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Laser Spectroscopy Observables 
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Hyperfine Interactions
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WA = WL + WSD + Wc

A1/ g1 ≠ A2/ g2 g1/ g2 = A1/ A2 (1+Δ) 



The Hyperfine Anomaly
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The Hyperfine Anomaly
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The extreme single particle model: 

αs = (gs/gI) (gI-gL)/(gs-gl) αL = 1-αs

ζ =(2I-1)/4(I+1)  :   I=L+1/2
ζ =(2I+1)/4(I+2) :   I=L -1/2

odd-odd

A simple model, but illustrates the different dependence on gl and gs.



Previous Work
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With only a couple of notable exceptions only the stable isotopes
are known….



Previous Work
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Hyperfine Anomalies in Fr: Boundaries of the Spherical 
Single Particle Model

J. Zhang (张颉颃) et al. Phys. Rev. Lett. 115, 042501 (2015)



Hyperfine Anomalies in Bi?
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Large  HF anomaly 
between  205Bi and 209Bi.



The Laser Scheme
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GS transition selected 
to provide maximum 
information for in-
source spectroscopy.

Very poorly populated 
in the charge 
exchange process.



Results

10

196Bi

Measurements of a similar quality obtained for- 209,208,205,201,199,198,197Bi.



The Ratio of A factors
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Defining the effective g factors
μ 

(μ
N
) 

Proton gs =3,089, Neutron gs= -2,116
Proton gl = 1.06



є / ( b R2/R
o

2)
A

(4 P
1/

2)
/ A

(4 S
3/

2)

The Extreme Single Particle Model

Excellent correlation, but 
at this stage no idea of 
the atomic factor b for 
either of the levels.

Will the observed 
anomalies agree 
quantitatively?

How incorrect are the 
moments derived?

Input from atomic 
theory required.



208Bi
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The Hyperfine Anomaly
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<R 2/R 20> = 3/5

Observed Hyperfine 
anomalies are 
reproduced perfectly 
when using the 
quenched g factors in 
the extreme single 
particle model. 

Results completely 
consistent with a 
magnetization  radius 
equal to the charge 
radius and further a 
uniform distribution of 
magnetization across 
the nucleus.



Conclusions and outlook
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Atomic theory is now sufficiently advanced to provide a reliable 
interpretation of hyperfine structure anomalies.

Observations of this effect over a long isotopic chain are possible, and 
could provide a valuable insight into the composition of the nuclear 
magnetic moment and also its spatial distribution. 

Orders of magnitude improvement in our resolution of such effects are in 
principle achievable.

BUT

The nuclear theoretical description of this effect must be approached in a 
more rigorous way, fit for the 21st centaury!



Thanks!
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Laser Spectroscopy of Bi

18

HFS scan using MR-TOF MS
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