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Abstract: Determining the full-energy peak efficiency (FEPE) of a high-purity germanium (HPGe)
detector through experimental methods or Monte Carlo (MC) simulations is crucial for accurate
radionuclide quantification. This study presents a meticulously constructed MC model tailored to the
actual dimensions of the measured HPGe crystal. Optimization of the dead layer thickness within the
model was achieved through an integrated approach of experimental validation and simulation
efforts, yielding a minimal average relative deviation of 1.74% between simulated and actual
detection efficiencies. Subsequent simulations were conducted to assess the impact of structural
modifications in the HPGe crystal and variations in the diameter of copper electrode rods on FEPE.
The findings indicate that low-energy gamma rays exhibit increased sensitivity to modifications at

the crystal’s top, with the rounded edges displaying a substantial relative deviation in detection
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efficiency of up to 19.21% at 59.5 keV. Additionally, the presence of a protective ring at the crystal’s

base significantly enhances the detection efficiency for high-energy rays as incident energy and

source distance increase, while its impact on low-energy rays remains minimal. Changes in the

diameter of the copper electrode rods, which act as ray-blocking devices, were found to decrease the

detection efficiency of high-energy rays by as much as 1.78%. These insights are pivotal for refining

detector design and advancing the calibration precision of FEPE in scientific applications.

Key words: high-purity germanium crystal structure; copper electrode contact; full energy peak

efficiency; monte carlo simulation
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Table 1 Main parameters of the detector

YrERREE 28
A A P
SR A /mm 61
Al /mm 63
Fn A 4 FE 2 /mm 5
A AFLIR/mm 34
fLEAA/mm 8
NGB LB (D /mm 1.5
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HEX SR >45%
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Table 2 Standard source information

TR fittt/keV S gt/ EIEIGEE/Bq AR B AN 5 JEE /% AN AN A2 /%
*'Am 59.5 359 458 8.81x10° 1.13 23

Bcs 661.6 85.1 30.17 6.10x10° 0.88 1.8

%Co 11732 99.97 5.27 1.669x10" 0.99 2.0

13325 99.98
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Fig.2 Rounding of high purity germanium crystals
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Table3 A comparative study of experimental and simulated detection efficiencies in four high-purity germanium detectors

WL EIE I AY TR R AAXT IR BRI HAXIRIZ /%
1 2500 0.000 556045 0.455037416 0.00053194 4.53
2 2500 0.000501498 0.417915285 0.00053194 572
2 2900 0.000551938 0.459864957 0.00053194 3.76
3 2500 0.000 532863 0.444052242 0.00053194 0.17
3 3000 0.000556474 0.455394830 0.00053194 4.61
4 2900 0.000556 608 0.463840074 0.00053194 4.63
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Fig.6 Comparison of simulated detection efficiency and experimental detection efficiency at different source distances
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U IE AR figtk/keV JREE Bj/cm SEHRMACE RIS % ARl 25/%
“Co 13325 25 0.0005519 0.00053505 3.16
15 0.0012885 0.00128112 0.57
5 0.0061127 0.006263 68 2.41
1173.2 25 0.0005850 0.00058705 0.36
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5 0.0106683 0.010685 0.16
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5 0.0421768 0.0428969 1.68
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Fig.10 The impact of copper electrode contact diameter on detection efficiency at different source distances
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