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The bottom line

The nuclear electromagnetic moments 
are all about:

1. Polarization
2. Self-consistency
3. Symmetry restoration
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Outline
1. Methodology*
2. Gd-Pb*
3. Dy-Os
4. Sn-Gd
5. In*
6. Ag*
7. Sn*
8. Sb
9. What next?
10. Two-body currents
11. K-mixing
12. Octupole vibration 171Yb

*published
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“Intrinsic”
Symmetry broken

“Laboratory”
Symmetry restored

Time-odd spin alignment & symmetry restoration
β

J. A. Sheikh et al., J. Phys. G48, 123001 (2021)
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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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Odd near doubly
magic nuclei
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Quadrupole & dipole moments
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• 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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 geff ???

Effective spin g-factor? Who ordered that?
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Blocked quasiparticles were tagged by the neutron
i13/2 (Ω=+13/2) or proton h11/2 (Ω=+11/2) single-particle orbitals
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Conclusion:
Spectroscopic electric quadrupole moments can be inferred
from the intrinsic ones at ~5% precision only at |Q|>1b)
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The first systematic nuclear-DFT analysis
of the electromagnetic moments

in excited quasiparticle states
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How to calculate odd nuclei in nuclear DFT?

-7.5

-7.0

-6.5

-6.0

-5.5

-5.0

  [503]5/2

  [501]1/2

  [512]3/2

  [541]1/2

  [501]3/2

  [550]1/2

  [505]9/2

  [514]7/2

  [523]5/2

  [532]3/2

  [521]1/2

  [503]7/2

  [512]5/2

  [541]3/2

  [510]1/2

-0.8 0 0.8

Q (b)

N
e

u
tr

o
n
 s

.p
. 

e
n

e
rg

y
 (

M
e
V

)

2f
7/2

1h
9/2

3p
3/2

3p
1/2

2f
5/2

192Dy

-5.0

-4.5
  [606]13/2
  [615]11/2
  [624]9/2
  [633]7/2
  [642]5/2
  [631]3/2
  [640]1/2

1i
13/2

without pairing

with pairing

tagging quasiparticle states



Jacek Dobaczewski



Jacek Dobaczewski

[523]5/2

[642]5/2

[521]3/2

94



Jacek Dobaczewski

-8

-6

-4

-2

0

2

[640]1/2
[631]3/2
[642]5/2

[633]7/2
[624]9/2
[615]11/2

[606]13/2

83 93 103 113 123

Neutron number NE
x
c
it
a

ti
o

n
 e

n
e

rg
y
 (

M
e
V

) 
[a

rb
ir

a
ry

 o
ff

s
e
t]

Excitation energies of odd dysprosium isotopes



Jacek Dobaczewski

-8

-7

-6

-5

-4

-3

-2

-1

0

83 93 103 113 123

Neutron number NE
x
c
it
a

ti
o
n

 e
n

e
rg

y
 (

M
e
V

) 
[a

rb
ir

a
ry

 o
ff

s
e
t]

  [510]1/2
  [541]3/2
  [512]5/2

  [503]7/2
  [521]1/2
  [532]3/2

  [523]5/2
  [514]7/2
  [505]9/2

Excitation energies of odd dysprosium isotopes



Jacek Dobaczewski

DFT
Exp

-1

0

1

2

3

4

E
le

c
tr

ic
 q

u
a

d
ru

p
o
le

 m
o
m

e
n
t 

Q
 (

b
)

83 85 87 89 91 93 95 97 99959595

7/2- 7/2- 3/2- 5/2+ 7/2+ 5/2-
7/2- 3/2- 3/2- 5/2- 3/2- 7/2+

(   )

A
Dy

Neutron number N

DFT

Exp

-1.6

-1.2

-0.8

-0.4

0.0

0.4

M
a

g
n
e

ti
c
 d

ip
o

le
 m

o
m

e
n
t 


 (


N

)

7/2- 7/2- 3/2- 5/2+ 7/2+ 5/2-
7/2- 3/2- 3/2- 5/2- 3/2- 7/2+

A
Dy

(   )

83 85 87 89 91 93 95 97 99959595

Neutron number N

Electromagnetic moments of odd dysprosium isotopes

S
. J. M

a
rg

ra
f

et a
l.,

P
h

y
s. R

e
v

. C
5
2
, 2

4
2
9
 (1

9
9
5
)

161Dy

A
.
Ju

n
g

cla
u

s et a
l.,

P
h

y
s. R

e
v

. C
6
7
, 0

3
4
3
0
2
 (2

0
0
3
)



Jacek Dobaczewski

Q
rot

Q
DFT

5 25 45 65 85
-4

-3

-2

-1

0

1

2

3

Doubled spin 2*I

E
le

c
tr

ic
 q

u
a

d
ru

p
o

le
 m

o
m

e
n

t 
Q

 (
b
)

spec

spec

Electromagnetic moments – the rigid-rotor approximation

Qrot = Q20  CII,20  CIK,20
II IKintr

μrot = μz  CII,10  CIK,10

II IKintr

161Dy 5/2+ UNEDF1, g’0=1.7
spec spec


rot


DFT

=I*Z/A

5 25 45 65 85

0

5

10

15

20

Doubled spin 2*I

M
a

g
n
e

ti
c
 d

ip
o

le
 m

o
m

e
n

t 


 (


N
) spec

spec

5 7
-1

0

1



Jacek Dobaczewski

DFT
Exp

-3

-2

-1

0

1

2

3

4

E
le

c
tr

ic
 q

u
a

d
ru

p
o

le
 m

o
m

e
n

t 
Q

 (
b
)

7/2- 13/2+ 3/2- 5/2- 7/2+ 5/2-
7/2- 3/2- 3/2- 5/2- 1/2-

A
Er

DFT
Exp

-3

-2

-1

0

1

2

3

4

E
le

c
tr

ic
 q

u
a

d
ru

p
o

le
 m

o
m

e
n

t 
Q

 (
b
)

7/2- 13/2+ 3/2- 5/2- 7/2+ 5/2-
7/2- 5/2- 3/2- 5/2- 1/2-

A
Yb

7/2- 9/2+

7/2-

DFT
Exp

-1.2

-0.8

-0.4

0.0

0.4

0.8

85 87 87 89 91 93 95 1031019997

7/2- 13/2+ 3/2- 5/2- 7/2+ 5/2-
7/2- 3/2- 3/2- 5/2- 1/2-

A
Er

Neutron number N

M
a

g
n
e

ti
c
 d

ip
o
le

 m
o

m
e
n
t 


 (


N

)

(   )

DFT
Exp

-1.2

-0.8

-0.4

0.0

0.4

0.8

85 87 87 89 91 93 95 1039997 105
101 103 107

7/2- 13/2+ 3/2- 5/2- 7/2+ 5/2-
7/2- 5/2- 3/2- 5/2- 1/2-

A
Yb

Neutron number N

7/2- 9/2+

7/2-M
a

g
n
e

ti
c
 d

ip
o
le

 m
o

m
e
n
t 


 (


N

)



Jacek Dobaczewski

Nuclear-DFT analysis of electromagnetic 
moments between the Sn and Gd isotopes

50

52

54

56

58

60

62

64

h
11/2

g
7/2

50 54 58 62 66 70 74 78 82 86 90 94 98 102

Neutron number N

P
ro

to
n
 n

u
m

b
e
r 

Z

H
. 
W

ib
o

w
o

et
 a

l.
, t

o
 b

e
 p

u
b

li
sh

e
d



Jacek Dobaczewski

Picture: courtesy H. Wibowo

Quadrupole moments: theory vs. experiment

H. Wibowo et al., to be published
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Magnetic dipole moments: theory vs. 
experiment

Picture: courtesy H. Wibowo

H. Wibowo et al., to be published
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Moments of the 9/2 states in In
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Moments of the 1/2, 7/2 & 9/2 states in Ag

R. P. de Groote et al., submitted to Phys. Lett. B
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Moments of the h11/2 isomers in Sn
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Quadrupole moments in Sb

effective charges

𝑒𝜋 = 1.6, 𝑒𝜈 = 1.05
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no effective 

charges !!!
effective charges

𝑒𝜋 = 1.6, 𝑒𝜈 = 1.05
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effective g-factors:

𝑔s,eff = 0.6𝑔s

𝑔l,𝜋 = 1.11

𝑔l,𝜈 =−0.02
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Magnetic dipole moments in Sb
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 DFT g
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DFT d
5/2

no effective 

g-factors !!!
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What’s next to consider

Segré chart of electromagnetic moments

Electromagnetic moments of odd-odd nuclei

More advanced functionals

Octupole deformation

Triaxiality

Configuration interaction

K-mixing

Quadrupole/octupole collectivity

Two-body meson-exchange currents
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Two-body-current corrections to magnetic moments
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The NLO intrinsic and Sachs contributions to the magnetic moment operator are 

given by

NLO magnetic moment operators

(slide by Herlik Wigowo)

and

respectively, where 

relative 

coordinate

COM

Tensor operator: 

R. Seutin, et.al, PRC 108, 054005 (2023)
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NLO magnetic moment operators

(slide by Herlik Wigowo)
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Energies of the K-mixed states
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Thank you
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Basic definitions



Jacek Dobaczewski

Schmidt limits

=gL L + gs s

G
e

rd
a

 N
e

y
e

n
s,

 R
e

p
. P

ro
g

. 
P

h
y

s.
 6

6
 (

2
0
0

3
) 

6
3

3
–

6
8
9

 

Schmidt
limits



Jacek Dobaczewski

83 91 99 107 115 123

-1.4

-1.2

-1.0

-0.8

83 91 99 107 115 123

M
a

g
n
e

ti
c
 d

ip
o
le

 
 (


N

)

Heavy deformed ν13/2
+

odd-N nuclei

J.
 B

o
n

n
a

rd
 e

t 
a

l.
, P

h
y

s.
 L

e
tt

. B
 8

4
3
 (

2
0
2

3
) 

1
3

8
0

1
4

Neutron number N

Spectroscopic

Intrinsic

Eu
Tb

Ho
Tm

Lu
Ta

Re
Ir

Au
Tl

Conclusion:
Spectroscopic magnetic dipole moments
cannot be inferred from the intrinsic ones
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Conclusion:
Rules of oblate and prolate polarizations do extend 
from the magicity towards the open shell systems. 
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Rules of particle and hole polarizations do not extend 
from the magicity towards the open shell systems. 
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