A. Clouvas, ef al.: Radiation Portal Monitors Response to Gamma Radiation and ...

244

Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 3, pp. 244-252

RADIATION PORTAL MONITORS RESPONSE TO
GAMMA RADIATION AND TO THE DETECTION CAPABILITY
OF ORPHAN RADIOACTIVE SOURCES: CONTRIBUTION OF THE

' Department of Electrical and Computer Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece
2 Department of Industrial Engineering and Management, International Hellenic University, Thessaloniki, Greece

STRASS PROJECT
by

Alexandros CLOUVAS ", Fokion LEONTARIS !, and Stelios XANTHOS

Scientific paper
https://doi.org/10.2298/NTRP2003244C

Radiation portal monitors are commonly used to detect and intercept unauthorized move-
ment of nuclear and other radioactive materials at country borders. A total of twelve dou-
ble-pillar portal monitors are present at the Greek-North Macedonian border, each contain-
ing two polystyrene scintillating detectors per pillar. Spatial and spectral response testing of
the scintillating detectors to gamma radiation was performed by using different radioactive
sources and comparing the measurement results with Monte Carlo simulations. A good
agreement of the experimentally deduced activities of different point sources, needed for
alarm triggering of the radiation portal monitors with Monte Carlo calculated values, was ob-
served. Spectral results show no photopeaks in the spectra due to low resolution of these de-
tectors. The broad peaks observed in the spectra correspond to the Compton edge. Measured
spectra with a 137Cs source placed directly on the scintillating detector, at several positions
away from the photo multiplier tube, show an energy shift of the Compton edge towards
lower energies, as the source is moving away from the photo multiplier tube. The energy shift
is due to light transfer mechanisms within the scintillator volume and therefore, it is only ob-

served in optical simulations and not in gamma-ray particle simulations.
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INTRODUCTION

Nuclear terrorism is a global security challenge
and cannot be addressed by any nation alone. Over-
coming this challenge requires strong regional and in-
ternational co-operation. European Member states, in
co-operation with other countries and the Interna-
tional Atomic Energy Agency (IAEA), understand the
importance of nuclear security and embrace the shared
international responsibility to develop and promote
systems and measures for the prevention of, detection
of, and response to nuclear or other radioactive materi-
als transportation out of regulatory control (Orphan
Radioactive Sources) [1-3].

Radiation portal monitors (RPM) are commonly
used to detect and intercept unauthorized movement
of nuclear and other radioactive materials, both at
country borders and within the States [4]. However,
under certain circumstances, detection portals can fail
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to detect radiation (e. g. due to shielding). Therefore,
improved detection devices, based on the best-per-
forming technologies, are needed to provide improved
and more reliable identification and quantification of
contaminants. Implementing effective capabilities to
detect and intercept unauthorized movement of nu-
clear and other radioactive materials, both at borders
and within States, adds to global defences against nu-
clear terrorism. Since 2004, Greece has installed RPM
in the Evzoni Greek border with the Republic of North
Macedonia in order to prevent such kind of actions. At
the border side of Republic of North Macedonia porta-
ble radiation detectors are used. In 2018, in the frame-
work of the INTERREG IPA CBC Program Greece —
Republic of North Macedonia 2014-2020, a two years
project entitled Safe Cross-Border Transportation of
Hazardous Materials: Orphan Radioactive Sources
(STRASS), started. In the framework of this project,
the response of the RPM to gamma radiation and to the
detection capability of orphan radioactive sources,
was studied in the Evzoni Greek-North Macedonia
border.
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MATERIALS AND METHODS
The RPM in the Evzoni Greek border

In the Greek-North Macedonia border, twelve
RPM have been installed since 2004 for detecting and
intercepting unauthorized movement of nuclear and
other radioactive materials. Each Radiation Portal has
two pillars. The detection system is a TSA PM 700
AGN polystyrene portal monitor with two scintillating
detectors per pillar, fig. 1. Each scintillating detector
consists of a 79 cm high scintillating part (7. e.,15 cm x
x 79 cm x 3.8 cm) and a 10 cm high light guide (i. e., 15
cm x 10 cm x 3.8 cm), the latter being between the
scintillator and the photo multiplier tube (PMT). The
portal monitor, besides the scintillating detectors, con-
tains an electronic circuit and a controller that handles
data output and manipulation, linking the system to a
display or a computer with appropriate software.
Through the controller, the energy region-of-interest
window of the detector can be altered in order to focus
on the detection of certain radionuclides. At border
crossings, alow energy window that favours the detec-
tion of 223U is usually chosen. In the specific RPM, at
the Greek- North Macedonia border, a22-144keV en-
ergy window represents the default energy window
width value. In this work two energy windows were
examined. The default one and the wider energy win-
dow from 22 keV up to 1595 keV.

Figure 1. Pillar of RPM (model TSA PM 700 AGN) in
the Greek-North Macedonia custom; / — gamma
detectors: two scintillating detectors per pillar, 2 —neutron
detectors: two in each pillar, 3 — electronics

Low system signal, recorded by the RPM, is due
to natural gamma radiation background in the Evzoni
Border or, because of possible gamma-ray emission
from the cargo of a truck or a car passing through. It is
very important to determine the natural gamma radia-
tion background in the Evzoni Border and its variation
(e. g. increase after rain due to deposition on the
ground of 2'“Pb and ?'*Bi). An increase of the natural
gamma radiation background will be considered by
the RPM as possible radionuclide contamination of
the cargo of the truck and it will trigger a false alarm.
One of the problems encountered in the RPM is the
problem of optimal sensitivity setting, without in-
creasing the observed false alarms signal level. The in-
creased flow of vehicles, particularly during the sum-
mer period, at the Evzoni Border makes it difficult to
re-examine triggered alarms without obstructing traf-
fic. For this reason the alarm level in RPM should be
set at such a level to be able to reduce the number of
false alarms without greatly reducing sensitivity. In
addition, loads containing materials with natural ra-
dioactivity should, as far as possible, be recognized as
innocent alarm and not as a real one.

The calculation of the threshold, over which the
alarm will be triggered, is directly dependent on the
background of natural radioactivity and is given by the
formula

TL =background + ¢,/ background (1)

where 7L is the alarm threshold in counts per second,
background — background of natural radioactivity in
counts per second, and ¢ — the constant that determines
the confidence level.

Obviously, the  /background indicates a Gaussi-
an (normal) background distribution. In fact, the dis-
tribution of the background in counts per second is not
a normal distribution, but it is very similar to it [5].
Constant ¢ determines the confidence level of this dis-
tribution (e. g. for ¢ =3, we have a confidence level of
99.73 %). Once the integrated measured counts reach
the threshold value (TL) for one second period, then
the alarm is triggered. It is worth noting that most de-
tectors perform a measurement every tenth of a sec-
ond. The integrated counts for the one-second period
corresponds to the 10 rolling sums of the 0.1 seconds
measurements. Therefore, the influence of the back-
ground on the alarm threshold is significant. It is
known that truck loads provide shielding from gamma
radiation of the soil. The value of the background
when a truck is between the flat detectors (truckload
background) is lower from 10 % to 30 % or even lower
than the no-truck background value [6]. An algorithm
that takes this reduction into consideration will obvi-
ously have a higher sensitivity. Nowadays all RPM
perform the before mentioned background correction.

Most RPM, as the ones at the Greek Evzoni bor-
der, use organic plastic scintillators to detect emitted
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gamma radiation. However, these detectors do not
provide distinct spectroscopic information. For this
reason, they usually operate as simple gross-count de-
tectors. Alarms are often triggered by naturally occur-
ring radioactive materials (NORM), and persons
treated with medical radiopharmaceuticals. To reduce
the number of these unwanted alarms, various ad-
vanced algorithms are considered. Most commonly
used algorithms are the windowing algorithms [5] that
are based on the calculation of the ratio between radia-
tion intensity in a low-energy and a high-energy win-
dow of the observed scintillation spectrum. This ratio
is different for NORM and artificial radionuclides,
particularly special nuclear materials. This allows the
detection of radioactive material, as well as providing
a rough radionuclide identification.

Spatial response measurements

In order to test the scintillating detectors, spatial
and spectral response gamma measurements were per-
formed in combination with Monte Carlo simulations.
The spatial response measurements were conducted
with a '*’Cs source. The acquisition time was 10
seconds and the average value of counts was taken.
The monitor collects the counts in 0.2 seconds inter-
vals and the detector counts are updated every second.
First, abackground measurement was taken. Then, the
point source was placed directly on the surface of scin-
tillating detector, fig. 2, at several positions (15 cm, 20
cm, 30 cm, 40 cm, 50 cm, 60 cm, and 70 cm) away
from the PMT. For each source position the count rate
(counts per second — cps) displayed by the detector
was recorded. The portal monitors were set to measure
counts from 22 keV up to 1595 keV (total energy win-
dow). In addition, *’Cs and '3>Eu point sources were
placed at different distances up to 3 m away from the
scintillating detector. This distance is equal to the half
distance between the two pillars of the RPM. The
background measurement was taken and subtracted
from all the actual measurements, for all source posi-
tions. The aim of this experiment was to estimate the
minimum activity of the source for alarm triggering of
the RPM, under static conditions.

Spectral response measurements

The portal monitors' scintillating detectors are not
constructed for spectroscopic analysis like gamma
spectrometry detectors. In order to acquire spectra from
the scintillating detectors, a multi-channel analyser and
a laptop with the appropriate software had to be con-
nected to the corresponding probe of the portal moni-
tor's electronic circuit. This was achieved both by
studying the portal monitor's circuit and choosing opti-
mum software settings. The software used for the task

PMT 10cm

Light guide

79 cm

Scintillator

|

! 15cm

Figure 2. Schematic diagram of the scintillator detector;
it consists of a 79 cm high scintillating part, a 10 cm high
light guide, the latter being between the scintillator and
the PMT

was GENIE 2000 [7]. This software was built to acquire
spectra primarily from HPGe detectors and not from
plastic scintillators. Nevertheless, optimum software
settings and suitable detector probes were found, and
the measurements were completed successfully. The
spectra were obtained with '3’Cs and '>*Eu point
sources placed in different distances away from the
middle of the panel. In addition, spectra were obtained
with the 1*’Cs source placed on the surface of the panel
for different distances from PMT. As the measurements
were performed in different days, a spectrum of the
background was taken and subtracted from all the mea-
sured spectra in the specific day. The acquisition time
for all the measured spectra was 300 seconds.

Monte Carlo simulations

Simulation of the scintillating detectors of the
RPM at the Greek-North Macedonia border was car-
ried out with a set of Monte Carlo simulations. The
tool used, in order to simulate spatial response to
gamma radiation of these detectors, was the MCNP
code of the Los Alamos National Laboratory [8]. The
user-supplied information required by MCNP con-
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tains information about specific items such as the ge-
ometry and the materials characterizing the environ-
ment that will be simulated, the source distribution of
the radiation, and finally the type of the answers de-
sired (e. g. energy distribution of photon flux in a given
position). The simulated geometry is the one shown in
fig. 2. The material of the scintillator is styrene poly-
mer (polystyrene with a ratio of H: C =1 and a density
p = 1.05 gcm ™). The Monte Carlo simulations were
performed for a '37Cs point source, positioned on the
surface of the scintillator, at distances of 20, 30, 40, 50,
60, 70, and 75 cm from the PMT. An input file was
generated for each source position. The tally used for
the simulation was the standard {8 of the MCNP code
(pulse height tally). Each simulation was done for
100-250 million particles, a number considered
enough to give results with good statistics. The output
extracted from the spatial response simulations was
the counts for the total energy widow 22-1595 keV,
normalized per starting photon. Besides the '*’Cs radi-
ation source, Monte Carlo simulations were also per-
formed with the MCNP code for ®°Co and *°K point
sources at different distances away from the
scintillator. The aim of this numerical experiment was
to calculate the minimum alarm activities that trigger
the RPM and compare them with the experimental
ones.

Spectral response simulations were also con-
ducted using the Monte Carlo code Gate with GEANT
code of CERN [9], which has the ability to perform op-
tical simulations. This was done to enhance light gener-
ation and transport phenomena along with gamma-ray
interactions. The simulated geometry is the one shown
in fig. 2. In optical simulations, gamma-rays interacting
within the scintillator volume create optical photons
which are tracked and measured by appropriate tallies
in dielectric-metal boundaries. The surface between the
light guide and the PMT was supposed to be such a
boundary (i. e., measuring surface). The optical pho-
tons' wavelength was equated to the main emission
wavelength of the scintillator (~418 nm). The optical
photons' detection efficiency at the PMT surface
(photocathode) for that wavelength was considered to
be 25 % [10]. The output extracted from the optical sim-
ulations was a spectrum per position of the point source
on the scintillator surface. Each spectrum plots the
number of events that generated a certain number of op-
tical photons vs. the total number of optical photons
generated. Since the number of optical photons corre-
sponds to the light intensity, which is proportional to the
energy, the aforementioned spectra are analogous to en-
ergy spectra. In order to compare simulated and experi-
mental spectra, the counts extracted from the simula-
tions were normalized per starting photon. Monte Carlo
simulations follow the history of numerous starting par-
ticles (in our case photons) undergoing interactions
with matter. Afterwards, these counts are multiplied
by the number of photons emitted per second from the

0.35 uCi ¥Cs source and now both spectra can be com-
pared, representing the same quantity in cps units.

RESULTS AND DISCUSSION
Spatial response results

In fig. 3 the comparison between Monte Carlo
simulations with the MCNP code and the count rate
measurements by the RPM (after background subtrac-
tion), for a 0.35 uCi '3’Cs point source, positioned on
the surface of the scintillator and at different distances
from the PMT, is shown. The uncertainty of the mea-
sured results is within the dimensions of the points in
fig. 3 and it was estimated by calculating the square
root of the mean value of counts, assuming the distri-
bution of counts is following the Poisson distribution
[11]. The detector's output in cps seems to be constant
as the source is moving away from the PMT, while in
front of the scintillator (20 cm < x <75 cm). For the
source positioned at x <20 cm, the total counts are
lower because the source is near the boundary surface
of the scintillator and the light guide (which does not
scintillate). A quite good qualitative and quantitative
agreement between experimental measurements and
Monte Carlo simulations is observed, showing that
plastic scintillator response can be simulated ade-
quately by the MCNP code, when the total energy win-
dow of the RPM (22-1595 keV) is used.

It can be seen that Monte Carlo simulation re-
sults follow the trend of the curve obtained with the ex-
perimental results. The simulation results are of the
same order of magnitude compared with the experi-
mental ones. Taking into account the rough geometry
dimensions, the behaviour of optical photons and elec-
tronics, that are not simulated with Monte Carlo simu-
lation, the simulated results are within 10 % of the ex-
perimental ones, which indicates a relative good
agreement between them.
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Figure 3. Comparison between count rate (cps),
measured (x), and calculated (circles) by Monte Carlo
simulations (MCNP) for a 0.35 nCi 137Cs source
positioned on the surface of the scintillator at different
distances from the PMT
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The next step was to measure and calculate the
intrinsic efficiency of the scintillator of the RPM. In-
trinsic efficiency is the ratio of all photons which cause
a measurable impulse within the detector to all pho-
ton's incident to the detector. The measured intrinsic
efficiency for 661.6 keV photons was 0.441 and the
calculated one 0.456.

In fig. 4, the comparison between Monte Carlo
simulations and the count rate measurements by the
RPM (after background subtraction) for the 0.35 nCi
137Cs point source, positioned in different distances
away from the scintillator, is shown. Again, a quite
good qualitative and quantitative agreement between
experimental measurements and Monte Carlo simula-
tions is observed. Monte Carlo simulations were also
performed for °Co and “°K point sources, at different
distances (0-3 meters) away from the scintillator.
These measurements were performed in order to take
into account the detector's geometry that is quite large
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Figure 4. Comparison between count rate (cps),
measured (points), and calculated (line) by MC
simulations for a 0.35 uCi "*’Cs source positioned in at
different distances from the scintillator of the RPM
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Figure 5. Response of the RPM for two energy windows:
narrow window (22-144 keV) in squared points and total
window (22-1595 keV) in circle points, as a function of
the distance of a 42.5 uCi "*’Eu point source from the
scintillator

and in fact the inverse square law cannot be applied ac-
curately.

The output of the RPM, as function of the dis-
tance from the scintillator, of a 42.5 pCi '>?Eu point
source, for two energy windows of the RPM: narrow
window (22-144 keV) and total window (22-1595
keV), is shown in fig. 5. As expected, using the narrow
window (22-144 keV), the cps measured by the RPM
are lower than those measured with the total window.
Following the important role of the background in the
calculation of the threshold, over which the alarm will
be triggered in the RPM, eq. (1), it is important to de-
fine the signal/background ratio, as the ratio of the sig-
nal produced by the source and the signal produced by
the background radiation level with no source present.
In the Evzoni custom area, the output of the detector
due to background radiation is 303 cps for the total
window and 144 cps for the narrow window. The sig-
nal/background ratio, for the two energy windows (to-
tal and narrow), as function of the distance of the '>Eu
point source from the RPM can be seen in fig. 6. Sig-
nal/background ratio is higher when the narrow win-
dow is used than when the total window is used. This
means that the background radiation contributes less
to total counts when using the narrow window than us-
ing the wider one and the sensitivity of the instrument
is better in the first case. This is another reason to use a
narrow window than a total window. The first reason,
as mentioned previously, is that the low energy win-
dow favours the detection of 23U due to photon peak
at 186 keV and its Compton edge is around 78 keV.

Results of minimum alarm activities
(in static conditions)

The static tests consisted of positioning the point
sources ('*?Eu and '*’Cs) equidistantly between the two
pillars of the RPM at the half of the scintillator height.
The '>?Eu source 42.5 uCi (unshielded) was located in
the mid-height to the scintillator and at the half distance
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Figure 6. Signal/background ratio for the two energy
windows (total and narrow window) as function of the
distance of the '**Eu point source from the scintillator
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between the two pillars of the RPM (3 meters). The un-
shielded '37Cs point source, of activity 0.35 uCi, was lo-
cated up to 0.3 meters from the detector. The system is
set to allow detections to be registered without the need
to simulate the passing of a vehicle. In real situations,
the alarm triggering of the RPM is produced during dy-
namic conditions (passage of a vehicle between the two
pillars of the RPM) and not static conditions. However,
in a previous work [12] it was shown that dynamic mea-
surements can be approximated by corresponding static
measurements for specific transit conditions (e. g., low
vehicle speed).

The measurement in the RPM due to the '*2Eu
source (background subtracted) is 604 cps, more than
5 times higher than the background (background at the
time of measurement was 116 cps). The energy win-
dow of the RPM is the default one (22-144 keV). The
RPM with plastic detectors generally use a pre-set
alarm threshold 4-6 standard deviations of the back-
ground [13]. Withc=41ineq. (1), aminimum alarm ac-
tivity ofabout 3 uCi (111 kBq) is deduced, considering
linearity to the response of the scintillation detector.

Unfortunately, a high activity '3’Cs source, in
order to perform measurements at 3 meters (half dis-
tance between the two pillars of the RPM), was un-
available. However, measurements with an unshielded
137Cs point source, of activity 0.35 pCi up to 0.3
meters from the detector, were performed, fig. 4. The
measurement in the RPM due to the source at 30 cm
was 161 cps. In order to deduce the cps at a distance d
=3 m we use the d"''7 dependence, found experimen-
tally for the '>?Eu source, fig. 5, and by Monte Carlo
simulations with 1¥’Cs source. With such dependence,
the estimated cps for a '*’Cs 0.35 uCi source at 3 me-
ters is 3.2 cps. The count rate, measured by the RPM
due to Background, was 144 cps. A minimum alarm
activity of about 5.25 nCi (194 kBq) is estimated (for ¢
=4).

Theoretical calculations of the minimum activities
of 1¥7Cs, Co, and “’K point sources, for alarm triggering
of the RPM, were performed by Monte Carlo simula-
tions. The total energy window (22-1595 keV) was
adopted in the simulations compared to the default one
(22-144 keV), as the plastic scintillator response was
simulated adequately by the MCNP code when the total
energy window of the RPM (22-1595 keV) is used, figs.
3 and 4. In a previous study [14], it was shown that
MCNP code cannot simulate adequately the plastic
scintillator response to gamma radiation, when narrow
windows are used.

In tab. 1 the calculated (by MC simulations) ab-
solute efficiency (cps of the detector per pCi) for
137Cs, ©Co, and “°K point sources, located 3 meters
away from the scintillator (half distance between the
two pillars of the RPM), are presented. In order to cal-
culate the minimum alarm activity, it was assumed that
the cps, measured by the detector due to the source is
four standard deviations of the cps of the background.

Table 1. Minimum activities for alarm triggering of the
RPM as deduced by the Monte Carlo simulations

Point source _Absolute _ Mil'limum~
efficiency [cps/pCi] activity [pCi]
B1Cs 11.9 5.9
OCo 38.0 1.8
K 1.2 58.8

In the Evzoni area the counts per second due to back-
ground is 303 cps for the total energy window
(22-1595 keV) of the scintillator. The minimum activ-
ity of the source for triggering the alarm corresponds
to 4-4/303 = 70 cps, detected in the scintillator, due
only to the source (background subtracted). Dividing
the value of 70 cps by the tabulated values of the abso-
lute efficiency of the detector (second column of tab.
1) we deduce the minimum activities for triggering the
alarm, which are presented in 3" column.

The calculated value, of 5.9 pCi for the 37Cs
source, is in good agreement with the value of 5.25 uCi
deduced experimentally. In a study [15] in 19 RPM in
Spain, it was found that the minimum '¥’Cs activities
for alarm triggering of the RPM were between
170-280 kBq (4.32 -7.56 pnCi), which is in accordance
with our values. It should be noted, that the minimum
alarm activity of the RPM is not the minimum detect-
able activity by the RPM, which has a lower value
[15].

Spectral response results

The spectra shown in fig. 7 were obtained with the
137Cs source placed on the surface of the scintillator for
different distances from the PMT. The broad peaks in
fig. 7 do not correspond to the '*’Cs photopeak at 661.6
keV. In a detector, the gamma quantum with the energy,
E,, can be completely absorbed (photopeak), but a
Compton effect can occur as well so that the gamma
quantum escapes from the detector and only the energy
of the electron is detected [10]. The energy of this elec-
tron lies between zero and the maximum value, which
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Figure 7. Comparison between spectra obtained with the
¥Cs source placed on the surface of the scintillator for
different distances (20-70, and 75 cm) from the PMT
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corresponds to 180° backscattering, leading to a contin-
uum from zero up to the Compton edge (478 keV for
gamma rays due '3’Cs). The small thickness and the low
Z elements (C, H) of the scintillator, favour Compton
scattering rather than photoelectric process (completely
absorption of the incident photon energy). The broad
peaks shown in experimental spectra, fig. 7 correspond
to the Compton Edge. This is impressively shown in fig.
8(a) where the results of Monte Carlo simulations are
shown for a '37Cs source placed in on the surface of the
scintillator and at different distances (20-70, and 75 cm)
away from the PMT. The high broad peak in fig. 8(a)
corresponds to the Compton edge. In the simulated
spectra a small peak can also be observed, which corre-
sponds to the 13’Cs photopeak at 661.6 keV. The fact
that the small photopeak is not observed in the experi-
mental spectra is due to the resolution of the plastic
scintillator. As an example , by treating the simulated
spectra at x =20 cm with a Gaussian filter in order to be
consistent with the scintillating detector's energy reso-
lution (which is about 20 % at 1 MeV [10]) the small
peak which corresponds to the '3’Cs photopeak at 661.6
keV is not visible anymore in the simulated spectra as
shown in fig. 8(b).

In the measured spectra in fig. 7 there is an evi-
dent displacement of the Compton edge towards lower
energies as the source is moving further away from the
PMT. Furthermore, the counts in the lower part of the
continuum are increasing for the same source move-
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Figure 8. (a) Monte Carlo (MCNP code) simulated
spectra for ¥Cs source for 1 keV energy bins and for
different distances (20-70, and 75 cm) away from the
PMT; the spectra for the different distances

coincide, (b) Monte Carlo (MCNP code) simulated
spectra for a distance of 20 cm away from the PMT with
Gaussian broadening

ment. The total counts measured in any case (inte-
grated surface under the spectra) are almost the same.
On the contrary, the simulated spectra with the MCNP
code in fig. 8(a), shows no Compton edge displace-
ment. The spectra for the different distances from the
PMT practically coincide. The displacement of the
Compton Edge in the experimental spectra is caused
by light attenuation and other light transport phenom-
ena inside the scintillator, which the MCNP code can-
not model. The mechanism that explains the Compton
edge displacement is the following: in scintillating de-
tectors, light intensity corresponds to energy. There-
fore, an attenuated light intensity will eventually be re-
corded as a lower energy signal. Hence, the further
away from the PMT, the less the recorded energy will
be for a particle of a given energy. In parallel with the
MCNP code, optical simulations were conducted us-
ing the Monte Carlo code Gate with GEANT code of
CERN which has the ability to perform optical simula-
tions. This was done to enhance light generation and
transport phenomena along with gamma-ray interac-
tions. The spectra obtained from Gate simulations, fig.
9, shows qualitative similarities to the measured ones,
fig. 7, showing a clear displacement of the Compton
edge for the 137Cs. In addition, the total cps is almost
the same for the two positions of the 13’Cs source. The
cps values measured and calculated by MC simula-
tions with MCNP and Gate for two positions (x = 30
cm and x = 70 cm) of the '*’Cs from the PMT are com-
pared in tab. 2. The total cps (corresponding to the full
energy window of the RPM) measured or calculated
by MC simulations (MCNP, GATE) are almost the
same for the two source distances from the PMT. In ad-
dition, a quite good agreement between measurements
and MC simulations is found.

CONCLUSIONS

During the INTERREG project with the acro-
nym STRASS, a collaboration project between
Greece and North Macedonia, among other issues, the
spatial and spectral response of RPM installed in the
cross-border area of both countries was examined.
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Figure 9. Gate simulated spectra for the '*’Cs source on
the surface of the scintillator for two distances from the
PMT; (-) x=70 cm, (¢) x =30 cm
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Table 2. Measured and calculated by MC simulations of
RPM count rate for two positions of the 0.35 uCi *’Cs
source from the PMT

Distance from | Experimental MCNP GATE
PMT [cm] [cps] [cps] [cps]
30 2295 2534 2653
70 2279 2448 2620

Although these types of plastic detectors are not
used for spectrometry, spectra were obtained from the
RPM using '37Cs source in order to investigate their re-
sponse. Spectral results obtained with a *’Cs source
placed on the surface of scintillator at different dis-
tances from the PMT show no photopeak (661 keV) due
to total absorption of the energy of the gamma-ray. An
energy shift of the Compton edge is shown in the spec-
tra as the source is moving away from the PMT. This is
due to light transfer mechanisms within the scintillator
volume and therefore it is only observed in optical sim-
ulations (GATE) and not in gamma-ray particle simula-
tions (MCNP). However, plastic scintillator response
can be simulated adequately by the MCNP Monte Carlo
code.

The Intrinsic efficiency of the scintillator of the
RPM was measured using the aforementioned '3’Cs
point source and compared to the calculated one. A
good agreement between measured (0.441) and calcu-
lated (0.456) values was observed.

The RPM installed in the cross border area are us-
ing two energy windows: narrow energy window
(22-144 keV) and a wider energy window (22-1595
keV). Their response was studied as a function of the
distance from the RPM of a42.5 uCi '**Eu point source.
It was shown that the signal/background ratio is higher
when the narrow window is used compared to the wider
window.

Minimum alarm activities of the RPM were esti-
mated experimentally, for different radioactive point
sources (!37Cs, ®Co, 4°K). The calculated value by
Monte Carlo simulations (5.9 uCi) for the '*’Cs source
is in good agreement with the value of 5.25 uCi de-
duced experimentally. Therefore, Monte Carlo simu-
lations represent a useful tool for estimating Minimum
detectable activities of the instruments, giving accu-
rate results without using expensive radioactive
sources.

Knowing the limits of RPM, develops better prac-
tices in the cross-border checks, adjusting the RPM pa-
rameters in such a way to register true alarms and not
false or innocent naturally occurring (NORM) ones.
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Anexkcanapoc KTOYBAC, ®okunon JEOHTAPUC, Creanoc KCAHTOC

OA3UB ITOPTAJT MOHUTOPA 3PAYEIHA HA TAMA 3PAYEILE U
CITOCOBHOCT AETEKHUWJE 3ATYB/BEHUX N3BOPA PAJIMOAKTUBHOCTU
— JOIIPUHOC STRASS ITPOJEKTA

ITopran MOHUTOpPH 3pauerma OOUYHO Cce KOPUCTE 3a OTKPHUBAHE U IPECPETAE HEOBNALThEeHOT
IpeHoca HyKJIeapHuX U [PYruX paJuoakTUBHUX MaTepujaia Ha TpaHullaMa Jp>KaBe. YKYIHO je ABaHaecT
HOPTaJl MOHUTOPA Ca ABOCTPYKHUM CTYOOBHMMA MOCTABILEHO Ha TPYKO-CEBEPHOMAKENOHCKO] TPAHUIH, Off
KOJHX CBAKH Caip3K¥ /1B MMOJMCTHPEHCKA CIIIHTIIIANINOHA IETEKTOPA 10 cTyOy. McnmTuBame npocTopHOT
U CHEKTPAJHOT Ofi3MBa CUMHTHIIAMOHUX AETEKTOpa Ha rama 3padyerme U3BPUIEHO je KopullhewmeM
pa3IMUMTUX pPaJUOAaKTUBHUX U3BOpa M ynopebuBameM pesyarata Mepewma ca Monte Kapno
cHUMyJanyjamMa. Y oueHoO je AoOpO cliarame eKCIEepHUMEHTATHO U3BEACHUX MHUHUMAIHUX aKTHBHOCTH
pa3NMYNTHX TAadKaCTHX M3BOpa, MOTPEOHMX 3a aKTHBUPAImE alapMa IMOpTajl MOHHTOpa 3padema, ca
u3pauyHaTuM MonTe Kapno Bpegnoctuma. CrnekTpaiHu pe3yJaTaTH MOoKa3yjy fa Hema (hOTO NMUKOBA Yy
CIeKTpuMa 300T HUCKE pe30iynyje oBUX AeTekTopa. lllupoku NUKOBY yOUueHH y CHEKTpUMa OAroBapajy
KomnTonoBoj rpanuiy. M3mMepenu ciektpu ca u3s0pom '3/Cs nocTaBbeHUM TMPEKTHO Ha CUUHTUITALIAOHY
NETEeKTOp, Ha HEKOJHMKO IOJIOXKaja Of (POTOMYITHIUIMKATOPCKE IEBH, MOKAa3yjy €HEPreTCKH MOMaK
KomnroHoBe rpaHuie Ka HUXKUM €Heprujama, 0K ce U3BOp yjabaBa off (DOTOMYITUIIIUKATOPCKE LEBU.
Jlo eHepreTckor nomaka joJjiasu 300r MexaHu3ama IIpeHoca CBETIOCTH YHYTap 3allpeMUHe CHUHTUAIATOPA,
Te ce MOMaK 3araka caMO y ONTHYKUM CHMYJIaljaMa, a He U Yy CUMyJlalidjaMa YecTHIa raMa 3paka.

Kwyune peuu: nopitias MOHUTUOP 3paderba, 2ama 3paderbe, 3a2yomen paouoakiiueHU U3Bop,
Momniue Kapao cumyaayuja




