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18. Abstract 
The project aimed to develop an integrated biophysical benchmarking experiment optimized for the conditions at the high-energy 
irradiation facility at the Helmholtz Centre GSI in Darmstadt. The benchmarking experiment consisted of two parts: (i) evaluating 
biological (cytogenetic) damage caused by scattered secondary radiation behind thick shielding materials; and (ii) measuring 
mixed radiation fields with nuclear physics detector systems. 
The experiment used a high-energy Fe-56 ion beam. This served as the beam of primary particles, which were completely absorbed 
by the massive target. It is assumed that the iron ion beam is a good laboratory-based approximation of the space radiation 
environment. In the first phase of the project, a feasibility study was conducted using aluminium, a material widely used in the 
space industry, as a reference material. This was later supplemented with a lunar regolith substitute. This experimental setup was 
used to simulate the shielding of a lunar habitat. The project team was granted access to experimental beam time at GSI through 
successful applications under the ESA-funded research programmes IBER (Investigations into Biological Effects of Radiation) and 
IBPER (Investigations into Biological and Physical Effects of Radiation). The newly acquired measurement data enabled a 
systematic benchmark study of radiation transport simulation codes commonly used in the space radiation protection community, 
such as MCNP, FLUKA, Geant4 and PHITS. These simulation codes form the basis for estimating radiation exposure for astronauts 
in various scenarios (e.g. spacecraft and habitats). However, these codes continue to demonstrate the need for new, high-quality 
experimental data for validation and benchmarking. In parallel, a radiation biology experiment estimated the harmful effects of 
secondary radiation on DNA. Chromosome damage was quantified using a high-resolution staining technique. The initial 
correlations between the radiation biology and nuclear physics components of the overall measurement concept could then be 
derived. 
The newly developed measurement concept of a biophysical benchmarking experiment will facilitate the testing of the performance 
of simulation codes from the space radiation protection community and novel space radiation shielding shielding materials in future. 
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