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Abstract: Recently, a new radiation treatment method using a high-energy 

accelerator facility has attracted attention. High-energy particles used in radiation 

therapy react with structures in the treatment room and generate secondary 

radiation, X-rays, and neutrons. In particular, neutrons have a higher biological 

weight than photons and are more harmful to normal tissue. However, CR-39, a 

general-purpose neutron dosimeter, cannot measure high-dose and high-energy 

neutrons. Therefore, this study calculated the neutron effective dose inside the 

high-energy accelerator irradiation room using the WWS and WWR functions of 

MCNP 6.2 to confirm the effective neutron dose that can be generated inside the 

high-energy accelerator room. And this result can be used to evaluate the neutron 

effective dose when an accident occurs inside the high-energy accelerator 

irradiation room. 

 

Keywords: Secondary radiation, MCNP, Particle therapy, Radiation therapy 

 

1. INTRODUCTION 

A high-energy accelerator is a device that accelerates particles such as electrons and 

protons and is used in various fields such as medical, research, and industry [1-2]. In the 

medical field, high-energy accelerators are used for cancer treatment. Cancer treatment using 

X-rays and electron beams accelerated using high-energy accelerators is a universal radiation 

treatment method worldwide [3]. Such radiation treatment requires minimizing damage to 

normal tissues during the treatment process [4]. Recently, proton and heavy ion therapy have 

gained attention because they offer better treatment outcomes and cause fewer side effects 

than traditional radiation therapy using X-ray or electron beams [5]. However, this therapy is 

known to produce more secondary radiation than traditional radiation therapy. 

Secondary radiation generated in radiation therapy reaches the patient and the operators; 

and causes additional exposure [3,6]. This exposure occurs in particle therapy using high 

energy and radiation therapy using low energy, which is undesirable [6-7]. According to 

International Commission on Radiological Protection (ICRP) report 103, such exposure is 

classified as medical exposure. And ICRP recommends that medical exposure to patient is 

controlled with a reference level. The CR-39, a personal dosimeter commonly used for 

evaluating effective neutron dose, cannot measure high-dose up to 60 mSv. Therefore, 

calculations are required to handle this exposure. 

Monte Carlo N-Particle (MCNP) developed by the Los Alamos National Laboratory in 

the United States, a particle transport simulation, is a universal code for accurate radiation 

dose calculation. This code is useful for calculating radiation doses, which are difficult to 

measure radiation directly [8-9]. When this code is used for shielding calculations for 

radiation protection, it takes a long time to calculate due to radiation attenuation. In this 

process, various functions provided by MCNP are useful to reduce the calculation time. 

In a radiation exposure accident, the dose in the irradiation room is crucial to calculate 

the dosage received quickly. However, CR-39, a commonly used personal dosimeter, cannot 

be utilized in facilities with high doses. Therefore, this study aims to evaluate the neutron 

effective dose by the MCNP 6.2 and evaluate inside the high-energy accelerator irradiation 
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room for the radiation exposure accident. 

 

2. THE MAIN PART OF REPORT 

2. 1. Research subjects and methodology  

Neutrons were measured at the Korea Institute of Radiological and Medical Sciences 

(KIRAMS) high-Energy accelerator irradiation room. This irradiation room has been used 

for neutron therapy since 1986 but is currently operated as a beam irradiation facility for 

research. Protons accelerated by the MC50 cyclotron irradiate a beryllium target to generate 

neutrons. The energies used for proton acceleration are 30 and 40 MeV. The beam port 

provided by KIRAMS is divided into vertical and horizontal beams. In this experiment, the 

vertical beam irradiation port of Fig. 1 was applied. Neutrons are generated at vertical beam 

ports on the gantry. Also, the thickness of the beryllium target inside the gantry is 1.05 cm. If 

the beryllium target is not thick enough, a proton beam accelerated to high energy can pass 

through the beryllium target.  

 

 
Fig. 1. High-energy accelerator irradiation room in Korea Institute of Radiological and 

Medical Sciences used in this study. The gantry have been fixed. The vertical and horizontal 

beam are serving to researchers. 

 

In this study, the neutron dose was calculated using MCNP 6.2. The geometry for 

simulation should be implemented similarly to the actual experimental environment. 

However, some structures were omitted depending on the type of radiation being measured. 

In this study, the geometry consisted of a concrete wall, a beryllium target, an aluminum 

filter, a detector, and a gantry. The schematic diagram of the implemented high-energy 

accelerator irradiation room is shown in Fig. 2. The detector is 120 cm away from the floor 

of the irradiation chamber, and the beryllium target and detector are located about 5 m apart. 

The cross-section of the implemented gantry structure is detailed in Fig. 3. 
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Fig. 2. Cross-sectional view of the irradiation room. The detector for used in the calculation is 

away 120 cm from the irradiation room floor. 

 

 
Fig. 3. Cross-sectional view of gantry implemented by simulation and major materials 

 

The material designation is essential for the implemented geometry to obtain nuclear 

reaction results. Some compositions of materials were taken from the previous study [10] 

and the other materials are assumed with chemical composition and density [11]. 

Protons colliding with the Be target for neutron generation were designated as the 

radiation source. The selected radiation source was a pen beam-type proton with 20, 30, or 

40 MeV energy. Protons irradiated at a location 0.5 cm away from the beryllium target 

started in the -1 cm direction in the Z axis of a vertical experiment and the -1 cm direction in 

the X axis in the case of a horizontal investigation. In the particle transport process, protons 

and neutrons are calculated. 

In the simulation with nuclear reactions, computational functions are very important as 

they reduce the time to reach reliable results. However, when using on the Windows 

operating system, only one thread is available for proton computation by MCNP 6.2. 

Therefore, Surface Source Write (SSW) and Surface Source Read (SSR) functions were used 

to reduce calculation time for neutrons. The SSW function is used to collect neutron data 
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generated within a specified range near the radiation source. The data collection section was 

designated as a sphere centered on the source. The diameter of the sphere is 180 cm, and all 

gantry structures are included. Outside of this sphere, data collection is unnecessary, so 

important is set to zero. SSW data collection was conducted for 1,200 minutes. The collected 

neutron data were used for calculation using the SSR function. For the SSR run, the radiation 

source is removed, and the particle of interest is excluded protons. The surface to which the 

SSR function will be applied has been specified, and the important in the area that needs to 

be calculated has been changed to one. And the neutron data imported into the SSR can 

modify the coordinates. Proton particles are not used in the calculation process using the 

SSR function. Therefore, the multi-thread function could be used. The number of threads 

used is 30. 

In this study, the neutron effective dose was calculated using MCNP 6.2. The neutron 

dose conversion factor for Anterior-Posterior direction provided in ICRP Report 116 was 

applied during the calculation process [12]. 

2. 2. Results 

The neutron particle distribution collected using the SSW function is shown in Fig. 4. 

The calculated history for 1,200 minutes is 550,882,440 at 30 MeV and 189,324,716 at 40 

MeV. The radiation source and beryllium target were located inside the red zone. Most of the 

neutrons are shielded by the gantry, and the neutrons pass through the collimator and appear 

as an isocentric beam. The irradiation field of this neutron beam is 26 by 26 cm. 

 

 
Fig. 4. In the SSW calculation using proton irradiation, the neutron dose map is the cross-

sectional view of the gantry with 40 MeV proton condition.  
 

The neutron dose distribution and error image calculated by the SSR function are 

shown in Fig. 5, and the area where the detector location is additionally displayed on the 

image. The error of the detector zone was 0.12 under the 30 MeV condition and 0.16 under 

the 40 MeV condition. The simulation calculation number has reached the maximum. The 

calculated histories is 9,843,208 under the 30 MeV condition and 8,598,727 under the 40 

MeV condition. 

Vertical Horizontal
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Fig. 5. Calculated neutron effective dose map and relative error using the SSR function of 

MCNP 6.2. The (a) is the sphere border that outside was calculated using the neutron particle 

data collected by the MCNP 6.2's SSW function. The (b) is the location of the beryllium 

target. 
  

The calculation results of MCNP 6.2 are shown in Table 1. When a 30 MeV proton 

beam has a charge of 300 µA·sec, the neutron effective dose is 2.49 mSv. When a 40 MeV 

proton beam has a charge of 300 µA·sec, the effective dose of neutrons is 5.76 mSv. These 

two results can be expressed in Eq. (1). y is the calculated neutron effective dose by MCNP 

6.2, a is a constant, and x is the charge amount. Under the same charge condition, the 

neutron dose is higher when the proton acceleration energy is 40 MeV than 30 MeV. 

𝒚 = 𝒂𝒙      (1)   

Table 1. The result of neutron dose calculation by MCNP 6.2 

Beam 

direction 
Proton energy 

Electric charge 

(µA·sec) 

Neutron effective 

dose (mSv) 
a 

Vertical 
30 MeV 300 2.49 0.0083 

40 MeV 300 5.76 0.0192 

 

2. 3. Discussion 

The distribution of neutrons generated inside the radiation treatment room was 

calculated using MCNP 6.2. The boron is a gantry constituent material and is advantageous 

for thermal neutron shielding. Therefore, MCNP calculation results showed that most of the 

neutrons were shielded by being surrounded by the gantry. As a result, there was expected to 

be a difference in the neutron dose distribution depending on the existence of the gantry 
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Detector

DetectorDetector
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structure. 

In MCNP 6.2, fluence is defined as the number of particles per unit area. Fluence is 

high in the area close to the radiation source and rapidly decreases when it is shielded. In Fig. 

4, the neutrons in the unshielded area show about 175 times higher fluence. At this time, an 

area with low fluence will require a longer time if an accurate result value is to be derived. 

And in Fig. 5, the neutrons were shielded by the concrete wall, and the uncalculated area 

appeared white. Even if these areas were calculated over a long time, the calculated dose 

would not be reliable. This result should be taken into account when designing the 

simulation. 

In the calculated results, when the proton energy increased from 30 MeV to 40 MeV, 

the effective neutron dose in the detector area increased 2.3 times. Therefore, the neutron 

dose should also be evaluated in the therapy room using accelerated carbons up to 430 MeV 

[10-11]. 

3. CONCLUSION 

This study calculated the neutron effective dose generated inside the radiation therapy 

room using MCNP 6.2. In the calculation result in the high-energy accelerator irradiation 

facility, the calculation time was shortened using the SSW and SSR functions. However, 

the relative errors of calculation results in some region were greater than 0.1. This 

phenomenon is considered a limitation of the maximum number of histories in the SSR 

function.  

This calculated dose and distribution can be used to evaluate exposure amount when a 

radiation exposure accident occurs inside the irradiation room. In future works, the effective 

neutron dose inside the irradiation room using a dosimeter will be measured to compare 

these experimental measurements with the simulation results. This comparing can confirm 

the uncertainties that arise during the simulation calculation process. 
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