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Basic definitions

The electric and magnetic moments are defined as

Q)\p, — (lIJ|Q)\;L‘\I’) /q}\,u-(F) dS'Fa

My, = {‘Il|ﬂ:h#,|\ll} — /'IH)\H(F) d37,

where |¥) is a many-body state, and g,,(7) and m,,(7) are the corresponding
electric and magnetic-moment densities:

QA,LJ,(F) — EP('F)QAH (’F).
‘rn,)\“( ) — KN [QHL( ) + )\—l—lgi(T X j(?‘))} : ﬁQ;\H(F)!

and e, g,, and g; are the elementary charge, and the spin and orbital gyromag-

netic factors, respectively. The multipole functions (solid harmonics) have the
standard form: @Q,,(7) = ?*AYM_(H, o).
Function my,(7) is called magnetization density and its higher radial moments

M, = / r" iy, (7) d°F,

define the Bohr-Weisskopf hyperfine splitting corrections.
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Mechanism for e-m moments generation

In nuclear DFT, properties of odd nuclei can be analysed in terms of the
self-consistent polarisation effects caused by the presence of the unpaired
nucleon.

A non-zero quadrupole moment of the odd nucleon induces deformation
of the total mean field and thus generates quadrupole moments of all

remaining nucleons. V='7\'Q1Q2

The latter moments enhance the deformation of the mean field even more,
which in turn influences the quadrupole moment of the odd nucleon.

In a self-consistent solution, these mutual polarisation are effectively
summed up to infinity, whereupon the final total quadrupole deformation
and electric quadrupole moment () of the system are generated.

A non-zero spin and current distributions of the odd particle influence
those of all other nucleons and in the self-consistent solution lead to a spe-
cific polarisation of the system and its non-zero magnetic dipole moment

- V=-}\’GIGZ
All nucleons contribute to the moments () and 1 of the system, with indi-

vidual contributions of nucleons depending on their individual polarisation
responses to the deformed and polarised mean field.
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Odd near doubly

magic nuclei

Jacek Dobaczewski
Science & Technology U K Resea rCh

UNIVERSITY‘?:/ @ Facilities Council and |nn0vation




Odd near doubly
magic nuclei
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[ P. Sassarini, J.D., J. Bonnard, R.F. Garcia Ruiz, arXiv:2111.04675 ]
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Time-odd densities & Landau parameters

. In nuclear DFT, what really matters is not the interaction but the func-
tional, that is, the energy density expressed as a function of local or non-
local particle p(7), spin 3(7), kinetic 7(7), spin-kinetic T'(7), current j(7),
spin-current J(7), ..., densities.

. In particular, for one-body time-odd observables like magnetic moments,
the time-odd densities 5(7) and j(7) are essential. For a local functional,
the corresponding relevant terms read:

H(’F) - Et:o,l Cf g’t(f’) : gf("?)

+ Yomoa CF (P m(7) = 5u(7) - 5
+ Yioa CF (8(7) - Ti(7) — 32)

where t = 0,1 stands for the isoscalar and isovector terms, respectively.

In the present study, we analyse the isovector spin-spin term only and we
parameterise it by the Landau parameter g as

g, = Ny (20;’ +2C7 (3w2p0/2)2/3),

where the normalization factor IV is the level density at the Fermi surface

1 2 h? m 5
= ~ 150 — MeV fm".
Ny 2m*kg m*
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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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Particle-core-coupling analysis

Consider three HF states:

1° |®k): the Indium self-consitent state with projection K = +9/2 of the angular momen-

tum on the z axis,
2° |pq): the polarized gyg/» orbital with 2 = —9/2 (a hole orbital extracted from the self-

consistent results for Indium),
3° |¥): the Tin-like polarized core state obained by adding orbital |¢q) to the Indium state

| P k).
The particle-core model neglects the Pauli principle between the particle and the core and as-

sumes that |V) = |®x) X |pn). We perform the angular-momentum restoration for the three
states:

1° |®Px) = > 1 91|Pixk),
2° o) = >, cjldia),
3% |¥) =5 ;,Cil¥0).
where gy, ¢;, and C; are normalization factors. This gives:

K p —K

. g (T G T ' .
x { > csuler v (Fa L) b o511
J,g,J’

} <j||0§p||j'>}

A I XN 1
(Pri|Oxu|®Prx) = |91|2[I]4( )

[ J. Bonnard, J.D., W. Nazarewicz, to be published ]
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Particle-core-coupling analysis
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Magnetic octupole

moments
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Visualisation of the magnetic multipole
moments in axial symmetry
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Magnetic octupole moments in indium
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[ exp from T.G. Eck, P. Kusch: Phys. Rev. 106, 958 (1957) ]
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Bohr-Weisskopf

correction
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Moments of magnetization in silver
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[ exp from R. P. de Groote et al., to be published ]
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Antimony
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Magnetic dipole moments in antimony
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Electric quadrupole moments in antimony

Spectroscopic quad. moment (fmz)
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Tin
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Magnetic dipole moments in tin

A — = Sly4 w/o T-odd & FuUB » ANU
Sn — — Sly4 with T-odd & PN W SBU
h - = UNEDF1 with T-odd
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Schiff moment in %®°Ra
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22Ra Schiff moment vs. ***Ra octupole moment
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29py _12(3)  -0.9(9) —0.3(5)  0.036(8) 0.032(18)
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Conclusions

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.
Symmetry restoration is essential.
Effective charges and effective g-factors not needed.
Future systematic applications to semi-magic nuclei, excited
states, open-shell systems.
Future applications to exotic moments: Schiff, anapole, weak...
Links to particle, atomic, and molecular physics.
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

In this study we use the single-particle magnetic-dipole-moment operator
for neutron and proton bare orbital and spin gyroscopic factors,

g/ = pn, g = —3.826 uy, gl = +5.586 uuy,
which reads
— g{ Lp + glerN) _|_g Spa

where L, and S, for v = n,p are the operators of orbital and spin an-
gular momenta, respectively. Since the total angular momentum J =
ZU:M)(L, + gy) is conserved, it is convenient to subtract its eigenvalue
from the spectroscopic magnetic moments of odd-Z nuclei and to define
"spin" magnetic moments ;> as

MS = K= 9?@;) + g?<*§n> + g{)<*§p> for Z even,

pS = —J py
— (L) + ¢S + ¢P(S,))  for Z odd.

9" = —pn, g = —4.826 uy, g =

VERg,
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Spin magnetic dipole moments
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Magnetic octupole Q (uN b)
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HF+AMP, deformation energies in ©°Sc
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HF + angular momentum projection (AMP)

The Hartree-Fock (HF') spin and current intrinsic densities read:

§(F) = Zﬁa’ap(Faa ’F’O',), (T) - 5 Z(V v’ )p(To, T J)a

oo’
where the one-body density matrix p(7o, ’F’O") can be split into the core and odd-
particle contributions:

p(Fo,7'o’) = Z Vi (Fo)Y; (F'0’) + Yoaa (Fo )Yk (F0”),

and where (7o) are the Self—c0n81stent single-particle wave functions of occupied
states. The HF wave function of an odd system |®) = |®°°™®) ® [¢°9d) = S |¥[) has
the conserved-angular-momentum components:

dd
)= Y > 1)
J=0,2,4,... j=K,K+2,K+4,...
In 45Sc, the angular-momentum projected ground state can be presented as:

. core odd core odd
i) =[]+ (e,

[, + (e ]+

The first term represents a spherical core coupled to the spherical j = 7/2 wave
function of the odd particle. The second term represents the lowest-order coupling of
the odd-particle to the lowest J = 2 state of the core.
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