
RECENT IMPROVEMENTS IN
SHIELD-HIT

David C. Hansen1, Armin Lühr1,2, Rochus Herrmann1,2, Nikolai Sobolevsky3, Niels Bassler1,2

Contribution
The SHIELD-HIT Monte Carlo code was im-
proved. Significant changes were made to the
physics models, the speed and the usability of
the code, making SHIELD-HIT fast and effi-
cient to use.

Nuclear Models

Total reaction cross sections for 12C on different targets,
compared with experimental data [1–5]

The total reaction cross sections in SHIELD-
HIT [6] were improved with a new
parametrization, to fit available experi-
mental data. Similarly, the models for nuclear
fragmentation were improved.

Scoring
Mesh scoring is now supported in SHIELD-
HIT. Compared with regional scoring, this
makes extracting spatial information signifi-
cantly easier.
This is implemented as a ’parallel’ geometry,
where the setup of the detectors is completely
independent of the physical geometry, and has
no effect on the calculations. The advantage
of keeping the detector geometry independent
of the physics modelling is that scoring can be
done in steps smaller than what would be sup-
ported by the physical models.
The scoring can be done on a cartesian or cylin-
drical grid. For depositioning various quanti-
ties on the grid, Siddons algorithm for ray trac-
ing was used, and modified to work in cylin-
drical coordinates.
Using the mesh scoring, energy, dose, fluence,
dose and fluence average LET, absolute num-
ber of particles and average β. Combining this
with the differential scoring is currently in the
final stages of development.
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Spread Out Bragg Peak

Depth dose curve of a 12C ion spread out Bragg
peak in water

Dose average LET in the center of the same
spread out Bragg peak

2D dose deposition in a
spread out Bragg peak in
Gray

2D LET distribution per pri-
mary in a spread out Bragg
peak in MeV/cm

Another new feature in SHIELD-HIT is the possibility to use a custom beam distribution file.
This allows for a superposition of Gaussian distributions with various FWHM to be used for the
distribution of primary particles in energy and space. Via a script, the raster scan files used at GSI
by the treatment planning software TRiP, can be read with SHIELD-HIT and used in simulations.

Ripple Filter

Depth dose curve from a 270.55MeV/u 12C beam on water, with a 3mm PMMA ripple filter, compared with
experimental data [7].

The possibility to simulate ripple filters or similar structures with a periodic structure in 1 dimen-
sion by providing an extra file containing the ripple structure and the place where the ripple fil-
ter should be positioned. In the geometry, the ripple filter is simply modeled as a solid block of
material, but when the particle hits this block, it is displaced along the z axis, according to the
specifications of the ripple structure.

Random Number Generator
The old random number generator in SHIELD-
HIT, RANLUX [8], had excellent mathematical
properties, but was also the performance bot-
tleneck.
It was replaced with the RANSHI [9] generator.
RANSHI was tested with (and passed) the ex-
tensive DIEHARD [10] and BigCrush [11] test
suites to ensure randomness.

Parallelization
SHIELD-HIT was improved to ensure that par-
allel runs were statistically independent with
both the RANSHI and RANLUX random gen-
erators.
Data from parallel runs can easily be combined.
SHIELD-HIT currently runs on Condor and
OpenMPI compatible clusters, but could easily
be made to run on almost any cluster.
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