organic scintillators. These differ-
ences may be caused by technological and
methodical features of production and study
of experimental samples, respectively. They
are the following:

— the methodical error in determining
the relative light output of an experimental
sample, especially when scintillation pulses
of low amplitudes are detected;

— a number of assumptions in calculat-
ing the light-collection coefficients by the
methods of mathematical modeling;

— the spread of the technological pa-
rameters used for production the scintilla-
tion samples of the same type (for example,
according to [10], the difference in the light
output of the samples of stilbene single
crystals of the same dimensions and pro-
duced by the same technology, is about
10 %);

— some aspects of obtaining an organic
heterogeneous scintillation material.
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