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Two types of combined detectors have been developed and manufactured. The first
detector type is intended to detect the o and P radiation while the other one, for B and y
radiation. The obtained parameters of the developed detectors (background counting rate,
sensitivity, and the minimum detectable activity) have provided the applicability thereof
for detection of o, and B,y radiation in common or separately.

PaspaboTanbl M WMBroTOBJEHHI JBA THUIAa KOMOWHUPOBAHHBIX JeTeKTOpoB. IlepBHIil TuI
JeTEKTOPOB IIpeJHA3SHAUEH [JIA PETrucTpaluu o- U [-u3JIyueHuii, BTOpoii — [(- u y-usjayde-
Huii. [loryuyennsie napamMeTphl (POHOBOI CKOPOCTU CUETa, UYBCTBUTEJHHOCTH M MUHUMAJIBHOI
JEeTEKTUPYeMOll aKTUBHOCTHU A PaspaboTaHHBIX JEeTEKTOPOB O0ecIeuuJy BO3MOKHOCTH UX
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IpUMeHeHUs AJIS COBMECTHOI U pasfesbHOI peructpamuu o,p3- u B,y-usayueHui.

The detectors for ionizing radiation radi-
ometry should provide a maximum sensitiv-
ity to the mixed radiation field component
to be measured, a minimum one to the back-
ground component of the mixed region, and
a maximum difference of signals from the
excited component to be measured and the
background one [1, 2]. The above conditions
are satisfied simultaneously only seldom.
However, it is known to solve the problem
by using in the detecting systems several
scintillators being in optical connection to
each other, that is, combined detectors [3].
Such detectors provide a selective detection
not only by means of amplitude discrimina-
tion but also by the signal resolution ac-
cording to the pulse shape.

The first condition of the high-quality
operation of a detecting device is satisfied
by means of a lowered recording threshold,
a high light yield of the scintillators and a
high enough energy resolution, and the ab-
sence of pulse miscounting under high load-
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ings. The second condition for the efficient
operation of a detecting devices in mixed
ionizing radiation fields can be provided by
lowering the background radiation detection
efficiency of the first scintillator. This is
attained by using thin scintillators as the
first ones in a combined detector. The third
condition is fulfilled by using scintillators
with considerably differing decay time val-
ues. When considering a "fast” scintillator
and a "slow” one, the ratio of current
pulses corresponding to the scintillation in-
tensities therein is

where 1), 7, are the decay time values for
the slow and fast scintillator, respectively.

Recently, some designers have proposed
the use of combined detectors in radiome-
ters [4, 5]. So in [4], the NE-102 scintillator

is used as a [P radiation receiver and a
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Nal(Tl) one to record y radiation. The Har-
shaw Co. has advertised a combined detector
where a CaF,(Eu) scintillator is joined with
a Nal(Tl) one through a quartz window [5].
The o and P radiation components are re-
solved in that detector by amplitude dis-
crimination with selection of corresponding
windows. In [6], the inventors have used an
ABVI semiconductor scintillator as the first
one and an oxide scintillator as the second
one. A common drawback of such combined
detectors consists in that the first scintilla-
tor detects to a considerable extent the
more hard radiation that is detected by the
second scintillator. Consideration of the
known designs evidences that it is necessary
to improve the detecting devices based on
combined scintillators by selecting thickness
of the scintillators, improving the joining
methods thereof, and increasing the active
surface area of the scintillators.

Two types of combined detectors were
manufactured for experiments in this work.
The I type detector is a polystyrene scintil-
lation plastic disk of 8 mm thickness with a
thin (40 to 50 um) CsI(Tl) film applied onto
its surface. The II type detector consists of
a 50 mm thick double-window Nal(Tl) detec-
tor and a p-terphenyl film (100-120 um).
Both detectors were 100 mm in diameter.
The first combined detector is intended for
simultaneous and separated detection of o
and B radiation; the second one, for B and
y radiation detection.

The type I combined detector provides
the detection of o radiation through the ac-
companying X-ray and soft y ones. So when
239py radionuclide is decomposed, the most
intense radiation (>4 % per decay) is the
X-ray one with the average energy of
17.06 keV while at decomposition of 241Am,
the 59.54 keV X-rays (5.7 % per decay) are
of interest. Those radiation types accompa-
nying the o decay were used to detect the
239Py and 2¥'Am radionuclide radiation in
"thick” samples (where the o particle free
path is less than the sample thickness).

To study the spectrometric and radiomet-
ric parameters, the combined detectors were
included into detecting blocks comprising a
detector, a PMT, the PMT power supply,
the output signal formation, amplification,
and matching devices. The minimum detect-
able activity (MDA) at 0.95 confidence level
was determined as MDA = 27 VVy, where 1 is

the detecting system sensitivity defined as
the ration of the pulse number detected
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Fig. 1. Dependence of the p-terphenyl film
specific sensitivity (n/S) on the thickness (d)
at detection of B radiation from 9°Sr+°0Y ra-
dionuclide.

from a known activity source within the
prespecified energy window to the source
activity; Ny, the counting rate of the back-
ground radiation within the corresponding
windows of the amplutide spectrum; ¢, the
measurement duration.

The specific sensitivity n/S was deter-
mined as n = N/A (pulses/(s-Bk)), where N
is the count rate in the corresponding en-
ergy region; A, the radionuclide activity.
The block proper background was measured
for blocks being both inside and outside the
protective shell. The signal-to-noise ratio
(P) was determined as P = N/N; where N is
the pulse number corresponding to the
maximum of the amplitude distribution;
Ny, that for the amplitude distribution
minimum. The measurements were done
using a 137Cs conversion electron source
from the OSIKE kit.

To determine the optimum thickness of
the p-terphenyl film, the specific sensitivity
(n/8S) as a function of the film thickness (d)
was measured when detecting the P radia-
tion of 998r + WY radionuclide within a
fixed energy window. As is seen from
Fig. 1, the maximum sensitivity of 0.6 to
0.65 pulse/(Bk-s) is attained at the film
thickness corresponding to 25 mg/cm?2.

Since the combined detectors intended to
detect the ionizing radiation simultaneously
and separately, the count characteristics
(CC) thereof were to be studied. The detec-
tor count characteristic is the dependence of
its counting rate (V) on the PMT supply
voltage (E), the other parameters (the signal
collection, formation, and amplification
time, the PMT noise level). The main CC
parameters are the plateau length, slope,
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Fig. 2. Counting characteristics of a com-
bined detector based on Csl(Tl) film and scin-
tillation plastic at detection of o radiation
from 23%Py (1), B radiation from 20Sr+90Y (3)
and radiation from 24'Am (2).

and level. Fig. 2 presents the CC for CsI(TI)
film and p-terphenyl one. The detectors
were irradiared with y radiation of 24'Am
(E; =60 keV and E, = 17 keV), 239Pu and
B one of 90Sr + 0Y, The two steps for the
Csl(Tl) film are due to detection of radia-
tions differing in energy. The PMT supply
voltage for such a system is to be selected
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Fig. 3. Counting characteristics of a com-
bined detector on the basis of a Nal(Tl) single
crystal and a p-terphenyl film for detection
of B radiation from 9°Sr + 90Y source and y
one from 137Cs

within the CC diapason intended to detect
the 17 keV radiation; however, in that case,
the operation conditions are within the high
noise zone due to high voltage. In such
cases, special amplifiers are to be used pro-
viding lower PMT voltages and the CC shift
towards lower voltages.

Table 1. Radiometric parameters of the Type I block

Parameters Energy range Slow scint. Fast
12- | 150- 12- 150- 17 keV | Seint.
25 keV | 2400 keV | 25 keV | 2400 keV
Signal/noise ratio 1.4 - - - - - -
Background rate in protec- - 0.5 3.0 - - - -
tion, pulse/s
Sensitivity, pulse/(Bk-s) - - 0.002 0.003 - -
Signal level, V - - - - 0.1 0.19
Table 2. Radiometric parameters of the Type II block
Parameters Energy range Sl.ov::/ ng:
scint. scint.
740 keV| 2400 keV | 740 keV | 2400 kv | 662 keV | 2400 ke
Signal/noise ratio 1.5 - - - - - -
Background rate in - 3.5 1.0 - - - -
protection, pulse/s
Sensitivity, pulse/(Bk-s) - - = 0.05 0.04 - -
Signal level, V - - - - - 0.5 0.4

204

Functional materials, 16, 2, 2009



V.A.Tarasov et al. / Radiometric characteristics of ...

Fig. 3 shows the CC of a combined detec-
tor on the basis of a Nal(Tl) single crystal
and a p-terphenyl film for detection of
radiation from 99Sr + 90Y source and v one
from 137Cs.

Consideration of +the count charac-
teristics for the combined detectors made it
possible to select the operating voltage for
the detecting blocks providing the optimum
radiometric characteristics. The charac-
teristics obtained for the blocks are pre-
sented in Tables 1, 2, and 3.

To conclude, the composition and design
of combined detectors have been optimized
to provide the necessary radiometric charac-
teristics. A correlation has been established
between optical and scintillation charac-
teristics of scintillation elements included
in the combined detectors. The count char-
acteristics of the detectors have been stud-
ied to optimize the sensitivity thereof at the
detection of ionizing radiation. Basing on
the combined detectors designed, detecting
blocks have been manufactured intended to
detect the radiation from 239Pu, 24TAm, 40K,
and 137Cs in the first block, and from

Table 3. Minimum detectable activity val-
ues for the Type I and Type II blocks

Block type 239py 90gr 137Cs
I 2.6 Bk 0.4 Bk -
1I - 0.6 Bk 0.5 Bk

137Cs, 40K, 226Ra, 239Th, and 99Sr in the
second one. The radiometric characteristics
of the blocks make it possible to use those
in radiometers for joint and separated de-
tection of «,B and B,y radiation.
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PagiomeTpuuHi XapaKTepUCTHKN KOMOiHOBaAHHMX
IEeTEeKTOPiB Ha OCHOBI OpPraHiYHHX Ta HEOPraHIUYHHX
CHMHTHJIATOPIB Ta i1X 3aCTOCYBAHHSA IJA KOHTPOJIIO

pagiamiiHOl 00CTAHOBKHU

B.O.Tapacoe, IO.T.Budaii, T.€.I'op6auwoéa, A.A.Ananenko

Pospobieno Ta BUTOTOBJIEHO ABa THUOU KoMOiHOBaHUX meTeKTopiB. Ilepmmit Tun geTek-
TOpiB ImpusHaUeHU IJA peecTpalii o- Ta B-BUOPOMiHIOBaHb, APYTUil — AJA - Ta Y-BUIPOMi-
HoBaHb. Omep:kani mapamerpu (POHOBOI MIBHAKOCTI paxyBaHHs, YyTJIMBOCTI Ta MiHimMaabHOI
IeTeKTOBHOI aKTHMBHOCTL IJisi PO3pOo0/IeHNX IeTEeKTOPiB 3a0esrneuyniu MOKJIMUBICTE iX 3acToCy-
BaHHA AJs CIILIBHOI Ta posmispHOI peecrparii o,B- Ta [3,y-BUIPOMiHIOBAHB.
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