Comparison of MCNP6.1 with PENELOPE2014 for
electron dose calculations at very low energies
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1. Introduction

Recently, MCNP6.1 has been released with an
inclusion of extended cross-sections for low energy
down to 10 eV for electron and 1 eV for photon [1].
The purpose of this paper is to compare dose
calculations in the low energy range between MCNP6.1
and PENELOPE2014 [2].

2. Methods and Results

The PENELOPE code and its physics library have
been used and validated for the purpose of
microdosimetry calculation [3]. Since PENELOPE2014
offered electron/photon transport down to 50 eV, the
cutoff energy for MCNP6.1 was set to 50 eV.

2.1 Dose point kernel for monoenergetic electron
sources

Two monoenergetic electron sources (i.e., 100 eV
and 1 keV) were assumed to be located at a center of
water of which a thickness of shell was 1 nm. 10°
particle histories were used for each simulation. A
single-event method was used to transport the electrons
for both codes. Fig. 1 shows dose point kernels (DPK)
for the electron sources along distances in water. The
range of electrons in MCNP6.1 was shorter than that in
PENELOPE2014. In addition, DPK in MCNP6.1 was
higher at short distances, while the DPK was lower at
relatively long distances than that in PENLEOPE2014.

2.2 Radial dose distribution and dose enhancements by
gold nanoparticle

A 50 kVp polychromatic photon spectrum extracted
by SpekCalc code [4] was used to stimulate gold
nanoparticle (GNP), of which diameter was 50 nm.
Photon histories of 108 were used for each simulation.
Electron phase-space files from the surface of GNP and
water nanoparticle (WNP) was saved. By using the
phase-space of electron tracks as the source, radial
doses were calculated by the same geometrical
condition
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Fig. 1. Dose point kernel for (a) 100 eV electron and
(b) 1 keV electron source.

described in 2.1. The radial doses in MCNP6.1 were
slightly higher than those in PENELOPE2014 below
the distance of 200 nm from the surface of GNP. The
number of electron tracks saved in the phase-space file
in MCNP6.1 was slightly higher than that in
PENELOPE2014. The radial doses were enhanced by a
factor of thousand or even higher.
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Fig. 2. (a) Radial dose distribution and (b) dose
enhancement factor.

3. Conclusions

Transport calculations of MCNP6.1 in the low
energy range were benchmarked by PENELOPE2014
in terms of DPK of electron sources. When GNP exists,
microscopic dose enhancement factors calculated by the
MCNP6.1 and PENELOPE2014 showed some
discrepancies, although the factors were in the same
order of magnitude. This might be due to use of
different electron transport algorithms in MCNP6.1 and
PENELOPE.
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