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The Team (RILIS-IDS-ISOLTRAP Collaboration)

The CRIS team will provide and set-up the “injection-seeded” laser to obtain the 

“narrow-band” mode.



Selected latest results on Bi isotopes (IS608+IS650)
IS608 A.E. Barzakh et al., Shape staggering in gs of 187-189Bi 

Phys. Rev. Lett. 127, 192501 (2021)
IS650 B. Andel et al., New isomer in 214Bi

Phys. Rev. C 104, 054301 (2021)

IS608 B. Andel et al., 188Bi beta-delayed fission

Phys. Rev. C 102, 014319 (2020)

IS608, Anomaly of the gs 9/2- magnetic moments in 215,217Bi

In preparation

B. Andel et al., Spectroscopy of  216Bi

Submitted to PRC, January 2024



Goal: High-spin isomers 212m1,m2,213mBi and the N=126 kink problem

Properties of the high-spin isomers  212m1,m2,213mBi and their link to the Bi gs charge radii kink at N=126: is the 

position and occupation of the i11/2 neutron orbital relative to g9/2 a real culprit for the N=126 kink?

Skyrme, P.M. Goddard et al,PRL110 (2013)

Pb

It seems the models in which the i11/2 neutron orbital is below g9/2 (or very close to it)

reproduce the kink better, due to enhanced population of the i11/2 orbital.  In particular, this is 

a common property of relativistic approaches.

Relativistic, T. Day Goodacre et al,PRL126(2021)&PRC104(2021)  
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Properties of the high-spin isomers  212m1,m2,213mBi and their link to the kink in Bi gs charge radii at N=126:

is the position and  occupation of the i11/2 neutron orbital a real culprit for the N=126 kink?

Skyrme, P.M. Goddard et al,PRL110 (2013)

Pb

It seems the models in which the i11/2 neutron orbital is below g9/2 (or very close to it)

reproduce the kink better, due to enhanced population of the i11/2 orbital.  This is a common 

property of relativistic approaches.

Relativistic, T. Day Goodacre et al, PRC104,054322(2021)  

This effect can be probed by charge radii of high-spin isomers in 212m2,213mBi, whose 

configuration presumably includes an i11/2 neutron: 
212m2Bi [πh9/2×((νg9/2)2×νi11/2)]18–, 
213mBi [πh9/2× (νg9/2×νi11/2)]25/2–, 

relative to their gs’s or 212m1Bi [πh9/2×νg9/2)]8–,9–, which have no i11/2 neutrons.
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Task 1: We will perform hfs scanning for 212m2,213mBi with LIST in narrowband mode (procedure confirmed for 

Po/Ac’s in our 2022 campaigns). Some scanning can be done with MR-ToF (for longest-lived cases, if IDS is not 

enough). Deduced magnetic moments will help to confirm/establish the configurations. Also radii will be 

determined.

Task 2: Decay properties of high-spin isomers are poorly known, some studied  40-50 years ago. We can 

now do it much better with the versatile IDS system, e.g. to search for the IT decay from 18- to 8/9- (or even 

to the gs) in 212m2Bi, and/or to measure for the 1st time the half-life and decay path of 213mBi.



The Method: In-source laser spectroscopy+IDS+MR-ToF

B. A. Marsh et al., NIM B317, p.550 (2013)

hfs scanning, extra cleaning

Upgraded IDS
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Why LIST? -Fr contamination

5 ms

19.9 m

219Bi 220Bi
~10 s ~10 s

20 ms 27 s

a, 10 m a, min

20 m 24 s

45 m7,22,65 m

• Long-lived, strongly-produced Fr contaminants only at A=212,213

• The LIST operation in this region is now confirmed by several  experiments, e.g. our recent 
207-209Tl study  (Z. Yue et al., PLB 849,138452, February 2024)

Bi, Z=83



Examples of narrow-band scanning for 212m,217Po (April 2022) 
and simulations for 212g,m1,m2Bi

CRIS “injection-seeded” narrowband laser (April 2022)

Simulations for 212g,m1,m2Bi

Long scans, ~200 laser steps are needed

217Po, usual LIST vs NB LIST 



Beam request

In total, 10 shifts requested for hfs/IS, nuclear spectroscopy and reference 

measurements for 212,213Bi

If the proposal is accepted, it will also “save” 2 shifts for G.Georgiev’s LoI239 requesting the same Bi 

isotopes for the g-factor measurements in daughter Po



Thank you!
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•Blue: Standard in-source spectroscopy + dual etalon laser (~2.9GHz)

•Red: LIST collinear mode + dual etalon laser (~2.2GHz) – The better resolution comes from the fact that the 

LIST only probes atoms flying towards the laser into the LIST. There will be a shift against the other modes.

•Green: LIST collinear mode + CRIS narrowband laser (~1.4GHz) – our preferred mode of operation here

•Black: PI-LIST mode + CRIS narrowband laser (~0.5GHz)

Conclusion: no significant improvement with PI-LIST, thus we might not use it at all 

(TAC asked on PI-LIST intensity reduction)

Do we really need PI-LIST mode? 
Simulations for 209Bi (R. Heinke)

Standard RILIS

LIST+CRIS narrow band

(our preferred mode)



Physics Motivation and goals of the proposal
Goal 1: The N=126 kink problem

Goal 1. Properties of the high-spin isomers  212m1,m2,213mBi and their possible link to the kink in Bi 

ground state charge radii at N=126: is the population of the i11/2 neutron orbital a real culprit for the 

N=126 kink?

It seems the models in which the i11/2 neutron orbital is below g9/2 (or very close to it)

reproduce the kink better, due to enhanced population of the former orbital.  If so, this effect 

can be probed by charge radii of high-spin isomers in 212,213Bi, whose configuration does include an 

i11/2 neutron: 212m2Bi [πh9/2×((νg9/2)2×νi11/2)]18–, 213mBi [πh9/2× (νg9/2×νi11/2)]25/2–, relative to 

their gs’s or 212m1Bi, with less or no i11/2 neutrons (e.g. 212m1Bi [πh9/2×νg9/2)]8–,9–). 

Skyrme, P.M. Goddard et al,PRL110 (2013)

RelativisticNon-relativistic

T. Naito et al., RIKEN, arXiv:2209.028572v2  

T. Day Goodacre et al, PRC104,054322(2021)  



Anomalous 9/2– gs magnetic moment systematics in 215,217Bi:
evidence for deformation/configuration mixing?

 

  
 

 PES for 209,215,221Bi calculated in HFB approach with Gogny forces 

D1S. A clear change of the PES minimum can be noticed by moving 

to heavier isotopes – deformation effects due to configuration mixing 

in the gs, via occupation of the high-j neutron orbitals?

The shell-model wave function components  for the 9/2–

gs of the even-N Bi isotopes. Only components with the 

weight larger than 10% are shown (H. Naïdja)

The neutron shells occupancies for the 9/2– gs of the even-N Bi 

isotopes. Black dashed lines correspond to artificial situation with 

sequential g9/2 shell filling, while red/blue/green lines correspond 

to the inclusion of the effective interaction. (H. Naïdja)
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