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Technical note
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Aim: Exact knowledge of dosimetric parameters is an essential pre-requisite of an effective
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treatment in radiotherapy. In order to fulﬁll this consideration, different techniques have
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been used, one of which is Monte Carlo simulation.

17 October 2011

Materials and methods: This study used the MCNP-4Cc to simulate electron beams from Nep-
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tun 10 PC medical linear accelerator. Output factors for 6, 8 and 10 MeV electrons applied to
eleven different conventional ﬁelds were both measured and calculated.
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Results: The measurements were carried out by a Wellhoﬂer-Scanditronix dose scanning
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system. Our ﬁndings revealed that output factors acquired by MCNP-4C simulation and the

Monte Carlo

corresponding values obtained by direct measurements are in a very good agreement.
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Conclusion: In general, very good consistency of simulated and measured results is a good
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proof that the goal of this work has been accomplished.
© 2012 Greater Poland Cancer Centre, Poland. Published by Elsevier Urban & Partner Sp.
z.o.o. All rights reserved.

1.

Background

Application of Monte Carlo simulation in medical physics is
back dated to the end of the 1970s.1
From those days till now, Monte Carlo techniques have been
widely used in different areas of medical physics, in particular in physics of radiotherapy. Some of these applications are
as follows: simulation of teletherapy sources, measurement
of different dosimetric parameters in various environments,
assessment of the effects of many factors on dose distribution

in unisotropic tissues, studying dose distribution in different tissue interfaces, as well as modiﬁcation of treatment
systems.2–4
Nowadays, a number of Monte Carlo codes are available to
be applied in medical physics to simulate different geometry
in order to study particle transport and radiation interaction with matter. In radiotherapy, the Monte Carlo methods
have been veriﬁed to be the most accurate techniques of
predicting dose distribution and large number of investigations have been done on external teletherapy of electron and
photon.5,6 The history and achievements of accelerator heads
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have been discussed in several reviews.7,8 Initially, most studies were devoted to photon beams.9,10 In the late 1980s, the
simulation of electron beams started to attract the interest of
researchers.11–15
The results revealed that dosimetric properties of electron beams, generated by linear accelerators, show signiﬁcant
difference between companies. Even machines produced by
the same manufacturer have dissimilar beam characteristics
due to small differences in the treatment head design.16 This
is the reason why all centers conﬁde on beam data measured by a medical physicist. In this study the electron beams
from Neptun-10PC (IPJ-ZdAJ, Świerk, Poland) linear accelerator
were evaluated using MCNP-4C (Los Alamos National Laboratory, RSICC, Oak Ridge, USA). This code is a general purpose
Monte Carlo radiation transport code which can be used for
single or coupled neutron, photon and electron transport in
3D geometry.17 It permits to simulate a variety of radiation
sources and utilize several tallies to determine beam parameters.
Simulation works in radiotherapy are mainly focused on
two parts: (a) simulation of radiation sources, e.g. X-ray beam
line of Linac or 60 CO of the older systems, which is very
important and should be performed for individual systems;
(b) patient’s simulation and evaluation of various parameters
affecting dose distribution in the body.18–21
The important feature of MCNP which paves the way for its
easy application is the ability to deﬁne:

-

2.

General, critical, volume and surface sources.
Proper deﬁnition of geometry.
A wide range of variance reduction methods.
Incorporating tallies to execute all required applications
deﬁned by operator an extensive library incorporating a
wide range of cross sections.

Materials and methods

In this work the linear accelerator Neptun 10PC was simulated.
Nearly 10 Neptun 10PC Linac have been installed in different
centers around the country and are in operation (Tehran, Esfahan, Mashhad, . . .). Therefore, in this circumstance, to improve
the accuracy of treatment planning, Monte Carlo simulation
for Neptun 10 PC was recognized as a necessity. Electron mode
of this Linac was simulated with MCNP-4C code and dosimetric parameters calculated.
The details of simulation and results are demonstrated elsewhere.22 When excellent agreement was obtained
between the Monte Carlo simulated and dose distributions
measured in a water phantom, in this study output factors
for 6, 8 and 10 MeV electrons applied to eleven different conventional ﬁelds were both measured and calculated. Output
factor for a given electron energy is the ratio of the dose for
any speciﬁc ﬁeld size (applicator size) to the dose for reference
applicator, both measured at Zmax in a water phantom at SSD
of 100 cm.
This unit is a standing-wave linear accelerator with a 270◦
bending magnet. It provides electron beams with nominal
energies of 6, 8, 10 MeV and photon beam with 9 MV energy.

Fig. 1 – Applicators are installed on the head of accelerator.

The main difference between electron and photon modes
of this Linac is applicators. Applicators are composed of 10
pairs of blades, 0.8 cm in thickness, specially designed. They
are placed after the secondary collimator.
Applicators are connected to a secondary collimator, therefore, they are moved together. By means of these applicators
radiation ﬁelds ranging in area from 3 cm × 3 cm up to
25 cm × 25 cm can be formed Fig. 1.
A schematic design of all simulated parts of the Neptun 10
PC, including initial collimator, exit window, primary collimator, scattering foil, steel plate, ionization chamber, secondary
collimator and applicators are shown in Fig. 2.
This is a representation of the Linac head, and a water
phantom in X = 0 plane in the default coordinate system. The
water phantom dimensions were 50 cm × 50 cm × 20 cm .All
interspaces were ﬁlled with air. The source was positioned at
100 cm from the phantom surface. It should be emphasized
that the source energy distribution was a non-symmetrical

Fig. 2 – Schematic design of Neptun’s simulated
components.
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Table 1 – Measured and computed values of output factor for 6, 8 and 10 MeV electron beam applied to various ﬁeld sizes.
6 MeV
Field
size cm2
3×3
4×4
6×6
8×8
10 × 10
12 × 12
15 × 15
18 × 18
20 × 20
22 × 22
25 × 25

8 MeV

Computed Measured Difference (%) Computed Measured Difference (%) Computed Measured Difference (%)
0.93
0.96
0.971
0.983
1
1.004
1.011
0.992
0.993
0.991
0.977

0.941
0.963
0.975
0.988
1
1.005
1.014
0.999
0.995
0.992
0.976

1.17
0.31
0.41
0.51
0
0.1
0.3
0.7
0.2
0.1
0.1

0.967
0.997
1.007
1.003
1
0.997
0.99
0.976
0.966
0.95
0.955

Gaussian, but spatial distribution of particles was symmetrical
Gaussian. The output factors were measured and calculated
in a water phantom. For this objective a cubic cell (1 cm3 ) was
deﬁned at Zmax .
All dosimetric quantities generated by simulation were
also experimentally measured. For this purpose, RFA300 dosimetry system (Scanditronix-Wellhoffer, Schwarzenbruck, Germany) in conjunction with parallel plate chamber (Scanditronix-Wellhoffer, Schwarzenbruck, Germany)
“(NACP) and diode detectors (Hi-Psi) (Scanditronix-Wellhoffer,
Schwarzenbruck, Germany)” were employed.
The variance reduction techniques were used in this study
to improve the speed and efﬁciency of simulation. These techniques include geometry truncation and cut-off energy. The
low-energy cut-off for photon and electron was 10 and 500 keV,
respectively. It should be emphasized that implementation
of these limitations did not affect the ﬁnal results produced
by simulation. SPSS and excel software were employed for
grouping and all other necessary statistical examination of
our results. All computations were performed by a Pentium
4 PC (CPU = 3.2 GHz, RAM = 1024 MB).

3.

10 MeV

0.971
1.002
1.01
1.005
1
0.998
0.987
0.968
0.959
0.948
0.95

0.41
0.5
0.3
0.2
0
0.1
0.3
0.83
0.73
0.21
0.53

0.976
0.998
1.012
1.009
1
0.993
0.968
0.933
0.937
0.926
0.901

0.973
1.01
1.016
1.006
1
0.998
0.968
0.946
0.939
0.923
0.909

0.31
1.19
0.39
0.3
0
0.5
0
1.37
0.21
0.33
0.88

standard ﬁeld. Output factor for a given electron energy is
the ratio of the dose for any speciﬁc ﬁeld size (applicator
size) to the dose for reference applicator, both measured at
Zmax in a water phantom at SSD of 100 cm. The Zmax is the
depth of maximum dose of electron beam in a water phantom. The output factors were estimated for 6, 8 and 10 MeV
electrons.
The system is nominally capable of generating electron
beams of 6, 8 and 10 MeV, however measured dosimetric quantities indicated that the actual energy of the average output
electron beams corresponded to 7.25, 8.8 and 10.68 MeV.

Results

In this study, output factors for 3 cm × 3 cm, 4 cm × 4 cm,
6 cm × 6 cm, 8 cm × 8 cm, 10 cm × 10 cm, 12 cm × 12 cm,
15 cm × 15 cm, 18 cm × 18 cm, 20 cm × 20 cm, 22 cm × 22 cm,
25 cm × 25 cm ﬁeld sizes were obtained by simulation and
measurement. 10 cm × 10 cm ﬁeld size was taken as a

Fig. 3 – Measured and computed values of output factor for
6 MeV electron beam applied to various ﬁeld sizes.

Fig. 4 – Measured and computed values of output factor for
8 MeV electron beam applied to various ﬁeld sizes.

Fig. 5 – Measured and computed values of output factor for
10 MeV electron beam applied to various ﬁeld sizes.
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Measured and computed values of output factors with percentage difference for 6, 8 and 10 MeV electron beam applied
to various ﬁeld sizes are demonstrated in Table 1 and Figs. 3–5.

7.

4.

8.

Conclusion and discussion

In this study, MCNP-4C code was employed to simulate electron mode of the Neptun 10PC Linac.
Our ﬁndings revealed that output factors, acquired by
MCNP-4C simulation and the corresponding values obtained
by direct measurements are in a very good agreement, with
slight discrepancies between measured and calculated results,
which may be related to little differences between the stated
and actual dimensions of linear accelerator components as
well as their composition. Also, there are some approximation techniques for speeding up simulation which can produce
undesirable results.
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