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Measurement of the bound-state beta decay of Thallium-205 and its 
implications on the fate of Lead-205 in the early solar system 

 

Understanding the production and survival of 205Pb in stars is pivotal as 205Pb is the only short-lived 
radionuclide that is produced exclusively by the slow neutron capture process (s-process). The ratio of 
radioactive 205Pb to stable 204Pb, when compared to the expected value from the continuous galactic 
nucleosynthesis, helps to constrain nucleosynthesis activity just prior to the Sun’s birth. Concerns were 
raised on the validity of 205Pb as a cosmochronometer [1] as the 205Pb/204Pb ratio is strongly affected 
due to the existence of the 2.3 keV excited state in 205Pb, from which the electron capture decay to 205Tl 
is expected to be significantly faster than from the ground state (t1/2 = 17.3(7) Myr). However, it was 
pointed out [2] that the bound-state beta decay [3], an exotic decay mode in which an electron is directly 
created in one of the empty atomic orbitals instead of being emitted into the continuum, of 205Tl could 
counter-balance the reduction of 205Pb. 

In this talk, I will report on the first direct measurement of the half-life of the bound-state beta decay of 
fully-stripped 205Tl81+ ions to the 2.3 keV excited state of 205Pb81+ ions [4], which was realized in the spring 
beam time at the heavy-ion storage ring ESR at GSI, Darmstadt in 2020, wherein the entire accelerator 
chain was employed. 205Tl81+ ions (with no electron) were produced with the projectile fragmentation of 
206Pb primary beam on 9Be target, separated in the fragment separator (FRS), accumulated, cooled, 
and stored for different storage times (up to 10 hours) in the experimental storage ring (ESR). The 
consequences of the measurement on the source of the live 205Pb in the early solar system will be 
stressed in the talk. 
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