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History: past and future
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Gerhard Kraft (1941-2023)

Å The Biophysics Department at GSI was 

founded and directed by Gerhard Kraft 

until 2007

Å Under his lead, GSI could launch carbon 

ion therapy in Europe for the first time

Å The pilot project (1997-2008) treated 440 

patients in Cave M, mostly head-and-

neck radioresistant tumors, in 

collaboration with the University Clinics 

in Heidelberg

Å By the end of the pilot project, the 

department stopped clinical treatments 

and moved to pure and applied research 

in heavy ion biophysics

Å Within FAIR, the department leads the 

International Biophysics Collaboration



Biophysics Department today

324.4.2025

www.gsi.de/biophysik

ü 97 members 

(incl. students)

ü 72 contracts

ü 31 staff

ü 47% women

ü 37% foreign 

citizens

ü 16 nationalities



The Biophysics Department

424.4.2025

Particle therapy physics: 

Prof. Uli Weber

Medical physics: 

Prof. Christian Graeff

Space radiation physics: 

Dr. Christoph Schuy

Biophysical modelling:

PD Thomas Friedrich

Organoids:

Dr. Insa Schröder

DNA repair:

Prof. Burkhard Jakob

Immunology: 

Prof. Claudia Fournier

Clinical radiobiology: 

Dr. Walter Tinganelli

Space radiation biology: 

Dr. Charlot Vandevoorde
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Biophysics at GSI ïscience with existing facilities

24.4.2025

ÅESA reference facility for ground-based 

space radiation protection studies

ÅESA-FAIR Summer School in Darmstadt

ÅCurrently many  ESA- and EU- supported 

programs ongoing

ÅTarget station: Cave A (SIS18)

Space radiation protection

ÅFirst European center to treat patients with high 

energy 12C-ions (440 patients treated on site)

ÅNow extensive research program in particle 

therapy from nuclear physics to molecular biology

ÅWork supported by BMBF, EU, ERC and NIH

ÅTarget station: Cave M

199

8

202
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Particle therapy



Biophysicsat presentfacilities

Cave A Cave M



Added science with additional facilities - FAIR

7Patera et al., Front. Phys. 2020
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Minibeams

FLASH RIB



APPA cave



Some examples of research activities
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1. Beamline live cell imaging

1024.4.2025



DNA damage by X-rays

1

1

Prakash et al., Nat. 

Comm. 2021
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© 

GSI
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Jakob et al., 

Proc. Natl. 

Acad. Sci. 

USA 2009

Averbeck et 

al. Cells 2022

Jakob et al. 

Sci. Rep. 

2020
12



13Jakob et al., Nucl. Acid Res. 2011

Natale et al., 

Nat. Comm. 

2017



GSI Helmholtzzentrum für Schwerionenforschung GmbH

2. Radioimmunotherapy
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Combination of C-ions with checkpoint inhibitors
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Negative 

control

CIRT+CPI

NC = negative control

CPI = check point inhibitors only

CIRT = C-ions only, 10 Gy

XRT = photons, 10 Gy
Helm et al., Int. J. Radiat. Oncol. Biol. Phys. 2021

Topic: 

24.4.2025



RNA-LPX neoantigen vaccination synergizes with 

radiotherapy to restrict tumor growth in mouse

1624.4.2025
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Salomon et al, Int. J. Radiat. Oncol. Biol. Phys. 2024



3. Image-guided particle therapy

1
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Boscolo et al., Front. Oncol. 2021

Boscolo et al., NIM-A 2022

www.gsi.de/BARB

High intensity: RIB in cancer therapy
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First proof-of-principle of RIB in therapy
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Online PET imaging of a mouse irradiation with 11C

Currently under 

revision in Nature 

Physics



12C

4He

Mixed He C ion beams for range monitoring

21

ǐRange uncertainty is a major challenge, especially for moving targets

ǐMixed carbon and helium ions for concurrent therapy and monitoring:

ǐ~90% carbon for therapy, stops in patient

ǐ~10% helium for imaging, with 3x higher range, exits patient for online 

range inference

ǐSeveral theoretical papers published:
[Graeff et al 2018, Volz et al 2020, Hardt et al 2024]

ǐMinimal additional dose

ǐHelium should be detectable

ǐCorrelation of He and C range

ǐThis is the first experimental proof of

concurrent mixed ion beam production



4. FLASH RT

FLASH Radiotherapy, is a novel 

approach of  RT using ultra-high 

dose rate 

(>40 Gy/s overall dose rate,whereas

conventional radiotherapy is around

1 Gy/min)

aiming to get unchanged tumor 

control protection (TCP) and 

decreased normal tissue

complication probability (NTCP).

Vozenin, Bourhis & 

Durante, Nat. Rev. 

Clin. Oncol. 2022



FLASH @ GSI: first evidence that FLASH effect is 

observed also with high-LET C-ions

2324.4.2025

Weber et al., Med. Phys. 2022

Tinganelli et al., Radiother. Oncol. 2022

Tinganelli et al. Int. J. Radiat. Oncol. Biol. Phys. 2025

- > 5× 109 ions per spill (reliable)

Ĕ 18 Gy | 100 Gy/s   > 20 × 20 mm2



5. Space radiation protection

24

Artemis 1
Launch: 16.11.2022

Splashdown: 15.12.2022

Artemis 2: April 2026
Artemis 3: December 2027





India & space radiation effects
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MoU signature 14.2.2018



Galactic cosmic radiation: a potential showstopper for 

exploration

28

Durante & Cucinotta, Rev. Mod. Phys. 2011



IBPER ïEuropean Space radiobiology program

- Around 800 

h of 

beamtime 

delivered to 

ESA since 

2008

- Mostly Fe-

ions 1 

GeV/n

- 63 different 

experiments

29



Examples of electronics testing at GSI
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NAVISP close-up

JUVENTAS and

Triton-X boards

NAVISP board

Irradiated

component



The NASA full GCR simulator

31

Simonsen 

et al., 

PLoS Biol. 

2020
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beams

150 

min/Gy



The ESA-GSI GCR simulator

32

Two different kind of beam modulators

mainly Energy Loss

mainly Fragmentation

at three different primary beam energies

superposition of radiation fields gives a

close approximation of the GCR

Analytical 

Pre-Optimization

CAD Model

Production

Radiation field 

Characterization
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GSI Helmholtzzentrum für Schwerionenforschung GmbH

Cave A ïGeneral setup

monitoring 

IC

plastic Scintilator

steel RiFi +



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Cave A ïBiology

CHO cells blood lymphocytes



Prleiminary results
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Kinetic Energy Spectrum 
Deep Space (2010 Sol Min) behind 10 g/cm2 Al

LET Spectrum
Deep Space (2010 Sol Min) behind 10 g/cm2 Al



GCR Simulator @FAIR
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CBM

ρπ ρππππIntensity

Energy (up to ρπ'Å6ȾÎ)

Anti-protons beams

All-ions from H to U

FAIR gain factors (rel. to GSI)

Full GCR spectrum 

can be simulated
SIS-18 SIS-100



GCR at CBM ïStation 1 and Station 2
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Irradiated

targets GCR 

simulator
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www.gsi.de/bio-coll


