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NEW NUCLEAR 
PHYSICS 
ACCELERATORS: 
FAIR, ELI, SPIRAL2, 
SPES, NICA, 
RAON,….



NICA
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Biomedical applications: opportunities from new
accelerators

Patera et al., Front. Phys. 2020
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§ 250 participants from 27 countries in 5 continents

International Biophysics Collaboration Meeting
Darmstadt, May 20-22, 2019
www.gsi.de/bio-coll
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High-energy: space research
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Lunar exploration is coming….
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Durante & Cucinotta, Nat. Rev. Cancer 2008
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Risk of radiation-induced late cardiovascular disease

Hughson, Helm & Durante, Nat. Rev. Cardiol. 2018



Accelerator tests

© G. Otto, GSI
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Ground-based GCR 
simulators

§ NASA Space Radiation Laboratory @ Brookhaven National Laboratory
§ Fast sequential irradiation of a single target with multiple ion species and energy combinations

Accelerator setup time & irradiation time

§ Hybrid active-passive system @GSI
§ Active energy variation of 56Fe
§ Complex passive modulators
§ Control over kinetic energy, nuclear fragmentation and scattering -> composition of radiation field

13

Superposition of radiation fields at target
position => realistic space radiation field

Input spectra
(LET, yield, kinetic

energies)

Concept:

Schuy et al., Front. Phys. 2020
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High intensity
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FLASH radiotherapy
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Weber, Scifoni & Durante, Med. Phys. 2021



July 11, 2019

FLASH clinical trials ongoing with electrons and protons



FLASH with carbon ions
Beam:  240 MeV/u ; 12C ;  Ø ≈ 8 mm (FWHM)

Beam intensity : Extraction time:  < 200 ms
5×109 ± 20% ions per spill

> 3×109 ions per spill (for all spills)

Doses:        12-18 Gy.            Dose-rate:   typ. 100 Gy/s

Field size:  ~ 20 x 16 mm2 SOBP:    2 cm (> 60 keV/µm) 
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Bragg peak in particle therapy

Durante, Br. J. Cancer 2019

X-rays Protons

Durante et al., Nat. Rev. Phys. 2021



Durante & Flanz, Semin. Oncol. 2019

Total margins ∼ 1 cm compared 
to a proton penumbra ∼ 2 mm

Range uncertainty jeopardizes the Bragg peak precision

Verellen et al., Nat. Rev. Cancer. 2007



In-situ range verification with PET
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Radioactive Ion Beams (RIB) for simultaneous treatment and range verification

• Improved count rate (one order of magnitude larger than 
for stable ions)

• Improved correlation between activity and dose

• Reduced washout blur thanks to short lived isotopes

Hampered by the low intensities achievable

RIB therapy is now revived thanks to the construction of 
therapy compatible high-intensity accelerators.

e.g. FAIR Phase 0 at GSI (Darmstadt, Germany)

Boscolo et al., Front. Oncol. 2021

www.gsi.de/BARB



BARB: first experimental tests in June 2021

Isotopes: 10C 11C 12C
Half-life (min): 0.322 20.36 stable
Intensities: ~106 pp/s ~107 pp/s ~108 pp/s

Energy: ~270 MeV/u and ~135 MeV/u
Imaging phantoms: PE and PMMA
FRS ion optical modes Monochromatic and achromatic

PET image

BEAM
11C beam, 
257 MeV/u
Monochromatic mode



Conclusions

§ FAIR and other new accelerators (e.g. NICA, RAON, 
SPIRAL2, ELI…) offer new opportunities for biomedical 
research

§ Both high energy and high intensity can have important 
applications in different fields such as space radiation 
protection and particle therapy

§ Space radiation research is urgently needed to allow a 
safe exploration of the solar system

§ High intensity (FLASH, RIB, minibeams,…) can provide 
breakthrough in particle therapy

§ The Biophysics Collaboration at FAIR is open to 
contributions, ideas, proposals from the whole scientific 
community, and NICA should be a privileged partner
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Thanks you very much!

www.gsi.de/biophysik
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Thank you!
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