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Bound State Beta Decay of 205Tl



Radioactive decays of highly-charged ions

•Few-electron ions
well-defined quantum-mechanical systems

•New decay modes 
(bound-pair-creation, bound-state beta decay, etc.)

•Influence of electrons on radioactive decay

•Nuclear Astrophysics
High temperature/density environments à high ionisation



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 b-decay of 163Dy
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Main Problem

Problem:
The Q-value of 31 keV
Impossible to resolve in the 
ESR by means of mass 
spectrometry

Solution: 
No daughter hydrogen-like 
205Pb81+ ions shall be 
transmitted to the ESR 



Monoisotopic separation in the FRS

•9Be production target (possibly with Nb backing)

•Energy degrader – about 2 g/cm2 Al @S2

•Injection of pure 205Tl81+ beam into the ESR

•Primary beam 206Pb at about 600 MeV/u



Monoisotopic separation in the FRS

To remind:
A similar separation has been achieved in the 207Tl bound-
state beta decay measurements 

T. Ohtsubo et al., Phys. Rev. Lett. 95 (2005) 052501



205Pb81+ 205Pb81+205Tl81+ 205Tl81+

~700 AMeV

Approximate Beam Parameters

• Optimum FRS Target ~2 g/cm2 9Be (may be with Nb baking)
• S2: ~2 g/cm2 Al degrader; otherwise vacuum
• S4: irrelevant
• Energy adjusted such that after the final matter in the ESR the energy of 205Tl81+ is 400 

MeV/u



Experimental Storage Ring ESR



Experiment

- Stacking in the ESR of at least 107 bare 205Tl81+

- Waiting time (several hours, low electron current)

- Dense Gas-Jet Target (to strip the electron from daughter ions)

- Particle detectors inside the ESR (detection of daughters)

- Schottky spectroscopy (monitoring intensities of all ions)



Similar experimental procedure as in 187Re case

F. Bosch et al., Phys. Rev. Lett. 77 (1996) 5190



Relevance for FAIR

Test of Equipment for FAIR
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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 
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ISOLDE Seminar
April 20 2011, CERN, Geneva

Many-many thanks to all colleagues from all over the world !!!



Thank you for your attention

Questions/Comments


