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1 Introduction

With the guidance of Professor Konrad Aniol, I ran some simulations for

the purpose of exploring the possibility of implementing an accelerator based

epithermal neutron source in order to provide neutron capture therapy, a

promising cancer treatment, without the use of nuclear reactors or other ex-

pensive isotope-based sources. Neutron capture therapies currently provided

in clinical trials have used reactor-based neutron sources; this is impractical

as a nuclear reactor needs to be present when the therapy is provided. There

have been some successful experiments that have created neutron beams us-

ing proton beams impinging on a target element [2] I attempted to compare

and improve upon their results.

200 MeV was chosen because it is typically used in proton beam therapy

facilities [1], this allows for the potential of installing this setup in existing

facilities which would dramatically reduce the cost. I compared my simula-

tion results to those done with a similar geometry but using a 50 MeV beam

to see how effective it was compared to a previous study.

The simulations of my proposed implementation and comparison are run

with a tool called Geant4. Geant4 is a toolkit for simulating the passage of

particles through matter using C++. In my simulations I have coded the

proton beam of 200 MeV firing at a tantalum target in order to produce

neutrons and with a neutron howitzer, change the momentum and energy

of the neutrons. A neutron howitzer is a cylinder containing a neutron

moderator that elastically scatters neutrons decreasing their energy based

on the moderator material.

For my cross section library, I used the shielding physics list built into

Geant4 which uses the G4NeutronHPElasticData for 0-20 MeV neutrons

and G4CHIPSElasticXS for 20 MeV-100 TeV neutrons.
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Figure 1: Simulation geometry.
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2 Geometry

My simulation geometry was set up using a 30 cm Ni 20 cm Fluental ge-

ometry with a 10 cm distance between moderator and the neutron target

show in Figure 1. The proton beam was fired perpendicular to the neutron

target at a tantalum target in the center of the moderator. All materials

not specified were set as vacuum (G4 Galactic).
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Figure 2: My results with 50 MeV proton beam.

Figure 3: Previous simulation done in comparison study [1].
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Figure 4: My results with 200 MeV proton beam.

3 Results and Conclusion

My attempt to recreate the results found in a previous study [2] were suc-

cessful in the 10
2
-10

6
eV range. This can be seen in my results shown in

Figure 2 and the results of the previous study shown in Figure 3. When

comparing my results with theres and using a proton beam of equal power

but firing a beam of higher energy protons the higher energy protons seem

to be more effective at creating neutrons in the desired energy range. The

simulated neutron spectrum created from 200 MeV protons had the same

relative frequencies of created neutrons, around 75% in the epithermal range

(4eV- 40KeV), with a greater overall number of neutrons created per proton

in the epithermal range by a factor of more than 4. These results are shown

in Figure 4.

As my results are all based on simulation these findings would need to

be investigated experimentally. These results could be very beneficial as

the power requirements for treatment and/or the treatment time would be

reduced dramatically.
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