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Recap
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Basic definitions
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Mechanism for e-m moments generation

V=-lQ1Q2

V=-ls1s2
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Odd near doubly 
magic nuclei



Jacek Dobaczewski

Odd near doubly
magic nuclei
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Quadrupole & dipole moments

• Spectroscopic moments
• Proton-odd (squares) & neutron-odd (circles) nuclei
• Average of UNEDF1, SLy4, SkO’, D1S, N3LO functionals
• RMS deviations much smaller than the residuals
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Time-odd densities & Landau parameters
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Magnetic dipole moments vs. experiment
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Optimisation of the spin-spin term
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Effective spin g-factor?
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Indium
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Electric quadrupole moments in indium
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Particle-core-coupling analysis
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J. Bonnard, J.D., W. Nazarewicz, to be published A.R. Vernon et al., accepted in Nature
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Magnetic octupole 
moments
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Visualisation of the magnetic multipole 
moments in axial symmetry 
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Bohr-Weisskopf
correction
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Moments of magnetization in silver
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Antimony
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!!!! Preliminary !!!
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Electric quadrupole moments in antimony
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Tin
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Sly4 w/o T-odd

Sly4 with T-odd

UNEDF1 with T-odd
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ANU exp from Tim Gray et al., to be published !!!! Preliminary !!!

Magnetic dipole moments in tin
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Schiff moment in 225Ra
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225Ra Schiff moment vs. 224Ra octupole moment
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Conclusions

1. Nuclear DFT:
• An approach of choice to calculate electromagnetic 

moments in nuclei.
• Takes into account polarization effects by odd particles to 

infinite order in full single-particle space.
• Allows for analysing physical effects.
• Unified approach with no limits on mass.

2. Symmetry restoration is essential.
3. Effective charges and effective g-factors not needed.
4. Future systematic applications to semi-magic nuclei, excited 

states, open-shell systems.
5. Future applications to exotic moments: Schiff, anapole, weak…
6. Links to particle, atomic, and molecular physics.
7. Adjustments of the nuclear DFT coupling constants to data 

should take the magnetic moments into account.
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Thank you
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„Spin” magnetic dipole moment
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Spin magnetic dipole moments
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Magnetic moments in 45Sc 

R
. 
P

. 
d

e
 G

ro
o

te
 e

t 
a

l.
, P

h
y

s.
 L

e
tt

. B
8
2

7
 (

2
0

2
2

) 
1
3

6
9

3
0

0.18

0.20

0.22

0.24

0.26

0.28

4.65 4.70 4.75

M
a

g
n

e
ti

c
 o

c
tu

p
o

le
 

 (


N
 b

)

4.75 4.80

Magnetic dipole  (
N

)

Landau spin-spin

terms

No spin-spin

terms

(a) (b)

UNEDF0

UNEDF1

SkXc

SIII

SkM

SLy4

SkO'

SAMi

D1S

N3LO



Jacek Dobaczewski

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-0.22 -0.18 -0.14

D
e
fo

rm
a
ti

o
n

 e
n

e
rg

y
 (

M
e

V
) EXP

(a)

-0.22 -0.18 -0.14

Electric quadrupole Q
2
 (b)

EXP

(b)

UNEDF0

UNEDF1

SkXc

SIII

SkM

SLy4

SkO'

SAMi

D1S

REG6d

Landau spin-spin

terms

No spin-spin

terms

HF+AMP, deformation energies in 45Sc 

R
. 
P

. 
d

e
 G

ro
o

te
 e

t 
a

l.
, a

rX
iv

:2
0
0
5
.0

0
4
1

4

isoscalar isovector Landau parameters g0 & g0’

g0 =0.4, g0’=1.2



Jacek Dobaczewski

HF + angular momentum projection (AMP)


