
Nuclear moments of Bismuth



Laser Spectroscopy Observables 
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Spin I Magnetic moment  μ Quadrupole moment Qs Charge radii δ⟨r2⟩

Structure / wave function

Correlations and deformation
Shape coexistence

Spin I + Hyperfine
Anomalies 

Nuclear Magnetization Radius



What is the the Hyperfine Anomaly?

2.  The Bohr-Weisskopf effect: Extended nuclear magnetization.
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rμ :  1) Only unpaired nucleons 
contribute.

2) Both protons and neutrons 
contribute on an equal 
footing. 



What is the the Hyperfine Anomaly?

2.  The Bohr-Weisskopf effect: Spin and angular nuclear magnetization.
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• Nuclear magnetization from spin results 
in a larger HFA than that from orbital 
angular momentum.

• In the case of opposing spin and orbital 
contributions (p1/2 ,d3/2 etc)    μ → 0 
and the HFA → ∞.

N. Stone, Journal de Physique Colloques 34 69 (1973)

• μs and μL are therefore experimental 
observables!



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….



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



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

uVery poorly populated 
in the charge 
exchange process.



Results
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196Bi

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



The Ratio of A factors
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π h9/2

(π h9/2 x ν p1/2) I=5

π s1/2

(π h9/2 x ν p3/2) I=3

(π h9/2 x ν f5/2) I=7

(π h9/2 x ν i13/2) I=10

Defining the effective g factors
μ 

(μ
N) 

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



208Bi
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The Hyperfine Anomaly
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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.
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The Extreme Single Particle Model
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With FG

F3G
= '

H
(uniform distribution)

D +,/) = 4.3% KCLC:K D( ,M) = 3.89%
cf. Bohr-Weisskopf (1950) b= 3.75% 



Quadrupole moments of !"#/% &'(')&

Significant differences 
observed + few isotopes 
measured for the first time.

Interpretation of odd-odd 
Quadrupole moments 
ongoing.
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Numbers

209Bi Au/Al = -11.012(7) → -11.012(8)
208Bi Au/Al = -11.045(8) → -11.045(9)
208Bi Al = -445.9(3) → -445.9(4)
208Bi B = -360.1(32) → -360.1(37)



Conclusions and outlook

18

No major breakthrough observed, but some interesting effects.
PRC in preparation.

How to treat remaining discrepancies with previous publication?

\We have the immediate possibility to measure these effects with ~2 times 
resolution and 10 times sensitivity. Is this interesting enough? 



Laser Spectroscopy of Bi
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HFS scan using MR-TOF MS


