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Theoretical Calculation and Experimental Calibration of
the Detection Efficiency of Alpha Spectrometer

XTAO De-tao,XU Yan-ting, KANG Xi,ZHOU Qing-zhi, LIU Kai , HUANG Xue-fang
(School of Nuclear Science and Technology , University of South China, Hengyang, Hunan 421001 , China)

Abstract : A detector’s capability of receiving and recording information is characterized by
a spectrometer’s detection efficiency. It’s very necessary to calibrate an alpha spectrometer’
s detection efficiency for more accurate measurement of activity of alpha radionuclides. This
paper theoretically calculates the alpha spetrometer’s detection efficiency by two methods,
looking up the table of geometrical factor of round non-point source to window and Matlab
simulation based on Monte Carlo idea. Then, a comparative analysis of data between the
two methods is made by Matlab software. Both methods are approximately equal in the al-

lowed error range with 5. 5% . The detection efficiency of alpha spectrometer is measured

s HHA.2012 -10-10

BESWE . FRKAAR RS FHEEES R IIIH (11005060 311105070)

EB T HAEW (1964 4F - ) | I3 IAULEHE N IR R SRR BOR 2 e 0%, 1. BRI 5 1)« 4 S Bl 4 45 36
i AVS AN



2 PR A4 (A R

2012 412 H

by an ** Am standard source and radon progeny standard source. Theory detection efficien-

cy is in accord with the experimental results used the radon progeny standard source and is

different from the experimental results used the **' Am standard source. The results show

that uniformity and accuracy of radioactivity for **' Am standard surface source and the ac-

curacy of location dimensions cause detection efficiency errors between the experimental

results and theoretical value.

key words; alpha spectrometer ; detection efficient ; geometrical factor; Matlab simulation

AR A A S & il 155 [/ ORTEC A w1
FEE T HER o SEIOT R T o BB I & 1Y A1F 5
TAE. T HERE A IR o SR A T
TEEME o BB AR, F™ Am AR ifE
T 55 A T ARAR EIR XIS G AT T 350K (1)
W RE I -5 BRI T AR SCRERT L.

1 3 E A

OCTETE ® PLUS ALPHA SPECTROMETER
J=E ORTEC A Al A= 1 o AL TAE 5. B2
— G HA 8 AN ST I G v] [ R 8 A «
TSR PR i %) R e 2 R A A A ) 3 T
A3 IFERA 1 T8 AR 4 bk T 22 R 2%, S 4% 1)
AR AL 450 mm® 5] 900 mm”. 7E H 45 P<
1000 mTorr i}, 450 mm® #£ M #§ A9 f /N 2 5 58
(FWHM) H 20 keV,900 mm? ¥R #5 (1) 55/ NF 5
Bi (FWHM) iy 29 keV ; 4 0 # 5 #E 00 A i 2 [R] A
10 R B AT B, AH AR P AY 22 5] A FE B8 22 8 4 mm,
e KR 2 ATk 44 mm.

2 PEBGRIACR I BE T

432K FH T A 3 o R 0 8RR AT B T
B —de JUT A s s R 5 R AR,
2.1 JUaEFiE

HH AR i 1 S 0 4% 1) (] P i S ), 2R
WA 2 BB TRV T, S22 A58 R
AR G R

G = VaAr (1)

K, 02 R RPUAFIHZ s BTk S AR A G 58
2l U SR R JL R . JUART B3+
NEEE 1 FTR. o A0 b TR
AR, H W U5 5 5000 8% 09 B . T AR
450 mm’® (R ES 2420 12 mm; EHFLR 900 mm?
ORI 8242 R 16,92 mm. BT 897 Am R 7
PRA SRR 10 mm.

HRAEILATAF AR Ve = b/ap’ = d/(d +

) SEMBASE IR o p* A BIEEFGE
JUTIAF-2 AR AR (ER A BIRERE Y H R PR
MRS 2R E (R SCRS N EME(E) , ST 1.

1 LARFHEREE
Fig. 1 The schematic diagram for calculation

of geometric factor
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Table 1 Geometrical factor and MC simulation detection efficiency

RS TR 4 14 ] PRINAR T 450 mm® RIS T 900 mm?
H/mm JUAT I 0k E QNSRS JUTIA ik E QNSRS
7 0.207 2 0.206 0 0.289 2 0.285 7
11 0.136 7 0.136 4 0.209 2 0.209 3
15 0.094 9 0.092 0 0.154 9 0.153 4
19 0. 068 7 0.091 0 0.117 4 0.113 2
35 0.0256 0.026 0 0.047 9 0.045 6
39 0.021 1 0.0210 0.039 9 0.0379

R2 JLAETFRR RUKENRFEBENRNBE AR E

Table 2 Relative deviation of Geometrical factor to MC simulation detection efficiency

PSR ZR S H/mm 7 11 15 19 35 39
450 mm® RMEEH o 0.58% 0.22% 4.29% 0.73% 1.54% 0. 48%
900 mm* R o 1.22% 0. 05% 0.98% 3.71% 5.04% 5.28%
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Table 4 Theoretical detection efficiency 7,,,

U5 P00 45 1 ] B PRI 2519 TR AR 450 mm?

R 28 1 T A 900 mm®

H/mm

Nexp1 T exp1 Nexp2 T exp2 Nexp1 T expl Nexp2 T exp2
7 0.2139 1. 04% 0.196 3 2.87% 0.3212 1. 04% 0.280 5 2.482%
11 0.141 8 1.27% 0.1305 2.79% 0.234 6 1. 14% 0.206 5 2.51%
15 0.100 6 1.14% 0.087 0 2.70% 0.174 0 1. 08% 0.150 8 2.45%
19 0.073 1 1.27% 0.065 4 2.75% 0.132 4 1.20% 0.1109 2.60%
35 0.028 0 1. 66% 0.024 9 2.86% 0.0552 1.14% 0.044 9 2.47%
39 0.023 4 1. 66% 0.020 2 2.89% 0.045 8 1.42% 0.037 2 2.65%
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Table 5 Theoretical and experimental detection efficiency

SCME 5 B T RE Y L Newp” Mhrc

nggﬁymu%g PRI 11 AR 450 mm” R AR 900 mm’

FRIFE 1/ A PERRT A PERRT

7 1.038 3 0.9529 1.1243 0.981 8

11 1.039 6 0.956 7 1.120 9 0.986 6

15 1.1055 0.956 0 1.1343 0.983 1

19 1.071 8 0.958 9 1.169 6 0.979 7

35 1.076 9 0.957 8 1.210 5 0.984 6

39 1.1143 0.961 9 1.208 4 0.9815
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Table 6 Test of activity uniformity of source

B FR B P £/ mm i TR FE AR SR Mo/ M
12 6 640 0.154 2 0. 069 6 0.451 4
14 11 126 0.150 5 0.085 6 0.568 8
16 19 662 0.1459 0.1159 0.794 4
18 25 408 0.141 4 0.118 3 0.836 6
20 37 615 0.137 2 0.142°5 1.038 6
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Table 7 Deviation of the ratio of experimental and theoretical values caused by the distance change about 0. 5Smm

PRI E8 B T AN 450 mm”

BRIAS BT AL 900 mm®

Nexy” M Tos Nexp” M Tos
6.5 0.978 5 4.52% 1.069 1 3.33%
10.5 0.990 8 3.95% 1.081 8 3.18%
14.5 1.018 6 3.51% 1.086 7 2.94%
18.5 1.028 3 3.08% 1.094 4 2.70%
34.5 1.071 7 1.98% 1.130 4 1.88%
38.5 1.088 8 1.85% 1.127 9 1.76%
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