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The bottom line

ﬁl" he nuclear electromagnetic moments of\
odd nuclei are all about:

1. Polarization
2. Self-consistency
\i. Symmetry restoration /

[ About half of the nuclides in nature are odd }
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Not on the minefield

ﬂ\l uclear electromagnetic moments arh

one-body observables.

Singularities of the Wick theorem
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Shape and spin polarization

&
A

I = total angular

momentum

{2 = projection ot I

Spin polarization

Q=1

Q=1

prolate
polarization

r 3

Landau parameter g, (g, = 1.7)
8o =Ny (2C+2C ] (3n%py/2)*7)
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@ - particle ~ ~ 150— MeV - fm?
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Time-odd spin alignment & symmetry restoration

“Intrinsic” p
Symmetry broken

Q —1/2 “Laboratory”
Symmetry restored
O =hole N . .
IM) =N [~ dpd 0

Q=1 [IM) 1) s B dya(B)|2, 8)
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Nuclear quadrupole & dipole moments

Spectroscopic electric quadrupole Q and magnetic dipole 4 moments are :

/16 A [4 n P. Ring and P. Schuck, Th
Q — _E<][| on | [[> and U = _ﬂ<[[|M10 | ]]) . Nucllr;graﬂr;iany-Bi)duycProbieem

o =g (g,) =5.59(—3.83)
(%__ ){33 -1} Mlo—\/;#NZ {Qi”Sn‘FQ{ } p "’

2! =1(0)

Intrinsic moments = moments of the symmetry-broken state
Spectroscopic moments = moments of the symmetry-restored state

[Spectroscopic moments = moments measured experimentally 1

Jacek Dobaczewski =
S 4o B 4
Science & Technology UK Resea rCh g

UNIVERSITY W % Facilities Council and |nn0vation




1S

The first systematic nuclear-DFT analys

?Swﬂ (€20T) €F8 g "N 'sAYd v 32 preuuog .:

of the electromagnetic moments
in heavy deformed open—shell odd nuclei
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Blocked quasiparticles were tagged by the neutron

i13, (Q=+13/2) or proton h,,, (2=+11/2) single-particle orbitals
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Convergence of the total HFB intrinsic energy

167Ho 11/2-, UNEDF1, g’,=1.7

.E.
lim

=-1352. 644(14)'

Optimal @,

!

1.0 1.2

1.4

o /[(41MeV+A ™)

Ee

Intrinsic energy E+1352 (MeV)

[ Xi %?=0.000034

" | E=-1352.644(14)+35.9(2.5)*exp(-0.211(5)*N,) | ]

hoy/(41MeV*AMS) = 1.2

=-1357.77346
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Convergence of the spectroscopic moments

167Ho 11/2-, UNEDF1, g’,=1.7
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Insignificant impact of the PNP

UNEDF1, g’,=1.7

—®—magnetic dipole nu
—il— electric quadrupole Q

A
68ErN

99
Neutron number N

Relative difference AMP+PNP vs. AMP (%)

Jacek Dobaczewski M

M UK Research S 3;@
UNIVERSITYW -

cience &Techllwologv d | t. S
s Counci
and Innovation e
- Woans™




Intrinsic quadrupole moment Q x 55/91 (eb)

Heavy deformed 1mw11/2" 0dd-Z nuclei

©®-Eu B-Ho € Lu A Re VAU
-O-Tbh +Tm -Ta Ir =TI

Intrinsic x 55/91 / Spectroscopic Q (%)

Spectroscopic quadrupole moment Q (eb)

4 :
Conclusion:
Spectroscopic electric quadrupole moments can be inferred

kfrom the intrinsic ones at ~5% precision only at | Q| >1b)
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Heavy deformed Tl

1/2° odd-Z nuclei

Spectroscopic
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/Conclusion: A

Spectroscopic magnetic dipole moments

\cannot be inferred from the intrinsic ones y

[]. Bonnard et al., Phys. Lett. B 843 (2023) 138014}
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Spectroscopic moments: theory vSs. experiment

Schmidt value 06t

I Theory ‘
° Experlment
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| odd-z n11/2” ]

Magnetic dipole p (uy)

Electric quadrupole Q (eb)

145 149 1531191, 189, 193, 1974, 14754157y \\185-199 g A W183-197p #2055
147, 153145187}, 17751915, 1954, 2077} 155 193-195p

[]. Bonnard et al., Phys. Lett. B 843 (2023) 138014}
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Neutron s.p. energy (MeV)

How to calculate odd nuclei in nuclear DFT?
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Single-neutron Energies [MeV]
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Excitation energies of odd dysprosium isotopes

Excitation energy (MeV) [arbirary offset]
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Electromagnetic moments of odd dysprosium isotopes

Prolate
tags

Electric quadrupole moment Q (b)
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Electric quadrupole moment Q (b)

Electromagnetlc moments of odd dysprosmm 1sotopes
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Electromagnetic moments - the rigid-rotor approximation

161Dy 5/2* UNEDF1, g’,=1.7
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Angular-momentum projection (AMP)

161Dy 5/2* UNEDFl, g’ =1.7
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Angular-momentum projection (AMP)
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Nuclear-DFT analysis of electromagnet

moments between the Sn and Gd isotopes
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Quadrupole moments: theory vs. experiment

0dd-Z n7/2*

@® Experiment B Theory
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Nuclei

N. J. Stone, Table of nuclear magnetic dipole and electric
quadrupole moments (2014), INDC, report INDC(NDS)-0658

Electric quadrupole Q [b]

N. J. Stone, Table of nuclear electric quadrupole moments,
ADNDT 111-112, 1 (2016)

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

experiment
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Schmidt lines represent the value of magnetic
dipole moment of an odd-mass nucleus which is
completely determined by the £ and j values of
the unpaired nucleon (single-particle model).
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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
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Moments of the vh,;, isomers in Sn
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Quadrupole moments in Sb

O VS-IMSRG (sdg) =:= VS-IMSRG (sdg7 +eff) [ This work
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no effective
charges !!!

—Lr—DFTg,,
—O—-DFT d5/2

Quadrupole moments in Sb

O VS-IMSRG (sdg) =:= VS-IMSRG (sdg7 +eff) [ This work
= \/S-IMSRG (sdg7) Shell model V Literature
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effective charges
e,=1.6,¢e,=1.05
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Magnetic dipole moments in Sb

O VS-IMSRG (sdg) =—:= VS-IMSRG (sdg7 + eff) [ This work
V Literature
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Magnetic dipole moments in Sb

O VS-IMSRG (sdg) =—:= VS-IMSRG (sdg7 + eff) [ This work

—— VS-IMSRG (sdg7)
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K-mixing
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Energies of the K-mixed states

R R R R R R R R R R R R R R R R R R RN R R R R R R R R R RN R RN R R RN R R R R R R R R

RESULTS OF THE MULTI-REFERENCE CALCULATION
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* SPIN N EIG OVERLAP EIG_ENERGY |

|
11/2 5.979982E+080 -1092.439526 |
11/2 1.575148E-02 -16833.008302 |
11/2 2.225877E-063 -10680.289292 |
11/2 1.132094E-03 -10678.423819 |
11/2 6.412910E-084 -1869.869511 |

11/2 6 2.674966E-84 -1067.359363 |
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E intrinsic(11/2) = -1092.0855162
E projected(11/2) = -1092.316241
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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

T\\\i £ RJ/

* o
UK Research hrd
and Innovation i 73

Al

WA RS

Jacek Dobaczewski

UNWERSITYW




Thank you
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