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The article presents the results of the development of the scintillation gamma spectrometers,
based on Nal(Tl), LaBr; or Srl,(Eu) scintillators, intended for aerosol monitoring over a
wide temperature range. The stabilization of the characteristics is provided by applying vari-
ous stabilization methods of the spectrometric chain. The estimation of the impact of those
methods on the stability of the characteristics of the developed radiation spectrometer is pro-

vided.
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INTRODUCTION

Scintillating materials (organic, inorganic, plas-
tic, etc.) are the basis of a wide range of detectors used
to detect gamma and X-ray radiation, neutrons and
charged particles. With a diverse variety of character-
istics (atomic number, light output, luminescence
time, efc.), scintillating materials can provide suitable
solutions for numerous tasks in scientific studies and
medicine, atomic energy and environmental monitor-
ing, inspection control and many other applications in
radiochemistry, radiobiology, safety systems, and ge-
ology [1-3].

In comparison to other types of detectors, scintil-
lation detectors provide better efficiency and sensitiv-
ity for detecting ionizing radiation. In addition, many
scintillation detectors for nuclear radiation operate in
the proportional regime with acceptable energy reso-
lution. As aresult, they are broadly used not only in ra-
diometry but in the spectrometry of nuclear radiation.

However, in addition to their many positive char-
acteristics, scintillators may suffer from temperature-de-
pendent variations of light output, luminescence time, or
other parameters [1-4]. The gain of photomultipliers,
which register light flashes from the scintillator, also may
change with temperature. The result is that the conver-
sion coefficient of these devices is susceptible to temper-
ature instabilities. The photomultiplier gain, which en-
ters into the conversion coefficient, also may change as a
result of other factors, such as the ambient magnetic field
and the count rate. All these potential causes of variabil-
ity call for stabilisation of the spectrometric chain, espe-
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cially if the device is intended for the solution of a pre-
cisely defined spectrometric task.

Aerosol and iodine monitors are designed to de-
tect and measure the radioactive contamination
(gamma, alpha, and beta emitters) in the air, and at
times they must work continuously in harsh outdoor
conditions [5-7]. Though the standard [8] does not de-
fine strictly the operating temperature range for these
devices, the real application conditions for aerosol
monitors require that they should function reliably
over a wide temperature range between —20 °C and
+50 °C. Of course, without taking special measures, it
is not possible to ensure the stability of the most criti-
cal instrument parameters over such a wide range. Fur-
thermore, as previously mentioned, other factors be-
sides temperature could lead to instability of the
conversion coefficient.

The purpose of the present work is the develop-
ment of the scintillation gamma radiation spectrome-
ters based on Nal(TI), LaBr; or Srl,(Eu) scintillators
and intended to operate in harsh environments, includ-
ing a wide range of temperatures. In order to achieve
the necessary stability, it was necessary to analyse and
implement various stabilization methods in the spec-
trometric chain [9], evaluating their impact on the sta-
bility of the relevant instrument parameters.

For the first prototype we used gamma spectrom-
eter based on Nal(Tl) crystal with a size of @76 mm x
76 mm, which is able to detect gamma quanta in the en-
ergy range of 50-3000 keV [10]. The design permits in-
stalling any of the scintillation crystals listed above in
the spectrometer case. Besides the detector, the case of
the spectrometer contains a preamplifier board, a
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high-voltage (HV) supply board, a multi-channel
analyser (MCA) board, and a microcomputer, which
could transfer by LAN cable not only the acquired spec-
trum, but also the results of the calculation of the
radionuclide activity in accordance with the built-in
calibration and applied calculation method.

THE DEVELOPMENT OF THE
THERMOSTABILIZING HOUSING

The overall stabilization of the spectrometric chain
could be achieved by implementing a thermally stabi-
lised housing. To provide a stable operation of the spec-
trometer, the thermostabilizing housing TSH-L with au-
tomated temperature control in the ambient temperature
range from —20 °C to +50 °C was developed. The design
of the spectrometer in the thermostabilizing housing is
presented in fig. 1.

®)

Figure 1. Photo (a) and cross-section (b) of the
spectrometer in thermostabilizing housing TSH-L

The spectrometer case itself is located inside the
thermostabilizing housing, which provides protection
against dust and humidity as well as thermal isolation
against abrupt ambient temperature changes. In addition,
the thermostabilizing housing TSH-L is equipped with
an automated heating system that maintains the tempera-
ture of the crystal in the approximate range of (17-20) °C,
also in the case of ambient temperatures below freezing.
The maximum overall dimensions of the insulating
housing are @170 mm x 440 mm.

The thermostabilizing housing TSH-L has the
bottom part on which the entire device can be assem-
bled see fig. 1(b). The inner part of the housing is made
from the thermally insulating material enclosed by a
light aluminium case. On the side of the scintillation
crystal, the aluminium case has a carbon window to al-
low detecting low-energy gamma radiation. Two ca-
bles penetrate the housing through feed-through con-
nectors in the upper part of the case: the power supply
cable (+12 V) and the data transfer cable. The spec-
trometer can be controlled via LAN and RS-485 inter-
faces.

The spectrometer can be heated using three re-
sistors that are installed on the heat exchange ring. The
same ring has a temperature sensor, which provides
feedback according to which the heating system can be
activated and deactivated. One additional temperature
sensor is installed on the case of the scintillation crys-
tal for additional temperature control. The thermal
housing's automated heating system was tested both in
refrigerating (7, =+5 °C) and in freezing chambers
(Tymy =20 °C). The set-point below which the heater
is turned on was adjusted at different times. Tables 1
and 2 show the temperatures of the crystal, T, as a
function of time along with the set-point value of the
heating system (7, /os)-

Tables 1 and 2 how that the heating automati-
cally started when the temperature of the heat ex-
change ring reached +14 °C and stopped when its tem-
perature reached +19 °C. In this way, the temperature
of the crystal remained within the range +(17-19) °C.
Thus, the heating system reacted appropriately to the
low ambient temperature, maintaining the temperature
of the scintillation crystal at a constant level.

STABILIZATION USING THE 2#1Am
ALPHA PEAK AS A REFERENCE

As another method for stabilization of the spec-
trometric chain, we implemented a stabilisation
scheme based on a 2*! Am source [11-13]. The 59 keV
gamma peak was used at the lower end of the energy
range, whereas the peak corresponding to the energy
deposit of the alpha particle was used at the upper end
of the range. The alpha peak has the advantage of fall-
ing near the upper end of the energy range and of not
having an energy distribution due to Compton scatter-
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Table 1. Test results of the thermal stabilization of the detector in the refrigerating chamber

(Tamp = 15 °C; heating phase I cooling phase \L)

Heating time [min] 13.08 13.10 13.11 13.13 13.13 13.14 13.14 13.15 13.16
T4et> [°C] 18.2 18.2 17.5 17.4 17.6 17.8 18 18.2 18.2
Towots, [°C] 174 154 14 151 167 171 181 191 18
Heating time [min] 13.08 13.19 13.20 13.22 13.23 13.24 13.24 13.25 13.26
Tets [°C] 18.0 17.7 17.4 17.4 17.8 18.1 18.2 18.2 18.0
Towotts [°C] 164 154 141 157 177 187 197 187 174
Table 2. Test results of the thermal stabilization of the detector in the freezing chamber
(Tam» = =20 °C; heating phase T; cooling phase )
Heating time [min] 13.50 13.52 13.53 13.54 13.55 13.55 13.56 13.56 13.57
T4et> [°C] 18.2 17.2 17.0 17.0 17.1 17.5 17.7 17.8 18.0
Toworr, [°C] 184 164 154 167 171 187 197 207 204
Heating time [min] 13.57 13.158 13.59 14.00 14.01 14.01
Tets [°C] 17.9 17.8 17.6 17.3 17.0 16.9
Toworts [°C] 194 18 174 167 157 167
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Figure 2. All measured spectra obtained during the tests displayed on one plot

ing. The amplification coefficient of the MCA could
be adjusted with a pre-set periodicity, say once per
minute, with the aim of locating the centroid of the ref-
erence peak in a given channel. In this way, the stabil-
ity of the spectrometric chain can be assured with con-
fidence.

The following tests were performed to evaluate
the implemented solution. The spectrometer's internal
instrument program is already capable of stabilising the
spectrometric chain based on the 662 keV peak of 3'Cs
and maintaining it in its initial channel for the energy
range up to 3 MeV. For the test, the crystal temperature
was lowered from +18 °C to +14 °C, then raised to +28
°C, and finally lowered again to +18 °C. For the pur-
pose of the experiment, the reference peak dynamics of
the 2*! Am alpha peak for the case when '37Cs peak is
fixed (i. e., the internal instrument program corrects the
amplification and holds the position of the '3’Cs peak in
the fixed channel) should be cleared up. Knowing the
variation of the *! Am centroid as a function of temper-
ature for the fixed '3’Cs peak position [Centroid

(>**'Am, 37Cs =>const.) = A T)] and solving the inverse
problem, we could determine the amount by which the
position of the >*! Am peak should be shifted (by modi-
fying the amplification coefficient) for the given tem-
perature so that the 37Cs peak is saved in the computer
memory in the same fixed channel. With the specified
periodicity, the spectrum was saved in the computer
memory and after the tests, all dependence diagrams of
reference peak position on temperature were assembled
into one figure (see fig. 2).

Figure 2 shows that the > Am alpha reference
peak changes its position from channel 920 to channel
970 while the '3’Cs position is stable to within *1
channel. A small instability of the detected intensity of
the 137Cs peak is connected with the fact that the mea-
surement configuration has changed slightly due to the
spectrometer being removed from the cooling cham-
ber and later replaced. Based on the obtained results
the desired rectilinear dependence has been deter-
mined, and it is shown in fig. 3.
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Figure 4. The drawing of all measured spectra during the tests

The hysteresis visible in fig. 3 is caused by the
thermal inertia of the large-volume crystal (76 mm x
76 mm) during heating and cooling. The test was re-
peated after the correction function obtained from fig.
3. was included in the spectrometer’s internal software
(SW). However, this time, the program was instructed
to maintain the alpha reference peak in a specific
channel in such a way that the 13’Cs peak also remains
in a fixed channel. Thus, the program determines the
temperature, 7, for the normal operating conditions,
then, based on fig. 3, it defines the channel number in
which the alpha peak reference should be set up for
the temperature, 7, to maintain the '*’Cs peak in its
fixed channel. Finally, it corrects the amplification co-
efficient so that the alpha peak reference appears in
that channel. As a result, the whole energy range is
corrected appropriately. Figure 4 shows the typical
plot of a spectrum in which again the dynamics of the
reference peak position are seen, but the reference
peak position nevertheless is stable.

Figure 5 shows the position of the '3’Cs peak as
the crystal temperature is changed from +14 °C to
+32 °C. The peak position instability was only 0.36
%, which shows the high stability of the imple-
mented solution [14].

STABILIZATION SYSTEM WITH
APPLICATION OF LIGHT DIODE

To exclude implementation of radionu- clide
source for stabilization of spectrometers where it is
not desirable, we designed an alternative online sta-
bilization method based on a light-emitting diode
(LED) [15-18]. Figure 6 shows a schematic diagram
of the LED stabilisation system.

Between the scintillation crystal and
photomultiplier, there is a glass insert that contains
an Optocoupler (LED + photo diode). The optical
parameters of the optocoupler have been selected to
provide an optimal match with the flashes of the
scintillator and LED in the range of operation of the
photomultiplier. The optocoupler is placed in a
black, lightproof case with an aperture of 0.8 mm di-
ameter. The aperture's location and orientation are
optimised to provide the most uniform exposure of
the glass insert. Thus, the flashes of the scintillator
and LED together reach the cathode of the
photomultiplier for further amplification and pro-
cessing by the spectrometric device.

The LED pulses are stabilised by means of a pro-
portional regulator with feedback. The LED flashes are
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Figure 6. Block diagram of the stabiliser of the spectrometric chain with the application of LED

registered by a photo diode, the signals of which are am-
plified by the photo diode preamplifier. The amplified
pulse'samplitude is fixed by a peak detector and digitized
by an analog-to-digital converter (ADC). The
microcontroller (MCU) then regulates the LED current
to stabilise the brightness of the light pulses.

The microcontroller controls the whole stabili-
zation process. It shapes the pulses that drive the LED
with the switch. The brightness of the flashes is de-
fined by the current that passes through the LED. The
current value is regulated by the precision current
source and is specified by the microcontroller through
adigital-to-analog converter (DAC). The LED flashes
pass through the aperture to the photomultiplier and
are converted into a signal spectrum after the amplifi-
ers in the spectrometric chain. Simultaneously with
the LED pulse, the MCU shapes the strobe signal
GATE, which allows LED flashes to be distinguished
from scintillation light produced by radiation prior to
further processing in the MCA. By adjusting the LED
current, one can shift the position of the LED reference
in the spectrum.

Because the MCA can discriminate the incoming
pulses through coincidence with the GATE pulse there
are two spectra: the real radiation spectrum and the ref-
erence spectrum. Prior to the measurement, the posi-
tion of the stabilised LED reference peak can be ad-
justed so to be in the centre of the spectrum and fixed in
the memory. During the measurements, the instrument

SW controls the reference peak position and once a
minute compensates the centroid drift by adjusting the
amplification coefficient in the MCA. Our experi-
ments demonstrated that the drift of the 662 keV *7Cs
peak position was less than £2% over the entire range
of ambient temperatures from —20 to +50 °C.

SOFTWARE

Aerosol monitors are the hardware-software
complexes which provide the radionuclides detection
and their activity measurement in the air. They enable
the measurement results in real time mode what is the
best solution for the ambient monitoring of uncontrol-
lable radioactive emissions in the environment. Usu-
ally such monitors are united in the systems distributed
over the vast territories. The Comprehensive Nu-
clear-Test-Ban Treaty (CTBT) Organization has the
largest monitoring global system [19]. In that system,
the separate aerosol monitors should provide not only
the measurements at a considerable distance from each
other but also the interaction among them and secure
the distance control, test and service, possible adjust-
ment, regulations, efc. To organize the operation and
modifications in the system various SW products are
required for its proper operation.

During the development and testing of the stabi-
lised spectrometer — radiometer, three types of SW
have been developed:
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— theinstrument SW Airsoft programmed in C++ for
Linux;

— the user checkout demo SW AirSpec-control, pro-
grammed in Delphi for Windows;

— the multifunctional spectrometric SW GammaPro
for Windows [20].

The SW Airsoft allows for remote control of the
spectrometer via Ethernet or an RS-485 interface. It
can start a measurement, control the adjustments of the
built-in micro MCA, read spectra, and transfer the data
via the selected interface. Furthermore, the SW Airsoft
stabilises the spectrometric section and calculates the
activities (specific or volumetric) based on the imple-
mented calibration. Finally, the SW Airsoft can obtain
data via an RS-232 interface from the pressure sen-
sors, flow meters, and other sensors that are imple-
mented in the specific aerosol monitor.

The user checkout demo SW AirSpec-control ex-
ecutes the interface functions of the spectrometer con-
trol panel. Launched on the user's PC, it allows remote
control of all functions of the spectrometer (start, stop,
reading of the spectra, and calculation of the activity re-
sults, etc.), sending and receiving the commands over
the Internet.

The spectrometric SW GammaPro provides not
only control and basic adjustment functions for the de-
veloped stabilized radiation spectrometer but also car-
ries out all of the principal spectrometric tasks, includ-
ing the measurement of the volumetric activity of the
radionuclides in the air and aerosols.
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®emke B. DUHKE/, Uropc A. KPANHYKOBC,
Bacunuj C. IUTBUHCKM!, Baagumup B. TOCTUJIO

CTABUWIN3ALINMJA NEPOOPMAHCHU CHUHTUIAIIMOHUX
CIIEKTPOMETAPA 3A MOHUTOPUHI AEPOCOJIA

Y oBOM pafly HpUKa3aHU Cy pe3yaTaTH pa3Boja CUUHTUIAIMOHMX raMa CIeKTpoMeTapa
3acHoBanux Ha Nal(Tl), LaBr; nmu Srl,(Eu) couaTiinannonnm MatepujanuMa HaMeHheHIM MOHUTOPHHTY
aepocojia y IMHUPOKOM TemmepatypHoMm omcery. Crabmim3anmja KapakKTepucTuka je obe3behena
OPUMEHOM Pa3IMYATUX CTAOWIM3AIMOHNX METOJla CIIEKTPOMETPHjCKOr JaHna. Takobe, mporemeH je
yTHIaj OBUX METO/Ia Ha CTAOMIIHOCT KapaKTEepUCTHKA Pa3BUjEHOT CIEKTPOMETPA.

KmwyuHe peuu: MOHUITLOD aepocona, CUUHIRUAAUUOHU OellleKIlop, cllabuausauyuja iiepgopmance




