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Abstract: Environmental radiation monitoring stations using the Nal(Tl) scintillation detector
have higher sensitivity and provide more accurate radiation dose values than using Geiger-Muller
counters. However, when the temperature of the environment changes, the measuring data
changes (due to the temperature dependence on the Nal(Tl) light yield and the quantum
efficiency of the PMT). The results show that the peak positions have a relatively large shift
depending on the temperature of the environment. It is necessary to correct gamma spectrum at
different measured temperature to the reference temperature (e.g. 25°C). In order to analyze
gamma-ray spectra, one of the important operations of the processing procedure is searching for
photopeaks, determine peak shape and intensity. Environmental radiation monitoring stations
using the Nal(TI) scintillation detector have higher sensitivity and provide more accurate
radiation dose values than using Geiger-Muller counters. However, when the temperature of the
environment changes, the measuring data changes (due to the temperature dependence of the
Nal(TI) light yield and the quantum efficiency of the PMT). The results show that the peak
positions have a relatively large shift depending on the temperature of the environment. It is
necessary to correct gamma spectrum at different measured temperature to the reference
temperature (e.g. 25°C). In order to analyze gamma-ray spectra, one of the important operations
of the processing procedure is searching for photopeaks, determine peak shape and intensity. This
study presents a new method for stabilizing gamma spectrum and automatic peaks identification-
important data to calculate the radiation dose and identify isotopes. This method corrects the
peak-shift according to the temperature of Nal(TI) scintillation detector, without continuously
adjusting the gain of the electronic. The relative deviation between the peak position after
calibration and the peak position at the reference temperature is less than 2% in the temperature
range of 0.4°C and 45°C.

Keywords: Nal(Tl) scintillation detector; Spectrum stabilization; Peak detection;
Spectrum analysis.

1. INTRODUCTION

For spectrometer systems using scintillation detectors, the ambient temperature has a
significant influence on the gamma spectrum, especially the position and shape of the peaks in
the spectrum [1]. The ambient temperature affects the luminescence properties and the light pulse
decay time of the scintillation crystals [2,3]; causing voltage-drift in electronic components of the
spectrometer system, especially in the analog systems [4].

The environmental radiation monitoring stations are frequently operated in conditions
with unstable temperature when used in an open environment. In Vietnam, the working
temperature of an environmental radiation monitoring system can fluctuate between 4°Cand 45°C.
For such a wide working temperature range, stabilizing gamma spectra according to the working
temperature is particularly necessary.



Methods of stabilizing gamma spectrum according to temperature had been developed
and applied to commercial environmental radiation monitoring systems. Some examples of these
methods are as follows i) Using an electronic reference pulse corresponding to a known
equivalent gamma energy [ 5]; ii) Using an external standard radiation sources attached into the
measuring system [5]; iii) Using isotopes from natural background, e.g. “°K [6]; iv) Using the
temperature dependence of the light pulse decay time [6]; and v) Using light from light-emitting
diodes as a reference light source [6] [7]. However, all of these methods are based on
automatically adjust the gain of electronic components.

The intervention in the gain of the electronic components makes it difficult to build an
automated radioactive monitoring system. Therefore, these aforementioned methods are not
entirely appropriate to be used for manufacturing automatic environmental radiation monitoring
systems.

In this paper, we present a completely new method for stabilizing the gamma spectrum of
the Nal(TI) scintillation detector according to the temperature. This proposed method does not
adjust the gain of the electronic system; instead, algorithms are used to calibrate spectra at
different temperature spectra to the reference temperature (T = 25°C). Therefore, this method can
be easily embedded into the software to stabilize gamma spectrum of automatic radioactive
monitoring systems.

2.THE MAIN PART OF THE REPORT
2.1. Experimental setup

In this study, the method was tested with a scintillation detector 2”x2” Nal(TIl) type
8S8/2.VD.PA.HVG from ScintiTech-USA, cylindrical shape 51 mm in diameter and 51 mm
long. The detector was coupled with Hamamatsu's R6231 photomultiplier tube. Signals from the
photomultiplier are amplified and shaped by the preamplifier before being analyzed by the digital
multichannel analyzer (DMCA) [8]. The correction factors have been determined according to
the measured temperature with a t]ypical energy up to 1408 keV by gamma-ray emitted from
radioactive sources *'Cs, ®*Co and “?Eu.
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Figure 1. Schematic view of experimental setup

To validate the methods, we collected 38 spectra in approximate temperature range from 0.4°C
to 45°C. After thermal stability (at least 30 minutes for each temperature), two spectra were
collected, the first was measured by using the combination of two radioactive sources ®°Co and
137Cs, the second spectrum measured by using **°Eu source.

2.2. Method description
2.1.1. Spectrum stabilization algorithm



When the detector's working environment temperature changes, the position of the energy
peaks in the spectrum will shift accordingly. In the case of the integral nonlinear coefficient
<0.1%, the relationship between the channel and the corresponding energy value is determined
by equation (1).

E(Ci,k):ak *Ci,k +bk (1)
ay, by are coefficient that depend on the temperature; E(C;))is the gamma energy corresponding to
the channel C; x at temperature Ty

When the system operates stably, at the reference temperature Ty (e.9. To = 25°C), the channel
position C; corresponds to the energy peak E; is constant. When temperature changes To — T,
the channel position corresponding to the energy peak will shift Cijo — Cix. With fixed gamma
energy E;, we can establish the relationship between C;x and C;:

a *Ci,k +bk :ao*ci,o"'bo 2)

From Equation (2) the relationship between the channel position at the reference temperature
Cio and the channel position at Ty temperature C; x is obtained as:
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Defining— = ¢, and a = [, , Equation (3) becomes:
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a, and S, coefficients are determined by Least square method according to Equation (4):
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where i is the number of photopeak under consideration.

2.2.2. Peak detection algorithm

Assuming that the photopeaks on the spectrum can be described by the Gaussian distribution
function and the background below the photopeaks is approximately described by a linear
function. Thus, the number of counts at channel number x in the peak region can be described:

N(x) = A— exp(—(X_XO)Zj+B.x+C )

o\2r 20
where A, B and C are constants describing the photopeak intensity and the background. If the
counts number distribution function - N(x) is a continuous function, the second derivative — N ”(x)

becomes independent of the underlying background [9,10]. Therefore N”(x)=0 for regions
without peaks and N ”(x) # 0 for regions with photopeaks.



However, in practice, the counts number at the i channel - N; are discrete values. Thus, the
second derivative is replaced by the second difference:

Si = Ni+1_2Ni + Ni—l (8)

Similar to the second derivative, the second difference only different from zero in regions with
appearance of photopeaks. However, because N; values fluctuate due to its statistical errors, the
second difference values also fluctuate around the expected value, and if at the peak centroid i =
Ip, the S; value is equivalent to its standard deviation, it will not be possible to distinguish the
peak region automatically. The value of S; at the peak region depends on the amplitude, width of
the peak and the intensity of the underlying background.

In order to automatically detect peaks with small intensity, it is necessary to apply average
method with second difference value S; [9]:

j=i+m

S(@)=Y 8, ©)

j=i-m
With w=2.m+1 is the window width. In order to optimize peak detection sensitivity, we used
Weighted Average method:

j=i+k

Si=> C;S, (10)

j=i—k
Weight coefficient C;are defined as:
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where o is Gaussian width o = FWHMY/2.355 The first coefficient Cy is always equal to —100,
and the set of coefficients is terminated at k, where the absolute value of Cy less than one.
Second, the set of coefficients is then adjusted so that the sum of the coefficients is zero.

From Equation (10), the modified second derivative’s standard deviation is defined as:

(12)

The photopeak regions are automatically detected by considering the “Significance Value” -

S, I
SS, =—. The absolute value of the significance value must be above a threshold value to
i

confirm that the peaks are existent
2.3. Results and discussion
2.3.1. Dependence on temperature of photopeak shape and positions

The ratio of the photopeak position at different temperatures to the position at the reference
temperature (To = 25 °C) is shown in Figure 2. From Figure 2, it can be seen that the higher the
temperature difference, the stronger displacement of the photopeaks. Relative peak position
displacement according to the measured temperature is up to ~ 12%. The results in Figure 2 show
that the relative position of the peak correlates linearly with the measured temperature.



The peak positions are normalized to unity at reference temperature (T(,=25°C). Figure 3a and
3b show the gamma spectra obtained from 0.4°C to 45°C for 152Eu (a) and ¢°Co, 137Cs composed
source. At temperatures lower than the reference temperature, the spectrum is shifted to the right
of the reference spectrum - the amplitude of the signal increases. Conversely, at temperatures
higher than the reference temperature, the spectrum is shifted to the left of the reference spectrum
- the amplitude of the signal is reduced. It is clear that without correction, from the data sets on
obtained gamma spectra, it is not possible to give good results about gamma dose rate and
nuclides identification if using energy calibration curve at reference temperature. From the
marked photopeaks, the coefficient oy, Sk calculated by Equation (5) and (6).
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Figure 2. Relative peak-shift position according to measured temperature.
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Figure 3. ®Co+ *'Cs composed source gamma spectra before (a) and after (c) correction;
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From the ay, pk coefficients, gamma spectra are calibrated directly by the software. The results
show that the photopeaks displace strongly according to changing temperature. In addition, the
spectrum is also significantly distorted. Figure 4 shows the corrected spectra after adjustment.

All relative deviation values (%) below 2% (in absolute value). Figure 4 shows that for the
most of the investigated energies, considering the entire temperature range, the peak position
after correction fluctuate around the reference peak position, relative displacement bouncing on
both sides around the value 0 is within the statistical error of the photopeak.

Figure 4 shows the relative deviation (%) of the photopeak position after adjusting to the
measured temperature.
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Figure 4. Relative deviation between peak position after correction with peak position at
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2.3.2. Photopeaks detection

Weighted coefficient C; defined in Equation (11) are used to calculate the second derivative,
second derivative’s standard deviation and the significance value. From Cj coefficients, we
calculate the values of second derivative S; according to formula (10) for a recorded background
gamma spectrum. The background spectra and the S; value are shown in the Figure 5.
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Figure 5. The recorded background spectra and the corresponding S; values
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The spectrum analysis algorithm has been integrated into the central control software. The
analytical results are displayed, including: Peak position, energy (used to identify nuclides in the
spectra), peak area, background area, count rate, and relative error. Figure 6 shows the analytical
results with standard source **'Cs spectra by automatic peak detection algorithm implemented in
central control software.
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Figure 6. Analytical result displayed for *'Cs gamma spectra in the Central control software GUI

3. CONCLUSION

The study confirmed the temperature dependence of gamma spectra collected by the Nal (TI)
scintillation detector. The new spectrum stabilization method allows adjusting the peak positions
of the measured spectra at different temperatures in the range of 0.4°C to 45°C to reference peak
positions measured at T = 25°C, with a relative deviation less than 2%. With this accuracy, our
spectrum stabilization method can be used to stabilize the spectrum for automatic environmental
monitoring stations.

However, it is necessary to have experimental studies in the practical environments with
strong and unusual temperature fluctuation before applying this method to a radioactive
monitoring systems environment in practice.

The method of gamma spectrum stabilization and photopeaks detection has been successfully
applied to central control software in several environmental monitoring stations, allowing to
identify radionuclides in local area.
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XAY DUNG PHUONG PHAP ON PINH PHO VA THUAT TOAN NHAN
DIEN PINH NANG LUQNG POI VOI DETECTOR NHAP NHAY Nal(TI)

DINH TIEN HUNG", CAO VAN HIEP*, DINH KIM CHIEN', PHAM DINH KHANG?, NGUYEN
XUAN HAP
Wién Hoa hoc Méi trurong quan sw, Km11 Pai l¢ Thang Long, An Khdanh, Hoai Duc, Ha Ngi
2Vién Vat ly Ky thugt- Pai hoc Bach khoa Ha Néi, Sé 1, Dai Co Viét, Hai Ba Trung, Ha Noi
®Vién nghién ciu Hat nhan, Sé 1, Nguyén Tu Luee, phuong 8, Pa Lat, Lam Pong
*Email: dinhtienhungnbc@gmail.com

Tom tat: Céc tram quan trac méi truong phong xa st dung detector nhap nhay Nal(T1)
¢6 d6 nhay cao hon va cung cap gid tri liéu buc xa chinh xac hon so véi viéc st dung cac
dng dém Geiger-Muller. Tuy nhién, khi nhiét d6 méi trudng ving dat tram quan tric thay
d6i thi s6 liéu hé do lai thay ddi (do do ra sang cua tinh thé va hiéu suat luong tir caa ong
nhan quang dién thay doi manh theo nhiét do). Kétqua nghién cau chi ra rang vi tri dinh
phd ¢6 su dich chuyén turong d6i 16n phu thudc vao nhiét do méi truong do dac. Do vay, rat
can thiét hiéu chinh céc pho & cac nhiét do khac nhau vé phé do ¢ diéu kién chuan (25°C).
Ngoai ra, dé phan tich pho gamma thu nhan, mot thao tac quan trong trong qua trinh xir ly
phé 1a ty dong nhan dién vj tri dinh ciing nhu hinh dang va cuong d6 dinh ning lwong. Béo
cao nay trinh bay mét phuong phap méi dé 6n dinh phd gamma va ty dong nhan dién dinh
phd - dit liéu quan trong dé tinh lidu biic xa va xac dinh thanh phan cac ddng vi tao nén
truong gamma - theo nhiét do dbi vaidetector Nal(TI). Phuong phap nay st dung thuat toan
hiéu chinh phd theo nhiét do cua detector ma khong can thay doi hé sé khuéch dai cua hé
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thong dién tir di kém.Viéc sir dung phuong phap on dinh pho do nhém nghién ciru dé xuét
cho sai so twong doi gitra vi tri dinh sau khi hiéu chinh va vi tri dinh tai nhiét d6 tham chiéu
la nho hon2% trong toan bd dai nhiét do khao sat tir 0.4°C dén 45°C.

Keywords: Detector nhép nhéay Nal(Tl); on dinh phé; nhdn dién dinh; phdn tich phé.

10



