ISSN 1027-5495. Functional Materials, 24, No.4 (2017), p. 678-681.
doi:https://doi.org/10.15407/fm24.04.678 © 2017 — STC "Institute for Single Crystals”

Large area detector of low-energy gamma
radiation

T.A.Nepokupnaya, A.A.Ananenko, A.Yu.Boyarintsev,
A.A.Bobovnikov, A.V.Gektin, S.N.Kovalchuk, Yu.D.Onufriyev,
V.Yu.Pedash

Institute for Scintillation Materials, STC"Institute for Single Crystals”,
National Academy of Sciences of Ukraine,
60 Nauky Ave., 61001 Kharkiv, Ukraine

Received April 6, 2017

Detectors for registration of low-energy gamma radiation based on plastic scintillator
UPS-923A with composite YSO:Ce and Csl:Tl layers were developed. Size and concentra-
tions of granules in the composite scintillators were determined experimentally. Additional
composite layer in the detector design allowed reducing the gamma radiation registration
threshold down to 20 keV. It was shown that registration efficiency of 59.5 keV gamma-
quanta (Am?Z*1) of the detector with YSO:Ce composite layer was 4 times higher than that
of UPS-923A. The detector with Csl:Tl composite layer had 1.5 times higher sensitivity
and almost 2 times lower minimum detectable activity in comparison to UPS-923A under
Am24! irradiation.
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ITonyueHbl AETEKTOPHI AJS PErHCTPALAN HU3KOIHEPTETHUYECKOr0 IaMMA-HU3Jy4CHUS HAa
OCHOBE CHMHTUIIANMOHHON muacrMmaccesl UPS-923A ¢ xkomnosunuonseiM ciaoem YSO:Ce m
Csl:Tl. ITomoGpansl pasMephl U KOHIEHTPAIUA I'PAHYJ B KOMIO3UIIMOHHELIX CHUHTUIIATOPAX.
Ucnoab3oBaHne KOMIIO3UI[MOHHOI'O CI0S B KOHCTPYKIIUU AeTeKTOopa II03BOJSIeT CHU3UTD
IOPOT PerucTParuu raMMa-KBauToB g0 20 ksB. Ilokasano, uTo 3(PPEeKTUBHOCTDL PETUCTPAIIU
raMMa-KBaHTOB ¢ oHeprueil 59,5 xoB (AmZ*') ans mererTOopa ¢ KOMIIOBHIIMOHHEIM CJIOEM
YSO.Ce B 4 pasa Brie, uem giaa UPS-923A. IMerekTop ¢ KommoaunuoHHbEIM ciaoem CslTI
uMeeT UyBCTBUTEJALHOCTH B 1,5 pasa Beimre, a MIA moutu B 2 pasa HUKe II0 CPABHEHUIO C
UPS-928A npu o6nyuenmu Am241.

JLeTekTOp HU3BKOEHEPreTHYHOTO TaMMa BUNPOMiIiHEHHS Beaukoi miaomi. T.A.Henoxyn-
Ha, A.AAuanenrxo, AIO.Boapunuyes, A.A.Bobosnixos, A.BIexmun, C.H.Kosanvuyx,
10.1.0nypies, B.I0.I1edaui

OTpuMaHO AETEeKTOPHU [IJidA peecTpallii HUBLKOEHEePTeTHUHOTO0 TaMMa BUIPOMIiHEHHA Ha
ocHoBi cumuTUAANIHOI mractMacu UPS-923A 3 xommosumitinum mapom YSO:Ce Ta Csl:Tl.
ITigi6pano posmipy Ta KOHIEHTPAIlil0 TPAHYN Y KOMIOBUIIHHUX CIUHTHIATOPaX. Bukopuc-
TAHHA KOMIIOSUIIIHIHOTO MIapy Y KOHCTPYKIIil JAeTeKTopa A03BOJIg€ 3HUBUTHU IMOPIr peecrpalrii
ramma-kBauTiB g0 20 ksB. Ilokasamo, 1m0 e@eKTUBHiCTL peecTpalriii raMma-KBaHTIB 3
erepricro 59,5 ksB (Am24") nua nerexrtopa 8 kommosuuiiinum wmapom YSO:Ce y 4 pasu
Buia, Hix miaa UPS-923A. Ierekrop 3 Kommnosuniiinum mapom Csl:TI mae uyrausicrs y
1,52423\31/1 Bumy, a MJTA y 2 pasu mHmxuy y nopiBaaaui 3 UPS-923A mpm ompominenui
Am=*1,
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1. Introduction

The main devices for detection of nuclear
materials are radiation portal monitors with
neutron and gamma detectors [1]. The com-
mon materials for gamma radiation detec-
tion are Nal (Tl) and plastic scintillators
based on polystyrene or polyvinyl toluene.
Nal(Tl) detectors effectively register gamma
radiation in 0.06—8.0 MeV energy range but
they are expensive. The use of cheap plastic
scintillators allows covering the large areas
subjected to radiometric control. However,
this material has low light output. Conse-
quently, the minimum detectable activity
(MDA) for plastic scintillators in the low en-
ergy region is significantly higher than the
MDA in the medium and high energies range.

In this work the way to increase MDA
for plastic scintillator in the low energy
range is proposed. The solution is the detec-
tor that consists of plastic and composite
scintillators. The operating principle of
such detector is based on absorption of
gamma rays with energies of 20 keV and
higher in composite scintillator with emis-
sion of light with a wavelength for which
the plastic scintillator is a transparent
media. At the same time, the high-energy
radiation passes through small thickness of
the composite layer and it is registered di-
rectly by the plastic scintillator.

The composite scintillators usage in the
proposed detector allows obtaining the cost-
efficient large size detectors from commer-
cially available materials.

2. Experimental

In this work three detectors based on
plastic scintillators UPS-923A with an addi-
tional YSO:Ce or Csl:TI composite layer
were fabricated and tested. YSO:Ce is a the
non hygroscopic material with a sufficiently
high light output [2]. Csl:Tl is the high
light output commercially available scintil-
lator [3]. This material is slightly hygro-
scopic and requires encapsulation to in-
crease the lifetime.

The composition and dimensions of the
composite scintillators, as well as the di-

mensions of the plastic scintillator, are
shown in Table 1. The detectors manufac-
turing comprises the following steps:

— manufacturing of UPS-923A plate
with the required size, the reflector form-
ng;

— coating of UPS-923A with YSO:Ce or
Csl: Tl composite layer, the detector encapsu-
lation.

All UPS-923A surfaces were polished.
The method of YSO:Ce and Csl: Tl composite
scintillators fabrication was the same as de-
scribed in [4]. Scintillation granules of 63—
100 um were used for the composite layer
fabrication. Optically transparent chemi-
cally inert polysiloxane was used as a binder
[5]. The granules content in the composite
layer was 75 wt. % and 50 wt%. The com-
posite layer thickness of 0.5 mm was se-
lected experimentally. Diffuse reflector was
used to improve the light collection in the
detector. During the manufacturing the
scintillation characteristics of the UPS-923A
plates and detectors based on UPS-923A with
the composite layer were measured. Ampli-
tude spectra of the detectors were recorded
using AMA-03F multichannel analyzer (Ten-
sor, Russia). 137Cs (33 keV) and 241Am
(59.5 keV) were used as gamma sources.

During the counting rate measurements
of UPS-923A (20x60x100 mm3), an entrance
window with dimension 20x60 mm was cou-

pled to R1924A Hamamatsu PMT (J1”). The
same parameters for UPS-923A
(50x250x1000 mm3) were measured with
R1306 Hamamatsu PMT (32”) coupled to
50x250 mm entrance window of the scintilla-
tor. The side of the scintillator with maxi-
mum area was selected for irradiation. The
gamma source was located in such a way that
the scintillator surface was evenly irradiated.

The count rate measurement of UPS-
923A with YSO:Ce or Csl: Tl composite layer
was made similarly. Gamma source was
placed on the side covered with the compos-
ite scintillator.

Minimal detective activity of
1000x250x50 mm?3 UPS-928A and No.3 de-

Table 1. Composition and dimensions of the composite and plastic scintillators

Detector Composite layer Scintillator content , Composite layer UPS-923A
number material wt. % dimensions, mm dimensions, mm3
1 YSO:.Ce 75 100x60x0.5 100x60x25
2 YSO:Ce 50 100x60x0.5 100x60x25
3 Csl:Tl 50 1000%x250x0.5 1000x250x50
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Table 2. Count rate of plastic scintillator
UPS-923A and detectors based on UPS-
923A with YSO:Ce composite layer.

Scintillator Granule Count
concentration of rate, pps
YSO:Ce, wt.%

UPS-923A - 24
Detector No.1 75 3.8
Detector No.2 50 105

2,0E+04
241 Am 59,5 kaB
1,5E+04 -
% — UPS-923A
= — Detector Ne 2: UPS-923A with
% 1,0E+04 ~ YSO:Ce composite
Q
5,0E+03 A
0,0E+00 [L.R T T
0 50 100 150
Channel

Fig. 1. Amplitude spectra for detectors based
on UPS-923A with YSO:Ce composite layer
and for UPS-923A plate under 2*'Am
(69.5 keV) irradiation.

tector with Csl(Tl) composite layer under ir-
radiation with 13’Cs (33 keV line) and
241Am (59.5 keV line) was calculated using
the following expression:

2
MDA=; N =L, 1)

4

where n — detection sensitivity, N; — back-
ground count rate, { — acquisition time.
Detection sensitivity 1 was calculated as:

N-N
T (2
n_ A ’

where N — count rate under gamma irra-
diation, A — activity of radiation source.

3. Results and discussion

Count rate of detectors No.l, 2 with
YSO:Ce composite layer was compared with
he one of 20x60x100 mm3 UPS-923A under
irradiation with 24'Am source. The registra-
tion threshold during the measurements was
set 20 keV. Results are shown in Table 2.

Amplitude spectra of detectors No.2 and
UPS-923A under 24'Am irradiation are
shown in Fig. 1.
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Fig. 2. Amplitude spectra for detector based
on UPS-923A with Csl:Tl composite layer
and for UPS-923A plate under '37Cs (33 keV)
irradiation.
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Fig. 3. Amplitude spectra for detector based
on UPS-923A with Csl:Tl composite layer
and for UPS-923A plate under irradiation
241Am (59.5 keV).

As one can conclude from the obtained
results the count rate of the detector with
50 wt. % YSO:Ce composite layer is
4 times higher compared to the count rate
of the same size UPS-923A.

Increase in the granules content up to
75 wt. % leads to significant decrease in
the transparency of the composite layer
and, as a consequence, to a sharp drop in
the light output of the detector.

Detection sensitivity and MDA were de-
termined for detector No.3 with CslI(Tl) com-
posite layer under irradiation with '37Cs
and 241Am. The registration threshold dur-
ing the measurements was set at 20 keV.
Results are shown in Table 3. Amplitude
spectra for detectors No.3 and UPS-923A
under 24'Am irradiation are shown in Fig. 2
and 3, respectively. It should be noted,
that during the measurements the back-
ground count rate of the detector with com-
posite layer was higher than one of UPS-
923A. However, after detector flashing for
60 min, the background count rate was re-
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Table 3. Detection sensitivity 1 and MDA of UPS-923A plastic scintillator and of the detector

based on UPS-923A with CslI(Tl) composite layer

Scintillator Count rate, pps Background 1, pps-kBq MDA, pps-kBq
count rate,
241Am 137CS pps 241Am 137CS 241Am 137CS
UPS-923A 6067 6576 4980 11.7 35 17.1 5,7
Detector No.3 6652 6539 4883 19 36.5 10.4 5.4

duced to the level for the plastic scintilla-
tor. Probably, it is connected with the
method of preparation of scintillation gran-
ules. Specifically, with introducing the
stress into crystal lattice of Csl(Tl) as a con-
sequence there is mechanical crushing of a
the single crystal. As it can be seen from
the measurement results the detection sensi-
tivity of the detector with Csl: Tl composite
layer is 1.5 times higher and MDA is almost
2 times lower than the same parameters of
the standard UPS-923A detector under
241Am irradiation.

4. Conclusions

The detectors based on plastic scintillator
with YSO:Ce and Csl:Tl composite layer for
registration of low-energy gamma radiation
were manufactured.

The size and concentration of scintilla-
tion granules in the composite scintillator,
which allows increasing the detection effi-
ciency of the low energy gamma radiation
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were determined. The use of the composite
layer in the detector design allows reducing
the registration threshold of gamma radia-
tion down to 20 keV.

It was shown that registration efficiency
of 59.5 keV gamma-quanta (from 241Am) for
the detector with YSO:Ce composite layer is
4 times higher than that for UPS-923A.
Sensitivity of the detector with Csl: Tl com-
posite layer is 1.5 times higher and MDA is
almost 2 times lower in comparison to UPS-
923A when irradiated with 241Am.
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