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7.5 ecmx7.5 ecm Nal(T1) detector. Simulation of the Nal(T1) detector using the Monte Carlo method was performed to

obtain the y-ray energy spectrum of the detector in the energy range of 50 keV~2.5 MeV. The G(F) function was

used to calculate the air-absorbed dose rate of radioactive sources. When solving the G(E) function, the influence of

the K, and the optimization factor M on its calculation of the air-absorbed dose rate was considered, and the

solution of the G(E) function was optimized to improve the calculation accuracy. The relative deviation S of the air

absorbed dose rate calculated by the optimized G(E) function from the theoretical standard value was less than +1%.

Finally, after the comparison of experimental measurements, it was found that the relative deviation between the

calculated air absorbed dose rate of the G(E) function and the measured results of the dose rate meter was less than

+10%, indicating that the optimized G(E) function value of the Nal(T1l) detector can be used for the application of air

absorbed dose rate measurement.
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Fig.3 FLUKA simulated energy spectra of y-rays at different
energies (color online)
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Table 1 Relative deviation of the calculated values of the dose rate G(E) function from the theoretical calculated value S
with different values of K
E/keV S/ %
Ky =5 Ku=6 K, =T Ky = Kw=9  K,=10  K,=l1l  K,=12

100 0.18 0.04 0.04 0.04 0.04 0.03 0.04 0.03
150 -41.97 72.53 153.30 6.00 -4.41 7.34 0.02 0.03
200 -30.20 39.92 72.55 0.02 0.02 0.04 0.02 -0.03
250 -13.70 12.97 22.36 -0.24 0 -0.36 0.03 0.06
300 -2.76 0 0.02 -0.04 -0.01 -0.16 -0.09 -0.09
400 6.85 0.41 -1.90 0.56 -0.04 0.29 0.16 0.20
500 9.16 0.07 -0.15 0.19 0.17 -0.05 0.10 0.03
600 10.14 -2.97 -0.20 0.09 -0.51 0.06 -0.19 -0.31
800 11.43 -0.23 0.58 -0.48 -0.33 -0.54 -0.27 -0.39
1 000 14.27 0.18 -0.52 0.37 0.24 0.45 0.39 0.26
1500 19.36 5.61 0.04 -0.05 -0.02 -0.07 -0.16 -0.18
2 000 25.43 -0.02 0.03 0 0 0 0.04 0.05
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Table 2 The optimization factor M varies with the relative deviation .§

E/keV S/%

M=0 M=1 M=2 M=3
100 0.04 0.04 0.04 ~0.06
150 0.02 0.01 0.01 0.75
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B3k
E/keV S/%
M=0 M=1 M=2 M=3
200 0.02 0.04 0.04 ~1.44
250 0.03 -0.46 ~0.44 0.52
300 -0.09 -0.05 -0.05 1.16
400 0.16 -0.02 -0.02 0.76
500 0.10 0.27 0.26 -0.47
600 -0.19 -0.16 -0.16 -0.87
800 -0.27 -0.32 -032 ~0.94
1000 0.39 0.37 0.37 0.64
1500 -0.16 -0.14 -0.14 1.14
2000 0.04 0.04 0.04 ~0.65
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Table 3 Experimental measurement standard source information

PR R/ mm IEEAE R A EE /%  HE
Standard sources Size Activity information Relative uncertainty  Date
“Co D25%3 39.9 kBq 3 2017.10
Cs P25%3 8.96 kBq 3 2017.10
“Na P25%3 38.1 kBq 3 2017.10
AL RIR R AR HED) D50%20 U 9.31/4U 9.42/°Th 2.96/*Th 9.24/ <3 2015.08
Uranium serie and thorium serie ore *Ra 9.45/"Pb 9.41/K 1.13 (Bq/g)
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Table 4 Comparison of dose rate calculation by G(E) function and dose rate meter measurement

S FIERAMEA / (nGy-h™")  GE)IHHEE/ (nGy-h™) FEX 22 / %
Experimental measurements Dose rate meter measurements  Calculated value of G(E) Relative deviation
S I B 130.00 131.78 1.37
Experimental measurement environment

bR BB LR 135.00 129.50 -4.07
Uranium serie and thorium serie ore

Cs bR 145.00 142.57 -1.68

"¥'Cs standard source

PNa brEJi 182.00 198.25 8.93

*Na standard source
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Cs, “Co hybrid point source

¥Cs*Na.“Co iR & M A 285.00 29491 3.48
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