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Fig.1 Structure of filter calibration source.
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Table 1 The efficiency and ratio of GEM60P4 HPGe detector.

fit # Energy / keV % Efficiency / 107

W A Efficiency ratio

224mm e80mm @90mm 290 mm/280 mm 290 mm/224 mm 280 mm/224 mm
121.78 2.602 2.589 2.568 0.992 0.987 0.995
244.70 2.160 2.158 2.143 0.993 0.992 0.999
34428 1.723 1.722 1.714 0.995 0.995 0.999
444.00 1.437 1.442 1.428 0.990 0.994 1.003
778.90 0.968 0.970 0.971 1.001 1.003 1.002
964.10 0.838 0.829 0.823 0.993 0.982 0.989
1112.07 0.761 0.753 0.761 1.011 1.000 0.989
1408.01 0.646 0.653 0.649 0.994 1.005 1.011

1 R B AT A e 78 2R i
JE BT M DE 4% IX OB Bl R MR XS PPEu 19
121.78-1408.01 keV vy SFFZ&AHXNT H SR 22 57 1)
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£ 2 MCNP ##l59 GEM60P4 £ HPGe #7128 B IR M3 =R
Table 2 MCNP simulation of GEM60P4 HPGe detector
efficiency.

Hit 121.78 keV
Diameter 73%#%

1408.01 keV
HIXF R e X 2

/ mm Efficiency Relative Efficiency Relative
/107 efficiency /107 efficiency
24 2.602 1.000 0.646 1.000
40 2.597 0.998 0.648 1.003
50 2.594 0.997 0.645 0.998
60 2.583 0.993 0.645 0.998
70 2.576 0.990 0.640 0.991
80 2.589 0.995 0.653 1.011
90 2.568 0.987 0.649 1.005
100 2.549 0.980 0.628 0.972
110 2.548 0.979 0.626 0.969
120 2.543 0.977 0.623 0.964
130 2.54 0.976 0.621 0.961
140 2.543 0.977 0.620 0.960
150 2.54 0.976 0.616 0.954
160 2.535 0.974 0.614 0.950

24 IIKABMITE

KH Geantd T HALVFE T [RIZMEEHRI 2506}
TS A AR A o Geantd 2 (T RKUNAZ T-WF50
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WA, FEMUEE TR A FT, b B
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s A BE R hy PSS EE B9 ao BRI #S AR TE
T (10 LT o7 7 i P L ) 278,

e

R,
~

2[RV PRI 5% -5 53 T Tt 1) ) LA 7 5 1

Fig.2 Coaxial detector and disc source geometry.
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DU 5 380247 X LE 3 AT
MR 3 il E H, XTES/NT 90 mm [ [3 T
Ui VT BRI AR R STAR A AE 2% 3G BN —3. o7
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Table 3 Geant4-calculated solid angle of disc source to
coaxial HPGe detector.

HAiT RYAZSTE I 2 VS YA EP O &S
Diameter Solid &£ Relative efficiency
/ mm angle  Relative 121 78keV  1408.01keV
solid angle
24 0.0846 1.000 1.000 1.000
40 0.0844 0.997 0.998 1.003
50 0.0842 0.995 0.997 0.998
60 0.0839 0.991 0.993 0.998
70 0.0836 0.988 0.990 0.991
80 0.0833 0.984 0.995 1.011
90 0.0829 0.980 0.987 1.005
100 0.0825 0.975 0.980 0.972
110 0.0821 0.971 0.979 0.969
120 0.0818 0.967 0.977 0.964
130 0.0815 0.963 0.976 0.961
140 0.0813 0.961 0.977 0.960
150 0.0811 0.958 0.976 0.954
160 0.0809 0.956 0.974 0.950

SEARA ST S W T TSR AR S v SR £
HEN BRI ES LR K. GEM60P4 7Y HPGe
WM E 0 AR EARRK YN 69.2mm, Kk
o70mm LA N[5 T [ A5 (1) y 56 28 2 1E 1) S N )
Bhan iR, D SLERM A e RS AR A I — 3.
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x 3P RATER, SFe70mm WIETEMHIE,
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2 3 HARS R, AR SIAAM S 121,78 keV
1408.01 keV [FJFHRT I LUARAE 2.0% 3.0%[1)7E
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F4 MCNP #1189 GEM60P4 B HPGe 153l 28 A B3R M

Table 4 MCNP simulation of GEM60P4 HPGe detector
surface efficiency.

4% Diameter X R Relative efficiency

/ mm 121.78 keV 1408.01 keV
24 1.000 1.000
40 0.966 0.948
50 0.924 0.900
60 0.864 0.842
70 0.780 0.776
80 0.694 0.709
90 0.621 0.648
100 0.562 0.595
110 0.513 0.549
120 0.471 0.507
130 0.435 0.471
140 0.403 0.437
150 0.375 0.407
160 0.350 0.380
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Study of HPGe detector peak efficiency by disc source

ZHANG Xiaolin'? YU Gongshuo® LI Yuanjing' XU Qichu® XIE Feng® BAI Tao’
1(Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

2(Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract Background: Calibrating the detection efficiency accurately is the key process to the disc filter sample

activity detected by High Purity Germanium (HPGe) gamma spectrometer, and the diameter of the disc filter source is

varied with the specification of the sampler filter. Purpose: To study further the relation between detection efficiency

and the source size, the HPGe detector peak efficiency (relative detective efficiency is 60%) was performed for disc

sources with diameters of 224 mm, 80 mm and @90 mm, respectively. Methods: The efficiency and the solid angle

for disc source with diameter ranging 240-160 mm were simulated using the MCNP and the Geant4. Results: The

result shows that the detecting efficiency of three sources is consistent, and the efficiency gradually decreases with the

increasing size of the disc source with diameter greater than 290 mm. Conclusion: The efficiency for disc sources

with diameter less than 290 mm is directly calibrated by the standard point sources, while for disc sources with

diameter larger than 290 mm which is needed to be calibrated by the standard disc sources.

Key words High Purity Germanium (HPGe) detector, Disc source, Detecting efficiency
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