IIpuboper u memoowl usmepeHuil
2021.—T. 12, Ne 3. — C. 239-248
R. Lukashevich, G. Fokov

Devices and Methods of Measurements
2021, vol. 12, no. 3, pp. 239-248
R. Lukashevich, G. Fokov

Calculation of the Effective Energy Release Center’s Position
of Inorganic Scintillation Detectors for Calibration at Small
“Source—Detector” Distances

R. Lukashevich, G. Fokov

SPE “ATOMTEX ”,
Gikalo str., 5, Minsk 220005, Belarus

Received 15.07.2021
Accepted for publication 17.08.2021

Abstract

Inorganic scintillation detectors are widely used to measure of dose rate in the environment due
to their high sensitivity to photon radiation. A distinctive feature when using such detectors is the need
to take into account of the position of the effective energy release center. This peculiarity is actual when
using measuring instruments with inorganic scintillation detectors as working standards during calibra-
tion at short “source—detector” distances in conditions of low-background shield or using a facility with
protection from external gamma radiation background in the dose rate range from 0.03 to 0.3 uSv/h (uGy/h).
The purpose of this work was to calculate the position of the effective energy release center of Nal(TI)
scintillation detectors and to take it into account when working at short “source—detector” distances.

An original method of determining the position of the effective energy release center when irradiating
the side and end surfaces of inorganic scintillation detector with parallel gamma radiation flux and point
gamma radiation sources at small “source—detector” distances using Monte Carlo methods is proposed.
The results of calculations of the position of the effective energy release center of Nal(Tl) based detectors
of “popular” sizes for the cases of parallel gamma radiation flux and point sources of gamma radiation
at small “source—detector” distances are presented. The functional dependences of the position of the effec-
tive energy release center of Nal(TIl) based detectors on the distance to the point gamma radiation sources
and the energy of gamma radiation sources are presented.

As a result of the study it was found that for scintillation Nal(TI) detectors of medium size (for
example, ¥25x40 mm or ¥40x40 mm) the point gamma radiation source located at a distance of 1 m
or more, creates a radiation field which does not differ in characteristics from the radiation field created
by a parallel flux of gamma radiation. It is shown that approaching the point gamma radiation source
to the surface of scintillation detector leads to displacement of the position of the effective energy release
center to the surface of the detector.

Keywords: effective energy release center, inorganic scintillation detector, near background radiation,
Monte Carlo method.
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PacuyéTt moso:xkeHus 3p(PeKTUBHOIO LEHTPA
JHEProBbIACICHUS CUMHTH/IIAIUOHHBIX 1eTEKTOPOB
JJIS 32124 KAJTUOPOBKH MPH MAJIBIX PACCTOAHUAX
«HCTOYHUK—IETEKTOP»

P.B. JlykameBuy, I'.A. ®oxoB

VIT «ATOMTEX»,
ya. Tuxano, 5, 2. Muncx 220005, berapyco

Hocmynuna 15.07.2021
Hpunama k neuamu 17.08.2021

Heoprannueckue CUMHTHIUIILUOHHBIC IETEKTOPHI MIMPOKO HCHONB3YIOTCSA JUISI U3MEPEHUS MOIIHO-
CTH J03bl B OKpYXarollel cpexae Omarogapsi MX BBICOKOM YYBCTBUTEIBHOCTH K (POTOHHOMY H3IIyUCHHIO.
OTAMYUTENBHON 0COOCHHOCTBIO MPH HMCIOJIB30BAHUN TAKUX JIETEKTOPOB SIBISIETCS HEOOXOOUMOCTH Y4éTa
noJokeHus 3(PPEKTUBHOTO LEHTPa HEProBBIACICHHUA. JTa 0COOCHHOCTh aKTyallbHa MPH HMCIOJIb30BAHUU
CPEACTB U3MEPEHHH ¢ HEOPTaHNUECKUMH CUMHTHIUIIIUOHHBIMHU JIETEKTOPaMHU B Ka4eCTBE padOUHX 3TaJIOHOB
IpU KaIuOpPOBKE HAa MAJbIX PACCTOSHUSX «MCTOYHHUK—ICTEKTOP» B YCIOBHIX HU3KO(POHOBOM KaMephbl WM
YCTaHOBKH C 3aIIMTON OT BHEIIHero ()oHa ramMma-u3JIyuyeHHs B Auana3oHe MouiHocteid mo03 ot 0,03 mo
0,3 mx3B/4 (MkIp/4). Llenbto naHHON pabOTHI ABISUICS pacdéT MoNokeHUs 3(p(HEKTUBHOTO LIEHTpa PHEPro-
BbIIesieHHsT cCOMHTHIUIAIUMOHHBIX Nal(Tl) zeTexkTopoB u ero y4ér npu paboTe Ha MajbIX PACCTOSHUSX «HC-
TOYHUK—JICTEKTOPY.

[Ipensioxen OpUrHHANIBHBIA METOJ] OTIPENICIICHUSI OJIOKEHHS APPEKTUBHOTO LIEHTPA SHEPTOBBIACICHUS
npy 00 Ty4eHNH OOKOBBIX M TOPLEBBIX MOBEPXHOCTEH HEOPraHNYECKOr0 CHMHTHIIISIIIMOHHOTO JISTEKTopa a-
paJUIeTIbHBIM [TOTOKOM TaMMa-U3Iy4eHUs] U TOYCYHBIMH HCTOYHUKAMH FaMMa-M3JIy4eHHs] Ha MaJbIX PaccTo-
SHUSIX «UCTOYHUK—IETEKTOPY» C MCIOJIb30BaHuEeM MeTo1oB MonTe-Kapno. [IpeacraBnens! pe3yasrarsl pac-
yéra nojokeHus 3)(HEeKTUBHOTO LEHTPa YHEProBblIeseH s AeTekTopoB Ha ocHoBe Nal(Tl) «momynspHbIx»
pasMepoB Ui CIy4aeB MapajuieIbHOTO MOTOKA FaMMa-U3yUYCHUS! U TOYCUHBIX UCTOYHUKOB raMMa-H3Iryye-
HUS Ha MaJIbIX PAaCCTOSHUSIX «HCTOYHUK—IETeKTop». [IpruBeneHsl GpyHKIMOHANBHBIC 3aBUCUMOCTH TOJIOMKE-
HUS 3G PEKTUBHOTO LIEHTPaA SHEProBbIACTCHUS 1eTekTopoB Ha ocHoBe Nal(Tl) kpucrtamioB oT paccTosHus
JI0 TOUEYHBIX UCTOYHUKOB FAMMa-U3y4YCHHUS U JHEPTUM HCTOYHUKOB raMMa-H3IyYeHUsI.

B pe3synbrare nccnenoBaHusl yCTaHOBICHO, YTO il cUMHTWIIISIIHOHHBIX Nal(Tl) nerekropoB HeboIb-
muxX pasMepoB (Hampumep, ¥25x40 mm wim P40x40 MM) TOUEUHBIH MCTOYHHMK TaMMa-M3Iy4CHUs, HAXO-
Jsmuiics Ha paccTostHUM 1 M 1 Oosiee, co31a€T Moje U3NIyYeHHs, He OTIIMYAIOMIeecs 0 XapaKTePUCTHKAM
OT IOJISl U3ITYYEHHsI, KOTOPOE CO3MaET MapajulesbHbIA MOTOK ramMmma-u3nydeHus. [lokasano, yto nmpuoimKe-
HUE TOYEYHOTO MCTOYHHMKA raMMa-H3JIyuYeHHs K MOBEPXHOCTH CHUHTHIUISIIMOHHOTO JIETEKTOpa HMPUBOAMUT
K CMEIEHUIO TOJIOKeHUs 3()(HEKTUBHOTO EHTPa YHEPTOBbIICJICHHSI K TOBEPXHOCTH JETEKTOPA.

KawueBbie cioBa: >(QQEKTHBHBIM LEHTP HHEPrOBBIIEICHUS, HEOPTAHMUYSCKHHA CHUHTHILISIIMOHHBINA
JIETEKTOp, OKOIO(POHOBOE raMMa-u3iryuenue, meroa Monre-Kapio.
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Introduction

An important task in radiation monitoring is the
correct measurement of dose rate at the level of natu-
ral radiation background. For this purpose it is
necessary to use measuring instruments with high
sensitivity, low level of own background and high
temporal stability. In this case, an important problem
to be solved during calibration of dosimetric measu-
ring instruments is to provide the lower limit of
measuring range at the level of the background
radiation of the environment. According to the
recommendations of the International FElectro-
technical Commission (IEC) [1-3] and technical
requirements for ARMS of nuclear power plants',
the lower limit of the measurement range of dose ra-
te of radiation protection instruments when control-
ling the radiation situation in the environment
should be at 0.03 uSv/h (uGy/h). The use of highly
sensitive dosimetry devices based on scintillation
spectrometric detection units becomes possible to
measure dose rates below 0.1 pSv/h (uGy/h), and the
ability of such devices to measure dose rates below
0.1 uSv/h (uGy/h) should be confirmed by special
studies’. In addition, in the calibration scheme®
requirements to working standards having protection
from external gamma radiation background for
metrological support of photon radiation fields
of near background levels for dose rate (0.03—
0.3 uGy/h (uSv/h)) are given. This dose rate range
is easily achievable for inorganic scintillation detec-
tor units with Nal(T1) crystals, even of medium size.

A significant contribution to the dose rate
for measurements below 0.3 uSv/h (uGy/h) is
the natural background radiation. In this case the
calibration or verification of measuring instruments

'STO 1.1.1.01.001.0875-2017. Automated system
for monitoring the radiation environment of a nuclear
power plant. Technical requirements. — Introduced
10.12.2018. — Rosenergoatom Concern OJSC, 2018.

MU 2.6.5.008-2016. Nuclear power and industry.
Control of radiation situation. General requirements.
Methodical instructions. — Introduced 22.04.16; with
amendments 05.05.17. — M., 2016. — P. 82.

*State calibration scheme for measuring instruments
of kerma in the air, kerma power in the air, exposure dose,
exposure dose rate, ambient, directed and individual dose
equivalents, powers of ambient, directed and individual
dose equivalents and energy flow of X-ray and gamma
radiation. — Introduced on 31.12.20 by the Federal Agency
for Technical Regulation and Metrology. — Rosstandart,
Moscow, 2020. — P. 13.

under normal laboratory conditions is practically
impossible, because the radiation background in
the laboratory can change during the measurements
due to many factors, which can significantly affect
the measurement results of gamma radiation fields
of the near background level on the dose rate.

To create the reference near background photon
radiation fields it is necessary metrologically to
provide the dose rate values at the level of 0.03—
0.3 uSv/h (uGy/h), i. e. to creation of reference near-
background photon radiation fields with minimal
influence of natural radiation background, e. g. in a
low-background shield or on a facility with protection
from external gamma radiation background by a
reference measuring instruments. For this purpose
it is necessary to use highly sensitive measuring
instruments and ensure their calibration in similar
reference photon radiation fields with dose rate
0f0.03-0.3 pSv/h (uGy/h).

Dose rate calibrations and measurements in
near-background photon radiation fields in low-
background laboratories are limited by the location
of such laboratories (e. g. UDO II in Germany or
IFIN-HH in Romania) [4-5], which implies certain
difficulties for periodic calibrations and verifica-
tions of measuring instruments. To solve this problem
it is optimal to use low-background shield and faci-
lity which are smaller in physical size than
installations in low-background laboratories. The
limitation of the size of low-background shield
and facility is related to the compromise between
the cost of protective materials for such a unit and
sufficient source-detector distance to provide the
necessary characteristics of the radiation field. The
use of a low-background shield or facility with a
small range of distances for calibration of measuring
instruments also requires ensuring the accuracy of
positioning of the measuring instrument relative to
the radiation source. This is especially relevant when
using measuring instruments based on inorganic
scintillation detectors as reference instruments for
transmitting dose rate units. Since we apply the
method of substitution when calibrating measuring
instruments, it is necessary to ensure with good
accuracy the same distance from the radiation
source to the center of the detectors of measuring
instruments.

The purpose of this work was to calculate
the position of centers of inorganic scintillation
detectors from the energy of radiation and to take
it into account when working at short “source-
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detector” distances within the project on creation
of a facility with protection from external gamma
radiation background for calibration and verifica-
tion of dosimetric measuring instruments.

Calibration method

Calibration of an instrument for environmen-
tal radiation monitoring is accomplished by placing
its detectors in a radiation field with a known dose
rate and comparing the instrument readings to
this dose rate. The dose rate can be determined in
two ways: either by using an instrument whose
calibration is traceable to national standards or by
using a radioactive source whose activity is known
and using the kerma constant to calculate the kerma
rate in the air in the point of measurement, taking
into account attenuation in air and the influence of
scattered radiation. The second approach causes
some difficulties because of the necessity to take
into account the attenuation of radiation in the air
and the influence of scattered radiation, therefore
at the calculated distances dose rates are usually
measured with a reference measuring instrument,
which are taken as values of dose rate in the point
of measurement. After that the calibration or dose
characteristic of dosimetric measuring instruments
at these points is carried out by the method
of substitution.

The advantage of the first approach is that both
measurements are made under the same conditions,
so the method of substitution eliminates systematic
measurement errors caused by errors of the reference
measuring instrument serving for comparison of
the measured quantity with the investigated or
calibrated measuring instrument. In addition, the
response of the instrument being calibrated and the
reference instrument to scattered radiation can be
corrected. To do this, dose rate measurements with
and without an individually shaped lead shield for
the reference and calibrated instruments should be
performed. Using this approach, the distance from
the source to the detector must be large enough to
provide an almost parallel and homogeneous gamma
radiation flux over the entire volume of the detector.
This requirement is readily achievable on dosimetric
facilities in laboratories.

But the main disadvantage of making
measurements in a low—background shield or on
a facility with protection from external gamma
radiation background lies in the limited space of the
shield or facility itself, which imposes restrictions

on the application of this approach. In addition, the
short distances between the radiation source and
the measuring instrument in a low—background shield
or on a facility with protection from external gam-
ma radiation background require accurate positioning
of the measuring instrument relative to the radia-
tion source, taking into account the effective or
geometric center of the detector.

If we consider measuring instruments based on
Geiger-Mueller counters, semiconductor detectors
or organic scintillators, it is sufficient to use the
geometric center of the detector for positioning. In
inorganic scintillation detectors, the position of the
energy release center depends on the energy of the
radiation, so it is necessary to speak of the effective
energy release center as the averaged center of
energy loss of charged secondary particles as they
pass through the scintillator substance. Therefore,
the effective center corresponds to a conditional point
of the detector's sensitive volume, in relation to
which the absolute efficiency of registration when
moving the radiation source changes according to
the law of inverse squares [6].

To determine the metrological characteristics of
the gamma radiation field of near-background levels
at the facility having protection from external gamma
radiation background, using point gamma radiation
sources and reference measuring instruments based
on inorganic scintillation detectors, it is necessary to
evaluate the influence of the geometry of irradiation
of the measuring instrument on the position of the
effective energy release center in the detector.

The problem of the effective energy release
center

Failure to take into account the distance from
the surface of the detection unit to the position of the
effective center may affect the accuracy of determi-
ning the distance between the radiation source and
the detector and, consequently, the determination
of the dose rate, especially when measurements are
made at short distances from the radiation source, as
in the case we are considering in the conditions of a
low-background shield or on a facility with protec-
tion from external gamma radiation background.

In case of point sources the dose rate changes
proportionally to the inverse square of the distance R.
Displacement of the dosimeter reference point in
the beam by AR in the beam direction leads to a
relative error in the calibration coefficient of 2AR/R
at distance R [7].
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In [8-9] you can find several formulas to
calculate the effective energy release center of scin-
tillation detectors:

_W(E)!

d(E) = M(IE) 1n”62u . 18] 0
| (E)l

=) 1ile-“<5>” P] .

where p(E) is the linear attenuation coefficient
of gamma radiation with energy £ for the Nal(Tl)
detector, cm™'; / is the thickness of the Nal(TI)
detector, cm.

It is important to note that there are no
reservations in the publications [8, 9] about the
location of scintillation detector (radiation falls on
the face or side surface of the detector), so, based
on these formulas, we can assume that the position
of effective detector center depends only on detector
length and gamma radiation energy. Table 1 presents
the results of calculating the position of the effective
center of the detector based on Nal(TI) using the
formulas from [8, 9] and the Monte Carlo method.
The SNEGMONT software package, which was
developed and successfully used at ATOMTEX
enterprise, was used for the calculations [10].

Table 1

Comparison of the results of calculation of
the effective center of the Nal(Tl) detector
40x40 mm when the radiation falls on the end
surface using formulas from various sources and
the Monte Carlo method

Results of calculations of the effective
center of the Nal(Tl) detector

Gamma 040x40 mm, mm
radiation - -
T ome eoineweoring
keV Carlo

method formula formula

from [8] from [9]

20 0.09 0.07 0.09
59.5 0.32 1.92 0.30
100 1.19 5.40 1.20
165.9 4.60 11.5 4.21
391.7 14.1 17.3 12.6
661.6 16.2 18.2 14.8
1250 17.3 18.8 16.4
2614 17.9 19.1 17.3
5000 17.9 19.2 17.5
10000 18.7 19.2 19.1

As can be seen from Table 1, calculations of
the position of the effective center of the Nal(Tl)
J40x40 mm detector using the Monte Carlo method
and the formula from [9] give comparable results.
The calculated values of the detector effective center
position using the formula from [§8] in the 60 keV—
3 MeV range are larger than those obtained by the
Monte Carlo method and the formula from [9],
while in the 60-200 keV range they are significantly
overestimated (up to 600 %) relative to the values
obtained by the Monte Carlo method and the formula
from [9].

However, there is no information about the
position of the effective center when the source is
located at a short distance from the detector, because
in this case, the smaller the distance between
the radiation source and the detector, the more
heterogeneous the dose profile.

Since point sources are used for calibration, and
the distance between the radiation source and the
detector in a low—background shield or on a facility
with protection from external gamma radiation
background is small, the dose profile is determined
according to the law of squares of distance. In such
a case, the location of the effective center of the
detector will be significantly affected by the distance
between the radiation source and the detector itself —
the smaller the distance, the steeper the dose profile
in the detector.

Thus, errors in determining the distance from
the center of a point gamma radiation source to the
effective energy release center of the detector can
lead to incorrect determination of the dose rate,
which in turn will lead to errors in the calibration
of dosimetric measuring instruments by the method
of substitution.

Results and discussion

To account for the position of the effective
center of the detector depending on the detector
irradiation geometry and on the distance to the
radiation source, calculations were performed for
Nal(Tl) based scintillation detectors of “popular”
sizes using the Monte Carlo method. The distances
between the radiation source and detector were
chosen based on the operating distances that could
be achieved in a low—background shield or on
a facility with protection from external gamma
radiation background. In addition, we compared the
position of the effective energy release center for
scintillation detectors based on Nal(Tl) “popular”
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sizes for the case with a point source and a parallel
flux of gamma radiation.

To solve this problem, an original method was
applied, which we will consider using the examples
when the uniform gamma radiation flux is normal
to the side surface of the detector and when a point
source of radiation is applied to the end face of a
cylindrical detector.

When calculating the position of the effective
energy release center for a uniform gamma ray flux,
we imposed on the cylinder a virtual grid consisting
of tightly spaced cells. The virtual grid itself as a
whole is a parallelepiped with a height equal to
the height H of the cylindrical detector. The cross

WA b

]

-

W

a

section of this parallelepiped is a square with a side
equal to the diameter of the detector D. This
parallelepiped is sliced along the height into nar-
row extended cells. The length of each cell is equal
to the height of the cylinder H. The cross section is
square with side D/N, where N is the number of cells.

In the process of modeling the impact of gam-
ma ray flux on the detector, we accumulate the ener-
gy release in each cell separately. As a result we
obtain for each cell some value averaged over its
volume. I. e. at the output we have a two—dimensional
table of energy release. And then we find the posi-
tion of the effective center for this detector by a
certain technique (Figures 1 and 2).

5 14 13 12 11 10 9 8 7 6 5

gamma ray flux

2222222222222 2222 6

b

Figure 1 — Visual representation of the effective center calculation: the process of overlaying the grid on the detector
side projection (a) and energy accumulation in each grid cell (b)

125

a

Figure 2 — Energy distribution of gamma radiation flux with energy 59.5 keV (a) in Nal(Tl) scintillation detector
?¥25x40 mm and 662 keV (b) in Nal(TI) scintillation detector #40x40 mm. In the palette on the right, one represents

the maximum, and the other numbers represent its fractions
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In the case of a point source, it was above the
detector on its symmetry axis, so the problem was
solved in the axial symmetry approximation.

The elementary cell of the virtual grid of
accumulation of allocated energy was a ring with a
rectangular cross section. The figure is simplified,
because in reality the partitions are not 8 in radius
and not 32 in height, but an order of magnitude mo-
re. For example, for Nal(Tl) @#40x40 mm, 662 keV
point source on the surface of the entrance window
(i. e., 50 mm from the crystal), 50 radial partitions
and 100 in height were made. Thus, 5.000 ring-

i

a

shaped elementary cells were set (although the cells
“strung” on the symmetry axis are not rings, but
disks, conditionally they can be called rings with
zero internal radius).

At the end of the simulation, the energy
accumulated in each ring was divided by its
volume (or mass, depending on the desired units).
The result was a two-dimensional distribution of
the specific energy allocated in the detector crystal.
The grid of partitioning the cylindrical crystal into
energy release cells in the simulation had the form
shown in Figure 3.

Figure 3 — Simplified example of dividing the crystal volume into 8 elementary rings by radius and 32 layers by
height (a); example of a two—dimensional energy release pattern (b); example of a three—dimensional energy release
pattern (c). In the palette on the right, one represents the maximum, and the other numbers represent its fractions

Next, the extracted energy was summed over
the radial cells for each layer. As a result, a one—
dimensional depth distribution of the extracted
energy was obtained. The effective center was found
provided that the areas under the curve to the right
and left of it were equal.

Tables 2, 3 present the results of Monte Carlo
calculations of the position of the effective energy
release center of Nal(Tl) ©¥40x40 mm and Nal(Tl)
025%40 mm detectors for a point gamma radiation
source at different distances from the detector and
for a parallel flux of gamma radiation in the case
when the radiation falls on the end and on the side
surface of the detector, respectively.

As can be seen from tables 2, 3: as the distance
between the detector and the point gamma radiation
source increases, the effective center shifts deep into
the detector and for a distance of 1 meter practically
coincides with the case when the radiation field is
created by a parallel flux of gamma radiation. This
suggests that at distances of more than 1 meter
between the source and the detector, the dose profile
in the detector is similar to the dose profile when

the radiation falls on the detector as a parallel flux.
So, for distances less than 1 m between the source
and the detector, the displacement of the position
of the effective energy release center must be taken
into account.

Consider the Nal(T1) detector @40x40 mm. For
the 12.5 cm “point source—detector” distance, the
displacement of the position of the effective energy
release center of the detector in the example of the
source with the radionuclide *’Cs is 2.2 mm for
the end-exposed geometry and 2.3 mm for the side-
exposed geometry relative to the parallel gamma
radiation flux. This offset will lead to relative errors
in dose rate determination of 3.5 % and 3.7 % for
the detector end and side irradiation geometries,
respectively. When using a source with radionucli-
de **'Am, the displacement of the position of the
effective energy release center for the end geometry
at any distance according to our calculations is not
observed, and in the lateral irradiation geometry the
displacement will be 1.04 mm at 12.5 cm “point
source—detector” relative to the parallel flux of
gamma radiation.
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Table 2

Results of calculating the position of the effective energy release of the Nal(Tl) ¥40x40 mm detector
for a point gamma radiation source at different distances from the end and side surfaces of the detector,
for a parallel flux of gamma radiation

Distance from
source to end

Distance from the end surface of Nal(TI) scintillator to the effective center, mm

surface, mm 59.5 keV 100 keV 200 keV 392 keV 662 keV 2.614 keV
50 0.29 1.10 5.13 10.4 12.1 13.0
125 0.32 1.15 5.90 12.2 14.1 15.5
250 0.32 1.19 6.30 13.0 15.1 16.6
500 0.32 1.21 6.51 13.5 15.7 17.3
1000 0.32 1.22 6.61 13.8 15.9 17.6
Parallel flux 0.32 1.23 6.65 14.1 16.3 18.2

Distance from

Distance from side surface of Nal(T1) scintillator to the effective center, mm

the source
to the side 505keV  100keV ~ 200keV  392keV  662keV  2.614keV
surface, mm
50 1.95 2.80 6.75 TRY 124 13.1
125 3.05 4.16 8.56 13.7 15.2 16.2
250 3.76 4.72 9.29 14.7 16.2 17.2
500 4.0 4.99 9.64 15.1 16.7 17.8
1000 417 5.14 9.83 15.4 17.0 18.1
Parallel flux 429 5.19 9.97 15.7 17.5 19.9
Table 3

Results of calculating the position of the effective energy release of the Nal(Tl) detector ¥325%40 mm
for a point gamma radiation source at different distances from the end and side surfaces of the detector,
for a parallel flux of gamma radiation

Distance from
source to end

Distance from the end surface of Nal(TI) scintillator to the effective center, mm

surface, mm 59.5 keV 100 keV 200 keV 392 keV 662 keV 2.614 keV
50 0.28 1.10 5.12 10.1 11.6 12.8
125 0.29 1.19 6.00 11.9 13.7 15.3
250 0.30 1.23 6.34 12.8 14.7 16.4
500 0.30 1.25 6.52 13.2 15.3 17.1
1000 0.30 1.26 6.63 13.5 15.6 17.5
Parallel flux 0.30 1.27 6.67 13.6 15.8 18.1
Distance from Distance from side surface of Nal(TI) scintillator to the effective center, mm

the source

to the side 59.5keV  100keV  200keV  392keV  662keV  2.614keV
surface, mm

50 1.77 2.61 6.08 8.78 9.30 9.57
125 2.34 3.23 6.99 9.86 10.5 10.8
250 2.55 3.44 7.34 10.3 10.9 11.3
500 2.66 3.56 7.52 10.5 11.1 11.5
1000 2.71 3.62 7.60 10.6 11.2 11.6
Parallel flux 2.80 3.70 7.80 10.7 11.4 12.0
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In this case, the relative error in determining
the dose rate for the lateral geometry will be 1.7 %.
Obviously, when the distance “point source—
detector” increases, the relative error in measuring
the dose rate will decrease. In addition, it should be
noted that using the geometric center of the detector
instead of the effective energy release center of the
detector, will lead to an even larger relative error in
determining the dose rate.

When making measurements or calibrations
under conditions of small distances between the
point radiation source and scintillation inorganic
detector of Nal(Tl) type for working distance
“source—detector” from 10 to 50 cm it is necessary
to calculate the position of effective energy release
center of during calibration of measuring instru-
ments on dose rate taking into account the distance
between gamma radiation source and detector.
This is relevant when working on calibration under
conditions of the facility that has protection from
external gamma-radiation background, using point
gamma-radiation sources. For working “source-
detector” distances greater than 50 cm, it is possible
to use calculations of the position of the effective
detector energy release center for parallel uniform
gamma radiation flux without taking into account
the influence of the distance between the radiation

source and the detector. In this case, the relative
error in determining the dose rate will not exceed
0.3 %.

Since the issue of taking into account the
displacement of position of the effective energy
release center when working at short distances using
point gamma radiation sources has been resolved,
it was decided to find functional dependences to
determine the position of the effective center of
energy release for calibration in conditions of low-
background shield or at a facility with protection
from external gamma radiation background when
using sources with radionuclides **'Am and "*'Cs.
The choice of these sources is justified by their
application during calibration and verification of
measuring instruments, including in accordance with
the verification scheme for facilities with protection
against external gamma radiation background. The
range from 10 to 100 cm was chosen as the working
distance “‘source—detector” based on practical
considerations.

Table 4 presents the calculated functional
dependences of the position of the effective energy
release center for two types of Nal(Tl) detector sizes
4040 mm and ©¥25%40 mm as a function of the
distance from the point source of radiation to the

detector.
Table 4

Functional dependences of the position of the effective energy release center depending on the distance
to the point radiation source in the range of operating distances from 10 to 100 cm

Type of detector Gamma radiation Geometry .of.detector Function £(x), mm
size source irradiation
" End 8.387x107° - x—6.056 X107 - x* +0.277
Am
Side 1.409x107 - x—9.086x107 - x* +2.202
02540 mm End 6.819x107 4.301x107°-x* +13.074
137 n 819%107° - x—4.301x107°-x* +13.
Side 2.718x107 - x—1.734x10™° - x* +10.209
. End 9.527%x107° - x—7.084%10™ - x> +0.295
04040 Side 3377107 - x—2.15%10° - x* +2.932
mm
W10 End 6.706 X107 - x—4.249x10™° - x* +13.461
Side 6.745x107° - x—4.334x107° - x* +14.542

The above functional dependences allow us
to calculate the distance of the detector surface
to the effective center, taking into account the
detector's packing and reflector. Detectors with MgO
reflectors with a density of 0.6 g/em” and alumi-
num packaging with a thickness of 1.5 mm were
used in the calculations. For detectors within detec-
tor units, the distance from the surface of the detec-
tor unit to the surface of the detector must also be
taken into account.

Conclusion

An original method of determining the position
of the effective energy release center of scintillation
detector when irradiated by a point source of radiation
on the side and end surface of the crystal using
Monte Carlo methods is proposed. Calculations are
made and functional dependences of the position of
the effective energy release center of the Nal(Tl)
scintillation detector of “popular” sizes are obtained.
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The study confirmed that for inorganic
scintillation detectors of medium sizes (e.g.,
¥25%40 mm or @40x40 mm) the point source of
gamma radiation, located at a distance of 1 m or
more, produces a radiation field, which does not
differ in characteristics from the field of radiation
produced by parallel flux of gamma radiation.

It is shown that approaching the point source
of gamma radiation to the surface of inorganic
scintillation detector leads to displacement of the
effective energy release center to the surface of the
detector. This is most likely due to large photon
dispersion due to close location of the point gamma
radiation source to the detector surface, as a result
most of the photons after one or more interactions
leave the detector working volume, and it is also
related to the dose profile according to the inverse
law of distance squares.

Based on the calculated data obtained, the
functional dependences of the position of the
effective energy release center of Nal(Tl) crystal-
based detector units on the distance to the point
gamma radiation sources and the energy of gam-
ma radiation sources for calibration problems in
conditions of small ‘“source—detector” distances
were constructed. For example, under conditions
of calibrating the dosimeter on a low-background
shield or on a facility with protection from exter-
nal gamma radiation background.

The results of the study will also be relevant for
detectors of larger sizes, for example, @63%x63 mm
or larger. For such cases, the displacement of the
position of the detector’s effective energy release
center relative to the parallel gamma radiation
flux will be larger than for the detectors given
in the article. Accordingly, the relative error in
determining the dose rate from point sources at
small source—detector distances for such detectors
will depend on the linear dimensions of the
detector.

The obtained data and functional dependences
of the position of the effective energy release center
of scintillation detectors are planned to be used
on the facility with protection against external
gamma radiation background for calibration and
verification of dosimetric measuring instruments at
the “ATOMTEX” enterprise.
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