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Basic definitions

The electric and magnetic moments are defined as
Qe = (¥1Qu¥) = [ ax,(?) &'F

My, = (0| NIy, |¥) = / M (F) d°F,

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

Du(T) = ep(T)Qxu(7),
maa(7) = 1 |9:5(F) + 525907 5(7) | - V Q)
and e, gs, and g; are the elementary charge, and the

spin and orbital gyromagnetic factors, respectively. The
multipole functions (solid harmonics) have the standard

form: Q,, (%) = r*Y,.(0, ¢).
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Schmidt limits

The magnetic operator j« is a one-body operator and the magnetic dipole moment 1 1s the
expectation value of jt,. The M1 operator acting on a composed state |Im) can then be written
as the sum of single particle M1 operators /1. (j) acting each on an individual valence nucleon

with total momentum j: rn:g . L + g S
S
lez(i) 1(]1,j2,---,jn),m—1> (2.1)

i=1

M(1)=<1(j1,j2,---,jn),m—1

The single particle magnetic moment /() for a valence nucleon around a doubly magic core
is uniquely defined by the quantum numbers / and j of the occupied single particle orbit [22]:

r/,L-:j—%+,up forj:l+%
for an odd proton: j 3 . | (2.2)
nw=——\/+5"i for j =1—5 _
S Schmidt
limits
M= [y for j =1+ %
for an odd neutron: j _ | (2.3)
n=— [ for j=1—5

j+1
These single particle moments calculated using the free proton and free neutron moments
(p = +2.793, uy, = —1.913) are called the Schmidt moments. In a nucleus, the magnetic

Gerda Neyens, Rep. Prog. Phys. 66 (2003) 633689
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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=- Q 1Q2

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

f g
V=-1 ss,
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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Electric quadrupole moments Q
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Magnetic dipole

moments

Jacek Dobaczewski

UK Research

UNIVERSITY W O sercesreameen | e




Magnetic dipole moments ¢
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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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M agnetlc dlpole moments
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[ P. Sassarini, J.D., JBonard, R.F. Garcia Ruiz, to be published ]
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Optimisation of the spin -spin term
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[ P. Sassarini, J.D., JBonard, R.F. Garcia Ruiz, to be published ]
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[ P. Sassarini, J.D., JBonard, R.F. Garcia Ruiz, to be published ]
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Effective spin g -factor?
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N=83 Isotones
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N=83, 7/2°
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Magnetic octupole
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Visualisation of the magnetic multipole
moments in axial symmetry
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HF+AMP, magnetic moments in  *Sc
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Schiff moment in 4®2Ra
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22°Ra Schiff moment vs. 4%°Ra octupole moment
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225Ra Schiff moment vs. 4%“Ra octupole moment
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