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pathways of s-, rp-, p, and r-processes
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accumulated abundances



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



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 
….
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Exotic (radioactive) nuclides in high 
atomic charge states stored for an 

extended period of time

Radioactive ion beam facilities

High kinetic energies

Ultra-high vacuum conditions
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Bound-State β-decay



s process: slow neutron capture and β- decay near valley of β stability at 
kT = 30 keV; → high atomic charge state → bound-state β decay 

branchings caused by bound-state β decay 

M. Jung et al.,  Phys. Rev. Lett. 69 (1992) 2164 

T1/2 = 48 days

Bound-State β-decay of 163Dy
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Bound-State Beta Decay of 205Tl Nuclei

Short-lived radioactivity – 1 My-100My

26Al, 60Fe

Too much

129I

Too few

182Hf

Just right

B. Meier et al.



Solar Neutrino Flux



Lorandite TlAsS2 Mineral

LOREX Project

Age = 4.31(2) Ma

Pavicevic et al., NIM A 895 (2018) 62



Bound-State Beta Decay of 205Tl Nuclei
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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”) 

 
 

24-30 March 2020



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



Astrophysical Gamow Window



Normalization of Nuclear Cross Sections

gas jet

K-
R

EC

L-
R

ECM
-R

EC Ka

Kb

characteristic 
X-ray emission

total e- capture rate [NRC + REC]

radiative e- capture rate [REC]

measured by particle detection

X-ray 
spectroscopy

Courtesy Jan Glorius



(p,g) 

(p,p)

(p,a)

(p,n)

silicon detector data

• (p,g) superimposed by other channels
• Geant4 simulation of each channel

Ødisentangle different contributions
• clean extraction of (p,g) signal

The Proof-Of-Concept 96Ru(p,g)97Rh (2008)

Courtesy Jan Glorius

PHYSICAL REVIEW C 92, 035803 (2015)

First measurement of the 96Ru( p,γ )97Rh cross section for the p process with a storage ring

Bo Mei,1,2 Thomas Aumann,3 Shawn Bishop,4 Klaus Blaum,5 Konstanze Boretzky,1 Fritz Bosch,1 Carsten Brandau,1

Harald Bräuning,1 Thomas Davinson,6 Iris Dillmann,1 Christina Dimopoulou,1 Olga Ershova,2 Zsolt Fülöp,7 Hans Geissel,1

Jan Glorius,2 György Gyürky,7 Michael Heil,1 Franz Käppeler,8 Aleksandra Kelic-Heil,1 Christophor Kozhuharov,1

Christoph Langer,9 Tudi Le Bleis,4 Yuri Litvinov,1 Gavin Lotay,6 Justyna Marganiec,1 Gottfried Münzenberg,1 Fritz Nolden,1

Nikolaos Petridis,1 Ralf Plag,1,2 Ulrich Popp,1 Ganna Rastrepina,2 René Reifarth,2,* Björn Riese,1 Catherine Rigollet,10

Christoph Scheidenberger,1 Haik Simon,1 Kerstin Sonnabend,2 Markus Steck,1 Thomas Stöhlker,1,11 Tamás Szücs,7

Klaus Sümmerer,1 Günter Weber,1,11 Helmut Weick,1 Danyal Winters,1 Natalya Winters,1 Philip Woods,6 and Qiping Zhong1

1GSI-Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany
2Goethe University Frankfurt, Frankfurt, Germany

3Technische Universität Darmstadt, Darmstadt, Germany
4Technische Universität München, München, Germany

5Max-Planck-Institut für Kernphysik, Heidelberg, Germany
6University of Edinburgh, Edinburgh,United Kingdom

7Institute for Nuclear Research (MTA Atomki), Debrecen, Hungary
8Karlsruher Institut für Technologie, Baden-Württemberg, Germany

9National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
10KVI-CART, University of Groningen, Groningen, The Netherlands

11Helmholtz-Institut Jena, Jena, Germany
(Received 20 May 2015; published 2 September 2015)

This work presents a direct measurement of the 96Ru(p,γ )97Rh cross section via a novel technique using
a storage ring, which opens opportunities for reaction measurements on unstable nuclei. A proof-of-principle
experiment was performed at the storage ring ESR at GSI in Darmstadt, where circulating 96Ru ions interacted
repeatedly with a hydrogen target. The 96Ru(p,γ )97Rh cross section between 9 and 11 MeV has been determined
using two independent normalization methods. As key ingredients in Hauser-Feshbach calculations, the γ -ray
strength function as well as the level density model can be pinned down with the measured (p,γ ) cross section.
Furthermore, the proton optical potential can be optimized after the uncertainties from the γ -ray strength function
and the level density have been removed. As a result, a constrained 96Ru(p,γ )97Rh reaction rate over a wide
temperature range is recommended for p-process network calculations.

DOI: 10.1103/PhysRevC.92.035803 PACS number(s): 25.40.Lw, 29.20.db, 26.30.−k, 24.60.Dr

I. INTRODUCTION

There are 35 p nuclei on the neutron-deficient side of the
valley of stability between 74Se and 196Hg, which are shielded
against production by the neutron-capture processes and are
produced in the p process. The main production of these
p nuclei occurs via (γ ,n), (γ ,p), and (γ ,α) reactions, and
subsequent β decays in the so-called γ process. Therefore, it
is essential to determine cross sections of photodisintegration
reactions or their inverse reactions for p-process network
calculations [1,2]. Thousands of nuclear reactions are involved
in network calculations for p-process nucleosynthesis. How-
ever, only very few of the required cross sections have been
measured by experiments, and thus most of them rely solely
on predictions of the Hauser-Feshbach (HF) model codes, e.g.,
NON-SMOKER [3] and TALYS [4], which often have very large
uncertainties from nuclear input parameters [2].

*reifarth@physik.uni-frankfurt.de

Published by the American Physical Society under the terms of the
Creative Commons Attribution 3.0 License. Further distribution of
this work must maintain attribution to the author(s) and the published
article’s title, journal citation, and DOI.

Following current p-process network calculations [5], the
pattern of the solar abundance for about 60% of the p nuclei
is reproduced within a factor of 3. However, for the 92,94Mo
and 96,98Ru isotopes, an underproduction of a factor of 20–50
has been calculated for the γ process in Core Collapse
Supernova models with massive stars of 13–25 M" [1]. This
deficiency has motivated the search for additional production
mechanisms, e.g., the rp process [6] or the νp process
[7], but also intensified efforts to remove the uncertainty in
required nuclear physics parameters by measuring reaction
cross sections. These cross sections are most sensitive to
nuclear parameters, i.e., the γ -ray strength function, nuclear
level density, and optical potential, in the HF model [2].
However, these critical parameters are not well constrained
by experiments, and hence there are large differences between
predictions using different parameters.

Most of the existing experimental data for the p process
were measured in direct kinematics using stable isotope
targets [2]. However, a direct measurement on unstable nuclei
is still a major challenge [2]. In this work, we present a
novel method using a heavy-ion storage ring developed to
measure cross sections of low-energy nuclear reactions, e.g.,
(p,γ ) reactions, in inverse kinematics for nuclear astrophysics.
This method offers some key advantages over traditional

0556-2813/2015/92(3)/035803(8) 035803-1 Published by the American Physical Society



New in-vacuum particle detectors

How to reach the down 
into the Gamow window?
getting rid of detector pockets

50
 m

m 16 x 16 
strips

ceramic pcb• Double Sided Silicon Strip Detector (DSSSD) 
ü x & y segmentation
ü 500 µm thickness (ions are stopped)
ü ultra thin dead layer of 0.3 µm

• compatible to UHV conditions
ü low outgassing rate 
ü bakeable at T > 125oC

Courtesy Jan Glorius



The new setup @ ESR

(p,g)
stored beam

e- capture

2m long detector drive

target

inside dipole chamber

Courtesy Jan Glorius



ESR Test Beam Time 2016 124Xe(p,g)125Cs

• test experiment for new setup: 
Ø 124Xe: technically simple, stable beam, high intensity
Ø 10-100 mbarn cross section expected for proton capture @ 7 MeV/u

• science case 124Xe:
ü p nucleus 
ü reaction is important 

in production/destruction 

www.talys.eu  
theory cross section

(p,g)
(p,n)

(p,a)

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
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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 

Future measurements

17-22 March 2020



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) – 2017
Circumference = 54.15 m
Vacuum = 10-11—10-12  mbar
Electron cooling
Energy range = ~0.1 – 15 MeV/u
Slow and fast extraction



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
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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)

Cooling: The Key for Precision

Worldwide
Unique !
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Heavy Ion Research Facility in Lanzhou (HIRFL)

CSRe

SFC (K=69)
SSC(K=450) 

CSRm 

RIBLL1 RIBLL2



Production
Target

BigRIPS
Fragment Separator

R3
Storage

Ring

SHARAQ
Spectrometer

R3

injection

extraction

injection
kicker

BigRIPS + R3 Setup in RIKEN



BRing 

SRing 

MRing 

iLinac 
SECR 

iLinac: Superconducting linac
Length:100 m
Energy: 17MeV/u(U34+)

BRing: Booster ring
Circumference: 530 m
Rigidity: 34 Tm
Beam accumulation
Beam cooling
Beam acceleration

MRing: Figure “8” ring
Circumference: 268 m
Rigidity: 13 Tm
Ion-ion merging 

SRing: Spectrometer ring
Circumference:290m
Rigidity: 13Tm
Electron/Stochastic cooling 
Two TOF detectors
Four operation modes

General description – Main components


