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GSI and FAIR Facilities

• Intensity gain: x 100 – 1000 
• 10 x energy (comp. to GSI)
• Antimatter: antiproton beams
• Precision: System of storage and cooler rings
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Physics at Storage Rings

Storage rings stay for:
Single-particle sensitivity
Broad-band measurements
High atomic charge states
High resolving power

ESR at GSI 

CSRe at IMP

CRYRING at GSI 

R3 at RIKEN



Why storage rings?

- Storage - efficient use of rare species
- Cooling - high quality beams
- Recirculation - high luminocities though thin targets
- Removing of contaminants
- Ultra-high vacuum – preserving atomic charge state
- Laser-ion interaction
- Various gaseous internal targets, electrons, (neutrons)
- High detection efficiencies for recoils



Storage ring facilities at
Experimental Storage 

Ring (ESR)

In operation since 1990
Circumference = 108.3 m
Vacuum = 10-10—10-12  mbar
Electron, stochastic cooling
Energy range = 4 – 400 MeV/u
Slow and fast extraction

CRYRING 
(transported from Stockholm University)

Planned start of operation (stable ions) – 2016
Planned start of operation (exotic nuclei) – 2020
Circumference = 54.15 m
Vacuum = 10-11—10-12  mbar
Electron cooling
Energy range = ~0.1 – 15 MeV/u
Slow and fast extraction



Physics with Storage Rings

Precision x-ray spectroscopy 

Super-Critical fields
Electron-Ion collisions 

Atomic lifetimes
Nuclear effects on atomic decay rates 

Photoionization
Di-electronic recombination on exotic nuclei

Electron spectroscopy / electron scattering
Atom/Molecule fragmentation

Ion-molecule interactions
Laser induced recombination

.....

Nuclear Physics Atomic Physics
Nuclear structure through transfer reactions

Long-lived isomeric states
Atomic effects on nuclear half-lives 

Half-life measurements of 7Be
Nuclear effects on atomic decay rates 

Exotic decay modes (NEEC/NEET, unbound states, …)
Di-electronic recombination on exotic nuclei

Purification of secondary beams from contaminants
Nuclear magnetic moments

Neutron–induced reactions 
Capture reactions for p-process 

….



PROPOSALS SUBMITTED TO G-PAC IN 2017

E131 CRYRING A Z>54, Be-like Slowing down, E-cooling, Vacuum 27
E138 CRYRING A U91+ Slowing down, E-cooling 39
E121 ESR A 206Pb->205Tl81+ FRS, Stacking, E-cooling, Gas-Jet 21
E122 ESR B 208Pb->fragments FRS, S-cooling, E-cooling
E123 ESR B 238U E-cooling, Drift-tubes
E124 ESR B 238U89+, 91+ E-cooling, Gas-Jet, E-spectrometer
E125 ESR A- 238U89+, 91+ Slowing down, E-cooling, Gas-Jet 48
E126 ESR B 238U88+ Slowing down, E-cooling, Gas-Jet
E127 ESR A Z~50 Slowing down, E-cooling, Gas-Jet, Vacuum 15
E128 ESR A 209Bi82+, 80+ (Stacking), E-cooling, Lasers, Drift tubes 10
E130 HITRAP A 209Bi82+, 80+ Slowing down, (Stacking), E-cooling 10
E132 ESR A 132Xe Slowing down, E-cooling, Gas-Jet 48
E133 ESR B Z>54 E-cooling, Gas-Jet
E136 ESR B 12C3+ E-cooling, Lasers
E135 ESR A- 84Kr32+ E-cooling, Lasers 21
E137 ESR-C. A A 238U89+ E-cooling, Extraction to Cave-A 18
S461 CRYRING A- 40Ar->30P15+ FRS, Slowing down, E-cooling 21

TOTAL 278
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E121: “Measurement of the bound-state beta decay of bare 
205

Tl 

ions” 

Yuri Litvinov et al. 

Dear Colleague, 

The management of GSI/FAIR would like to thank you for submitting a proposal to 
our latest ‘Call for Proposals for Beam Time in 2018/2019’. The General Program 
Advisory Committee met on September 19-21, 2017 (G-PAC43 meeting), to 
evaluate a total of 64 proposals requesting 2035 shifts of beam time. The 
considerations of the G-PAC were based on their assessment of the scientific 
importance of the proposed research, its feasibility and its reliance on aspects of 
the GSI/FAIR facility that are unique. Proposals were ranked into 4 categories with 
experiments of category A recommended to be done. Category A- experiments are 
of great scientific interest but due to the large overdraft of beam time can be 
recommended to run only if beam time becomes available (reserve list). 
Experiments of category B are those that are encouraged to submit an amended 
proposal to a future call, and for category C experiments no beam time is 
recommended. In total, the G-PAC recommended 816 shifts of category A, of which 
311 shifts are at UNILAC, 317 shifts at SIS18, 122 shifts at ESR and 66 shifts at 
CRYRING. Shifts granted as experiments category A in this ‘Call’ will be scheduled 
between 2018 and 2019 and will expire after that period. 
 
For your proposal E1211 the G-PAC formulated the following evaluation with which I 
concur: 
 
Regarding the proposal “Measurement of the bound-state beta decay of bare 

205
Tl 

ions” (Proposal E121), the G-PAC recommends this proposal with highest priority 
(A) and that 21 shifts of main beam time be allocated for this measurement. 

 

Further Steps 

� For scheduling your experiment, please contact your GSI contact person.  

� The department “Safety and Radiation Protection” is to be informed on the 
planned set-up of the experiment and their consent is required before running an 
experiment. Your GSI contact person might help you with this 
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Proposal for an experiment to be conducted at FRS/ESR 
Measurement of the bound-state beta decay of bare 205Tl ions 

Updated from previously accepted proposal E100 

Fritz Bosch†, H. Geissel, J. Glorius, R. Grisenti, A. Gumberidze, S. Hagmann, 
Ch. Kozhuharov, M. Lestinsky, S. A. Litvinov, Yu. A. Litvinov, I. Mukha, C. Nociforo, 
F. Nolden, N. Petridis, R. Sánchez, M. S. Sanjari, C. Scheidenberger, U. Spillmann, 
M. Steck, T. Stöhlker, K. Takahashi, S. Trotsenko, H. Weick, N. Winckler, D. Winters 
GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany 
C. Brandau 
I. Physik. Institut, Justus-Liebig Universität Giessen, 35392 Gießen, Germany 
R. Reifarth, Ch. Langer 
J.W. Goethe Universität, 60438 Frankfurt, Germany 
D. Atanasov, K. Blaum 
MPI für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany 
T. Faestermann, R. Gernhäuser, Paul Kienle‡, M. A. Najafi 
TU Munich, Phys. Depatment E12, D 85748 Garching, Germany 
M.K. Pavicevic  
Division of Material Sciences and Physics, Salzburg University, 5020 Salzburg, Austria 
W.F. Henning 
Physics Division, Argonne National Laboratory, Argonne, Illinois, USA 
Bradley S. Meyer,  
Department of Physics and Astronomy, Clemson University, SC-29634-0978, USA 
D. Schneider 
Lawrence Livermore National Laboratory, Livermore, CA 94551, USA 
K. G. Leach 
Department of Physics, Colorado School of Mines, CO-80401, Golden, USA 
V. Pejovic,  
Institute of Physics, Zemun, Pregrevica 118, 11000 Belgrade, Serbia 
B. Boev 
Faculty of Mining and Geology, University of Štip, 92000 Štip, FYR Macedonia 
T. Suzuki, T. Yamaguchi 
Saitama University, Saitama 338-8570, Japan 
S. Naimi, F. Suzaki, T. Uesaka, Y. Yamaguchi 
RIKEN Nishina Center, Wako, Tokyo, Japan 
T. Ohtsubo 
Department of Physics, Niigata University, Niigata 950-2181, Japan 

                                                
† Deceased 16.12.2016 
‡ Deceased 29.01.2013 
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B. H. Sun 
School of Physics and Nuclear Energy Eng., Beihang University, Beijing 100191, China 

X. C. Chen, B. S. Gao, X. W. Ma, X. L. Tu, M. Wang, H. S. Xu, X. L. Yan, Y. H. Zhang 
Institute of Modern Physics, Chinese Academy of Sciences, 730000 Lanzhou, China 

C. Bruno, T. Davinson, C. Lederer-Woods, P. J. Woods 
School of Physics and Astronomy, University of Edinburgh, EH9 3JZ, UK 

P. M. Walker 
Department of Physics, University of Surrey, Guildford, GU2 7XH, UK 

G. Lane 
Department of Nuclear Physics, Research School of Physics and Engineering, The 
Australian National University, Canberra, ACT 2601, Australia 
I. Dillmann 
Nuclear Astrophysics Group, TRIUMF, Vancouver, British Columbia V6T2A3, Canada 

M. Trassinelli 
Inst. des NanoSciences de Paris, CNRS UMR7588 and UMPC-Paris 6, 75015 Paris, 
France 

S. Yu. Torilov 
St. Petersburg State University, St. Petersburg, Staryj Peterhof, Russian Federation 

R. B. Cakirli, F. C. Ozturk 
Department of Physics, University of Istanbul, 34134 Istanbul, Turkey  

B. Jurado 
CNRS, IN2P3, CENBG, UMR 5797, 33175 Gradignan, France 

W. Korten 
IRFU, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France 

 
For the LOREX, NucCAR, SPARC and ILIMA Collaborations 
 

 

 
 
 

This project is in part supported by the European Research Council (ERC) under 
the European Union’s Horizon 2020 research and innovation programme (grant 
agreement No 682841 “ASTRUm”) 
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Solar Neutrino Flux



E127 R. Reifarth et al.
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René Reifarth 
 
Goethe Universität Frankfurt 
Giersch Science Center 
Max-von-Laue-Straße 12 
60438 Frankfurt am Main 

E127: “Measurements of proton-induced reaction rates on 
radioactive isotopes for the astrophysical p process” 

Rene Reifarth et al. 

Dear Colleague, 

The management of GSI/FAIR would like to thank you for submitting a proposal to 
our latest ‘Call for Proposals for Beam Time in 2018/2019’. The General Program 
Advisory Committee met on September 19-21, 2017 (G-PAC43 meeting), to 
evaluate a total of 64 proposals requesting 2035 shifts of beam time. The 
considerations of the G-PAC were based on their assessment of the scientific 
importance of the proposed research, its feasibility and its reliance on aspects of 
the GSI/FAIR facility that are unique. Proposals were ranked into 4 categories with 
experiments of category A recommended to be done. Category A- experiments are 
of great scientific interest but due to the large overdraft of beam time can be 
recommended to run only if beam time becomes available (reserve list). 
Experiments of category B are those that are encouraged to submit an amended 
proposal to a future call, and for category C experiments no beam time is 
recommended. In total, the G-PAC recommended 816 shifts of category A, of which 
311 shifts are at UNILAC, 317 shifts at SIS18, 122 shifts at ESR and 66 shifts at 
CRYRING. Shifts granted as experiments category A in this ‘Call’ will be scheduled 
between 2018 and 2019 and will expire after that period. 
 
For your proposal E1271 the G-PAC formulated the following evaluation with which I 
concur: 
 
Regarding the proposal "Measurements of proton-induced reaction rates on 
radioactive isotopes for the astrophysical p process” (Proposal E127), the G-PAC 
recommends this proposal with highest priority (A) and that 15 shifts of main 
beam time be allocated for this measurement. 
 
Further Steps 

� For scheduling your experiment, please contact your GSI contact person.  

� The department “Safety and Radiation Protection” is to be informed on the 
planned set-up of the experiment and their consent is required before running an 
experiment. Your GSI contact person might help you with this 

NUCLEAR ASTROPHYSICS &  
ATOMIC PHYSICS TECHNIQUES 

 
Experiments: E127_Reifarth, S461_Bruno 

 PJ  Woods 
University of Edinburgh 

 
on behalf of the NucAR collaboration 

Proton Capture Reaction Measurements



Nuclear reaction studies in a storage ring

ESR

Gas jet

Particle detectors

High revolution frequency 
à high luminosity even with thin targets

Detection of ions via in-ring particle detectors
à low background, high efficiency

Well-known charge-exchange rates 
à in-situ luminosity monitor

Ultra-thin windowless gas targets
à excellent resolution

Applicable to radioactive nuclei



Normalization of Nuclear Cross Sections

gas jet
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X-ray emission

total e- capture rate [NRC + REC]

radiative e- capture rate [REC]

measured by particle detection

X-ray 
spectroscopy

Courtesy Jan Glorius



124Xe(p,g)125Cs Experiment at the ESR
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124Xe(p,g)125Cs Experiment at the ESR
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124Xe(p,g) - Results

6 MeV/u
8 MeV/u7 MeV/u

Courtesy Jan Glorius
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Approaching the Gamow Window with Stored Ions:
Direct Measurement of 124Xeðp;γÞ in the ESR Storage Ring

J. Glorius,1,* C. Langer,2 Z. Slavkovská,2 L. Bott,2 C. Brandau,1,3 B. Brückner,2 K. Blaum,4 X. Chen,5 S. Dababneh,6

T. Davinson,7 P. Erbacher,2 S. Fiebiger,2 T. Gaßner,1 K. Göbel,2 M. Groothuis,2 A. Gumberidze,1 G. Gyürky,8 M. Heil,1

R. Hess,1 R. Hensch,2 P. Hillmann,2 P.-M. Hillenbrand,1 O. Hinrichs,2 B. Jurado,9 T. Kausch,2 A. Khodaparast,1,2

T. Kisselbach,2 N. Klapper,2 C. Kozhuharov,1 D. Kurtulgil,2 G. Lane,10 C. Lederer-Woods,7 M. Lestinsky,1 S. Litvinov,1

Yu. A. Litvinov,1 B. Löher,11,1 F. Nolden,1 N. Petridis,1 U. Popp,1 T. Rauscher,12,13 M. Reed,10 R. Reifarth,2 M. S. Sanjari,1

D. Savran,1 H. Simon,1 U. Spillmann,1 M. Steck,1 T. Stöhlker,1,14 J. Stumm,2 A. Surzhykov,15,16 T. Szücs,8 T. T. Nguyen,2

A. Taremi Zadeh,2 B. Thomas,2 S. Yu. Torilov,17 H. Törnqvist,1,11 M. Träger,1 C. Trageser,1,3 S. Trotsenko,1 L. Varga,1

M. Volknandt,2 H. Weick,1 M. Weigand,2 C. Wolf,2 P. J. Woods,7 and Y. M. Xing5,1
1GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany

2Goethe Universität, Frankfurt am Main, Germany
3Justus-Liebig Universität, Gießen, Germany

4Max-Planck-Institut für Kernphysik (MPIK), Heidelberg, Germany
5Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, China

6Al-Balqa Applied University, Salt, Jordan
7University of Edinburgh, Edinburgh, United Kingdom

8Institute for Nuclear Research (MTA Atomki), Debrecen, Hungary
9CENBG, CNRS-IN2P3, Gradignan, France

10Australian National University, Canberra, Australia
11Technische Universität Darmstadt, Darmstadt, Germany
12Department of Physics, University of Basel, Switzerland

13Centre for Astrophysics Research, University of Hertfordshire, Hatfield, United Kingdom
14Helmholtz-Insitut Jena, Jena, Germany

15Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
16Technische Universität Braunschweig, Braunschweig, Germany

17St. Petersburg State University, St. Petersburg, Russia

(Received 6 December 2018; revised manuscript received 31 January 2019; published 7 March 2019)

We report the first measurement of low-energy proton-capture cross sections of 124Xe in a heavy-ion
storage ring. 124Xe54þ ions of five different beam energies between 5.5 and 8 AMeV were stored to collide
with a windowless hydrogen target. The 125Cs reaction products were directly detected. The interaction
energies are located on the high energy tail of the Gamow window for hot, explosive scenarios such as
supernovae and x-ray binaries. The results serve as an important test of predicted astrophysical reaction
rates in this mass range. Good agreement in the prediction of the astrophysically important proton width at
low energy is found, with only a 30% difference between measurement and theory. Larger deviations are
found above the neutron emission threshold, where also neutron and γ widths significantly impact the cross
sections. The newly established experimental method is a very powerful tool to investigate nuclear
reactions on rare ion beams at low center-of-mass energies.

DOI: 10.1103/PhysRevLett.122.092701

Charged-particle induced reactions like (p; γ) and
(α; γ) and their reverse reactions play a central role
in the quantitative description of explosive scenarios
like supernovae [1] or x-ray binaries [2], where

temperatures above 1 GK can be reached. The energy
interval in which the reactions most likely occur under
astrophysical conditions is called the Gamow window
[3,4]. Experimentalists usually face two major chal-
lenges when approaching the Gamow window: first, the
relatively low center-of-mass energies of only a few
MeV or less, and second, the rapid decrease of cross
sections with energy. The high stopping power con-
nected to low-energy beams typically limits the amount
of target material, and thus the achievable luminosity.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI.

PHYSICAL REVIEW LETTERS 122, 092701 (2019)

0031-9007=19=122(9)=092701(6) 092701-1 Published by the American Physical Society



The CRYRING facility

• CRYRING is a dedicated low-energy storage ring
Ø all GSI beams available between ~100 keV/u and ~15 MeV/u
Ø longer beam lifetimes for highly charged ions at low energies

• first commissioning phase is finished

• CRYRING is the ideal machine for astrophysical reaction studies

Courtesy Jan Glorius



E131: Precision collision spectroscopy 
of Be-like ions at the electron cooler

• Be-like ions from ESR with Z ≥ 54 and I = 0 (e.g. 
132Xe54+ , 142Nd56+ , 208Pb78+, 238U88+) .

• Highest possible energy in CRYRING to minimize 
electron capture from residual gas.

• Number of stored ions in CRYRING > 104.
• Ion-beam diagnostics (current transformer, beam 

profile monitor, Schottky analysis).
• Cold electron beam (expansion factor 100).
• Control of electron and ion beam positions in order to 

be able to achieve coaxial beams of electrons and 
ions in the electron cooler.

• Flexible programming control of high-voltage amplifier 
at electron cooler.

• Movable single-particle detector with 100% detection 
efficiency at position “30<q”.

• Hardware timing signals for data acquisition such as 
“injection”, “start of voltage ramp”,  and “new voltage”.

Technical requirements:



Electron cooler maXs/SiM-X
at 0 degree

x-rays

maXs/SiM-X
at 180 degree

E138: 1s Lamb Shift in U91+

Two microcalorimeters, each at a 
distance of roughly 3 m from the 

electron cooler region. Basic parameters

Active area: 1 cm2

FWHM @ 60 keV 
30 to 50 eV

Absorption eff.@ 100 keV 
50% to 75%

total efficiency

0.5 x 10-6

Operation temperature
50 mK



FAIR Storage Rings

NUSTAR

ILIMA Isomeric Beams, 
Lifetimes and Masses

EXL Exotic nuclei studied 
in light-ion induced reactions 
at the NESR storage ring 
Experiment

SPARC

PANDA



ILIMA in Collector Ring

Nustar Experiments 
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measurement of two independent signals for an ion penetrating through the foils. With two TOF 
detectors we are aiming at measurements of the velocity of each particle in addition to its 
revolution time to make a correction of isochronicity and cover a wider mass-to-charge range in the 
mass measurements with the same accuracy. 

 
 
Figure 1: Left: The overall setup of the TOF detector with vacuum chambers at measurements and 
test positions and a bellow as it will be installed on the straight section in the CR. Right: Design of 
the TOF detector. The ions pass through a thin foil and release SE, which are isochronously 
transported to the MCP detectors placed in forward and backward directions.   

 Scope of Delivery 3.2.

The delivery shall include the complete dual TOF-detector system including vacuum chambers and 
dipole magnets, which shall be integrated with a distance of 17 m in between on the straight 
section of the CR. Each of the TOF detectors are equipped with test and experiment vacuum 
chambers, vacuum pumps, dipole magnets, bellows, and a chamber extension for diagnostics. The 
diagnostic extension is assigned with the necessary pumps to achieve vacuum conditions required 
for the CR. Further they are equipped with a CF200 gate valve, alpha-radioactive source and Si-
detector for offline tests. 

 

The delivery by the Contractor shall contain: 

1. 4 big vacuum chambers (2 along the beam line named CR02EK3, CR03EK1,  
and 2 in test positions: XIL1EK1, XIL2EK1) 

2. 4 big dipole magnets movable up/down with the lifting mechanism (2 along the beam line: 
XIL1EM1M and XIL2EM1M, 2 in test position: XIL1EM2M and XIL2EM2M) 

3. 2 long welded membrane bellows on CF160 flange 
4. 2 CF400 ISO gate valves (along the beam line XIL1VV1T, XIL2VV1T) 
5. Pumping / diagnostic cross on test chamber (XIL1VTAX, XIL2VTAX) 

Isochronous Mass Spectrometry
- Time of Flight Detectors
- Ultra-sensitive non-destructive Schottky detectors



ILIMA: Masses and Lifetimes
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U92+

SPARC 
Internal 
Target

𝜸𝐦𝐚𝐱 = 𝟔. 𝟑

stochastic cooling

locations of target station

2 TDRs approved in 2016 • species: p, pbar, HCI, RIB
• circumference 574 m
• injection energy 740 MeV/u
• BU = 50 Tm
• for U92+: 4.937 GeV/u
• JMAX=6.30; EMAX=0.987
• momentum (energy) range

1.5 to 15 GeV/c (0.8-14.1 GeV)
• stochastic cooling / e-cooling

FAIR Phase-1: SPARC@HESR
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Ion Beam Facilities / Trapping &
Storage

Stored and Cooled
Highly-Charged Ions (e.g. U92+) and Exotic Nuclei
From Rest to Relativistic Energies (up to 4.9 GeV/u)

Worldwide 
Unique

27
27

ü
ü

ü
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HESR
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NUPECC Report
The combination of PANDA’s discovery potential for new states, coupled 
with the ability to perform high-precision systematic measurements is not 
realised at any other facility or experiment in the world. 
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Thank you for your attention!


