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Nuclear shapes and currents
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Electric quadrupole Magnetic dipole Magnetic octupole

Shows the lowest -order 
deformation:

Q0 > 0 (prolate)
Q0 = 0 (spherical)

Q0 < 0 (oblate)

Shows the lowest -
order orbital and 
spin current flow

Shows the higher -
order orbital and 
spin current flow

Experimental data
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Nuclear density functional theory

Picture courtesy of H. Wibowo

Self -consistent equations are solved iteratively, which includes the polarization effects
summed up to all orders without recurring to the lowest order perturbative coupling .
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How to calculate odd nuclei in nuclear DFT?
without pairing

with pairing

tagging quasiparticle states

J. Dobaczewski et al., arXiv:2509.26549

https://arxiv.org/abs/2509.26549
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òIntrinsicó
Symmetry broken

òLaboratoryó
Symmetry restored

Time -odd spin alignment & symmetry restoration
ȁ
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Spectroscopic moments are determined for symmetry -restored wave functions without
using effective chargesor effective g-factors and compared with experimental data.

https://doi.org/10.1088/1361-6471/ac288a
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Intrinsic moments          = moments of the symmetry -broken state
Spectroscopic moments = moments of the symmetry -restored state

Spectroscopic moments = moments measured experimentally

Nuclear quadrupole & dipole moments
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Open shell Gd-Os and near doubly magic nuclei
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Summary of results obtained near doubly magic nuclei

P
.L

. 
S

a
s
s
a

ri
n

ie
t 

a
l. 

J
. 

P
h
y
s
. 

G
 4

9
 (

2
0

2
2

) 
1

1
L

T
0

1

https://doi.org/10.1088/1361-6471/ac900a


Jacek Dobaczewski

Dysprosium electric quadrupole moments vs. data
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Dysprosium magnetic dipole moments vs. data
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Summary of results obtained in Gd-Os nuclei
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Residuals in Gd-Os nuclei
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Radiative decay and  electromagnetic moments  in 229Th

We determine d the magnetic 
dipole transition strength 
B(M1:3/2+Ƃ5/2+) between the 
isomeric and ground states of 
229Th and discussed the effects 
of parity breaking, 
configuration mixing, and 
time -odd core polarization. 
Without parameter 
adjustment, the obtained 
results favorably compare 
with the experimental data 
but also indicate the need to 
systematically adjust the 
octupole degrees of freedom 
in future functional 
parametrizations.
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Meson exchange currents in nuclear DFT
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Meson exchange currents
in nuclear DFT
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Electric dipole moments in nuclear DFT
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Electric dipole moments in nuclear DFT
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Anapole moments in nuclear DFT
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Conclusions

1. For the first time, in  nuclear theory, we can systematically
calculate spectroscopic electromagnetic moments in odd open-
shell nuclei with arbitrary particle numbers and (axial)
deformations .

2. Large nuclear-DFT single -particle phase space(well beyond the
valence space)allows for using the bare effective charges and g-
factors. (No adjustable òeffectiveóvalues are needed.)

3. The calculated magnetic dipole moments ȋ and electric
quadrupole moments Q reproduce the known experimental
data in heavy open-shell  nuclei .

4. It is essential to take into  account simultaneously :
a) Self -consistency
b) Polarization
c) Symmetry restoration

5. The effects of the extended T-odd sector, triaxiality,
octupolarity, two -body currents, K-mixing, and configuration
interaction (é) remain to be studied .
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Thank you
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Basic definitions
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Particle-number symmetry restoration (PNP) 
is not worth the 100 × increase in CPU time
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Shape and spin polarization

Picture courtesy of H. Wibowo

In nuclear-DFT, we align the total angular momenta of odd nuclei along the intrinsic
axial -symmetry axis with broken spherical and time -reversal symmetries . We fully
account for the self -consistent charge, spin, and current polarizations, in particular
through the inclusion of the crucial time -odd mean-field components of the functional .
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Schmidt limits
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of the electromagnetic moments
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Spectroscopic moments: theory vs. experiment
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Convergence of the total HFB intrinsic energy
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Nuclear -DFT analysis of electromagnetic 
moments between the Sn and Gd isotopes
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Magnetic dipole moments: theory vs. 
experiment

Picture: courtesy H. Wibowo

H. Wibowo  et al., to be published


