https://doi.org/10.7742/jksr.2019.13.7.917

PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 13, No. 7, December 2019"

Calculation of Neutron Energy Distribution from the Components of
Proton Therapy Accelerator Using MCNPX

Sang-Il Bae,' Sang-Hwa Shin*’

]Department of Radiation Oncology, Dongnam institute of Radiological & Medical sciences, Korea

2Department of Radiological Science, College of Health Sciences, Catholic University of Pusan, Korea

Received: October 09, 2019.

Revised: December 15 2019.

Accepted: December 31, 2019

ABSTRACT

The passive scattering system nozzle of the proton therapy accelerator was simulated to evaluate the neutrons
generated by each component in each nozzle by energy. The Monte Carlo N-Particle code was used to implement
spread out Bragg peak with proton energy 220 MeV, reach 20 cm, and 6 cm length used in the treatment
environment. Among the proton accelerator components, neutrons were the highest in scatterers, and the neutron
flux decreased as it moved away from the central flux of the proton. This study can be used as a basic data for
the evaluation of the radiation necessary for the maintenance and dismantling of proton accelerators.
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I . INTRODUCTION
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II. MATERIAL AND METHODS
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Fig. 1. Schematic representation of the Passive scattering
nozzle.

Table 1. Materials of Nozzle component

Component Material

First scatter(S1) Lead, Lexan

Second Scatter(S2) Lead, Lexan

Collimator Brass Brass

Range shifter ABS resin
2nd Collimator Brass
3rd Collimator Brass
4th Collimator Brass
Final Aperture Brass
Steel Shell Iron
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Aol A WA FE7) melmale AHE
2 313l7] 98to] FdAte] 549 Bragg peakS
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III. RESULT
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Fig. 2. Depth dose curve for proton beam.

Table 2 Range compared to reference data for proton
beam in water phantom

Energy Range (cm) Difference

(MeV) NIST This study )
150 15.7 16.4 4.4
180 21.6 222 2.7
200 259 26.5 2.7
220 30.5 31.1 1.9
250 379 382 0.8
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Fig. 3. Simulated SOBP of the central percentage
depth dose(PDD) profiles.
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Fig. 4. Results of Neutron Flux in Proton therapy
component.
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Fig. 5. Neutron fluence dependency on the component of nozzle :

(d) are 0~20MeV neutron spectra.

Table 3. Results of Neutron Flux in Proton therapy component

1E-6

o
4

—— 2nd Collimator
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Steel shell

0.4 0.6 0.8
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Final aperture
Steel shell

Neutron Energy(MeV)
(d)

(a) and (b) are 0~1MeV neutron spectra, (¢) and

Number of neutrons (#/sz)

C ¢

omponen Cold Epithermal Resonance Intermediate Fast Total
Neutron Neutron Neutron Neutron Neutron

First scatter 1.0E-7 2.6E-7 3.9E-6 4.4E-4 9.0E-4 1363

(0.007%) (0.02%) (0.29%) (32.6%) (66.9%) :

6.6E-8 2.6E-7 6.4E-6 2.5E-4 5.5E-4

Second Scatter (0.07%) (0.026%) (0.65%) (24.9%) (54.6%) 1.0E-3
. 3.9E-9 3.5E-8 1.7E-6 1.9E-4 1.7E-4

Collimator Brass (0.001%) (0.009%) (0.47%) (52.6%) (46.8%) 3.7E-4
. 5.8E-9 2.1E-8 6.2E-7 3.1E-5 1.8E-5

Range Shifter (0.012%) (0.041%) (1.3%) (61.9%) (36.5%) 5.0E-5
. 1.1E-9 2.3E-9 8.3E-8 5.0E-5 3.2E-5

2nd Collimator (0.001%) (0.011%) (0.92%) (69.5%) (29.3%) 8.2E-5
. 47E-10 22E9 1.7E-7 2.8E-5 1.4E-5

3rd Collimator (0.001%) (0.005%) (0.4%) (66.1%) (33.4%) 4.2E-5
. 47E-10 5.6E-9 4.6E-7 3.5E-5 1.5E-5

4th Collimator (0.001%) (0.011%) (0.92%) (69.5%) (29.3%) 3-0E-5
. A 1.1E-8 1.4E-8 13E-7 5.9E-5 3.9E-5

Final Collimator (0.012%) (0.014%) (0.13%) (60.3%) (39.5%) 9-8E-5
6.7E-10 45E9 2.6E-7 23E-5 1.3E-5

Steel shell (0.002%) (0.012%) (0.72%) (62.4%) (36.7%) 3.78-5
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IV. DISCUSSION
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