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Abstract
Purpose: Medical accelerators operating above 10 MV are a source of undesirable neutron radiations which contaminate the
therapeutic photon beam. These photo-neutrons which contaminate the therapeutic beam can also generate secondary gamma
rays, via inelastic and capture reactions, which increase the undesirable dose to the patient body, the oncology staff and the
general public. The purpose of the present work is to investigate, through Monte Carlo simulation, the effect of the presence of
the patient on the neutron and gamma rays dose calculations. Methods: To illustrate this effect, the MCNP5 code was used to
model a radiotherapy room of a medical linear accelerator operating at 18 MV and to calculate the neutron and the secondary
gamma ray energy spectra and the dose equivalent, at various points along the centerline of the maze, in the absence and pres-
ence of the patient. Results and Conclusion: The obtained results show a significant change in the neutron energy spectra in the
presence of the patient especially in the thermal neutron energy region. The results also indicate that the presence of a patient
does not affect the simulated neutron and gamma rays dose equivalents at the maze entrance for mazes greater than 3 m long. A
significant change in dose equivalent calculated values was observed when the length of the maze is less than 3 m.
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Introduction
Medical linear accelerators operating above 10 MV produce
photo-neutrons via the interaction of high-energy photons
with high atomic number (Z) materials. These pho-
to-neutrons which contaminate the therapeutic beam can
also generate secondary gamma rays, via inelastic and cap-
ture reactions, which increase the undesirable dose delivered
to the patient, the oncology staff and the general public. It is
therefore advisable to have an accurate evaluation of neutron
dose produced in the radiotherapy room and in the sur-
rounding areas.

In a previous work, the Monte Carlo method was used to
model a radiotherapy room of a medical linear accelerator
operating at 18 MV and to evaluate the dose equivalent dis-
tributions of neutrons and secondary gamma rays in a liquid
tissue-equivalent (TE) phantom and at various points inside
the treatment room and along the maze.1, 2

The purpose of the present work is to investigate, through
Monte Carlo simulation, the effect of the presence of the
patient on the neutron and gamma ray dose estimations. To
illustrate this effect, the MCNP5 code was used to model
radiotherapy room of a medical linear accelerator operating
at 18 MV and to calculate the neutron and the secondary

gamma ray energy spectra and the dose equivalent, at various
points along the centerline of the maze, when the patient is
present and absent. The simulations were performed using
the MCNP5 Monte Carlo Code (X-5 Monte Carlo Team,
2005).3 The neutron dose equivalents were determined by
calculating neutron multi-energy particles fluxes and con-
volving this data with the NCRP-38 flux-to-dose conversion
factors (NCRP, 1971).4 The photon dose equivalents were
calculated using the conversion factors (ICRP, 1974).5 The
thermal neutron region was defined to be below 0.5 eV, the
epithermal neutron region is from 0.5 eV to 10 keV and the
fast neutron region is over 10 keV. The MCNP solid-state
S(, ) neutron scattering library (lwtr.01t) was used in or-
der to improve the accuracy of low energy neutron transport
calculations. The calculations were performed with a relative
error lower than 1%.

Methods and Materials
Monte Carlo simulation
The application of the Monte Carlo method in medical
physics covers almost all topics, including radiation protec-
tion, diagnostic, radiotherapy and nuclear medicine. In this
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study, the Monte Carlo method was used to simulate a med-
ical linear accelerator operating at 18 MV (Saturne linac).
Figure 1 shows the floor plan view of the simulated radio-
therapy room. We assumed that all walls including the floor
and the ceiling are made of ordinary concrete (NCRP,
1976).6 The distance from the floor to the ceiling was 2.7 m.

FIG. 1: Simulated radiotherapy room geometry for Monte Carlo
calculations.

In order to study the effect of the presence of the patient on
the neutron and gamma rays dose calculations, a 100 × 30 ×
20 cm3 parallelepiped liquid tissue-equivalent (TE) phantom
representing a patient body (ICRU, 1989) located at a 100 cm
source-surface distance (SSD) is included in the model.7 The
Monte Carlo N-Particle MCNP5 code was used to calculate
the neutron and gamma rays energy spectra and dose equiv-
alent at the maze inner entrance (point A in Figure 1) and at
the maze entrance door (point B in Figure 1). All calculations
were done for a field size of 10 cm × 10 cm. Neutron and
gamma ray fluences were tallied in spherical cell tallies of 10
cm radius using the track length estimator (tally type F4).

In this simulation, the accelerator head was modeled as a 10
cm radius tungsten sphere around the source where neutrons
are produced. The source is described as an isotropic
point-like source with an energy spectrum given by Eq. (1)
(Tosi et al., 1991): 8
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where, Emax is the maximum energy of the photons (in MeV)
and T is the nuclear temperature of the target material (in
MeV).

Results and Discussions
Figure 2 shows the neutron energy spectra calculated at the
maze inner entrance (point A in Figure 1) with the presence
and the absence of the patient. The fluence values are nor-
malized per neutron emitted from the source. The neutron

spectra at the maze inner entrance present two peaks: a
thermal neutron peak below 1eV and a fast neutron peak
from 0.1 to 10 MeV. We noticed that the presence of the
patient substantially decreased the thermal neutron fluence.
The epithermal neutron and fast neutron fluences are not
affected by the presence of the patient. The change in the
neutron spectra is a direct result of the absorption process of
thermal neutrons in the patient’s body.

FIG. 2: The neutron energy spectra calculated at the maze inner
entrance (point A in Figure 1) with the patient present and absent
(air).

Figure 3 shows the neutron energy spectra calculated at the
maze entrance (point B in Figure 1) in the absence and
presence of the patient. We notice that at the maze entrance,
the neutron fluences are very much reduced due to the
maze. These results also show a significant change in the
neutron energy spectra in the presence of the patient espe-
cially in the thermal energy region while the effect of the
patient on epithermal and fast neutron fluences is not signif-
icant.

FIG. 3: The neutron energy spectra calculated at the maze entrance
(point B in Figure 1) with the patient present or absent (in air).
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Figure 4 shows the neutron dose equivalents, in Sv per x-ray
Gy at the isocenter, calculated at several points along the
maze, extending from the maze inner entrance (point A in
Figure 1) to the vicinity of the maze entrance door (point B
in Figure 1) in the presence and the absence of the patient.
The results indicate that the neutron dose equivalent de-
creases when moving towards the door. The results also
demonstrate that the presence of the patient doesn’t have a
significant effect on the neutron dose equivalent estimations
at the maze entrance for accelerator rooms with lengths
greater than 3 m. However, a significant change in neutron
dose equivalent was observed for a short maze with a length
less than 3 m.

FIG. 4: The neutron dose equivalents, in Sv per x-ray Gy at the iso-
center, calculated at several points in the maze with the patient
present or absent.

Figure 5 provides a comparison between calculated second-
ary gamma-ray dose equivalents along the maze, in terms of
Sv/Gy per x-ray Gy at the isocenter, when the patient is pre-
sent or absent. As it can be seen, the gamma-ray dose equiv-
alent decreases with distance from the inner maze entrance
(point A) to the maze entrance door (point B). A significant
difference in gamma ray equivalent distributions through the
maze is observed for maze of lengths less than 3 m. This is
not the case for mazes with lengths greater than 3 m, where
the two distributions are practically identical.

Figure 6 shows the behavior of the secondary gamma ray
energy spectra obtained at the maze entrance with the pa-
tient present or absent. The capture of slow neutrons gives
rise to several peaks. The pronounced peak at 2.223 MeV is
due to gamma rays generated by the neutron capture H(n,
)D reaction with hydrogen:

1H +1n → 2D +  (2.223 MeV)

The other prominent peaks are attributed to calcium (1.95
MeV, 64 MeV), silicon (3.54 MeV, 4.94 MeV), iron (7.25
MeV) and aluminum (7.75 MeV). The obtained results also
show a significant change in the intensities of the gamma ray

peaks in the presence of the patient as a direct result of the
magnitude of the neutron capture process.

FIG. 5: Secondary gamma rays dose equivalent calculated at several
points in the maze with the patient present or absent.

FIG. 6: The gamma ray energy spectra calculated at the maze en-
trance with the patient present or absent.

Conclusion
In this study, we have investigated, through Monte Carlo
simulation, the effect of the presence of the patient on the
neutron and gamma ray dose calculations in high-energy
linear accelerator mazes. To illustrate this effect, the MCNP5
code was used to model a radiotherapy room of a medical
linear accelerator operating at 18 MV and to calculate the
neutron and the secondary gamma ray energy spectra and
the dose equivalent, at various points along the centerline of
the maze, with the patient present and absent. The ob-
tained results show a significant change in the neutron en-
ergy spectra in the presence of the patient especially in the
thermal energy region. The results also indicate that the
presence of a patient does not affect the simulated neutron
and gamma ray dose equivalents at the maze entrance for
mazes greater than 3 m long. A significant change in the
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estimated dose equivalent values was observed when the
length of the maze is less than 3 m.

This study provides useful information on the radiation pro-
tection of the patient, the workers and general public. The
simulated linear accelerator was a Saturne 20 (CGR) but the
method described here could be easily extended to other
medical accelerators as well.
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