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Proposed a technology to obtain a new class of detectors, namely organic composite
scintillators. It allows us to create the scintillation detectors of an unlimited area. We
consider hydrogen-bearing composite scintillators as the detectors of fast neutrons. The
composite scintillators based on gadolinium silicate and pyrosilicate are discussed as the
thermal neutron detectors. As well we consider the combined detector for selective detection
of thermal and fast neutrons in the presence of background gamma radiation. Scintillation
characteristics of the composite detectors are analyzed in comparison with the scintillation
systems based on single crystals.

IIpepnosxena T€XHOJOrUA IIOJYYEHUS HOBOTO KJAcCa JETEKTOPOB — OPraHUYECKUX KOM-
HOBUIMOHHBIX CHUHTUJIATOPOB. [IpeiyoxKenHas TeXHOJOTUA IIOSBOJIAET CO3JaBATh JETEKTH-
PYIOIIYIO CHCTEMY HEOTPaHMYEHHOII Ioiagu. PaccMoTpeHBI BOZOPOAOCOAEpPIKAIIME KOMIIO-
SUIIMOHHBbIE CIMHTUJIJAATOPHl KaK JeTeKTOPHl OBICTPHIX HEUTPOHOB. B KauecTBe IeTEKTOPOB
TEILJIOBBIX HEUTPOHOB OOCYIKIAIOTCA KOMIIOBHUIIMOHHBIE CIMHTUJIJISATOPH HA OCHOBE CUJIHKATA
U NUPOCUIMKATa rajoauHusa. PaccmarpuBaercd KOMOMHUPOBAHHBIN LETEKTOP AJSA CEJECKTUB-
HOI PervcTpalnyy TeIlJIOBbIX U OLICTPBIX HEUTPOHOB B IPHCYTCTBUU (POHOBOrO ramMmMa-usajyde-
HUA. COUMHTUNIAINOHHLIE XaPaKTEPUCTUKY KOMIIOSUIIMOHHBIX AETEKTOPOB aHAJMSUPYIOTCA B
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1. Introduction

The problem of spectrometry of low in-
tensity fluxes of fast neutrons and alpha
particles is of a great importance in modern
ecological, geological, biological, medical
fields, custom survey, etc. Such radiations
are among the most hazardous for human
organism. The hazard is characterized by
the radiation-weighting factor. The radia-
tion-weighting factor Wy is the value ex-
pressing the long-term risk (primarily can-
cer, leukemia, heavy pulmonary allergies,
etc.) of a low-level chronic exposure. It de-
pends on a radiation type and other factors.
For example, for gamma radiation photons
wp = 1, while for fast neutrons with energy
E, <2 MeV, the wp = 20. Similar high wp
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values characterize alpha particles. For
thermal neutrons, wp = 5 [1]. In the natural
conditions there are numerous hydrogen-
contain media in which the fast neutrons
are moderated very fast and become the
thermal neutrons. The detection of such the
thermal neutrons only allows the estimation
of the flux of primary fast neutrons. To
detect a very low activity of ionizing radia-
tions, large size detectors are necessary. In
such a case the increase of detection effi-
ciency is attained due to the growth of spa-
tial angle of detection. In the same time,
such detectors should provide the spectral
composition of luminescence making it pos-
sible to use the commercial (and thus inex-
pensive) photodetectors. The materials
should provide the separate detection of
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neutrons and background gamma radiation,
and show a sufficiently high light yield.

In this work we describe two preparation
procedures of composite scintillators for (i)
fast neutrons basing on grains of stilbene
and p-terphenyl crystals and (ii) thermal
neutrons basing on grains of gadolinium
silicate Ce:Gd,SiOg (Ce:GSO) and pyrosili-
cate Ce:Gd,Si,O; (Ce:GPS). This work is
relevant, because the maximum size of the or-
ganic scintillation single crystals grown from
the melt is 150 mm and that of gadolinium
pyrosilicate single crystals, tens of the milli-
meters. The Ce:GSO single crystals were first
proposed for detection of thermal neutrons in
[2], and Ce:GPS single crystals, in [3].

We proposed and studied as well a new
composite scintillation detector. It is a com-
bined detector for (iii) separate detection of
fast neutrons and thermal neutrons in the
presence of gamma background radiation.

2. Technologies

The grains of different size can be ob-
tained when a single crystal is crushed or
ground. To choose the necessary fraction of
the grain sizes the calibrated sieves with
different cell sizes were used [4]. In the
cases under discussion the linear size L of
organic grains varied from 0.5 up to
4.5 mm and inorganic grains, from 0.06 up
to 1.0 mm. The crystalline grains were
added into a two-component polymer ma-
trix. The prepared composite material was
placed into an optically transparent organic
glass container [4, 5].

2.1. Composite scintillators for fast neu-
tron detection

The fast neutrons generate in the organic
material the recoil protons with maximum
energy equal to that of neutrons. The grain
size should be at least equal to the recoil
proton path in the grain material. There-
fore, depending on the energy of neutrons
to be detected, the scintillators have to be
prepared basing on fractions of wvarious
sizes (from submillimeter range to several
millimetres). The technology included the
following stages [4—T7].

— The purification of raw material that
includes the oriented crystallization process.

— Preparation of grains and separation
thereof into fractions of different sizes.

— Preparation of organosilicone poly-
meric dielectric gel.

— Introduction of the grains of a chosen
fraction into the gel matrix to prepare the
sample.
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— The sample introduction into the shap-
ing container.

— Evacuation and holding of the sample
during 48 hours.

— Application of the reflective coating
onto the container.

As the polymer matrix, the two-compo-
nent dielectric gel Sylgard-527 (Dow Corn-
ing Corporation, USA) was used due to its
inertness, non-hygroscopicity, and maxi-
mum transparency in the stilbene lumines-
cence range. It should be noted that the
technique we used does not require growing
of single crystals with high structural per-
fection [5—7]. Really, as the result of the
oriented crystallization process we obtain
the material consisting of the single crystal
grains which have random orientations.
After the process of crystal growth we ob-
tain the boule, which has perfect crystal
structure. When we douse the crystalline
material in liquid nitrogen, it cracks along
the crystal structure defects. The first ex-
periments have shown that the optimum
amount of stilbene grains in the immersion
medium is at least 70 % of the matrix mass
[56]- The scintillator height should provide
an efficient detection of fast neutrons of
several MeV and the scintillator must re-
main sufficiently transparent to its intrin-
sic emission. The container was been made
of organic glass. These processing methods
have been used to prepare large-diameter
(2200 mm x 20 mm) composite detector
based on stilbene grains and doped p-ter-
phenyl grains.

2.2. Composite scintillators for thermal
neutron detection

The inorganic detector thickness should
be sufficient to detect thermal neutrons and
the secondary radiations generated by those.
On the other hand, the same detector should
be thin enough to reduce probability of de-
tecting background gamma-radiation. For
such thin scintillator (but not limited in
diameter), the efficiency of thermal neutron
detection will exceed that of background ra-
diations.

To prepare the crystal grains, Ce:GSO
and Ce:GPS crystals were mechanically
ground. Thus, the Ce concentration in the
grains was the same as in the reference sin-
gle crystals [8]. The grains were sieved
through calibrated sieves to obtain the
grains with necessary size Lggo and Lgps.
The grains of the chosen fractions were in-
troduced into non-luminescent Sylgard-527
silicone material. Then the composition was
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Fig. 1. Obtaining of the uniform piece of a
composite scintillation material from the pri-
mary separate composite scintillators.

applied onto an optically transparent non-
luminescent organic glass plate [9, 10].

To study further the single-layer compos-
ite scintillators on the base of Ce:GSO and
Ce:GPS grains, 5 grain size ranges (frac-
tions) with Lggp- or Lgpg-values, namely,
less than 0.06, from 0.06 to 0.1, from 0.1 to
0.3, from 0.3 to 0.5, and from 0.5 to 1 mm.
Additionally, grains with Lggo from 0.5 to
1.0 mm was used to prepare multi-layer (3 or
5 layers) Ce:GSO composite scintillators.

Technology of preparation of a composite
material does not limit the area or shape of
scintillation detector input window [10, 11].
Really, we can use a small amount of the
gel to band two separate pieces of a compos-
ite scintillator together and to obtain the
uniform piece of a scintillation material,
which is the composite scintillator with the
same scintillation properties as the primary
separate composite scintillators (see Fig. 1).

2.3. Combined detectors

Fig. 2 schematically shows a sandwich
design of a combined composite detector. It
consists of two different combined compos-
ite scintillation materials.

The lower scintillation material is based
on stilbene crystalline grains. This part of
the combined composite scintillator detects
fast neutrons. As it was shown in [11-13]
such a composite scintillator has the same
pulse shape discrimination ability as the
single crystal that was used to obtain the
grains. A thin composite detector of ther-
mal neutrons (the upper rectangle on Fig. 2)
contains Ce:GPS or Ce:GSO crystalline
grains introduced in the same matrix as in
the previous case. As it was shown [9] for
such the composite scintillator based on
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Fig. 2. Schematic diagram of a combined com-
posite detector, which consists of a H-bearing
fast neutron detector and a Gd-bearing thermal
neutron detector.

Ce:GPS or Ce:GSO crystalline grains with
average sizes L,, < 0.5 mm, the efficiency
of detection of gamma radiations with ener-
gies higher than 150 keV is negligible in
comparison with the efficiency of thermal
neutrons detection.

Fig. 3 shows the photographs of the com-
bined detectors. The combined detectors
were 30 mm in diameter. The composite
scintillator (1) is a single-layer scintillator.
To make it we used Ce:GPS (or Ce:GSO)
crystalline grains. Mainly we used 3 frac-
tions of grains with average sizes from 0.06
to 0.1, from 0.1 to 0.3 and from 0.3 to
0.5 mm. It allows us to detect thermal neu-
trons with minimal gamma background [9].
The composite scintillator (2) was 20 mm
high. To make it we used stilbene crystal-
line grains with sizes Lg from 2.5 to
3.0 mm. The stilbene single crystal (3) had
the same dimensions (30 mm in diameter
and 20 mm high). Both scintillators (i.e. de-
tects the thermal and fast neutrons) are
mounted inside a cylindrical plastic cell.
The scintillators were separated by addi-
tional plastic plate 2 mm thick.

3. Experimental

The signals from a 9954 A Electron Tubes
Ltd. photomultiplier tube [14] were applied
to electronics. The signal from anode is ap-
plied to pulse shape discrimination cycles.
The signal from next to the last dynode is
used for amplitude analysis [15].

In the measurements we used radionu-
clide 239Pu-Be source of fast neutrons and
photons of gamma-radiation. To obtain ther-
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Fig. 3. The photographs of the combined
composite detectors. The combined detector
consists of two parts (see Fig. 2). There are a
composite detector on the base of Ce:GPS (or
Ce:GSO0) grains (1) and a composite detector
on the base of stilbene grains (2) or a stilbene
single crystal (3).

mal neutrons the source of fast neutrons
was placed inside the calibrated paraffin
sphere. We run the measurements with the
239py—Be radionuclide source that irradiates
1.0-10° fast neutrons per second or 9-103
thermal neutrons per second when it is
mounted inside the calibrated paraffin
sphere. If the flux of fast neutrons is Fy,g
then n,,XFr,,; thermal neutrons have to be
irradiated in 4m-geometry from the paraffin

sphere. Therefore the mn,,-value is taken as
0.09. The other neutrons, which permeate
through the calibrated paraffin sphere, have
the energies higher than the thermal energy.

We used a lead plate 20 mm thick to
reduce the direct flux of low energy photons
of gamma radiation from the neutron
source. A thin (1.3 mm) cadmium plate pre-
vented the flux of thermal neutrons to irradi-
ate Gd-bearing scintillators. The difference in
neutron fluxes measured with and without
the cadmium plate allowed us to identify the
events of thermal neutron detection.

In the measurements with fast neutrons
the pulse shape discrimination technique
was used to separate the fast neutron scin-
tillations from the gamma background ones
[15]. The procedure of the reconstruction a
neutron spectrum from a corresponding recoil
proton spectrum has been discussed in [16].

To calibrate the energy scale we used a
set of gamma lines with the following ener-
gies E,: 17.0 keV (241Am), 82.7 keV (1%7Cs),
41 keV (192Eu), 59.6 keV (?41Am), 77.9 keV
(192Eu), 122.0 keV ('52Eu). The light output
of the scintillators relative to gamma en-
ergy E, was linear to within 5 %. To cali-
brate the scale we used a calibrated reference
stilbene single crystal with a low absolute
light yield (12,000 photons/MeV) [8, 11].
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Fig. 4. Light yield of doped p-terphenyl com-
posite scintillators with different grain size
irradiated with 0.662 MeV photons of gamma
radiation.

The measurements of scintillation pulse
shape were run according to the delayed-co-
incidence technique (see [17]). Gamma ra-
diation from a '52Eu radionuclide source
was used to measure the decay time 1 of
thin Gd-bearing detectors. To study a radio-
luminescence pulse shape of stilbene detec-
tors we used '37Cs radionuclide source of
gamma-radiation and 23%Pu radionuclide
source of alpha particles.

4. Results and discussion

4.1. Organic composite detectors

We investigated a series of 10 composite
stilbene scintillators (J30 mm X 20 mm) ob-
tained from stilbene grains of different
fractions, and analogous series of 10 com-
posite scintillators based on p-terphenyl
grains doped with 0.1 % of 1,4-diphenyl-
1,3-butadiene.

The calculated values of light yield for a
series of composite scintillators based on
doped p-terphenyl grains excited with pho-
tons of gamma-radiation from '3’Cs ra-
dionuclide source and alpha particles from
239Py one, are presented in Figs. 4 and 5,
respectively. For the gamma-radiation meas-
urements (Fig. 4) the light yield values are
given in absolute units. For the short-range
alpha radiation (Fig. 5) these data are pre-
sented in percent; the light yield of stand-
ard doped p-terphenyl single crystal being
taken as 100 % . The average values of the p-ter-
phenyl grain size Lp are given for each fraction
of the grains. Figs. 4 and 5 show that the light
yield reaches its maximum at L, ~ 2.5 mm and
practically does not change with further increase
of the average grain size value.

Fig. 6 presents a reconstructed neutron
spectrum of the source 239Pu-Be for the
composite p-terphenyl scintillator with the
grain size fraction from 1.7 to 2.0 mm. In
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Fig. 5. Light yield of doped p-terphenyl com-
posite scintillators with different grain size
irradiated with 4.97 MeV alpha particles.

this figure only are denoted only those fast
neutron energies which are reported in
theoretical and experimental papers for
239py—Be sources before (see the references
in [16]), i.e. namely: 3.1, 4.2, 4.9, 6.4, 6.7,
7.3, 7.9, 8.6 and 9.7 MeV energies are de-
noted by the lines 1-9, respectively.

To estimate the degree of light yield non-
uniformity we run the measurements with
large-diameter (200 mmx20 mm) stilbene
composite scintillators. We measured the
light yield values by irradiating different
parts of the scintillators, in particular,
their centers and four additional zones. The
latter were located on four mutually oppo-
site sides of the scintillator, the distance
between the centers of the scintillator and
of any of the additional zone was 70 mm.
The light yield values were measured ac-
cording to the standard procedure using the
source '37Cs. We characterized the degree
of light yield non-uniformity by the pa-
rameter ALY:

Jy -, (1)

ALY = |—
Jy+d;

’

where J; and J; were the light yield values
measured at the scintillator center and at a
point i, respectively. For i = 1 the value of
ALY was taking as 1.

Fig. 7 presents the results of light yield
measurements and the calculated values of
the parameter ALY for 5
@200 mm x 20 mm composite scintillators
obtained from crystalline stilbene grains. In
Fig. 7 the dotted line shows the absolute
light yield value for standard stilbene single
crystal. The opened symbols correspond to
the calculated values of light yield at the
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Fig. 6. Reconstructed neutron spectrum of
239py—Be source for a @30 mmx20 mm com-
posite doped p-terphenyl scintillator with
grain size Lp ranging from 1.7 to 2.0 mm.
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Fig. 7. Absolute light yield values measured
at the points 1-5 for a series of
@200 mm x 20 mm composite stilbene scintil-
lators (the upper family of opened symbols)
and the corresponding calculated values of
ALY parameter (1) (the lower family of half-
closed symbols).

points of measurement; the half-closed ones

are the calculated values of the parameter ALY.

Analysis of these data testifies that the
maximum spread of the light yield values
measured for different parts of the large-di-
ameter scintillators does not exceed the
standard error of the method of light yield
measurement (5 %). Thus, it should be con-
cluded that the proposed technique gives repro-
ducible results and allows us to make the homo-
geneous large-diameter composite detectors.

4.2. Imorganic composite detectors

As a result of thermal neutron capture,
gadolinium radiates conversion electrons,
characteristic X-ray and gamma radiation.
When the influence of the edge effect is low
the gadolinium-based scintillators have to
show a characteristic 83 keV peak and along
with it, a 77 keV peak that is the sum of
the conversion electron peak (33 keV) and
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Fig. 8. The amplitude spectra of a 0.35 mm
thick Cs:GPS single crystal were obtained with-
out (curve 1) and with (curve 2) Cd-screen.

X-ray radiation (44 keV) [3]. The thickness
of single-layer composite scintillators was
determined as the average size of the corre-
sponding fraction of grains, and for three-
layer and five-layer Ce:GSO composite scin-
tillators, as triple and fivefold value of the
average fraction size includes Lggp from
0.5 to 1 mm (i.e. 0.75 mm).

Figs. 8 and 9 demonstrate the results of
the of the thermal neutron scintillation
spectrum measurements by an example of
Cs:GPS single crystal. Curve 1 in Fig. 8 is
the scintillation spectrum of a Cs:GPS sin-
gle crystal obtained as the result of irradia-
tion by of all energies obtained after moder-
ating fast neutrons from a 23%Pu-Be source
placed inside a paraffin sphere. Curve 2
represents the scintillation spectrum meas-
ured for the same experimental geometry
but with the cadmium screen placed between
the source and the scintillator. In this case
the thermal neutrons are absorbed in the
cadmium screen. The accumulation time was
the same for both the spectra. The spectrum
presented in Fig. 9 is obtained by subtrac-
tion of the curve 2 (Fig. 8) from the total
scintillation spectrum that is presented by
curve [ in Fig. 8.

Fig. 10 shows the scintillation amplitude
spectrum that was generated by thermal
neutrons in a single-layer Ce:GPS composite
scintillator (fraction of grains with grain
size Lgpg from 0.3 to 0.5 mm). The ob-
tained results have shown that the intensity
ratio of 33 keV and 77 keV scintillation
peaks increases as the grain size of a com-
posite scintillator is diminished. The best
neutron-to-gamma ratio was obtained for
the single-layer composite scintillators. For
Ce:GSO composite scintillators with 8 or
5 layers of 0.5—-1 mm grains, the peak of
33 keV was not observed. For composite
scintillators, the resolution of both lines is
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Fig. 9. The amplitude scintillation spectrum
which is generated by thermal neutrons in a
0.35 mm thick Ce:GPS single crystal.

Single-layer Ce:GPS

composite detector,

g 600 Lagps from 0.3 to 0.5 mm
=S

a

G

= 400

e

£

S

Z 200

50 100 150 200

Ey, keV

Fig. 10. The amplitude spectrum of a single-
layer Ce:GPS composite detector with grain
size Lgpg from 0.3 to 0.5 mm, which is ex-
cited by thermal neutrons.

worse than for the reference single crystal.
To characterize the properties of the scintil-
lators, we have introduced three arbitrary
energy ranges (see Fig. 10), namely, 20 to
55 keV (the amplitude range of the scintil-
lation peak generated by 33 keV conversion
electrons), 55 to 120 keV (the range of total
77 keV peak), and 20 to 120 keV (the whole
scintillation spectrum).

4.3. Combined detectors

4.3.1. Decay time measurements

Firstly, we analyzed a possibility to sepa-
rate the scintillation signals obtained as the
result of detection of the fast neutrons and
thermal neutrons. Thereto we studied a scin-
tillation pulse shape for corresponding scintil-
lation materials of the combined detector.

Figs. 11 demonstrates the scintillation
pulse shape for a single-layer composite
scintillators based on grains of Ce.:GPS with
Lgpg from 0.06 to 0.1 mm. Table 1 summa-
rizes the results of measurements of the

decay time constant T for Gd-bearing detec-
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Fig. 11. The scintillation pulse shape of a sin-
gle-layer Ce:GPS composite detector irradiated
by photons of gamma-radiation of '92Eu.

tors. Some difference between t-values ob-
tained for the single crystals and for the cor-
responding composite detectors may be caused
by inhomogeneous distribution of Ce in the
reference crystal and in the grains used for
obtaining the composite detectors [2, 3, 8].

For organic scintillators a scintillation
pulse shape consists of two components. A
fast component of the scintillation pulse is
formed in the regions of low activation den-
sity (photons of gamma radiation, elec-
trons). An ionizing particle with high spe-
cific energy losses (i.e. recoil protons gener-
ated by fast neutrons, alpha particle, etc.)
forms the regions of high activation den-
sity. The energy exchange in these regions
causes formation of the slow component of
the scintillation pulse [17].

Fig. 12 and 13 demonstrate the scintilla-
tion pulse shape for a stilbene single crystal
irradiated, correspondingly, by photons of
gamma-radiation irradiated by '37Cs source
and alpha particles of 239Pu source. They
are practically the same for a single crystal
and a composite scintillator and are the fol-
lowing. The decay time constant t of the
fast component of the scintillation pulse
(Fig. 12) is about 4 ns, and a rough ap-
proximation of the slow component of the

rooor e
g / -
200f gl 1ns
5 :
] 2
o
E
310
1 [ -u-I— 1 1 1 1 1
15 20 25 30 35 t, ns

Fig. 12. The scintillation pulse shape of a
stilbene single crystal irradiated by gamma
photons of 137Cs.

N

o
o~
1

Number of pulses
o
w
1

-

o
N
1

107 P

1 1 1 1
600 800 1000 1200 1400 t, ns

Fig. 13. The scintillation pulse shape of a
stilbene single crystal irradiated by alpha
particles of 2%°Pu. Squares present experi-
mental data; solid line is their single-expo-
nential approximation with a decay time con-
stant T.

scintillation pulse shape by an exponent
gives T = 8 - 102 ns (see Fig. 13).

Decay time constants t for scintillators
based on Ce:GSO and Ce:GPS grains are about
few tens of nanoseconds (Fig. 11, Table). This
time is longer than t-value of the scintilla-
tion pulse fast component and shorter than
t-value of the scintillation pulse slow com-
ponent of organic scintillation materials.
Therefore the standard approach [17], when a

Table. Decay time constant T of Gd-bearing detectors

Detector T, NS

Ce:GSO single crystal, thickness 0.839 mm (0.5 mol.% Ce) 33.0
Single-layer composite detector, Ce:GSO, Lggg from 0.06 to 0.1 mm 44.5
Single-layer composite detector, Ce:GSO, Lggq from 0.3 to 0.5 mm 44.5
Ce:GPS single crystal, thickness 0.35 mm (7 mol.% Ce) 45.2
Single-layer composite detector, Ce:GPS, Lgpg from 0.06 to 0.1 mm 42.1
Single-layer composite detector, Ce:GPS, Lgpg from 0.8 to 0.5 mm 42.1

400
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Fig. 14. The reconstructed neutron spectrum
of the 2%%Pu-Be source obtained for the com-
bined detector (a stilbene composite scintilla-
tor with Lg from 2.5 to 3.0 mm and a
Ce:GPS composite scintillator with Lgpg
from 0.06 to 0.1 mm).

"short” time signal and a "long” time signal
mean that it is the signals from different
scintillation materials of a combined detec-
tor, seems not to be a good solution for the
case under consideration. In this case an-
other approach is required to separate the
signals from different scintillation materi-
als.

4.3.2. Amplitude spectra measurements

Fig. 14 shows the reconstructed neutron
spectrum of the 239Pu—-Be source measured
by the combined detectors which consist of
a stilbene composite detector with grain size
Lg and a Ce:GPS composite detector with
grain size Lgpg. Peaks those are numbered
from 1 to 9 correspond to the energies of
neutrons 3.1, 4.2, 4.9, 6.4, 6.7, 7.3, 7.9, 8.6,
and 9.7 MeV (see the references in [16]).

The bottom X-axis in Fig. 14 is pre-
sented as gamma equivalent. The wvalues
shown by the bottom X-axis in Fig. 14 are
obtained as the wvalue of the energy of
gamma-radiation E, which is necessary to
obtain the scintillation pulse with the same
amplitude (number of scintillation photons,
see top X-axis) as for excitation of the scin-
tillator by fast neutrons (see reconstructed
neutron spectrum in Fig. 14). The energy
scale (X-axis) was calibrated in scintillation
photons i.e. in terms of a light yield by the
reference calibrated stilbene single crystal.
It gives the correlation between values of
the bottom and the top X-axis. The neutron
measurements were run after that and for
the same measuring conditions.

Fig. 15 demonstrates the spectrum of
thermal neutrons for the combined detector
that contains a stilbene composite scintilla-
tor with Lg from 2.5 to 3.0 mm and the
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Fig. 15. A scintillation amplitude spectrum
of the combined detector (a stilbene compos-
ite scintillator with Lg from 2.5 to 3.0 mm
and a Ce:GPS composite scintillator with
Lgpg from 0.06 to 0.1 mm) that was excited
by thermal neutrons.

Ce:GPS composite scintillator with Lgpg
from 0.06 to 0.1 mm. The bottom X-axis is
calibrated in terms of scintillation ampli-
tudes of a Ce:GPS composite scintillator
that was excited by gamma-radiation with
energies E,CPS. The top X-axis is calibrated
in terms o% the number of scintillation pho-
tons. The solid lines 1, 2 and 38 show the
energy ranges in which the signals from
thermal neutrons were studied, i.e. around
the peaks of 33 keV, 77 keV and the total
signal for the both peaks.

Let Ny be the number of events of ther-

mal neutron detection, ¢ be the time of ac-
cumulation of these events, Ffast be the fast
neutron flux (1 - 105 neutrons per second),
Ny, be the number of thermal neutrons ob-
tained by the moderation of fast neutrons in
the paraffin sphere per one fast neutron
(0.09), S be the thermal neutron detector
area, R be the distance between the source
and the detector. In such a case the effi-
ciency of thermal neutron detection g, can
be estimated as follows [9]:

e = Ny 2)
th S -
t'Ffast'”th'W

Fig. 16 presents the results obtained ac-
cording to (2). It shows the efficiency of
thermal neutron detection ¢,;, for a series of
combined detectors with different Lgpg and
Lg from 2.5 to 3.0 mm. The thickness is
taken as average value of Lgpg for a given
fraction of grains. The calculations were
made for three energy ranges, namely, from
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Fig. 16. The ¢,,-values for the combined de-
tectors (a stilbene composite scintillator with
Lg from 2.5 to 3.0 mm and a Ce:GPS com-
posite scintillator with different Lgpg) those
were obtained for different energy ranges of the
scintillation amplitude spectrum (see Fig. 15).

20 to 55 keV (the range of the scintillation
peak generated by 33 keV conversion elec-
trons), from 56 to 120 keV (the range of total
77 keV peak), and from 20 to 120 keV [9].

Fig. 17 shows the results of the same
estimation of the efficiency of thermal neu-
tron detection ¢, for an other type of the
combined detector. In these measurements
instead of the composite stilbene detector
we used the reference stilbene single crys-
tal. We run the measurements for 5 differ-
ent composite scintillators containing
Ce:GPS grains with Lgpg in the following
ranges: less than 0.06, from 0.06 to 0.1,
from 0.1 to 0.3, from 0.3 to 0.5 and from
0.5 to 1 mm. If we do not take into account
the result obtained for the composite scin-
tillator that contains Ce:GPS grains with
Lgpg < 0.06 mm (see Fig. 17), then the rest
of the g,,-values are in a good agreement
both with ¢;,-values presented by Fig. 16
and with the €;,-values obtained earlier (see
e.g. [9]). In the fraction of grains with Lgpg
< 0.06 mm there are a lot of grains with
sizes too small for effective detection even
of 33 keV secondary electrons. Therefore
the ¢g-value of such a scintillator de-
creases.

The comparison of the values of scintilla-
tion amplitudes in the range that is marked
by lines 1-8 on Fig. 15 and in the range of
the neutron spectrum (see Fig. 14) shows
that the signals from thermal and fast neu-
trons do not overlap. So, the analysis of
these two spectra can be carried our in dif-
ferent energy windows.
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Fig. 17. The ¢,,-values for the combined de-
tectors (the reference stilbene single crystal
and a Ce:GPS composite scintillator with dif-
ferent Lgpg) those were obtained for differ-
ent energy ranges of the scintillation ampli-
tude spectrum (see Fig. 15).

5. Conclusions

The technology of organic composite
scintillators as fast neutron detectors as
well as inorganic composite scintillators as
detectors of thermal neutrons was dis-
cussed. For stilbene composite scintillators,
the fast neutron detection efficiency is
about 50-55 % with respect to organic sin-
gle crystals of the same size. The single-
layer composite scintillators with the
Ce:GSO or Ce:GPS crystal grain size less
than 0.1 mm provides detection of thermal
neutrons by registration of scintillation
pulses of 33 keV conversion electrons (the
energy range 20 to 55 keV) with efficiency
€p ~ 20 % . At simultaneous registration of
scintillation pulses of conversion electrons
(33 keV) and the total signal (77 keV), the
&;,-values is from 40 to 50 % in the range
from 20 to 120 keV.

Scintillation signals obtained from ther-
mal and fast neutrons can be detected by
the combined composite detector in differ-
ent ranges of light intensities (from 102 to
103 photons and about 104 photons, respec-
tively). The electronics linear over a wide
dynamic range will be necessary to use with
such a detector. Nevertheless the signals
from fast and thermal neutrons could be
analyzed in two different bands of ampli-
tudes separately. It simplifies the task.

We made our experiments for low back-
ground gamma radiation and low fluxes of
neutrons. For higher intensities of gamma
radiation a witness detector or combination
of witness detector and shielding is neces-
sary. The selective detection of thermal

Functional materials, 19, 3, 2012
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neutrons in the presence of background
gamma radiation is an important problem
and merits careful consideration for each
concrete case.

The composite and combined composite
scintillation detectors we proposed are non-
hygroscopic, effective detectors of thermal
and fast neutrons. They have no technologi-
cal limitation on theirs shape and on the
area of theirs input window.
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HoBi CHUHTHIATOPM IJSA NEeTEKTYBAHHA MIBHMIKUX
Ta TEIJIOBMX HEMTPOHIB

M.3.'anynos, H.JI. Kapasaesa, B.Il.Cemunosienrxo

3ampOTIOHOBAHO TEXHOJOTII0 CTBOPEHHS HOBOTO KJACY METEKTOPiB — OPTraHiuyHUX KOMIIO-
BUIIITHUX CIMHTUJAATOPIB. 3aNpPONOHOBAHA TEXHOJIOTiS [MO3BOJSAE CTBOPIOBATH CHUCTEMY [e-
TeKTYBAHHA HeoOMeKeHOol MIOMUHN. PO3rIgaHyTo BOAHEMICTKI KOMITOBUITIHHI CIIMHTUAATOPU
K MEeTEeKTOPU WIBUAKUX HEUTpPoHiB. fIK AeTEeKTOPU TeIJIOBUX HEUTPOHIB OBTOBOPIOIOTHCS
KOMOO3UIIAHI CHUHTUAATOPM Ha OCHOBI cmuikaty # nmipocusikaty rapgosinito. Posrisa-
JaeThCsl KOMOIHOBAHUWI METEKTOp [Jd CeJeKTUBHOI peecTpallil TemJoBUX 1 IMIBUAKUX HeM-
TPOHIB Yy OPUCYTHOCTI (POHOBOTO raMMa-BUMPOMiHIOBaHHA. CIIMHTUAAINHI XapaKTepUCTUKN
KOMIIOBUIIITHUX JeTeKTOopiB aHanisyloThes y NMOPiBHAHHI i3 TpagumifiHMMU MOHOKPUCTAJIIU-

HVMMHX CUCTEMaMMU.
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