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Monte Carlo study of transmission X-ray tubes in kilovoltage radiotherapy
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Abstract: Transmission X-ray tubes are relatively new devices characterized by portability, suitability for miniaturization,
and low requirements for shielding, making them ideal radiation sources for kilovoltage X-ray therapy. However, their
application in radiotherapy remains underexplored. An electron target model of a transmission X-ray tube is developed using
the Monte Carlo toolkit TOPAS 3.8.1. The study investigates the effect of tungsten target thickness on X-ray output
efficiency, finding that a tube voltage of 50 kV and a tungsten thickness of 1.4 um yields the highest emission efficiency.
Based on the energy spectrum at this optimal efficiency, polynomial fitting approach is applied to determine the
corresponding aluminum filter thickness for mean energies ranging from 20 keV to 35 keV, achieving a mean fitting error of
0.91%. Next, the study simulates dose deposition in a water phantom for spectra with different mean energies and various
source-to-surface distances, and plots percent-depth-dose curves, relative normalized dose-depth curves, and relative
normalized dose histograms under each treatment condition. Finally, the simulated results are compared with experimental
data from the intraoperative radiotherapy system Intrabeam and the superficial X-ray therapy unit SRT-100, obtaining
average relative errors of 3.71% and 4.38%, respectively. These findings provide a theoretical foundation for further
optimization of transmission X-ray tubes in kilovoltage radiotherapy.

Keywords: transmission X-ray tube; kilovoltage X-ray radiotherapy; Monte Carlo; intraoperative radiotherapy; superficial
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Figure 1 Schematic diagram of transmission

X-ray tube modeling
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Figure 2 Relationship between X-ray emission efficiency and

average X—-ray energy with tungsten target thickness
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Figure 3 Relationship between aluminum filter thickness and the mean X-ray energy
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Table 1 Actual aluminum filtration and predicted average energy

values at different ideal average energies

ML RER /keV 200 225 250 275 300 325  35.0
TR /keV 19.93 2231 2514 27.58 2994 3247 35.03
A8 D8R /mm 0.120 0203 0.365 0.653 1213 2290 4.223
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Figure 5 Depth—dose curves at various source—to—surface distances
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Figure 6 Percent depth dose curves of X-rays with different average energies
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=3 UTEHEEE=27.5 keV,SSD=50 mm AF EHKERARKT—LFEER

Table 3 Maximum relative normalized dose at water phantom surface based on 27.5 keV

average energy and 50 mm source—to—surface distance

; R
P 20 keV 22.5 keV 25keV  27.5keV  30keV  325keV  35keV
0 351.80 212.17 108.23 59.21 32.97 17.05 8.01
10 124.35 75.06 38.40 21.08 11.78 6.11 2.88
20 33.98 20.58 10.62 5.87 3.31 1.73 0.82
30 15.39 9.36 4.85 2.70 1.53 0.81 0.38
40 8.70 5.31 2.77 1.54 0.88 0.47 0.22
50 5.58 342 1.78 1.00 0.57 0.30 0.15
60 3.87 2.37 1.24 0.70 0.40 0.21 0.10
70 2.84 1.74 0.91 0.51 0.30 0.16 0.08
80 2.16 1.32 0.70 0.39 0.23 0.12 0.06
90 1.69 1.04 0.55 0.31 0.18 0.10 0.05
100 1.36 0.84 0.45 0.25 0.15 0.08 0.04
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I N =) \ k N .
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