
Nuclear astrophysics with storage rings

René Reifarth 

Goethe-Universität Frankfurt

ARIS
5. June 2023, Avignon, France



p-isotopes



ESR @ GSI – inverse kinematics



Detection of reaction products



Testing scrapers

FAIR-Phase-0, 2020

124Xe(p,γ)125Cs – with hydrogen

J. Glorius et al, Phys. Rev. Lett. 122, 92701-92706 (2019)
L. Varga et al, in preparation (2023) 



FAIR-Phase-0 2021

118Te(p,γ) @ 7 AMeV

S. Dellmann, Tuesday, 12:15, tresorier



intermediate
(i process)



State of the art 1990



State of the art 2020 (e.g. DANCE)



Spallation-based neutron target



Spallation-based neutron target



Spallation-based neutron target



Proposed setup

Reifarth  et al., Phys. Rev ST Accelerator and Beams 20 (2017) 
044701

800 MeV

1-1000 keV/nucleon



D2O – 230 µs



natC – 190 µs



Neutron capture in inverse 
kinematics

– Schottky spectroscopy
– Separation via E-field
– Wien filter (velocity filters)
– Particle detection
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(n,Z) and (n,2n) in inverse 
kinematics
• Detection of heavy particles

– Without recoil: 

– With recoil: spread of beam

• Detection of light particles – probably not 
possible



(n,f) in inverse kinematics

• Detection of fission fragments outside 
neutron target

• Ecm>≈10 MeV



State of the art 2035? (N-TARGET)



LANSCE@LANL



First steps ….

natural carbon



First steps -
without heavy ion accelerator

natural carbon



Proof of principle with 60 kV ion source



New data on n+p for BBT

Cyburt et al. New Astronomy, 2001:
“We urge further investigation of this reaction.”



First steps -
with heavy ion accelerator

Start with natural carbon
Heavy-ion-beam



Proof of principle with 60Co



Summary

• proton capture

• neutron capture

Thanks to ….  A. Couture, S. Dellmann, K. Göbel, J. Glorius, Y. Litvinov, L. Varga, …
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