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Nuclear Physics at Storage Rings ESR at GSI 

CSRe at IMP

CRYRING at GSI 

R3 at RIKEN

Photos: M. Lestinsky, A. Zschau, GSI; IMP Lanzhou; RIKEN



Radioactive Ion Beam Facility at GSI

Picture: GSI, Darmstadt
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Exchange of momenta

Gersh I. Budker
1918 - 1977

Electron Cooling of Secondary Beams

The cross-section for recombination of electrons with 
highly-charged ions diverges at zero relative velocity. 
Why stored ions do simply not recombine and get lost 

from the ring? 



Where do we stand?
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K. Blaum et al., 100 Years Mass Spectrometry [Int. J. Mass Spectr. 349-350 (2013)]
T. Yamaguchi et al., Prog. Part. Nucl. Phys. 120, 103882 (2021)

Direct Mass Measurements on the Chart of the Nuclides
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Why do not we measure them all?

Mass spectrometry techniques:
- Bandwidth
- Resolving power
- Speed
- Sensitivity

Ultimate goal to combine 
all 4 characteristics

Characteristics of mass spectrometry techniques
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IMS: Time-of-Flight Spectra

About 13% in mass-over-charge range

Nuclei with half-lives as short as 20 �­s
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IMS: Isochronicity Window
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X. Zhou et al., Nature Physics 2023

18 m apart



M. Wang et al., Physical Review Letters 130 (2023) 192501
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IMS: Isochronicity Window
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IMS: Isochronicity Window
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X. Zhou et al., Nature Physics 2023

Rate of the most
exotic species is 6 

ions in 2 weeks, which
is sufficient for the
mass measurement

with relative precision
of 1.7 10-6
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Nucleosynthesis Processes

I%V#$+"6#* -.,3'+ #*
+-"'$'/" %$'/4#$")3+<'9

D4'6 -''9 "# 7' 0$#9.,'9
+-(-.,3'%$ $'%,"+#-

N$%$'(+/#"#0'/O



Accelerator Complex

Superconducting Ion Linac: 
�¾ Length: 180 m 
�¾ Energy: 25 MeV/u (238U34+)
�¾ CW mode: 10 p��A with A/Q� 2~5
�¾ Pulse mode: 1.0 emA with A/Q� 2~7

Booster Ring:
�¾ Circumference: 569 m
�¾ Rigidity: 34 Tm
�¾ Aaccumulation
�¾ Cooling & acceleration

Spectrometer Ring:
�¾ Circumference: 277.2 m
�¾ Rigidity: 15 Tm
�¾ Electron cooler
�¾ Stochastic cooler

iLinac

Spectrometer Ring

Booster Ring

HFRS

Fast ramping operation
Repetition rateH�3 Hz

Ion Sources:
�¾ a 45 GHz FECR
�¾ a 28 GHz SECRAL 
�¾ a 2.45 GHz ECR

High Energy Fragment Separator:
�¾ Length: 192 m
�¾ B�O = 25 Tm
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Non-Destructive Particle Detection

Courtesy F. Nolden and M. S. Sanjari

GSI Helmholtzzentrum fŸr Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-02 - RIKEN, Wako
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�’ Resonant cavities 
�’ Wake fields 
�’ Surface current 
�’ Shape modes using proper 

design

GSI Helmholtzzentrum fŸr Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-02 - RIKEN, Wako
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�’ Resonant cavities 
�’ Wake fields 
�’ Surface current 
�’ Shape modes using proper 

design

Monopole Dipole Quadrupole
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Combined Isochronous+Schottky Mass Spectrometry

72Brm

72Br

Schottky spectra of single events
Separation of the 101 keV isomer in 72Br

�o  �' m/m < 10-6

tim
e 

>>

72mBr 72gBr

Ex=100.8(2) keV
T1/2=10.6(3) s

td~10.2 s

Courtesy W. Korten and D. Fernandez



Courtesy: D. Fernandes and W. Korten

Superposition of 
84 events

Combined Isochronous+Schottky Mass Spectrometry

Joint PhD Position

CEA Saclay
GSI Darmstadt
MPIK Heidelberg
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Heavy-ion storage rings offer rich, versatile capabilities for 
the research with radioactive highly charged ions
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