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Biological ion beam research in Germany stands at a decisive moment, where advances in accelerator physics,
molecular biology, and clinical practice converge to define the future of radiotherapy and radiation protection.
Over the next decade, the central challenge will be to understand and predict how ionizing radiation induces
biological effects across scales, from nanometer-scale DNA lesions to tissue- and organism-level outcomes.
Meeting this challenge requires experimental platforms that combine unprecedented spatial and temporal
precision with integrative biological readouts.

In the coming years, Germany’s research landscape is poised to expand in three key directions. First, preci-
sion irradiation tools such as micro- and nanobeams will enable controlled delivery of radiation at subcellular
scales, allowing systematic studies of DNA damage complexity, repair mechanisms, and cell fate decisions.
Second, multimodal experimental platforms that link ion irradiation with advanced imaging, omics technolo-
gies, and computational modeling will provide holistic insights into how radiation responses emerge from
molecular networks. Third, the translation of knowledge to the clinic and to space exploration will demand
new predictive models of biological effectiveness, grounded in mechanistic understanding rather than empir-
ical correlations.

Germany is uniquely positioned to lead this endeavor, owing to its strong ecosystem of accelerator facilities,
clinical ion beam centers, and multidisciplinary collaborations between physicists, biologists, and clinicians.
Future solutions will include next-generation microbeam lines, standardized platforms for radiobiological
benchmarking, and closer integration of fundamental research with therapeutic innovation. By uniting tech-
nical excellence with biological discovery, German ion research will not only advance cancer treatment and
radiation protection, but also shape the international trajectory of radiobiology in the decade to come.
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