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The study of the pulse shape discrimination (PSD) capability for organic composite scin-
tillators with a diameter of 20 mm and a thickness of 5 mm was carried out. The fractions of
grains 0.1-0.3, 0.3-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, 2.0-2.5 mm of trans-stilbene and p-terphenyl
were used to obtain the samples. It was shown that these objects retain the dependence of their
scintillation properties, namely, the figure-of-merit (FOM) value for stilbene is higher than for
p-terphenyl. Also the composite scintillators show themselves as promising detectors, since their
PSD capability is not critically lower than that of single crystal of appropriate scintillators. For
the first time it was shown that for the fractions of grains under investigation, the FOM values
practically do not change with increasing grain size, which indicates the same processes of trans-
port and recombination of triplet excitons in them.

Keywords: organic composite scintillators, triplet excitons, pulse shape discrimination, fig-
ure-of-merit.

Mosxknusicte po3pidHeHHs ¢dopmMu  IMIyJbCy OPraHidvHUX  KOMIIO3UTHUX
CHUHTHUJISATOPIB 3 piduum po3mipom 3epHa. I. Xpom ok, B. Anekcees, A. Kpeu, €. MapmuHerko,
C. Minenko, O. Tapacerio

IIpoBemeno mocimiskeHHSI PO3PisHEHHS (QOPMH IMITYJIBCY OPraHIYHUX KOMIIO3UIIMHUIX
CHUHTIIATOPIB miamerpom 20 MM 1 ToBiuHOKL 5 MM. Bysio Bukopucramo dgppaxini seper 0,1—
0,3, 0,3-0,5, 0,5-1,0, 1,0-1,5, 1,5-2,0, 2,0-2,5 MM OpraHiyHMX CIUHTUJIATOPIB CTHUJILOEHY
Ta n-rtepgeniny. ITokasano, mo 1l 06'ekT 30epiralTh 3aJIEMKHICTH CBOIX CIUHTUJIAIIAHUX
BJIACTHUBOCTEM, a came 3HaveHHda FOM nis cTuin0ery BuIlle, HiK IJIA n-TepeHiIy, a TAKoXK, 110
KOMITO3UIIINHI CIIUHTUIIATOPU € IIePCIIEKTUBHUMHU JeTEKTOPAMHU, OCKUIBKY JJIsT HUX 11l 3HAYEHHS
€ He KPUTUYHO HUKUYKMMHU, HI3K Y MOHOKpUCTAIIB. [Ipu 1150My BIEpIle MOKA3aHo, 10 JJIsT TAKUX
dbpariiit sepen suavenns FOM maiiske He BinpisHseTbCA 31 30LIBIIEHHAM PO3MIpY 3epHA, IO
CBIYUTB IIPO OJHAKOBI ITPOIIECH TPAHCIIOPTY Ta PEKOMOIHAIT TPUILJIETHUX €KCUTOHIB Y HUX.
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1. Introduction

An important question is the ability of scin-
tillation detectors to separate radiation signals
with different specific energy losses (dE/dx).
The importance of this issue lies in the fact that
the effects of various ionizing radiations on liv-
ing organisms are different. The numerical def-

Functional materials, 31, 1, 2024

inition of this influence is the weight factor. For
gamma radiation of all energies it is equal to 1,
whereas for fast neutrons (energy up to 2 MeV)
and alpha particles, the weight factor is 20 [1].

In organic scintillators, the ionizing radia-
tion generates the following types of lumines-
cent response. The ionizing radiations with
large dE/dx values (recoil nuclei, alpha parti-
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cles, neutrons, low-energy electrons) generate
scintillation pulses with a significant part of the
slow component in such systems, while radia-
tions with low dFE/dx (electrons of medium and
high energies, gamma photons) give a signifi-
cantly less contribution of the slow component.

There are many works devoted to the study
of pulse shape discrimination (PSD) capabil-
ity of organic single crystals, plastic and liquid
scintillation materials (see, for example, [2—7]).
In [8-10], it was shown that composite detec-
tors (based on organic crystalline grains), like
single crystals, have a high PSD capability. In
[10], for the case when a 239Pu-Be source irradi-
ates samples of organic detectors, it was shown
that for a reference stilbene single crystal (di-
ameter D = 30 mm, height 2 = 10 mm) with the
experimental setup with an energy threshold
for neutron detection of 1 MeV, the FOM-val-
ue is 2.41+0.21. At the same time, for the stil-
bene composite detector with D =50 mm and
h =25 mm, the FOM value was 1.89 + 0.13,
and for the stilbene composite detector with
D = 50 mm and A =50 mm, the FOM-value
was 1.38 £ 0.09. Thus, the FOM-values ob-
tained for thin composite scintillators were
slightly lower than the FOM for stilbene single
crystals. For thicker composite scintillators,
the FOM value decreases due to lower light
yield caused by greater light absorption within
the scintillator. In [9], the PSD capability was
studied for the case of irradiation with fast neu-
trons of a 252Cf source. The FOM value of the
stilbene composite scintillator (D = 50 mm and
h =10 mm) was estimated as 80% compared
to the stilbene single crystal (D =25 mm and
h = 20 mm). The FOM-value for the large area
stilbene composite scintillator (D =200 mm
and h =20 mm) was approximately 75% com-
pared to the stilbene single crystal (D = 50 mm
and 2 =40 mm). Our previous studies also con-
firmed this fact [11]. These results justify the
need for a more in-depth study of such hetero-
structured scintillators.

2. Experimental

Previously, we have proposed two methods
for quickly assessing the PSD capability of or-
ganic scintillators [11]. The first method of sep-
arating the radioluminescence kinetics curve
obtained by the single-photon method involves
searching for the zero-crossing of the second de-
rivative of this curve. This point is further de-
fined as the boundary between the fast and slow
components, and the areas under them (S; for
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fast component and S, for slow component) are
compared. The area ratio r;= S,/S; for differ-
ent 1onizing radiations allows the pulse shape
capability to be assessed. In the second, more
accurate method, the fast component is approx-
imated as a convolution of the exponents of the
rise and decay fronts

R

where the first exponent describes the rise of
the fast component with time constant t,, and
the second exponent describes the decay of the
fast component with time constant t,. The time
parameter ¢, was determined in turn by a lin-
ear approximation of the initial decay section of
the experimental curve, using the least squares
method, as a limiting value that satisfies the
straight line equation In(N(¢))=a + bt.

Next, the curve of the approximated fast
component is subtracted from the experimental
curve, and their difference is taken as the slow
component. Thus, using this technique, the ra-
tio of the slow component to the fast component
Py can be obtained as the ratio of the areas un-
der the calculated curve of the slow component
S, and under the curve of the approximated
fast component S:

Py = Sz / Sl 2)

Thus, the value ¢, y characterizes the scin-
tillator PSD capability:

Cun =Pu 1Py (3)

This method was used to calculate the val-
ues shown in Table 1.

In this paper, FOM is determined by the
Charge Comparison Method [12, 13]. In this
method, the experimental pulse curve from
an lonizing radiation is divided into certain
sections relative to its maximum. The ends of
these sections are predetermined for various
substances and are set before starting pulse
analysis. The slow (tail) part of the curve, which
is identified with the slow component, is sub-
tracted from the total curve. These ratios are
collected in a histogram of the frequency of oc-
currence of such ratios, and following analysis
of this histogram by two Gaussian curves, for
the case of two excitations with different dE/dx,
allows us to obtain the numerical value of FOM
using the generally accepted formula:

FOM =AS/(FWHM, + FWHM,), (4)
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Table 1. The Qnm-values 3)

Scintillator
Stilbene single crystal (D =25 mm, A = 20 mm) 2.07
Stilbene composite detector (30 mmX30 mmx20 mm) 2.21
p-Terphenyl single crystal (28 mmX18 mmx18 mm) 1.31
p-Terphenyl composite detector (30 mmX30 mmx20 mm) 1.33
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Fig. 1. Samples of PSD patterns obtained using the Charge Comparison Method: (a) stilbene single crys-
tal, (b) composite scintillator based on stilbene grains of fraction 0.1-0.3 mm, (c) p-terphenyl single crystal,
and (d) p-terphenyl composite scintillator based on stilbene grains of fraction 0.1-0.3 mm.

where AS is the difference in the positions of the
maxima, FWHM, and FWHM, are the FWHM
of the gamma and neutron peaks, respectively.

3. Results and discussion

In [11], the PSD capability (n)y (3) of stilbene
and p-terphenyl single crystals and composite
scintillators (based on a grain fraction of 1.7-
2.2 mm, which was considered optimal) was
assessed using the radioluminescence kinetics
curves obtained by the single-photon method.
We provide this information for reference.

In this work, PSD capability was studied in
a more traditional way: FOM values were cal-
culated for a similar type of scintillator, with
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different grain sizes from 100 ym to 2.5 mm.
However, there is an important difference
in their geometric sizes: the thickness of the
samples in this study was only 5 mm. The di-
ameter of single crystals was 30 mm, and that
of composite scintillators was 20 mm. In Fig-
ures 1(a)—(d), as an example, we present typi-
cal sets of experimental data for stilbene and
p-terphenyl single crystals and composite scin-
tillators on their base with the grain fraction of
0.1-0.3 mm.

The same data were obtained for larger frac-
tions (0.3-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, 2.0—
2.5 mm) of stilbene and p-terphenyl composite
scintillators. Processed results are shown in
Table 2 and Table 3.
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Table 2. FOM values for single-crystalline
and composite scintillators based on stilbene

Grain fraction, mm FOM-value
Single crystal 2.10
0.1-0.3 1.53
0.3-0.5 1.65
0.5-1.0 1.58
1.0-1.5 1.53
1.5-2.0 1.73
2.0-2.5 1.65

Table 3. FOM values for single-crystalline and
composite scintillators based on p-terphenyl

Grain fraction, mm FOM-value
Single crystal 1.45
0.1-0.3 1.03
0.3-0.5 0.84
0.5-1.0 1.11
1.0-1.5 1.07
1.5-2.0 1.08
2.0-2.5 1.01

As we can see, interesting information was
obtained: such small grains are still as capable
of PSD as classical grains (1.7-2.2 mm), which
means that all grains obtained during the prep-
aration of grains to produce composite scintilla-
tors are still suitable for PSD due to the same
physical mechanisms occurring in them.

4. Conclusions

In this work, the following results were ob-
tained:

— for the first time, using the assessment of
FOM-values, a study of the PSD capability of
composite samples was carried out for a series
of grain fractions, starting from 100 pm,;

— it was shown that for such grain sizes
there is a tendency for stilbene-based scintil-
lators to have a slightly better PSD capability
than p-terphenyl-based scintillators, which was
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obtained in previous works by direct analysis of
radioluminescence kinetics curves;

— at the same time, such ultra-fine grains

still have a fairly high PSD capability.
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