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% In 1958, V. G. Vaks and Ya. B. Zel’dovich introduced the parity-violating moment, which was called
the anapole moment by A. S. Kompaneets [Ya. B. Zel'dovich, Sov. Phys. JETP 6, 1681 (1957)].
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In 1958, V. G. Vaks and Ya. B. Zel’dovich introduced the parity-violating moment, which was called

the anapole moment by A. S. Kompaneets | ].
In 1980s, Flambaum and collaborators observed that the anapole moment of a heavy nucleus grows
as A? and is measurable in heavy atoms [ ].

In 1997, C. S. Wood and collaborators experimentally discovered the anapole moment in cesium-133
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The multipole expansion of the vector potential A(r) in the Cartesian coordi-
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Let us now decompose the product N;s,, into

1 1

The antisymmetric term gives us the anapole part, that is

2;anapole 1 1
Tégm pole) éekw/d?’s (NiSm — Nipsi) = E(ékmaé — Opm k),
where the anapole moment a is defined as
2 3 : 5.
a=_m d’s [s(s-j) — s7j| .
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The anapole moment a reduces to

a = —W/dSS 5%j.

- (anapole)
The vector potential A (r) reads : Y p- M;jr\; 1 (inside)
A(anapole)(r> = 1o |2 d(r) + V(a- V) | = ( (outside)
dmr 2

The magnetic field B(anapole) _ ¢7 . A (anapole)

B (anapole) (r) = —poa X VIo(r),
since V x V f(r) = 0.
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The A-th component of the current operator j(q) is
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J_Th\(a) T5*(g)
0
1 PT PT
2 P 2T
3 2T PT
The anapole current operator }((;’\nap@le) is then given by

~(anapole : S e
]((p\ Pole) = —iv/bm T1§\(C])

and the corresponding anapole operator a) reads

ay = lim 5 T2 (q).
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TS\ (q) =
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= f\/ 7 /dST 77(qr)Y (0, ¢)p(r)

12+ 1 . 3
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Y At the long-wavelength limit (gr — 0), the second term vanishes, and the first
term gives the correct leading-order behavior for transitions.

yw For the static moment, the first term is zero, but the second term is not
constrained by current conservation.

v This expression of f’%(g) is inadequate for nuclear DFT calculations because

the employed current density operator is a one-body current density operator,
not a many-body current density operator, so that the current conservation is
not guaranteed.
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Friar and Fallieros expressed the full current operator, j(q), in terms of charge
density operator, p(r), and magnetization density operator, fi(r).
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Final Expression of the Anapole Operator

For calculation of the static anapole moment, one focuses on the second term
of operator T%?(q) and simply omits the first term. Set J = 1, one gets

A q2
TT,(q) = =i /d?’?“ r

1

1

\/67577(]?) |

/3 L

Y20 ) (r)]

1

1 (J+2)(gr)?

2 (J+4)(2J +3)

Finally, the final expression of the anapole operator, a,, takes the form:

A

Uy

him :
g“—0 (

— 1V O~

/ 172 |jy(x) + V27 |Ya(0,0) @ j(r)

Tt (q)
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Laboratory anapole moment is calculated as
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Summary and Outlook

z? Summary @ Outlook

% To determine the intrinsic anapole

% Nuclear anapole moments are the

parity-odd and time-reversal-even E1 moments for the isotopic chain of

moments of the electromagnetic current Actinium using different energy density

operator.
% The anapole operator derived from the
extended Siegert’s theorem has been

functionals.
% To calculate the laboratory anapole
moments for octupole deformed nuclei.

chosen because there is no prescription
for constructing the many-body current
that guarantees current conservation.
% The laboratory anapole moment is
calculated using the perturbation
theory, where the DDH potential is the
parity-nonconserving (PNC) potential.
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To determine the properties of the multipole operators under the time-reversal
transtormation, we will adhere to the convention introduced by Bohr and Mot-
telson, that is:
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where ¢t 1s the additional phase factor introduced by the time-
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