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Studied has been a combined detector for fast neutron spectrometry and simultaneous
detection of thermal neutrons in the presence of gamma background radiation. The detec-
tor consists of a composite scintillator containing stilbene crystal grains and another
scintillator with inorganic Gd-containing crystal grains. The separation of different scin-
tillation material signals corresponding to different ranges of scintillation amplitudes has
been used instead of the standard separation method using the decay times of different
scintillation materials.

PaccmoTpeH KOMOWHUPOBAHHBIM [JETEKTOD [JA CIIEKTPOMETPUM OBICTPHIX HEUTPOHOB U
OTHOBPEMEHHOM PEerucTpalliy TeIJIOBBIX HENTPOHOB B IPUCYTCTBUU TaMMa-IoJjeil, COCTOd-
muii U3 KOMIO3UIIMOHHOTO CIUHTUJJIATOPA U3 TPAHYJ OPTAaHWUECKOTO MOHOKPUCTAJIA
CcTUIb0EeHA U CIUHTHILIATOPA U3 I'PAHYJ HEOPTraHUYEeCKUX KPUCTAJJIOB, KOTODBIE COLEPIKAT
Gd. IIpumenen He CTAaHZAPTHBLIA METOJ PasiesieHNs 110 BPeMeHAM BBICBEUMBAHUS PA3IUYHBIX
CIUHTUJIIAIIVMOHHBIX MaTepUaJIOB, a HCIOJb30BAHO pasfejieHUe CUTHAJOB OT PasHBIX CI[MH-
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TUIJIAIIMOHHBIX MaTepHuaJioB, JIeKaIlluX B Pa3/IMYHBIX [AHalladOHaAX aMIIJINTYJ CIIUHTHWUJIJIA-

.

1. Introduction

The simultaneous detection of fast and
thermal neutrons fluxes of low intensity in
the presence of background gamma radia-
tion is a very important and complicated
problem. We have proposed the production
technology of a new type of organic scintil-
lation materials which are effective detec-
tors of fast neutrons and have no techno-
logical limitation in the area and configura-
tion of the input window. These are the
organic composite scintillators containing
stilbene (C44H4,) or p-terphenyl (CigHqy)
crystal grains i.e. hydrogen bearing materi-
als [1]. Using the same approach, we have
obtained new composite detectors of thermal
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neutrons based on grains of Ce-doped gad-
olinium silicate (Ce:GSO) or gadolinium py-
rosilicate (Ce:GPS) crystals [2]. In this
work, we describe a new combined compos-
ite scintillation detector for separate detec-
tion of fast and thermal neutrons in the
presence of gamma background.

2. Preparation of composite
scintillators

We have prepared a combined detector
(Fig. 1) consisting of a composite detector
containing stilbene crystal grains (1, a de-
tector of fast neutrons) [3] and a thin com-
posite detector with inorganic Gd-contain-
ing crystal grains (2, a detector of thermal
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Fig. 1. Schematic diagram of the combined
heterogeneous detector: 1, fast neutron detec-
tor containing stilbene grains; 2, detector of
thermal neutrons with Ce:GPS grains; 3, pas-
sive protection material.

neutrons) [4]. It is known that Ce:GPS de-
tectors have higher light yield than Ce:GSO
ones [58]. The scintillation photons generated
in the inorganic substance and detected by a
photomultiplier tube are adsorbed in part
when passing through the organic detector
acting as a light guide. So, to obtain the
maximum signal detecting thermal neutrons
by a combined detector, the composite de-
tector containing Ce:GPS crystal grains was
preferred. We have manufactured three
combined detectors using organic glass con-
tainers (230 mmx20 mm). The detector
(Fig. 1) consists of an organic composite
scintillator detecting fast neutrons and a
single-layer inorganic composite scintillator
detecting thermal neutrons. To detect ther-
mal neutrons, we used the composite scintil-
lators containing a selected fraction of
Ce:GPS grains. Three fractions with grain
size Lgpg 0.06 to 0.1, 0.1 to 0.3 and 0.3 to
0.5 mm were chosen. The organic scintilla-
tor was about 15 mm thick. It contained
stilbene crystal grains of size L 2.5 to
3.0 mm. Silicone matrix (Silgard-527) was
used for the both organic and inorganic
composite scintillators. The scintillators
were separated by an additional 2 mm thick
organic glass plate (the same material as
the container).

3. Experimental results

The spatial structure investigations of
composite materials by an Axioskopp Zeiss
optical microscope have shown that the
grains are quite evenly dispersed in the sin-
gle-layer composite scintillators (Fig. 2).
Measurements of radioluminescence kinetics
evidenced that the decay time of scintilla-
tion pulse fast component in the organic
crystal or in composite scintillator based on
its grains is about nanoseconds (3 to 4 ns).
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Fig. 2. Optical photography of the composite
material spatial structure obtained using an
Axioskopp Zeiss optical microscope (x50).

The onset of the scintillation pulse slow
component can be described coarsely by ex-
ponential function with characteristic decay
time about hundreds of nanoseconds (about
300 ns). This agrees with known literature
data [6]. The decay time of detectors based
on gadolinium silicate or gadolinium py-
rosilicate is about several tens nanoseconds
(Table). This time is longer than decay time
of scintillation pulse fast component and
shorter than characteristic decay time of
scintillation pulse slow component in or-
ganic crystals of stilbene and p-terphenyl.
For this reason, the standard approach
where the "short” time signal and "long”
time signal are used as the separation crite-
rion for signals of the two scintillators is
unsuitable in this case. A different solution
is required.

If we limit the measurements to the de-
tection of scintillation signals generated by
secondary radiations of 33 keV (conversion

Table. Value of decay time parameter t for
Ce:GSO and Ce:GPS detectors

No. Detector T, NS

1 | Inorganic single crystal Ce:GSO, | 33.0
thickness 0.39 mm

2 Single-layer composite detector, 44.5
Ce:GSO grains 0.06 to 0.1 mm

3 Single-layer composite detector, 44.5
Ce:GSO grains 0.3 to 0.5 mm

4 | Inorganic single crystal Ce:GPS, | 45.2
thickness 0.35 mm

5 Single-layer composite detector 42.1
Ce:GPS, grains 0.06 to 0.1 mm

6 Single-layer composite detector, 42.1
Ce:GPS grains 0.3 to 0.5 mm
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Fig. 3. Scintillation amplitude spectrum of
the combined detector (stilbene composite
scintillator with Lg 2.5 to 3.0 mm and
Ce:GPS single-layer composite scintillator
with Lgpg 0.06 to 0.1 mm) excited with ther-
mal neutrons.

electrons) and 77 keV (total signal of con-
version electrons and 44 keV of X-rays) ap-
pearing in gadolinium under the influence
of thermal neutrons, and compare the re-
sults with scintillation amplitude spectra of
recoil protons for stilbene or p-terphenyl,
then it follows from our measurement re-
sults [3, 4] that they are spaced enough at
the scintillation amplitude scale. Thus, it is
possible to use scintillation amplitude separa-
tion and to measure in two different energy
windows to develop a combined detector.

The scintillation spectra of thermal neu-
trons for combined detector were obtained
by cadmium difference method for three
above-named fractions of Ce:GPS grains.
Fig. 83 demonstrates the scintillation spec-
trum of thermal neutrons for combined de-
tector that contains organic composite scin-
tillator containing stilbene grains of size L
2.5 to 3.0 mm and single-layer composite
scintillator with Ce:GPS-grains of size Lgpg
0.06 to 0.1 mm. The vertical lines 1—-3 show
the energy ranges where the efficiency of
thermal neutron detection was studied.
Using the results of thermal neutron spec-
trum measurements, the thermal neutron
detection efficiency g;; was calculated for
energy ranges (see Fig. 4): 20 to 55 keV
(the range of the scintillation peak generated
by 33 keV conversion electrons), 56 to
120 keV (the range of total 77 keV peak),
and 20 to 120 keV. The thermal neutron de-
tection efficiency was estimated as follows:
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Fig. 4. The ¢,,-values for the combined detec-
tors containing stilbene grains with L 2.5 to
3.0 mm and single-layer composite scintilla-
tor with Ce:GPS-grains of different fractions:
Lqpg 0.06 to 0.1, 0.1 to 0.3 and 0.3 to 0.5 mm.
1 - 20-120 keV; 2 — 56-120 keV; 3 — 20-55 keV.

Ny Y
& = 5 % 100%,
t - Frgg Ny S/47R

where Ny is the number of thermal neutron
detection events; ¢, the accumulation time
of the events (spectrum); Fy,.;, the number
of fast neutrons emitted by the source per

second; m;, = 0.09 is the number of neu-
trons moderated in the paraffin sphere to
thermal energy per one fast neutron; S, the
thermal neutron detector area; R is the dis-
tance between the source and the detector.

Fig. 4 presents the calculation results of
the thermal neutron detection efficiency g,
for combined detectors with different grain
size at the chosen fraction Lgpg. The thick-
ness of the single-layer composite scintilla-
tor was characterized by the average grain
size of chosen fraction. The calculations
were made for three above mentioned en-
ergy ranges.

The curves 1 and 2 (Fig. 5) show the
scintillation spectra obtained using the
pulse shape discrimination (a recoil proton
spectrum), and without pulse shape dis-
crimination (a total spectrum), respectively.
Fig. 6 shows the neutron spectrum of the
239py—Be source reconstructed from the re-
coil proton spectrum (see Fig. 5, the curve I).
Peaks numbering from 1 to 9 in the recon-
structed neutron spectrum corresponds to
the neutron energy values 3.1; 4.2; 4.9; 6.4;
6.7; 7.3; 7.9; 8.6; and 9.7 MeV [1].
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Fig. 5. Scintillation amplitude spectra of the
same combined detector as in Fig. 3 irradi-
ated with fast neutrons and gamma photons
from the 2%°Pu-Be source. Curves I and 2
show the scintillation spectra obtained with
and without pulse shape discrimination, re-
spectively.

The comparison of the results presented
in Fig. 83 and spectra in Fig. 6 evidences
that the scintillation amplitudes obtained
under thermal and fast neutron excitation
correspond to different dynamic ranges of
scintillation amplitudes.

4. Conclusions

Thus, the combined detector for fast neu-
tron spectrometry and simultaneous detec-
tion of thermal neutrons in the presence of
gamma background radiation has been stud-
ied. Taking it as an example, the main op-
portunities to vary composite scintillation
material characteristics were studied (due
to selection of grain size and thickness of
scintillation material). The separation of
different scintillation material signals cor-
responding to different ranges of scintilla-
tion amplitudes has been used instead of the
standard method of separation by decay
time of different scintillation materials.
The new scintillation materials prepared as
described in [3, 4] used in the combined de-
tector allow to reconstruct the fast neutron
spectrum. This has been shown taking a ra-
dionuclide 23°Pu-Be source as an example.
This is in a good agreement with the results
presented in [3]. In other words, the com-
posite scintillation material does not change
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Fig. 6. The reconstructed neutron spectrum
of the 239Pu-Be source.

its characteristics when being a component
part of the combined detector that is irradi-
ated with mixed radiations. The calculation
results of the thermal neutron detection ef-
ficiency g,;, of material of the proposed com-
bined detector agree well with the results of
similar investigations described in [4] ob-
tained for single-layer composite detectors
containingn Ce:GPS crystal grains.
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for Scintillation Materials, National Acad-
emy of Sciences of Ukraine, for providing
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gle crystals.
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Kom0inoBaHi KOMIO3UI[iliHI CIIMHTHIATOPH
IJIS peecTpalii MBUAKMX TAa TEIJOBUX HEHUTPOHIB

H./l.Kapasaesa, M.3.I'anynoe, €.B.Mapmunenko, A.B.Kocunoéa

PosriasayTo KOMOiHOBAaHMU AETEKTOP AJA CIEKTPOMETPil MIBUAKMX HEUTPOHIB B IPUCYT-
HOCTi ramMma-moJiiB, II0 CKJIAZAETHCA 3 KOMIIOBHUI[IMHOIO CIIMHTHUJISATOPA 3 I'PAHYJ OPraHiuHO-
ro MOHOKPHCTAJNy CTHUJbOEHY Ta CIUHTUJIATOPA 3 IPAHYJ HEOPraHiuHMX KPUCTAJIIB, II0
micrars Gd. BukopucraHo He CTaHJapPTHUI MeTOJ PO3MiJIEHHS 3a YaCcOM BHCBIT/IIOBaHHS
PiBHUX CHOMHTUIAIIAHUX MaTepialliB, a po3JiJieHHA CUTHAJIB BiJ PiSHUX CIMHTUIAIIAHUX
MarepiajiB, M0 3HAXOOATHCA y PisHUX gianmasoHaX aMILIITY[ CIITUHTUJIAIIN.
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