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Dependence Evaluation of the Self-Absorption Correction Factor
for p-type High Purity Germanium Detector Characteristics
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The precise determination of the activity for each radionuclide in environmental samples requires the self-absorption cor-
rection factor. In this research, we derived the self-absorption correction factor for three p-type high purity germanium de-
tectors using the Monte Carlo code MCNPX. These detectors have different characteristics such as crystal diameter, height
and size of the core. We compared the calculated full-energy peak efficiency with the experimental value using a standard
sample with 1 g/cm?® density and verified the modeling. We simulated the dependency of the full-energy peak efficiency
on the 0.3, 0.6, 0.9, 1.0, 1.2 and 1.5 g/cm? samples and obtained the corresponding self-absorption correction factor. The
self-absorption correction factors calculated for the three detectors differ by less than 1% over most of the energy range
and sample densities considered. This indicates that the self-absorption correction factors are independent of the crystal

characteristics of HPGe detector.
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= Table 1. Characteristics of the High Purity Germanium detectors
A
1. ‘] b Detectors
Characteristics
I Il m
v} 2fE R B4R T AAPALSAE 5 — ” ” 5
& QAFAFS FH) 25te] AT ol gHM 13 AR _
_ Crystal Diameter (mm) 55.9 57.7 64
Mg flal 7P ol AH8-E= A= HPGe A&7] (High
) ) = _ Crystal Length (mm) 71.1 74.8 44
Purity Germanium Detector, 255 Al 2nlg AZ7])o|t}, :
BRI FHE P ST B AAE 24 Entance Window AA A
JERAL o]fata] 2o ekt TE2E Hlgo 2 3 Entrance Window Thickness (mm) 0.03 0.03 0.03
& WA o] o] =oj T} 7+ Al 2ol U3k A Bket B L o)A Ge dead layer thickness (mm) 0.7 0.7 0.7
L wAe FEA R AA B Zad 2 sleldog & Distance crystal to end cap (mm) 3 3 4
3ok 3l o= FAH 0 7 o]a]-e ulela] o] sk B Core Diameter (mm) 10.5 10.5 8.9
Aol Hgdltt = AN gEE= U 9 3187 LA = vk Core height (mm) 57.4 61.1 30
3 5418 744 o] o)z 4] Astol ogfg < w27 €}, 53] Radius of Edges (mm) 8 3 8
WAL TEA| B UEE= 3 7pA| gro g IAE] 9o Relative Efficiency (%) 30 30 30
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Fig. 1. Geometry of the Detector I and Marinelli beaker.
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Fig. 2. Comparison of the Esimuition and Ecxperiment before the dead layer

correction.
25
B Detector|
® Detector I
A Detectorlll
2.0 H
Y5
s
E
ui
A
10 ? ' [ e 1 1 2
A
0.5 T T T T v T v
0.0 0.5 1.0 15 20
Energy(Mev)

Fig. 3. Comparison of the Esimutaion and Ecyperiment after the dead layer
correction.
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Table 2. Full-energy peak efficiency evaluation for the Detector I according

Table 4. Full-energy peak efficiency evaluation for the Detector 11 and 111

to the density variation according to the density variation

Energy Density (g/em’) Detector II

MeV) g3 09 10 12 15 oms Density (glom)

0.05954 1.95E-02 1.82E-02 1.71E-02 1.67E-02 1.60E-02 1.50E-02 MeV) 5 0.6 0.9 10 12 15
0.08803 4.20E-02 3.94E-02 3.71E-02 3.64E-02 3.50E-02 3.31E-02 05954 222E-02 2.07E-02 1.94E-02 1.89E-02 1.81E-02 1.71E-02
0.12203 4.53E-02 4.27E-02 4.03E-02 3.96E-02 3.81E-02 3.61E-02 0.08803 4.69E-02 4.40E-02 4.14E-02 4.06E-02 3.90E-02 3.68E-02
0.13648 4.54E-02 4.27E-02 4.04E-02 3.96E-02 3.832E-02 3.61E-02 0.12203 5.06E-02 4.76E-02 4.49E-02 4.41E-02 4.24E-02 4.02E-02
0.16586 4.69E-02 4.43E-02 4.20E-02 4.12E-02 3.98E-02 3.78E-02 0.13648 5.05B-02 4.75E-02 4.49E-02 4.41E-02 4.24E-02 4.02E-02
03917 2.56E-02 2.45E-02 2.35E-02 2.32E-02 2.26E-02 2.17E-02 0.16586 5.24E-02 4.95E-02 4.68E-02 4.60E-02 4.44E-02 4.21E-02
0.51401 2.07E-02 1.99E-02 1.92E-02 1.89E-02 1.85E-02 1.78E-02 03917 2.91E-02 2.79E-02 2.68E-02 2.64E-02 2.57E-02 2.47E-02
0.66166 1.71E-02 1.65E-02 1.60E-02 1.58E-02 1.55E-02 1.50E-02 0.51401 2.37E-02 2.28E-02 2.20E-02 2.17E-02 2.12E-02 2.04E-02
0.89804 1.26E-02 1.23E-02 1.19E-02 1.18E-02 1.16E-02 1.13E-02 0.66166 1.96E-02 1.89E-02 1.83E-02 1.81E-02 1.77E-02 1.71E-02
1.17324 1.05B-02 1.02E-02 9.95E-03 9.87E-03 9.71E-03 9.47E-03 0.89804 1.46E-02 1.42E-02 1.37E-02 1.36E-02 1.34E-02 1.30E-02
13325 9.54E-03 9.30E-03 9.08E-03 9.01E-03 8.87E-03 8.66E-03 1.17324 1.21E-02 1.18E-02 1.15E-02 1.14E-02 1.12E-02 1.09E-02
1.83606 7.55E-03 7.39E-03 7.24E-03 7.19E-03 7.09E-03 6.95E-03 13325 1.11E-02 1.08E-02 1.0SE-02 1.04E-02 1.03E-02 1.00E-02

1.83606 8.65E-03 8.47E-03 8.30E-03 8.25E-03 8.14E-03 7.97E-03
Table 3. Self-absorption correction factor for Detector I Detector 111
. 3
](51{14?\%3’ Density (g/cm’) bnery Density (g/em’)
03 06 09 2 - MeV) o3 06 09 10 12 15

009954 LT L 102 0.96 0-90 0.05954 1.55E-02 1.45E-02 1.36E-02 1.34E-02 1.28E-02 1.21E-02
0.08803 LIS 108 L0z 0.9 091 0.08803 3.53E-02 3.32E-02 3.12E-02 3.07E-02 2.95E-02 2.79E-02
012203 113 108 102 0.9 091 0.12203 3.94E-02 3.71E-02 3.50E-02 3.43E-02 3.31E-02 3.13E-02
013648 114 108 102 0.96 091 0.13648 3.95E-02 3.72E-02 3.52E-02 3.45E-02 3.33E-02 3.15E-02
016586 1.14 1.08 1.02 097 092 0.16586 4.12E-02 3.89E-02 3.68E-02 3.62E-02 3.49E-02 3.31E-02

03917 110 1.06 101 0.97 0.93 0.3917 2.25E-02 2.16E-02 2.07E-02 2.04E-02 1.99E-02 1.91E-02
0.51401 109 1.05 1.01 0.8 0.94 0.51401 1.81E-02 1.75E-02 1.68E-02 1.66E-02 1.62E-02 1.56E-02
0.66166  1.08 1.05 1.01 0.98 0.95 0.66166 1.51E-02 1.45E-02 1.41E-02 139E-02 136E-02 132E-02
0.89804  1.07 1.04 1.01 0.98 0.95 0.89804 1.11E-02 1.08E-02 1.05E-02 1.04E-02 1.02E-02 9.93E-03
117324 1.06 1.03 1.01 0.98 0.96 1.17324 9.24E-03 9.01E-03 8.78E-03 8.69E-03 8.56E-03 8.34E-03

1.3325 1.06 1.03 1.01 0.98 0.96 13325 8.44E-03 8.23E-03 8.05E-03 7.98E-03 7.85E-03 7.66E-03
1.83606  1.05 1.03 1.01 0.99 0.97 1.83606 6.62E-03 6.48E-03 6.35E-03 6.29E-03 6.22E-03 6.09E-03
298 JNFCWT Vol.13 No.4 pp.295-300, December 2015



Mee Jang et al. : Dependence Evaluation of the Self-Absorption Correction Factor for p-type High Purity Germanium Detector Characteristics

Table 5. Self-absorption correction factor for Detector Il and I1I

Detector I

Energy Density (g/cm’)

MeV) g3 0.6 09 12 15
0.05954 1.17 1.09 1.02 0.96 0.90
0.08803 1.15 1.08 1.02 0.96 0.91
0.12203 1.15 1.08 1.02 0.96 0.91
0.13648 1.15 1.08 1.02 0.96 0.91
0.16586 1.14 1.08 1.02 0.97 0.92
0.3917 1.10 1.06 1.01 0.97 0.93
0.51401 1.09 1.05 1.01 0.98 0.94
0.66166 1.08 1.05 1.01 0.98 0.95
0.89804 1.07 1.04 1.01 0.98 0.95
1.17324 1.06 1.04 1.01 0.98 0.96
13325 1.06 1.03 1.01 0.98 0.96
1.83606 1.05 1.03 1.01 0.99 0.97

Detector I11

Energy Density (g/cm’)

MeV) g3 0.6 0.9 12 s
0.05954 1.16 1.09 1.02 0.96 0.91
0.08803 1.15 1.08 1.02 0.96 0.91
0.12203 1.15 1.08 1.02 0.96 0.91
0.13648 1.14 1.08 1.02 0.96 0.91
0.16586 1.14 1.08 1.02 0.97 0.92
0.3917 1.10 1.06 1.01 0.97 0.94
0.51401 1.09 1.05 1.01 0.98 0.94
0.66166 1.08 1.05 1.01 0.98 0.95
0.89804 1.07 1.04 1.01 0.98 0.95
1.17324 1.06 1.04 1.01 0.98 0.96
1.3325 1.06 1.03 1.01 0.98 0.96
1.83606 1.05 1.03 1.01 0.99 0.97
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Fig. 4. Comparison of the self-absorption correction factor for the three
detectors (Density: 0.3 g/cm?).
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Fig. 5. Comparison of the self-absorption correction factor for the three
detectors (Density: 1.5 g/cm’®).
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