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RE-CHARACTERIZATION OF TWO N-TYPE PLANAR HPGe DETECTORS
BASED ON EXPERIMENTS AND MONTE CARLO MODELING

Accurate gamma-ray spectrometry using High Purity Germanium (HPGe) detectors relies on precise knowledge of
detector efficiency, particularly the full energy peak efficiency (FEPE), which can degrade over extended periods of
operation due to the growth of the detector’s inactive dead layer (DL). Despite this known issue, DL correction is rarely
performed in long operating detectors, and manufacturer specifications are often taken as fixed. This study emphasizes
the gap by presenting a combined experimental and Monte Carlo modeling approach to re-characterize two planar
n-type HPGe detector systems — Sysl and Sys2 — that have been in continuous operation for nearly three decades.
Although the detectors share virtually identical geometrical designs, they exhibit differences in performance, attributed
primarily to variations in DL thickness. Gamma-ray measurements using certified point reference sources
(59.5-1332.5 keV) were conducted, and corresponding Monte Carlo N-Particle (MCNP5) simulations were performed
to evaluate the effect of DL variation on FEPE and on the active detector volume. Additionally, MCNP was used to
apply source activity corrections, taking into account geometric and attenuation effects. The results offer a validated
framework for modeling and correcting FEPE losses in aging detectors. By optimizing the DL thickness for Sysl and
Sys2 to 2.77 and 2.82 mm, respectively, the deviation between the simulated and experimental FEPE was reduced to
below 5 %. Beyond nuclear instrumentation, this work has implications for any application requiring high-accuracy
spectrometry over long operational timelines, including nuclear safeguards, radioactive waste assay, environmental

monitoring, radiation metrology, and nuclear forensics.
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1. Introduction

High Purity Germanium (HPGe) detectors are
regarded as the standard of reference in gamma-ray
spectrometry due to their superior energy resolution
and stable detection performance. They are indis-
pensable in a wide range of applications, including
radiation monitoring, nuclear safeguards, and radio-
activity measurements in various types of samples
[1]. The full energy peak efficiency (FEPE) of HPGe
detectors and other detectors must be determined to
ensure reliable activity quantification across various
applications, regardless of the intended use [2-5].
Although FEPE experimental determination using
standard certified sources is the most accurate
method, it is costly, time-consuming, and labor-
intensive because each sample setup and geometry
must be calibrated with a verified source [6, 7].

Accordingly, Monte Carlo simulations, particu-
larly with codes such as MCNP and Geant4, have
become increasingly widespread for modeling detec-
tor behavior and calculating efficiency in a wide
range of configurations [8-11]. A general-purpose
code, such as MCNP, is frequently used for mode-
ling HPGe detectors based on FEPE determination
[12]. However, the accuracy of the MCNP simula-
tion depends heavily on the precision of input data
parameters, such as the geometric and physical cha-

racteristics of the detector. These characteristics
include the crystal height and diameter, the internal
contact length and diameter, the detector housing
measurements, the distance between the crystal and
the aluminum entrance window, and the DL thick-
ness. The thickness of the DL — an inactive part of
the crystal that forms over time as lithium atoms
diffuse into the Ge crystal — plays a key role, par-
ticularly for low-energy photons. Throughout the
detector's operational life, especially under ambient
storage or usage conditions, the DL thickness tends
to grow progressively, reducing the detector’s active
volume and thereby degrading detection efficiency.
To determine the detector characteristics, a special
procedure called detector characterization is used
[13, 14]. Once a detector has been precisely
described, the efficiency values for samples in any
configuration and composition can be rapidly and
reasonably determined without the need for refe-
rence materials. To achieve a precise characteriza-
tion, it is essential to closely monitor the geometric
factors provided by the manufacturer, identify any
missing characteristics, and regularly assess time-
varying metrics, such as DL. Despite its importance,
the DL is rarely monitored frequently over a long-
term operational period and is often underreported or
missing in manufacturer specifications.
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Several studies have focused on estimating the DL
thickness of HPGe detectors. In one investigation, the
detector DL was initially 0.35mm when first
employed in 1996. After 9 yrs of operation, the thick-
ness increased to 1.15 mm in 2005, and after an addi-
tional 4 yrs, it reached 1.46 mm in 2009. A separate
study reported similar long-term increases in DL
thickness, confirming that this parameter changes
significantly with extended detector use. [2, 15]. The
DL thickness of the p-type detector increased by
0.10 mm over a period of 3 yrs, whereas the n-type
detector exhibited an increase of 0.42 mm within
1.5 yrs. [16]. As a result, the DL thickness does not
follow a predictable linear trend but varies irregularly
with factors such as lithium diffusion dynamics, tem-
perature, and crystal quality. The DL in a typical
lithium-n contact is around 700 um of the inert ger-
manium layer [17]. At room temperature, the drift of
lithium is very high in the germanium active volume.
As a result, the lithium could spread through the crys-
tal if the detection system is kept at ambient tempera-
ture without being cooled for a time, thickening the
DL [9, 18]. A study emphasized that prolonged sto-
rage of the detectors at ambient temperature led to a
gradual increase in their DL thickness [19]. The gra-
dual degradation of the vacuum is another factor con-
tributing to the variation in the DL thickness. Accor-
ding to the study, over time, the active volume
decreases, which becomes the primary cause of the
gradual variation in DL thickness, influenced by
several factors as stated by [20]. The study also
observed that noticeable FEPE loss necessitates re-
evacuating the detector to correct the vacuum. A pro-
posed method was implemented to determine the
surface and lateral DL values. The results showed that
the DL thicknesses had increased beyond the manu-
facturer-specified values, which reduced the deviation
between the experimental and simulated results to less
than 4 % [21]. Monte Carlo simulations-based studies
have shown that DL thickness can grow by about
1.30 mm over 9 yrs, leading to a reduction in HPGe
detector efficiency [22]. Using Monte Carlo simula-
tions, a study examines the rise in DL thickness of an
HPGe n-type detector between 2012 and 2018. It
reveals that the outside lateral thickness increased
from 0.08 to 2.27 mm, as indicated by the results
[23]. The main gap is that few studies have addressed
DL time-dependent evolution across decades of
detector use or validated the changes with both expe-
rimental and simulation data. A gap remains in
applied methods for analytically re-characterizing
aging detectors to correct for DL-related efficiency
degradation, particularly without relying on extensive
recalibration with reference sources. In this study, two
detection systems are examined, referred to as Sysl
and Sys2. Sysl is an n-type planar HPGe detector

previously characterized in [24], where its DL had
increased to nearly six times its 2005 value [25, 26].
Sys2, from the same model family, is a similar detec-
tor operated under different conditions, including a
different applied voltage. Although structurally com-
parable, the two systems differ in operational history
and DL evolution, enabling a direct performance
comparison.

This study introduces a validated methodology
for re-characterizing HPGe detection systems fol-
lowing extended operational periods of nearly three
decades. The work focuses on two n-type HPGe
detectors with virtually identical geometric confi-
gurations but different service lifetimes, enabling a
targeted investigation into the impact of long-term
use, particularly changes in DL thickness. Experi-
mental measurements were performed using certi-
fied reference point sources that emit gamma rays
from 59.5 to 1332.5 keV, allowing for comprehen-
sive efficiency profiling across a broad energy
range. To support and interpret these measurements,
detailed MCNP simulations were conducted to
model the effect of varying DL thickness on detector
efficiency and active volume. Additionally, MCNP
was applied to perform source activity corrections,
accounting for geometrical and attenuation factors
that affect quantitative accuracy in practical calibra-
tion setups. This integrated approach — combining
long-term  detector comparison, experimental
benchmarking, and MCNP-based modeling — pro-
vides a robust framework for understanding perfor-
mance drift and improving calibration precision in
aging spectrometric detection systems. The findings
provide a validated method for assessing and cor-
recting efficiency loss in aging HPGe detection sys-
tems. This not only confirms the effectiveness of the
proposed approach but also highlights a cost-
efficient strategy for extending the functional life of
HPGe detectors, avoiding unnecessary replacement,
and improving performance in critical radiation
measurement applications.

2. Materials and methods
2.1. Experimental setup

The Canberra multichannel analyzers and two n-
type planar HPGe detectors (model GLO515R, Can-
berra fabrication) were part of the experimental
setup, featuring resolutions of 540 and 520 eV at
122 keV (°*'Co), respectively. The Low Energy
Germanium detectors used in this study were charac-
terized based on the manufacturer’s nominal specifi-
cations, including crystal dimensions, active volume,
and energy resolution. The detection systems with a
core hole that is 1.159 mm in radius and 0.50 mm in
height have been reported to have a diameter of
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25.50 mm and a height of 15.50 mm for the germa-
nium crystal. Additionally, it features an aluminum
end cap, which is 78 mm in diameter and 1 mm
thick, and a 0.4 pm thick boron layer. The end cap is
placed 5 mm from the upper surface of the instru-
ment crystal. Additionally, the detectors have initial-
ly measured surface DLs of 0.389 and 0.396 mm in
thickness, respectively. Since the operation in 1996,
the employed detector nominal efficiency has been
less than 15 %. The detector is coupled to a 5-liter
liquid nitrogen cooling system and a model
7905SL-5 cryostat.

To record events based on pulse height as a sin-
gle metric, the detection system used in this experi-
ment was integrated with a standard module, the
Inspector Multi-Channel Pulse Height Analyzer
(model IN2K). The detectors were configured on a
multichannel analyzer with 8k channels, providing a
calibrated energy range of approximately 10 to
3000 keV, and a high voltage of -2500 and
—2000 V. The Genie 2000 software, included with
the Canberra system, is used to acquire the gamma
spectra. The experimental efficiency and its associ-
ated uncertainty were determined as described in
Egs. (1) and (2) using certified reference point
sources. The sources included **Ba (37.8 kBq, v
energies: 81, 276, 303, and 356 keV), 'Cs
(38.6 kBq, y energy: 662 keV), ®Co (40.2 kBq, vy
energies: 1173 and 1332 keV), and ***Am (34.2 kBq,
y energy: 59.5 keV). Each point source had an active
diameter of 5 mm and was encapsulated in a holder
surrounded by an aluminum ring with a diameter of
30 mm and a thickness of 4 mm.

el E-NEV(AY(E)T). @
GSEXp(E)=

G CAN G 7

)

where N (E) are counts in the full energy peak at a
particular energy (E), T is live time, A is the activity
of the source at the time of counting, Y, (E) is the
percentage gamma-ray emission  probability,
ot g, (E) is the statistical uncertainty in efficiency,

oN (E) is the statistical uncertainty of counts in the
full energy peak, oY, (E) is the statistical uncertain-

ty in the gamma emission probability, and cA is the
statistical uncertainty associated with the activity of
the standard source.

The counts in the total energy peak were correc-
ted by subtracting the background radiation counts
in order to provide precise measurements. Further-
more, to obtain a sufficient count rate with accepta-
ble counting statistics, the experiment was conduc-
ted in three runs per sample, with a total measuring
time ranging from 300 to 17000 s/run. For instance,
sufficient counting statistics are considered to exist
when there are at least 10000 counts.

Furthermore, the tests were carried out under
optimal conditions by modifying the distance
between the sample and the detector entrance win-
dow at a distance of 10 cm, where the dead time was
reduced to less than 1%, i.e., in order to ensure
high-quality spectra of good shapes of full energy
peaks and minimize peak count losses.

2.2. Monte Carlo modelling

To build a model for a germanium detector,
MCNP was applied for the simulation of the transit
of radiation [27]. A simulation model based on the
manufacturer's nominal detector parameters is
shown in Fig. 1 for both the germanium detector and
the certified reference point source being tested. The
gamma-ray emissions from the source were simula-
ted as isotropic and homogeneous. The simulation
approach took into account a few crucial variables
and assumptions. The manufacturer states that the
detector crystal is made of germanium, which has a
cylindrical shape, and the core hole in the middle of
the detector also has a cylindrical geometry. In addi-
tion, the model incorporated the surrounding alumi-
num holder. It was expected that the DL would con-
sist of germanium material with a density compara-
ble to that of the crystal, even though lithium
diffusion into the crystal occurred in both detectors.
Moreover, the simulation took into account all ele-
ments of the immediate surroundings, including the
air and vacuum.

Using the previously mentioned MCNP model,
the FEPE of the detectors was simulated, represen-
ting their response function [28]. The simulation
procedure involved the pulse height tally (F8 in
MCNP) to simulate the detector response, defined as
the deposited energy in the detector crystal by radia-
tion emitted from the certified reference point
sources at various measurement positions [29]. This
simulation, consisting of 36 input files (for geometry
setup simulation scenarios), has an average runtime
of 43 min. The number of source particles was cho-
sen to be sufficiently large, with 107 histories, to
ensure appropriate statistics for certified reference
point sources and to obtain a statistical error for the
computed FEPE of less than 3 %.

92 ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2026 Vol. 27 No. 1



RE-CHARACTERIZATION OF TWO N-TYPE PLANAR HPGe DETECTORS

Al-Cap
Al-Holder /
Active
volume +
\‘\_‘_ﬁ* p~ contact
n” contact
/ S-D Distance
Core hole
Deadlaver
Source
=
HPGe Detector

Fig. 1. Schematic diagram of the detector-to-source geometry setup.
(See color Figure on the journal website.)

3. Results and discussion
3.1. Estimation of the DL thickness of Sys1

Various photon energies were used in the expe-
riments, and certified reference point sources were
placed 10 cm away from the detector entrance win-
dow to acquire experimental efficiency. With a
nominal DL thickness of 0.389 mm, the simulated
and experimental values differed by up to 24 %.
Table 1 provides the FEPE results from the experi-
ment and MCNP algorithms at the nominal and
optimized DL thicknesses. The DL thickness was
determined using a trial-and-error method, with
thickness being gradually optimized in predeter-
mined steps until the simulated FEPE matched the
experimental efficiency within an acceptable devia-
tion of less than 5 %. The corresponding thickness at
this point was defined as the optimized DL value,
which was subsequently compared with the nominal

value provided by the manufacturer. Seven DL
values were considered by multiplying the nominal
thickness provided by the manufacturer by scaling
factors of 1.1, 2.1, 3.1, 4.1, 5.1, 6.1, and 7.1 to the
nominal DL value provided by the manufacturer.
They were gradually varied in the detector model
step by step until the discrepancy from the experi-
mental efficiency was below 5 %. Increasing the
assumed values to more than 7.1, the deviation from
experimental efficiency is observed to be greater
than 5 %. Thus, multiplying the nominal value by
7.1 yielded the optimized DL in the model, cor-
responding to a value of 2.77 mm. Subsequently, the
FEPE results for Sys1 were found to be close to the
experimental values. After 28 yrs of use, it was dis-
covered that the DL of Sysl had thickened to
2.77 mm. This thicker DL decreases the detector
active volume and, consequently, its efficiency.

Table 1. Experimental and simulated FEPE for Sys1

Nuclide Energy, Experimentil FEPE Slmu(tlieocLI)ZEPE Deviat[ion from Slmu(tlieocLI)ZEPE Devia?ion from

keV (x1079) at nominal DL experiment, % at optimized DL experiment, %
241Am 59.5 3.1080 + 0.6000 3.8632 + 0.0010 +24.2985 3.1938 + 0.0010 +2.7606
133Ba 81.0 3.6460 + 0.6000 4.2221 +0.0010 +15.8008 3.7988 + 0.0010 +4.1908
13333 276.4 0.6930 + 0.6000 0.8060 + 0.0030 +16.3059 0.7252 + 0.0010 +4.6465
133Ba 302.9 0.5180 + 0.6000 0.6071 + 0.0010 +17.2007 0.5437 £ 0.0010 +4.9614
133Ba 356.0 0.4240 + 0.6000 0.5065 + 0.0010 +19.4575 0.4097 + 0.0010 -3.3726
133Ba 383.9 0.3790 + 0.6000 0.4588 + 0.0010 +21.0554 0.3613 + 0.0010 -4.6702
B1Cs 661.7 0.1928 + 0.0500 0.2347 £ 0.0020 +21.7323 0.1865 + 0.0020 -3.2676
%Co 1173.2 0.0769 + 0.0200 0.0938 + 0.0020 +21.9766 0.0743 + 0.0020 -3.3810
%Co 13325 0.0641 + 0.0200 0.0779 £ 0.0020 +21.5289 0.0624 + 0.0020 -2.6521
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Fig. 2. Relationship between the deviation of the simulated FEPE from the experimental FEPE for Sys1,
using the nominal DL of 0.389 mm, and the optimized DL of 2.77 mm. (See color Figure on the journal website.)

Figure 2 shows that when the DL thickness is set
to 2.77mm, the MCNP calculations vyield a
maximum deviation from an experiment efficiency
value of less than 5 %. Moreover, the deviation of
the FEPE was observed in both low and high-energy
regions when using the nominal and optimized
values. It was noted that the deviation is higher in
the case of lower energies than in the case of higher
energies because the photon attenuation is higher in
the case of lower energies. Using the optimized DL
value, the deviation points exhibit minimal variation
and remain close to the reference line (solid line),
with the lowest deviation recorded at 2.65 %.

3.2. Estimation of the DL thickness of Sys2

Table 2 shows that the FEPE results obtained
from MCNP modeling using the optimized DL

thicknesses are in much better agreement with the
experimental values. The deviation is reduced to
approximately 3% when using the optimized
parameters, compared to about 52 % when using the
nominal DL specified by the manufacturer at the
time of fabrication. Moreover, the results of the DL
thickness of Sys2 are higher than those of Sysl,
meaning that the FEPE results for Sys2 are more
deviated from the experiment values. The MCNP
simulation has been successfully re-characterized for
both detection systems based on the estimated DL
values. These simulation results matched the expe-
riment and demonstrating MCNP’s capability to
define all detector parameters in the input file.

Table 2. Experimental and simulated FEPE for Sys2

Nuclide Energy, Experimentgl FEPE S'mlj(fii)qgl;EPE DeviaFion from S'mlj(fii)qgl;EPE DeviaFion from

keV (x1079) at nominal DL experiment, % at optimized DL experiment, %
21Am 59.5 2.8150 + 0.6000 4.2794 + 0.0010 +52.0213 2.8865 + 0.0010 +2.5399
13383 81.0 3.3120 + 0.6000 4.8388 + 0.0010 +46.0990 3.4170 £ 0.0010 +3.1703
13383 276.4 0.4130 £ 0.6000 0.6034 + 0.0010 +46.1016 0.4261 + 0.0010 +3.1719
133Ba 302.9 0.2312 + 0.6000 0.2895 + 0.0010 +25.2163 0.2381 + 0.0010 +2.9844
133Ba 356.0 0.1200 + 0.6000 0.1368 + 0.0010 +14.0000 0.1228 + 0.0010 +2.3333
13383 383.9 0.0824 + 0.6000 0.0947 £ 0.0010 +14.9272 0.0838 + 0.0010 +1.6990
137Cs 661.7 0.0421 + 0.0500 0.0362 + 0.0020 -14.0143 0.0419 + 0.0020 —0.4751
%Co 1173.2 0.0214 + 0.0200 0.0184 + 0.0020 -14.0186 0.0213 + 0.0020 —0.4673
Co 1332.5 0.0151 + 0.0200 0.0131 + 0.0020 —-13.2450 0.0152 + 0.0020 +0.6623

Figure 3 shows that the influence of DL thicke-
ning is most noticeable in the lowest energy region, at
a nominal DL thickness of 0.396 mm. At low ener-

gies, it deviates significantly from the experimental
value by up to 52 %, but at higher energies, it is
roughly 14 % lower. Based on the modeling results,
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Fig. 3. Relationship between the deviation of the simulated FEPE from the experimental FEPE for Sys2,
using the nominal DL of 0.396 mm, and the optimized DL of 2.82 mm. (See color Figure on the journal website.)

it was found that the DL of the Sys2 detector thick-
ened to 2.82 mm over 28 yrs of operation. In addi-
tion, there was a tendency for the deviation to have
lower values as it get closer to the reference line
(solid line) because the differences between the
MCNP simulation results and the experimental
measurements in the range of energy of 59.5 to
1332.5 keV were up to 3% at the optimized DL
thickness compared to the 52 % maximum diffe-
rence using the nominal DL value. It can be summa-

rized that the initial DL thickness is subject to pro-
gressive variations due to various factors, including
detector aging, prolonged radiation exposure, tem-
perature variations, impurities introduced during
fabrication, and mechanical or environmental stresses.

3.3. Evaluation of the response function
for the used detection systems

Figure 4 illustrates the FEPE results for detection
systems at the nominal and optimized DL values.

-3
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Fig. 4. Comparison of experimental and simulated FEPE for Sys1 and Sys2 at various energies
using both nominal DL values of 0.389 and 0.396 mm; and optimized DL values of 2.77 and 2.82 mm, respectively.
(See color Figure on the journal website.)
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At the nominal DL thickness, the simulated
FEPE curves diverge noticeably from the experi-
mental measurements for both systems. This diver-
gence likely arises because not all interacting pho-
tons were fully registered by the detector, suggesting
a reduction in the effective active area of the detec-
tor. The actual DL value was estimated using a trial-
and-error approach. In this method, the DL thickness
was gradually increased until the deviation between
the simulated and experimental FEPE values was
minimized. Once the optimized DL was identified,
the deviation was reduced to less than 5 %. There-
fore, the optimized DL obtained from the MCNP
model can be used as the current real value. Vacuum
diminishing with time and the detector’s inappropri-
ate surroundings are the two main causes of the DL
growth. The primary reason Sys2 exhibits higher
deviation values than Sysl is that it has been used
less frequently and left without cooling, which pre-
vents it from being maintained under optimal opera-
ting conditions for an extended period. The opti-
mized DL values for the detectors were determined
using MCNP modeling, and a subsequent characteri-
zation of the detectors was performed. The deviation
between the experimental FEPE and the simulated
values for the nominal and optimized DL is highest
at 59 keV and decreases with increasing energy. It

reaches an average value in the intermediate energy
range of 120-670 keV and continues to decrease,
becoming approximately constant at higher energies
up to 1332keV, as shown by the curves for both
detection systems in Fig. 4. The observed behavior
is attributed to the high attenuation of gamma rays at
low energies compared with the lower attenuation at
higher energies. Consequently, variations in the DL
thickness exert a greater influence on the FEPE of
HPGe detectors.

3.4. Application of the proposed integrated approach
for the source activity corrections

Figure 5 shows that calculations of the source
activity using the nominal DL differ significantly
from the certified value. This discrepancy arises
because the nominal DL provided by the manufac-
turer can change over time due to extended use. In
contrast, the source activity estimated using the
optimized DL closely matches the certified value, as
indicated by the solid line — certified value of source
activity at the time of counting, with much smaller
deviation. This agreement is attributed to the ability
of MCNP to re-estimate the DL and determine a
corrected value that yields accurate source activity
results.
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Fig. 5. MCNP estimated activities in comparison with certified values for the point source.
(See color Figure on the journal website.)

Consequently, MCNP can be applied in various
areas, including the re-estimation or correction of
DL thickness and the accurate determination of
source activity. Furthermore, it can be used to cor-
rect the FEPE of gamma spectrometers that have

96

experienced extended use. The uncertainty in the
calculated activity was determined by propagating
the errors associated with the simulated FEPE and
the measured net counting rate. The resulting activi-
ty uncertainties were found to be within 0.218 %.
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4. Conclusion

This work demonstrates that long-term operation
of HPGe detectors requires periodic re-evaluation of
the DL to maintain accurate FEPE estimates. Using
a combined experimental and MCNP simulation, we
quantified the impact of DL growth on detector per-
formance. We achieved strong agreement between
measured and modeled efficiencies after incorpora-
ting an updated DL thickness, which increased up to
seven times the initially determined value. These
findings emphasize that relying solely on static
manufacturer specifications can introduce significant
systematic errors over time.

The presented methodology provides a practical
framework for recalibrating aging detectors and can
be widely applied to similar systems — other HPGe
detectors: any HPGe detector, regardless of specific

model, size, or n-type/p-type designation used for
guantitative analysis. It is especially beneficial in
fields like environmental monitoring, nuclear safety,
or material characterization. We recommend a regu-
lar monitoring of DL thickness in HPGe detectors,
particularly those in long-term use, and integrating
Monte Carlo modeling into routine calibration pro-
cedures. This approach has the potential to extend
detector lifespan, enhance measurement accuracy,
and support long-term quality assurance in critical
areas such as radiation protection, environmental
monitoring, and nuclear applications. Furthermore,
the method can be adapted to other detector types
and simulation platforms, making it broadly applica-
ble across laboratories and research facilities. Con-
sequently, adopting this methodology ensures sus-
tained measurement accuracy and reliability in long-
term detector operations.
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PE-XAPAKTEPU3ALISA JBOX IVIAHAPHUX HPGe AETEKTOPIB n-TUITY
HA OCHOBI EKCIIEPUMEHTAJIBHUX JOCJII/VKEHb TA MOHTE-KAPJIO MOJAEJIFOBAHHS

TouHa raMMa-CIIEKTPOMETPisl 3 BUKOPUCTAHHAM JETEKTOPiB 3 BUCOKouucTOoro repmanito (HPGe) omupaerscs Ha
TOYHE 3HaHHS e()eKTHUBHOCTI JETEKTOPa, 30KpeMa edexTrBHOCTI B Ky noBHOI eneprii (FEPE), sika Mmoxe 3HMKXyBaTHCS
HPOTATOM TPUBAJIMX MEPi0JIiB pOOOTH Yepe3 3pocTaHHs HeakTHBHOro MepTBoro mmapy (DL) nerextopa. Hezaxatouu Ha
Te, 10 1 MpobJeMa JaBHO Bimoma, Kopekuis DL pigko BpaXxoBYeThCS B AETEKTOpaxX 3 TPUBAIMM POOOYMM IHKIIOM, a
napaMeTpH, BKa3aHi BHPOOHHMKOM, YacTO INPUAMAIOTHCS SK HE3MiHHI. Y 1LIbOMY JOCIIDKEHHI IpEeJCTaBICHO
KOMOIHOBaHMH MiAXiA, [I0 TOEAHYE EKCIIEpUMEHTal bHI BHMiproBaHHS 1 MonTe-Kapino MopjenmtoBaHHs Juist
pe-xapakrepu3auii 1Box ruraHapaux HPGe nerextopiB n-tumy — Sysl Ta Sys2 — sxi nepeOyBaioTh y Oe3nepepBHil
eKCILTyaTalii Maiike TpU JNECATHIITTS. Xo4ya AETeKTOPH MAalOTh NPaKTHYHO iAEHTHYHI TE€OMETPHYHI MapaMeTpH, BOHU
JEMOHCTPYIOTH BiIMIHHOCTI B po0OTi, IO MOSCHIOETHCS TOJIOBHIUM YHHOM Bapiarismu ToBmmHA DL. Bymo nposeneHo
BHMIPIOBaHHS FaMMa-BHUIIPOMIHIOBAHHS 3 BUKOPHUCTaHHSM CEPTHU(IKOBAHUX TOYKOBUX KaliOpoBOUHUX xkepeln (59,5—
1332,5 keB), a Tako)k BHKOHAaHO BiNIMOBiTHE MOJETIOBaHHA MeTooM MonTte-Kapio (3a IOmoOMOror mporpamu
MCNPS5) ms oninku BrumBy 3Miau DL Ha FEPE Ta Ha akTuBHHIA 00’ €M aeTekTopa. Y MOJAETIOBaHHI 0yJI0 BpaxoBaHO
reoMeTpu4Hi (pakTopu Ta eeKTH MOTIMHAHHA. Pe3ynpTaTi Aar0Th 3MOTY MOJENIOBAaTH Ta KopuryBatn BTpatid FEPE y
JETeKTOpax 3 yacoM. 3aBasku ontuMizarii ToBmmHN DL st Sysl Ta Sys2 mo 2,77 Ta 2,82 MM BiATIOBiAHO, BiIXUICHHS
MK 3MO/IeNbOBaHMMU Ta ekcriepuMmenTanbuumu FEPE Oyio menmie, Hix 5 %. KpiM snepHoro npuinago0yayBaHHs, 1is
poboTa Mae 3Ha4YeHHS JUisi Oy/[b-SKOTO 3aCTOCYBaHHS, 110 BUMArae BUCOKOTOYHOI CIIEKTPOMETPIl MPOTITrOM TPHBAINX
eKCIUTyaTallifHuX TEepMiHIB, BKJIOYAIOUM sJEpHY Oe3leKy, aHali3 paJioakTHBHUX BIAXOMAIB, MOHITOPUHT
HABKOJIAIIIHBOTO CEPEIOBHUIIA, pajialiiHy METPOJIOTIIO Ta SACPHY KPUMIHATICTHKY.

Kniouosi cnoea: nerexrop HPGe, edextuBHICTS y miKy HOBHOI eHeprii, meptBuii map, MCNP, ceprudikoBani
KaTiOpyBaJbHI TOUKOBI JpKepera.
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