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Abstract: With the rapid development of nuclear technology applications, the demand for medium-
to high-energy X-rays has been increasing substantially, accompanied by urgent requirements for
absolute measurement capabilities and measurement ranges of air kerma rates under narrow-
spectrum (60-350) kV conditions. This study systematically calculates and analyzes the correction
factors and associated uncertainties required for absolute air kerma measurements of N-60~N-350
standard radiation qualities using the medium-energy free-air ionization chamber established at the
China Institute of Atomic Energy. The investigation employs a comprehensive methodology
integrating experimental measurements, theoretical calculations, and Monte Carlo simulations.
Through this research, the reproduction of air kerma values for N-series X-ray standard radiation
qualities has been successfully achieved, yielding air kerma rate values at 1 meter from the focal spot
under N-60~N-350 radiation qualities. Subsequently, uncertainty evaluation using the GUM method

demonstrates that the relative standard uncertainty of the reproduced quantity values reaches 0.52%.
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Furthermore, preliminary verification of measurement accuracy has been conducted through

calibration factor comparisons, thereby validating the reliability of the reproduced quantity values.
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Table 1 The parameters of the N-series standard radiation qualities established by CIAE

mEm EREAY R/ PR H/mm B TREMEmm FRREL PYhER eV
Pb Sn Cu Al

N-60 60 0.61 0.235Cu 0.263Cu 0.890 48.10
N-80 80 2.01 0.573Cu 0.645Cu 0.888 65.50
N-100 100 5.00 1.078Cu 1.157Cu 0.932 83.30
N-120 120 1.03 5.00 1.723Cu 1.800Cu 0.957 100.5
N-150 150 1.50 2.410Cu 2.514Cu 0.959 117.3
N-200 200 1.020 2993  1.987 4.049Cu 4.068Cu 0.995 162.5
N-250 250 2992 1.959 5.199Cu 5.316Cu 0.978 204.9
N-300 300 4980  2.965 5.962Cu 6.259Cu 0.953 2458
N-350 350 6.959  4.438 6.996Cu 282.9
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Table 2 The primary parameters of the medium-energy

and high-energy parallel-plate FAC
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Fig.1 Schematic diagram of the parallel-plate I=C— (1
FAC structure
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high-energy FAC modeled in Geant4
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Table 3 Comparisons between theoretical calculations and Geant4 simulations of (1/p)qir and k,

LER BE (/) air HEE W/ )air W/ P)air —FM21% ik, ik, ko ZF %1%
N-60 0.2222 0.2209 —0.56 1.0132 1.0132 —0.0074
N-80 0.1833 0.1767 -3.62 1.0109 1.0105 —0.0392
N-100 0.1654 0.1679 1.50 1.0098 1.0100 0.0147
N-120 0.1550 0.1535 —0.96 1.0092 1.0091 —0.008 8
N-150 0.1477 0.1441 —2.45 1.0088 1.0086 —0.0214
N-200 0.1324 0.1267 —4.30 1.0079 1.0075 —0.0337
N-250 0.1228 0.1220 —0.69 1.0073 1.0072 —0.0050
N-300 0.1155 0.1105 —4.34 1.0069 1.0066 —0.0297
N-350 0.1099 0.1059 -3.63 1.0065 1.0063 —0.0236
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Table 4 Measurement and calculation results of correction factors for the narrow-spectrum series in the medium-energy

and high-energy FAC

BT R IR
N-60 N-80 N-100 N-120 N-150 N-200 N-250 N-300 N-350
kq 1.0132 1.0105 1.0100 1.0091 1.0086 1.0075 1.0072 1.0066 1.0063
ks 1.0004 1.0003 1.0003 1.0003 1.0004 1.0003 1.0004 1.0004 1.0004
kp 1.0000 1.0000 1.0000 1.0000 0.9999 0.9996 0.9994 0.9993 0.9991
kq 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Kpol 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Kdia 0.9999 0.9997 0.9999 0.9997 0.9997 0.9991 0.9986 0.9982 0.9973
k, 1.0034 1.0034 1.0034 1.0034 1.0034 1.0039 1.0039 1.0039 1.0039
kp, 0.9980 0.9980 0.9980 0.9980 0.9980 0.9980 0.9980 0.9980 0.9980
ks kg1 0.9915 0.9929 0.9939 0.9944 0.9949 0.9955 0.9958 0.9961 0.9963
ke 1.0000 1.0000 1.0001 1.0001 1.0002 1.0004 1.0011 1.0019 1.0045
Kitkyy 0.9980 0.9978 0.9978 0.9981 0.9983 0.9988 0.9992 0.9993 0.9994
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Table 5 Reproduction results of air kerma rates for the narrow-spectrum series using the medium- and high-energy FAC

BH LN
N-60 N-80 N-100 N-120 N-150 N-200 N-250 N-300 N-350
I/pA 28.4817 139163 7.385 7.9202 61.0832 22.3885 24.7441 25.1179 29.4652
p/(kg-m73) 1.293 1.293 1.293 1.293 1.293 1.293 1.293 1.293 1.293
y/em? 47.675 47.675 47.675 47.675 47.675 47.675 47.675 47.675 47.675
Wairle 33.97 33.97 33.97 33.97 33.97 33.97 33.97 33.97 33.97
I-g 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
[Tki 1.0043 1.0025 1.0033 1.0030 1.0033 1.0031 1.003 6 1.0037 1.0052
56.74 27.67 14.70 15.76 121.6 44.55 49.26 50.01 58.76

Kair/mGy -h™!
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Table 6 Comparative results of calibration factor
- LRI
N-60 N-80 N-100 N-120 N-150 N-200 N-250
FeHEN kg 0.960 0.957 0.949 0.942 0.940 0.925 0.930
Kt F ey 1.011 1.009 1.001 0.988 0.981 0.981 0.985
Wi2%/% -5.0 -52 -5.2 —4.7 —4.2 =5.7 -5.5
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Table 7 Uncertainty analysis of air kerma rate

measurements
AN SRR AZui /% BZui/%

Wie - 0.35

I-g - 0.01

p) - 0.01

ke, - 0.03
ks 0.013 0.051
kp 0.019 0.012

kq - 0.1
Kpol 0.008 0.051

kdia - 0.23
k, 0.05 0.054

kn - 0.03

ke kg - 0.01

ke - 0.04

kiikyy - 0.11
1 0.07 0.012

T 0.03 0.05

P 0.01 0.02
4 - 0.024

ZH - 0.23

Kair FAHS BRI AS 5 0.10 0.52

Kair AR £ MR AN 2 1 052
Kair AR FEARUE A E E (k=2) 1.1

Xof 25 LR Bl e I B v BT 2 K i P A ) B
57 0 M . N R X GRS LR BhRE
N0 B8 AR 5 PR AN T8 2 EE N 0.52%
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