
Anapole Moment Calculated 
within Nuclear DFT

Herlik Wibowo

IOP Nuclear Physics Conference

13 - 15 April 2026


University of Brighton, Brighton, UK

Collaborators: B. C. Backes, M. Kanerva, J. Dobaczewski, 

M. Kortelainen, W. Haxton



Anapole Moment Calculated 
within Nuclear DFT

Herlik Wibowo

IOP Nuclear Physics Conference

13 - 15 April 2026


University of Brighton, Brighton, UK

Collaborators: B. C. Backes, M. Kanerva, J. Dobaczewski, 

M. Kortelainen, W. Haxton



Anapole Moment and Fundamental Symmetry1



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].

★ In 1957, C. S. Wu and collaborators tested this hypothesis by studying the beta-decay of cobalt-60 
nuclei [C. S. Wu et al., Phys. Rev. 105, 1413 (1957)].



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].

★ In 1957, C. S. Wu and collaborators tested this hypothesis by studying the beta-decay of cobalt-60 
nuclei [C. S. Wu et al., Phys. Rev. 105, 1413 (1957)].

Courtesy: IOP Publishing, 
Physics World, March 2026



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].

★ In 1957, C. S. Wu and collaborators tested this hypothesis by studying the beta-decay of cobalt-60 
nuclei [C. S. Wu et al., Phys. Rev. 105, 1413 (1957)].

★ 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)].

Courtesy: IOP Publishing, 
Physics World, March 2026



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].

★ In 1957, C. S. Wu and collaborators tested this hypothesis by studying the beta-decay of cobalt-60 
nuclei [C. S. Wu et al., Phys. Rev. 105, 1413 (1957)].

★ 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)].

★ In 1980s, Flambaum and collaborators observed that the anapole moment of a heavy nucleus grows 
as  and is measurable in heavy atoms [Flambaum et al., Phys. Lett. 146B, 367 (1984)].A2/3

Courtesy: IOP Publishing, 
Physics World, March 2026



Anapole Moment and Fundamental Symmetry1

★ In 1956, T. D. Lee and C. N. Yang hypothesized that the parity is not conserved in weak interactions 
[T. D. Lee and C.N.Yang, Phys. Rev. 104, 1 (1956)].

★ In 1957, C. S. Wu and collaborators tested this hypothesis by studying the beta-decay of cobalt-60 
nuclei [C. S. Wu et al., Phys. Rev. 105, 1413 (1957)].

★ 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)].

★ In 1980s, Flambaum and collaborators observed that the anapole moment of a heavy nucleus grows 
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★ In 1997, C. S. Wood and collaborators experimentally discovered the anapole moment in cesium-133 
[C. S. Wood, et al., Science 275, 1759 (1997)].
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Anapole moment is a part of magnetic quadrupole tensor, T (2)
kωm.
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<latexit sha1_base64="CoUkeqy/ftVJzz1xJFSvYltTSeo=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK40JJUqYIIRTcuK9gHNGmZTCft2MmDmRuxhPyEG3/FjQtF3Aru/BunD0FbDwwczjmXufe4EWcSTPNLy8zNLywuZZdzK6tr6xv65lZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd/OfTrd1RIFgY3MIio4+NuwDxGMCiprR/YQO/B9RKcnh/aEbNZAEanlRyl0j6TraSY/gRu00Jbz5sFcwRjllgTkkcTVNr6p90JSezTAAjHUjYtMwInwQIY4TTN2bGkESZ93KVNRQPsU+kko6tSY08pHcMLhXpqqZH6eyLBvpQD31VJH0NPTntD8T+vGYN36iQsiGKgARl/5MXcgNAYVmR0mKAE+EARTARTuxqkhwUmoIrMqRKs6ZNnSa1YsEqF0vVxvnwxqSOLdtAu2kcWOkFldIUqqIoIekBP6AW9ao/as/amvY+jGW0ys43+QPv4BjpTn4E=</latexit>

a = →ω

∫
d3s s2j.

<latexit sha1_base64="Lxd5tmodJ/6COgj5iABdhQ2Lfxc="></latexit>

A(anapole)(r) = µ0

[
a ω(r) +→(a ·→)

1

4εr

]
.

<latexit sha1_base64="068/CYyqG5E4NfqZmdcD4QOnug4="></latexit>

The vector potential A(anapole)(r) reads

<latexit sha1_base64="iAf5/OeAkCoxBKKt6Y09Es5H7u4="></latexit>

B(anapole)(r) = →µ0a↑→ω(r),
<latexit sha1_base64="jQblrZR7TIEplT80kUAn5DauXEM=">AAACLXicbVBNSwMxEM36WetX1aOXYCvopex6UC9CUQ8eFWwtdEvJprNtMJtdklmxLP1DXvwrInhQxKt/w7Tdg9YOhDzem2HevCCRwqDrvjtz8wuLS8uFleLq2vrGZmlru2HiVHOo81jGuhkwA1IoqKNACc1EA4sCCXfB/cVIv3sAbUSsbnGQQDtiPSVCwRlaqlO6NEJxoBU/iGXXDCL7Zb5igWRDH0UEZoYQHvgIjxiEmR4enrmVaqdUdqvuuOh/4OWgTPK67pRe/W7M0wgUcsmMaXlugu2MaRRcwrDopwYSxu9ZD1oWKmaNtLPxtUO6b5kuDWNtn0I6Zn9PZCwyI8O2M2LYN9PaiJyltVIMT9uZUEmKoPhkUZhKijEdRUe7QgNHObCAcS2sV8r7TDOONuCiDcGbPvk/aBxVvePq8c1RuXaex1Egu2SPHBCPnJAauSLXpE44eSIv5J18OM/Om/PpfE1a55x8Zof8Kef7B/peqcM=</latexit>

since →→→f(r) = 0.

<latexit sha1_base64="Q7fehqWyF6nVfbY3VsrYgfIRfPI="></latexit>

The magnetic field B(anapole) = →→A(anapole) reads
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<latexit sha1_base64="75adV61EpLWr0yMvSl3C9iW1j5I=">AAACFHicbVA9SwNBEN3z2/gVtbRZTARBCHcWainaWEZIopAcYW5vLlncuz1298Rw5EfY+FdsLBSxtbDz37iXpNDEBwuP92ZmZ16QCq6N6347c/MLi0vLK6ultfWNza3y9k5Ly0wxbDIppLoNQKPgCTYNNwJvU4UQBwJvgrvLwr+5R6W5TBpmkKIfQy/hEWdgrNQtHzX6SCGBVAqksYwxMbTaMfhggiiHYZUqDDOGmhpJu+WKW3NHoLPEm5AKmaDeLX91QsmyYigToHXbc1Pj56AMZwKHpU6mMQV2Bz1sW5pAjNrPR0cN6YFVQhpJZZ9daqT+7sgh1noQB7YyBtPX014h/ue1MxOd+TlP0sxgwsYfRZkoLiwSoiFXyIwYWAJMcbsrZX1QwIzNsWRD8KZPniWt45p3Uju5Pq6cX0ziWCF7ZJ8cEo+cknNyReqkSRh5JM/klbw5T86L8+58jEvnnEnPLvkD5/MHy/WeCw==</latexit>

The anapole moment a reduces to
<latexit sha1_base64="CoUkeqy/ftVJzz1xJFSvYltTSeo=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK40JJUqYIIRTcuK9gHNGmZTCft2MmDmRuxhPyEG3/FjQtF3Aru/BunD0FbDwwczjmXufe4EWcSTPNLy8zNLywuZZdzK6tr6xv65lZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd/OfTrd1RIFgY3MIio4+NuwDxGMCiprR/YQO/B9RKcnh/aEbNZAEanlRyl0j6TraSY/gRu00Jbz5sFcwRjllgTkkcTVNr6p90JSezTAAjHUjYtMwInwQIY4TTN2bGkESZ93KVNRQPsU+kko6tSY08pHcMLhXpqqZH6eyLBvpQD31VJH0NPTntD8T+vGYN36iQsiGKgARl/5MXcgNAYVmR0mKAE+EARTARTuxqkhwUmoIrMqRKs6ZNnSa1YsEqF0vVxvnwxqSOLdtAu2kcWOkFldIUqqIoIekBP6AW9ao/as/amvY+jGW0ys43+QPv4BjpTn4E=</latexit>

a = →ω

∫
d3s s2j.

<latexit sha1_base64="Lxd5tmodJ/6COgj5iABdhQ2Lfxc="></latexit>

A(anapole)(r) = µ0

[
a ω(r) +→(a ·→)

1

4εr

]
.

<latexit sha1_base64="068/CYyqG5E4NfqZmdcD4QOnug4="></latexit>

The vector potential A(anapole)(r) reads

<latexit sha1_base64="iAf5/OeAkCoxBKKt6Y09Es5H7u4="></latexit>

B(anapole)(r) = →µ0a↑→ω(r),
<latexit sha1_base64="jQblrZR7TIEplT80kUAn5DauXEM=">AAACLXicbVBNSwMxEM36WetX1aOXYCvopex6UC9CUQ8eFWwtdEvJprNtMJtdklmxLP1DXvwrInhQxKt/w7Tdg9YOhDzem2HevCCRwqDrvjtz8wuLS8uFleLq2vrGZmlru2HiVHOo81jGuhkwA1IoqKNACc1EA4sCCXfB/cVIv3sAbUSsbnGQQDtiPSVCwRlaqlO6NEJxoBU/iGXXDCL7Zb5igWRDH0UEZoYQHvgIjxiEmR4enrmVaqdUdqvuuOh/4OWgTPK67pRe/W7M0wgUcsmMaXlugu2MaRRcwrDopwYSxu9ZD1oWKmaNtLPxtUO6b5kuDWNtn0I6Zn9PZCwyI8O2M2LYN9PaiJyltVIMT9uZUEmKoPhkUZhKijEdRUe7QgNHObCAcS2sV8r7TDOONuCiDcGbPvk/aBxVvePq8c1RuXaex1Egu2SPHBCPnJAauSLXpE44eSIv5J18OM/Om/PpfE1a55x8Zof8Kef7B/peqcM=</latexit>

since →→→f(r) = 0.

<latexit sha1_base64="Q7fehqWyF6nVfbY3VsrYgfIRfPI="></latexit>

The magnetic field B(anapole) = →→A(anapole) reads

<latexit sha1_base64="K3dU1kwJ4qoNxRILF3QRcxuhZNg="></latexit>

B =
µ0NI

2ωr
(inside)

= 0 (outside)

Halliday, Resnick, and Walker, 
Fundamentals of Physics
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<latexit sha1_base64="75adV61EpLWr0yMvSl3C9iW1j5I=">AAACFHicbVA9SwNBEN3z2/gVtbRZTARBCHcWainaWEZIopAcYW5vLlncuz1298Rw5EfY+FdsLBSxtbDz37iXpNDEBwuP92ZmZ16QCq6N6347c/MLi0vLK6ultfWNza3y9k5Ly0wxbDIppLoNQKPgCTYNNwJvU4UQBwJvgrvLwr+5R6W5TBpmkKIfQy/hEWdgrNQtHzX6SCGBVAqksYwxMbTaMfhggiiHYZUqDDOGmhpJu+WKW3NHoLPEm5AKmaDeLX91QsmyYigToHXbc1Pj56AMZwKHpU6mMQV2Bz1sW5pAjNrPR0cN6YFVQhpJZZ9daqT+7sgh1noQB7YyBtPX014h/ue1MxOd+TlP0sxgwsYfRZkoLiwSoiFXyIwYWAJMcbsrZX1QwIzNsWRD8KZPniWt45p3Uju5Pq6cX0ziWCF7ZJ8cEo+cknNyReqkSRh5JM/klbw5T86L8+58jEvnnEnPLvkD5/MHy/WeCw==</latexit>

The anapole moment a reduces to
<latexit sha1_base64="CoUkeqy/ftVJzz1xJFSvYltTSeo=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK40JJUqYIIRTcuK9gHNGmZTCft2MmDmRuxhPyEG3/FjQtF3Aru/BunD0FbDwwczjmXufe4EWcSTPNLy8zNLywuZZdzK6tr6xv65lZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd/OfTrd1RIFgY3MIio4+NuwDxGMCiprR/YQO/B9RKcnh/aEbNZAEanlRyl0j6TraSY/gRu00Jbz5sFcwRjllgTkkcTVNr6p90JSezTAAjHUjYtMwInwQIY4TTN2bGkESZ93KVNRQPsU+kko6tSY08pHcMLhXpqqZH6eyLBvpQD31VJH0NPTntD8T+vGYN36iQsiGKgARl/5MXcgNAYVmR0mKAE+EARTARTuxqkhwUmoIrMqRKs6ZNnSa1YsEqF0vVxvnwxqSOLdtAu2kcWOkFldIUqqIoIekBP6AW9ao/as/amvY+jGW0ys43+QPv4BjpTn4E=</latexit>

a = →ω

∫
d3s s2j.

<latexit sha1_base64="Lxd5tmodJ/6COgj5iABdhQ2Lfxc="></latexit>

A(anapole)(r) = µ0

[
a ω(r) +→(a ·→)

1

4εr

]
.

<latexit sha1_base64="068/CYyqG5E4NfqZmdcD4QOnug4="></latexit>

The vector potential A(anapole)(r) reads

<latexit sha1_base64="iAf5/OeAkCoxBKKt6Y09Es5H7u4="></latexit>

B(anapole)(r) = →µ0a↑→ω(r),
<latexit sha1_base64="jQblrZR7TIEplT80kUAn5DauXEM=">AAACLXicbVBNSwMxEM36WetX1aOXYCvopex6UC9CUQ8eFWwtdEvJprNtMJtdklmxLP1DXvwrInhQxKt/w7Tdg9YOhDzem2HevCCRwqDrvjtz8wuLS8uFleLq2vrGZmlru2HiVHOo81jGuhkwA1IoqKNACc1EA4sCCXfB/cVIv3sAbUSsbnGQQDtiPSVCwRlaqlO6NEJxoBU/iGXXDCL7Zb5igWRDH0UEZoYQHvgIjxiEmR4enrmVaqdUdqvuuOh/4OWgTPK67pRe/W7M0wgUcsmMaXlugu2MaRRcwrDopwYSxu9ZD1oWKmaNtLPxtUO6b5kuDWNtn0I6Zn9PZCwyI8O2M2LYN9PaiJyltVIMT9uZUEmKoPhkUZhKijEdRUe7QgNHObCAcS2sV8r7TDOONuCiDcGbPvk/aBxVvePq8c1RuXaex1Egu2SPHBCPnJAauSLXpE44eSIv5J18OM/Om/PpfE1a55x8Zof8Kef7B/peqcM=</latexit>

since →→→f(r) = 0.

<latexit sha1_base64="Q7fehqWyF6nVfbY3VsrYgfIRfPI="></latexit>

The magnetic field B(anapole) = →→A(anapole) reads

W. C. Haxton, C.-P. Liu, and M. J. Ramsey-Musolf, PRC 65, 045502 (2002)

<latexit sha1_base64="K3dU1kwJ4qoNxRILF3QRcxuhZNg="></latexit>

B =
µ0NI

2ωr
(inside)

= 0 (outside)

Halliday, Resnick, and Walker, 
Fundamentals of Physics
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Definition of Anapole Operator5

<latexit sha1_base64="yY+tg2Rc4kgE8ABzs6R0EoqVB7o="></latexit>

The vector potential A(anapole)(r) = µ0aω(r) satisfies
<latexit sha1_base64="6QCwbEsO2j9wjYrS47zNk9neN9s="></latexit>

→2A(anapole)(r) = ↑µ0j
(anapole)(r)

<latexit sha1_base64="nQeynXOmfkBiOYsQksMMj0x3jeo="></latexit>

and the anapole moment a can be determined via
<latexit sha1_base64="NTe2wHXK9crTZ6NyK3IMUe+mYOk="></latexit>

a =
1

q2
j(anapole)(q).

W. C. Haxton, C.-P. Liu, and M. J. Ramsey-Musolf, PRC 65, 045502 (2002)



Definition of Anapole Operator5

<latexit sha1_base64="yY+tg2Rc4kgE8ABzs6R0EoqVB7o="></latexit>

The vector potential A(anapole)(r) = µ0aω(r) satisfies
<latexit sha1_base64="6QCwbEsO2j9wjYrS47zNk9neN9s="></latexit>

→2A(anapole)(r) = ↑µ0j
(anapole)(r)

<latexit sha1_base64="nQeynXOmfkBiOYsQksMMj0x3jeo="></latexit>

and the anapole moment a can be determined via
<latexit sha1_base64="NTe2wHXK9crTZ6NyK3IMUe+mYOk="></latexit>

a =
1

q2
j(anapole)(q).

W. C. Haxton, C.-P. Liu, and M. J. Ramsey-Musolf, PRC 65, 045502 (2002)

<latexit sha1_base64="JDXY1Atqs/eVOTkO5pXW+oRq/v8="></latexit>

Anapole operator â can be determined using similar expression:
<latexit sha1_base64="S2fIpnDVx0tQNQRtYMIquOpR+qk="></latexit>

â =
1

q2
ĵ
(anapole)

(q) or âω =
1

q2
ĵ(anapole)qω (ω = 0,±1).

<latexit sha1_base64="l/fmFhliE9Gw2AlmiGOVjCO+cbI="></latexit>

eq±1 → ↑ 1↓
2
[ex ± iey]

eq0 → ez =
q

q



Definition of Anapole Operator5

<latexit sha1_base64="yY+tg2Rc4kgE8ABzs6R0EoqVB7o="></latexit>

The vector potential A(anapole)(r) = µ0aω(r) satisfies
<latexit sha1_base64="6QCwbEsO2j9wjYrS47zNk9neN9s="></latexit>

→2A(anapole)(r) = ↑µ0j
(anapole)(r)

<latexit sha1_base64="nQeynXOmfkBiOYsQksMMj0x3jeo="></latexit>

and the anapole moment a can be determined via
<latexit sha1_base64="NTe2wHXK9crTZ6NyK3IMUe+mYOk="></latexit>

a =
1

q2
j(anapole)(q).

<latexit sha1_base64="DAqbBJP1oTUZdXdSQHjiXGcBI20="></latexit>

What is the expression for the anapole current operator, ĵ(anapole)qω ?

W. C. Haxton, C.-P. Liu, and M. J. Ramsey-Musolf, PRC 65, 045502 (2002)

<latexit sha1_base64="JDXY1Atqs/eVOTkO5pXW+oRq/v8="></latexit>

Anapole operator â can be determined using similar expression:
<latexit sha1_base64="S2fIpnDVx0tQNQRtYMIquOpR+qk="></latexit>

â =
1

q2
ĵ
(anapole)

(q) or âω =
1

q2
ĵ(anapole)qω (ω = 0,±1).

<latexit sha1_base64="l/fmFhliE9Gw2AlmiGOVjCO+cbI="></latexit>

eq±1 → ↑ 1↓
2
[ex ± iey]

eq0 → ez =
q

q
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Definition of Anapole Operator6

<latexit sha1_base64="Cu+VsDmxiF6LaQI0qQOkGp0I0rE="></latexit>

ĵqω = →
↑
2ω

→∑

J=1

(→i)J
↑
2J + 1

[
→T̂ el

Jω(q) + εT̂mag
Jω (q)

]
,

<latexit sha1_base64="fNdTDPewQ3wi8OiZBJktSjJDXSg="></latexit>

The ω-th component of the current operator ĵ(q) is

<latexit sha1_base64="VkTI5F0EATd9vqD+IWoKRAIHFOU="></latexit>

where the transverse electric, T̂ el
Jω(q), and magnetic, T̂mag

Jω (q), multipole opera-
tors are

<latexit sha1_base64="SHN2E1lsQ05wyr3060dfRA1jnsY="></latexit>

T̂ el
Jω(q) =

∫
d3r

1

q
→→ [jJ(qr)YJJω(ω,ε)] · ĵ(r),

T̂mag
Jω (q) =

∫
d3r jJ(qr)YJJω(ω,ε) · ĵ(r).



Definition of Anapole Operator6

<latexit sha1_base64="Cu+VsDmxiF6LaQI0qQOkGp0I0rE="></latexit>

ĵqω = →
↑
2ω

→∑

J=1

(→i)J
↑
2J + 1

[
→T̂ el

Jω(q) + εT̂mag
Jω (q)

]
,

<latexit sha1_base64="fNdTDPewQ3wi8OiZBJktSjJDXSg="></latexit>

The ω-th component of the current operator ĵ(q) is

<latexit sha1_base64="VkTI5F0EATd9vqD+IWoKRAIHFOU="></latexit>

where the transverse electric, T̂ el
Jω(q), and magnetic, T̂mag

Jω (q), multipole opera-
tors are

<latexit sha1_base64="SHN2E1lsQ05wyr3060dfRA1jnsY="></latexit>

T̂ el
Jω(q) =

∫
d3r

1

q
→→ [jJ(qr)YJJω(ω,ε)] · ĵ(r),

T̂mag
Jω (q) =

∫
d3r jJ(qr)YJJω(ω,ε) · ĵ(r).

<latexit sha1_base64="N33YqBfxofaUJPedp9xO2n1+afk="></latexit>

Which multipole operator(s) should be used for ĵ(anapole)qω ?
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Definition of Anapole Operator7
<latexit sha1_base64="lCTwRHBPZFVvRp8DxQLV2wjkvIk="></latexit>

J T̂ el
Jω(q) T̂mag

Jω (q)
0
1 PT PT
2 PT PT
3 PT PT
...

...
...



Definition of Anapole Operator7

<latexit sha1_base64="v2z3BmH1nWOTnSUfyQBbuytwgTM="></latexit>

The anapole current operator ĵ(anapole)qω is then given by
<latexit sha1_base64="SdNBJ0Qo64K+ofE3g57w8ixeRnY="></latexit>

ĵ(anapole)qω = →i
↑
6ω T̂ el

1ω(q)
<latexit sha1_base64="5VM3rrtQexKbCKv9ouKHBT68gQU="></latexit>

and the corresponding anapole operator âω reads
<latexit sha1_base64="O702+GFPlJOXl4CQ1mvpHXtgl6s="></latexit>

âω = lim
q2→0

→i
↑
6ω

q2
T̂ el
1ω(q).

<latexit sha1_base64="lCTwRHBPZFVvRp8DxQLV2wjkvIk="></latexit>

J T̂ el
Jω(q) T̂mag

Jω (q)
0
1 PT PT
2 PT PT
3 PT PT
...

...
...



Current Conservation and Siegert’s Theorem8



Current Conservation and Siegert’s Theorem8

<latexit sha1_base64="eUmwxi6MBXA73QqfeHRkkrHa8zA="></latexit>

T̂ el
Jω(q) = → i

q

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)→ · ĵ(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r).

<latexit sha1_base64="xMZAuCGCVDPtoHnbf9hI8M2HpXY="></latexit>

The transverse electric multipole operator, T̂ el
Jω(q), is given by



Current Conservation and Siegert’s Theorem8

<latexit sha1_base64="61Z813onfIsXkZ4IziNDnV5ITV0=">AAACBnicbVDLSgMxFM34rPVVdSlCsIiuykwXVVwV3bisaB/QDiWTudOGZpIhyQhl6MqNv+LGhSJu/QZ3/o3pY6GtBwKHc+69ufcECWfauO63s7S8srq2ntvIb25t7+wW9vYbWqaKQp1KLlUrIBo4E1A3zHBoJQpIHHBoBoPrsd98AKWZFPdmmIAfk55gEaPEWKlbOOoIyUQIwuA7Bj1Q5lRj0wepIL7E3ULRLbkT4EXizUgRzVDrFr46oaRpbOdRTrRue25i/IwowyiHUb6TakgIHZAetC0VJAbtZ5MzRvjEKiGOpLLP7jNRf3dkJNZ6GAe2Miamr+e9sfif105NdOFnTCSpAUGnH0Upx0bicSY4ZAqo4UNLCFXM7oppnyhCjU0ub0Pw5k9eJI1yyauUKrflYvVqFkcOHaJjdIY8dI6q6AbVUB1R9Iie0St6c56cF+fd+ZiWLjmzngP0B87nD5GJmIw=</latexit>

Siegert’s theorem:
<latexit sha1_base64="DCeEXTMPvDPWEmPnwq+Y93qrhHk="></latexit>

→ · ĵ(r) .
= → 1

i⊋ (Ei → Ef )ω̂(r)

<latexit sha1_base64="eUmwxi6MBXA73QqfeHRkkrHa8zA="></latexit>

T̂ el
Jω(q) = → i

q

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)→ · ĵ(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r).

<latexit sha1_base64="xMZAuCGCVDPtoHnbf9hI8M2HpXY="></latexit>

The transverse electric multipole operator, T̂ el
Jω(q), is given by



Current Conservation and Siegert’s Theorem8

<latexit sha1_base64="61Z813onfIsXkZ4IziNDnV5ITV0=">AAACBnicbVDLSgMxFM34rPVVdSlCsIiuykwXVVwV3bisaB/QDiWTudOGZpIhyQhl6MqNv+LGhSJu/QZ3/o3pY6GtBwKHc+69ufcECWfauO63s7S8srq2ntvIb25t7+wW9vYbWqaKQp1KLlUrIBo4E1A3zHBoJQpIHHBoBoPrsd98AKWZFPdmmIAfk55gEaPEWKlbOOoIyUQIwuA7Bj1Q5lRj0wepIL7E3ULRLbkT4EXizUgRzVDrFr46oaRpbOdRTrRue25i/IwowyiHUb6TakgIHZAetC0VJAbtZ5MzRvjEKiGOpLLP7jNRf3dkJNZ6GAe2Miamr+e9sfif105NdOFnTCSpAUGnH0Upx0bicSY4ZAqo4UNLCFXM7oppnyhCjU0ub0Pw5k9eJI1yyauUKrflYvVqFkcOHaJjdIY8dI6q6AbVUB1R9Iie0St6c56cF+fd+ZiWLjmzngP0B87nD5GJmIw=</latexit>

Siegert’s theorem:
<latexit sha1_base64="DCeEXTMPvDPWEmPnwq+Y93qrhHk="></latexit>

→ · ĵ(r) .
= → 1

i⊋ (Ei → Ef )ω̂(r)

<latexit sha1_base64="xCVsKAICcyDdzZ4TWLP/iydaipg="></latexit>

T̂ el
Jω(q)

.
=

i

q

Ei → Ef

i⊋

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)ϑ̂(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r)

<latexit sha1_base64="eUmwxi6MBXA73QqfeHRkkrHa8zA="></latexit>

T̂ el
Jω(q) = → i

q

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)→ · ĵ(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r).

<latexit sha1_base64="xMZAuCGCVDPtoHnbf9hI8M2HpXY="></latexit>

The transverse electric multipole operator, T̂ el
Jω(q), is given by



Current Conservation and Siegert’s theorem9

<latexit sha1_base64="xCVsKAICcyDdzZ4TWLP/iydaipg="></latexit>

T̂ el
Jω(q)

.
=

i

q

Ei → Ef

i⊋

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)ϑ̂(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r)



Current Conservation and Siegert’s theorem9

★ At the long-wavelength limit ( ), the second term vanishes, and the first 
term gives the correct leading-order behavior for transitions.

qr → 0

<latexit sha1_base64="xCVsKAICcyDdzZ4TWLP/iydaipg="></latexit>

T̂ el
Jω(q)

.
=

i

q

Ei → Ef

i⊋

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)ϑ̂(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r)



Current Conservation and Siegert’s theorem9

★ At the long-wavelength limit ( ), the second term vanishes, and the first 
term gives the correct leading-order behavior for transitions.

qr → 0

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

<latexit sha1_base64="xCVsKAICcyDdzZ4TWLP/iydaipg="></latexit>

T̂ el
Jω(q)

.
=

i

q

Ei → Ef

i⊋

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)ϑ̂(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r)



Current Conservation and Siegert’s theorem9

★ At the long-wavelength limit ( ), the second term vanishes, and the first 
term gives the correct leading-order behavior for transitions.

qr → 0

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

★ This expression of  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.   

̂Tel
Jλ(q)

<latexit sha1_base64="xCVsKAICcyDdzZ4TWLP/iydaipg="></latexit>

T̂ el
Jω(q)

.
=

i

q

Ei → Ef

i⊋

√
J + 1

J

∫
d3r jJ(qr)YJω(ω,ε)ϑ̂(r)

→ i

√
2J + 1

J

∫
d3r jJ+1(qr)YJ(J+1)ω(ω,ε) · ĵ(r)
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J. L. Friar and S. Fallieros, PRC 29, 1645 (1984)



Extended Siegert’s theorem10
J. L. Friar and S. Fallieros, PRC 29, 1645 (1984)

<latexit sha1_base64="wGxwolrDcx9lrOiX7CX7Ke21Uts="></latexit>

Friar and Fallieros expressed the full current operator, ĵ(q), in terms of charge
density operator, ω̂(r), and magnetization density operator, µ̂(r).



Extended Siegert’s theorem10

<latexit sha1_base64="vo8Wq1zXo6DWD90tpAn536+tFnU="></latexit>

ĵqω
.
= →

↑
2ω

→∑

J=1

iJ
↑
2J + 1

[
T̂ el
Jω(q) + εT̂mag

Jω (q)
]
,

T̂ el
Jω(q)

.
=

Ei → Ef

⊋q

√
J + 1

J

qJ

(2J + 1)!!

∫
d3r ϑ̂(r)rJgJ(qr)YJω(ϖ,ϱ)

+
2qJ+1

(J + 2)(2J + 1)!!

∫
d3r rJ µ̂(r) ·YJJω(ϖ,ϱ)hJ(qr),

T̂mag
Jω (q) = 2i

√
2J + 1

J + 1

∫
d3r

1

r
µ̂(r) ·YJ(J↑1)ω(ϖ,ϱ) jJ(qr),

gJ(z) = 1→ Jz2

2(2J + 3)(J + 2)
· · · and hJ(z) = 1→ 1

2

(J + 2)z2

(J + 4)(2J + 3)
· · · .

J. L. Friar and S. Fallieros, PRC 29, 1645 (1984)
<latexit sha1_base64="wGxwolrDcx9lrOiX7CX7Ke21Uts="></latexit>

Friar and Fallieros expressed the full current operator, ĵ(q), in terms of charge
density operator, ω̂(r), and magnetization density operator, µ̂(r).
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Final Expression of the Anapole Operator11
<latexit sha1_base64="XFXWdURCVmGlqdLa9muR+A2JTMo="></latexit>

For calculation of the static anapole moment, one focuses on the second term
of operator T̂ el

Jω(q) and simply omits the first term. Set J = 1, one gets
<latexit sha1_base64="dXoRqah1cL3AH/mVNZyIrOUZLmk="></latexit>

T̂ el
1ω(q) = →i

q2

9

∫
d3r r2

[
1↑
6ω

ĵω(r) +
1↑
3

[
Y2(ε,ϑ)↓ ĵ(r)

]

ω

] [
1→ 1

2

(J + 2)(qr)2

(J + 4)(2J + 3)
· · ·

]
.

<latexit sha1_base64="h8z5jdosmX72QG6B4qDMvkDq1Pw="></latexit>

âω = lim
q2→0

→i
↑
6ω

q2
T̂ el
1ω(q)

= →1

9

∫
d3r r2

[
ĵω(r) +

↑
2ω

[
Y2(ε,ϑ)↓ ĵ(r)

]

ω

]
.

<latexit sha1_base64="GS15r8zDCT2vxVQ+jOmiEa2rQD0="></latexit>

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

W. C. Haxton, C.-P. Liu, and M. J. Ramsey-Musolf, PRC 65, 045502 (2002)



Laboratory Anapole Moment (Work in Progress)12



Laboratory Anapole Moment (Work in Progress)12
<latexit sha1_base64="eNYjBJI28XYGVD3Z26gyUsc4bJM=">AAACHXicbVA9SwNBEN3z2/h1ammzGASrcCcSLYM2FhYKxgjJEeb2Jsni3u6xuyeEI3/Exr9iY6GIhY34b9yLKTT6YOHx3szszIszwY0Ngk9vZnZufmFxabmysrq2vuFvbl0blWuGTaaE0jcxGBRcYtNyK/Am0whpLLAV356WfusOteFKXtlhhlEKfcl7nIF1Utc/7EjFZYLS0nOIlQar9JCChEwJpKlKS4cbykCwXIDFhILp+tWgFoxB/5JwQqpkgouu/95JFMvLYUyAMe0wyGxUgLacCRxVOrnBDNgt9LHtqIQUTVSMrxvRPacktKe0e26Zsfqzo4DUmGEau8oU7MBMe6X4n9fObe84KrjMcouSfX/UywW1ipZR0YRrZFYMHQGmuduVsgFoYNYFWnEhhNMn/yXXB7WwXqtfHlQbJ5M4lsgO2SX7JCRHpEHOyAVpEkbuySN5Ji/eg/fkvXpv36Uz3qRnm/yC9/EFFUmiiA==</latexit>

Laboratory anapole moment is calculated as
<latexit sha1_base64="GVbPgCxZjzQR30YoSAKXIYHLfcI="></latexit>

alab.z →
∑

i →=0

↑!0|âz|!i↓↑!i|V̂PNC|!0↓
E0 ↔ Ei

+ c.c.



Laboratory Anapole Moment (Work in Progress)12
<latexit sha1_base64="eNYjBJI28XYGVD3Z26gyUsc4bJM=">AAACHXicbVA9SwNBEN3z2/h1ammzGASrcCcSLYM2FhYKxgjJEeb2Jsni3u6xuyeEI3/Exr9iY6GIhY34b9yLKTT6YOHx3szszIszwY0Ngk9vZnZufmFxabmysrq2vuFvbl0blWuGTaaE0jcxGBRcYtNyK/Am0whpLLAV356WfusOteFKXtlhhlEKfcl7nIF1Utc/7EjFZYLS0nOIlQar9JCChEwJpKlKS4cbykCwXIDFhILp+tWgFoxB/5JwQqpkgouu/95JFMvLYUyAMe0wyGxUgLacCRxVOrnBDNgt9LHtqIQUTVSMrxvRPacktKe0e26Zsfqzo4DUmGEau8oU7MBMe6X4n9fObe84KrjMcouSfX/UywW1ipZR0YRrZFYMHQGmuduVsgFoYNYFWnEhhNMn/yXXB7WwXqtfHlQbJ5M4lsgO2SX7JCRHpEHOyAVpEkbuySN5Ji/eg/fkvXpv36Uz3qRnm/yC9/EFFUmiiA==</latexit>

Laboratory anapole moment is calculated as
<latexit sha1_base64="GVbPgCxZjzQR30YoSAKXIYHLfcI="></latexit>

alab.z →
∑

i →=0

↑!0|âz|!i↓↑!i|V̂PNC|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="iOsMdubNCJTh6xrYA3Xefvp1DIg=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY+oF4+YyCPChswODUyYnd3M9BrJhr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EoPHYQnTK/4hHaLJbfszkCXiZeREslQ6xa/Or2IJyEo5JIZ0/bcGP2UaRRcwqTQSQzEjI/YANqWKhaC8dPZxRN6YpUe7UfalkI6U39PpCw0ZhwGtjNkODSL3lT8z2sn2L/0U6HiBEHx+aJ+IilGdPo+7QkNHOXYEsa1sLdSPmSacbQhFWwI3uLLy6RRKXvn5crdWal6ncWRJ0fkmJwSj1yQKrklNVInnCjyTF7Jm2OcF+fd+Zi35pxs5pD8gfP5A2zxkMI=</latexit>

Ac
<latexit sha1_base64="ah+B6z7X6e/puV3eiiBjxPP7BRA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPBU9iNovEQCHrxJBHMA7NrmJ3MJkNmH8zMKmHJf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d7kRZ1KZ5reRWVpeWV3Lruc2Nre2d/K7e00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73LacodXE7/1SIVkYXCnRhF1fNwPmMcIVlp6uC9WKxe2nbspVq2TSjdfMEvmFGiRWCkpQIp6N/9l90IS+zRQhGMpO5YZKSfBQjHC6Thnx5JGmAxxn3Y0DbBPpZNMrx6jI630kBcKXYFCU/X3RIJ9KUe+qzt9rAZy3puI/3mdWHkVJ2FBFCsakNkiL+ZIhWgSAeoxQYniI00wEUzfisgAC0yUDiqnQ7DmX14kzXLJOiuVb08Ltcs0jiwcwCEcgwXnUINrqEMDCAh4hld4M56MF+Pd+Ji1Zox0Zh/+wPj8ARHkkEo=</latexit>

Z = 89

N = 138

<latexit sha1_base64="8fd/Ig8Wu8pY2j691UKWuJWaPsY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHejqMegF48RzAOSNcxOepMhs7PLzKwQlnyEFw+KePV7vPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HfuNJ1Sax/LBDBP0I9qTPOSMGis1zs/Kj9npqFMouiV3ArJIvBkpwgzVTuGr3Y1ZGqE0TFCtW56bGD+jynAmcJRvpxoTyga0hy1LJY1Q+9nk3BE5tkqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz2My6T1KBk00VhKoiJyfh30uUKmRFDSyhT3N5KWJ8qyoxNKG9D8OZfXiT1csm7LJXvL4qVm1kcOTiEIzgBD66gAndQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/AHzucPQFOO3g==</latexit>

3/2�

<latexit sha1_base64="oCFKstgBwtLQE1i+wYW3BPUvTjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIe5GUY9BLx4jmAcka5id9CZDZmeXmVkhLPkILx4U8er3ePNvnDwOmljQUFR1090VJIJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwO/YbT6g0j+WDGSboR7QnecgZNVZqnJ+VH7PTUadQdEvuBGSReDNShBmqncJXuxuzNEJpmKBatzw3MX5GleFM4CjfTjUmlA1oD1uWShqh9rPJuSNybJUuCWNlSxoyUX9PZDTSehgFtjOipq/nvbH4n9dKTXjtZ1wmqUHJpovCVBATk/HvpMsVMiOGllCmuL2VsD5VlBmbUN6G4M2/vEjq5ZJ3WSrfXxQrN7M4cnAIR3ACHlxBBe6gCjVgMIBneIU3J3FenHfnY9q65MxmDuAPnM8fPUmO3A==</latexit>

3/2+

<latexit sha1_base64="oVEkO7FFVI3maN60P7h2Y3I5wp8=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8laSIeix68VjBfkATwmY7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUs6Udt1va219Y3Nru7RT3t3bPzi0j45bKskkxSZNeCI7EVHImcCmZppjJ5VI4ohjOxrdzfz2GKViiXjUkxSDmAwE6zNKtJFC237yG4qFuTv1JREDjqFdcavuHM4q8QpSgQKN0P7yewnNYhSacqJU13NTHeREakY5Tst+pjAldEQG2DVUkBhVkM8vnzrnRuk5/USaEtqZq78nchIrNYkj0xkTPVTL3kz8z+tmun8T5EykmUZBF4v6GXd04sxicHpMItV8YgihkplbHTokklBtwiqbELzll1dJq1b1rqq1h8tK/baIowSncAYX4ME11OEeGtAECmN4hld4s3LrxXq3Phata1YxcwJ/YH3+AK56k7I=</latexit>

| 0i

<latexit sha1_base64="0HRYthakzfuY1HLUL3hb0TfX9FA=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCp5IUUY9FLx4r2A9oQthspu3SzSbsbpQSc/HiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OChFGpbPvbKC0tr6yuldcrG5tb2zvm7l5bxqkg0CIxi0U3wBIY5dBSVDHoJgJwFDDoBKOrid+5AyFpzG/VOAEvwgNO+5RgpSXfPHxw72kIirIQMrcpae5ndu4KzAcMfLNq1+wprEXiFKSKCjR988sNY5JGwBVhWMqeYyfKy7BQlDDIK24qIcFkhAfQ05TjCKSXTb/IrWOthFY/Frq4sqbq74kMR1KOo0B3RlgN5bw3Ef/zeqnqX3gZ5UmqgJPZon7KLBVbk0iskAogio01wURQfatFhlhgonRwFR2CM//yImnXa85ZrX5zWm1cFnGU0QE6QifIQeeoga5RE7UQQY/oGb2iN+PJeDHejY9Za8koZvbRHxifP4Q1mTk=</latexit>

|e 0i
<latexit sha1_base64="LvyadyDZV+jJIgTuNb73l5goab0=">AAACBHicbVDJSgNBEO1xN25Rj7k0BsHTMBMlKiIEF/AYwcRAZgg9nYo26VnorhHDkIMXf8WLB0W8+hHe/Bs7y0GjDwoe71VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV



Laboratory Anapole Moment (Work in Progress)12
<latexit sha1_base64="eNYjBJI28XYGVD3Z26gyUsc4bJM=">AAACHXicbVA9SwNBEN3z2/h1ammzGASrcCcSLYM2FhYKxgjJEeb2Jsni3u6xuyeEI3/Exr9iY6GIhY34b9yLKTT6YOHx3szszIszwY0Ngk9vZnZufmFxabmysrq2vuFvbl0blWuGTaaE0jcxGBRcYtNyK/Am0whpLLAV356WfusOteFKXtlhhlEKfcl7nIF1Utc/7EjFZYLS0nOIlQar9JCChEwJpKlKS4cbykCwXIDFhILp+tWgFoxB/5JwQqpkgouu/95JFMvLYUyAMe0wyGxUgLacCRxVOrnBDNgt9LHtqIQUTVSMrxvRPacktKe0e26Zsfqzo4DUmGEau8oU7MBMe6X4n9fObe84KrjMcouSfX/UywW1ipZR0YRrZFYMHQGmuduVsgFoYNYFWnEhhNMn/yXXB7WwXqtfHlQbJ5M4lsgO2SX7JCRHpEHOyAVpEkbuySN5Ji/eg/fkvXpv36Uz3qRnm/yC9/EFFUmiiA==</latexit>

Laboratory anapole moment is calculated as
<latexit sha1_base64="GVbPgCxZjzQR30YoSAKXIYHLfcI="></latexit>

alab.z →
∑

i →=0

↑!0|âz|!i↓↑!i|V̂PNC|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="iOsMdubNCJTh6xrYA3Xefvp1DIg=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY+oF4+YyCPChswODUyYnd3M9BrJhr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EoPHYQnTK/4hHaLJbfszkCXiZeREslQ6xa/Or2IJyEo5JIZ0/bcGP2UaRRcwqTQSQzEjI/YANqWKhaC8dPZxRN6YpUe7UfalkI6U39PpCw0ZhwGtjNkODSL3lT8z2sn2L/0U6HiBEHx+aJ+IilGdPo+7QkNHOXYEsa1sLdSPmSacbQhFWwI3uLLy6RRKXvn5crdWal6ncWRJ0fkmJwSj1yQKrklNVInnCjyTF7Jm2OcF+fd+Zi35pxs5pD8gfP5A2zxkMI=</latexit>

Ac
<latexit sha1_base64="ah+B6z7X6e/puV3eiiBjxPP7BRA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPBU9iNovEQCHrxJBHMA7NrmJ3MJkNmH8zMKmHJf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d7kRZ1KZ5reRWVpeWV3Lruc2Nre2d/K7e00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73LacodXE7/1SIVkYXCnRhF1fNwPmMcIVlp6uC9WKxe2nbspVq2TSjdfMEvmFGiRWCkpQIp6N/9l90IS+zRQhGMpO5YZKSfBQjHC6Thnx5JGmAxxn3Y0DbBPpZNMrx6jI630kBcKXYFCU/X3RIJ9KUe+qzt9rAZy3puI/3mdWHkVJ2FBFCsakNkiL+ZIhWgSAeoxQYniI00wEUzfisgAC0yUDiqnQ7DmX14kzXLJOiuVb08Ltcs0jiwcwCEcgwXnUINrqEMDCAh4hld4M56MF+Pd+Ji1Zox0Zh/+wPj8ARHkkEo=</latexit>

Z = 89

N = 138

<latexit sha1_base64="8fd/Ig8Wu8pY2j691UKWuJWaPsY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHejqMegF48RzAOSNcxOepMhs7PLzKwQlnyEFw+KePV7vPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HfuNJ1Sax/LBDBP0I9qTPOSMGis1zs/Kj9npqFMouiV3ArJIvBkpwgzVTuGr3Y1ZGqE0TFCtW56bGD+jynAmcJRvpxoTyga0hy1LJY1Q+9nk3BE5tkqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz2My6T1KBk00VhKoiJyfh30uUKmRFDSyhT3N5KWJ8qyoxNKG9D8OZfXiT1csm7LJXvL4qVm1kcOTiEIzgBD66gAndQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/AHzucPQFOO3g==</latexit>

3/2�

<latexit sha1_base64="oCFKstgBwtLQE1i+wYW3BPUvTjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIe5GUY9BLx4jmAcka5id9CZDZmeXmVkhLPkILx4U8er3ePNvnDwOmljQUFR1090VJIJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwO/YbT6g0j+WDGSboR7QnecgZNVZqnJ+VH7PTUadQdEvuBGSReDNShBmqncJXuxuzNEJpmKBatzw3MX5GleFM4CjfTjUmlA1oD1uWShqh9rPJuSNybJUuCWNlSxoyUX9PZDTSehgFtjOipq/nvbH4n9dKTXjtZ1wmqUHJpovCVBATk/HvpMsVMiOGllCmuL2VsD5VlBmbUN6G4M2/vEjq5ZJ3WSrfXxQrN7M4cnAIR3ACHlxBBe6gCjVgMIBneIU3J3FenHfnY9q65MxmDuAPnM8fPUmO3A==</latexit>

3/2+

<latexit sha1_base64="oVEkO7FFVI3maN60P7h2Y3I5wp8=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8laSIeix68VjBfkATwmY7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUs6Udt1va219Y3Nru7RT3t3bPzi0j45bKskkxSZNeCI7EVHImcCmZppjJ5VI4ohjOxrdzfz2GKViiXjUkxSDmAwE6zNKtJFC237yG4qFuTv1JREDjqFdcavuHM4q8QpSgQKN0P7yewnNYhSacqJU13NTHeREakY5Tst+pjAldEQG2DVUkBhVkM8vnzrnRuk5/USaEtqZq78nchIrNYkj0xkTPVTL3kz8z+tmun8T5EykmUZBF4v6GXd04sxicHpMItV8YgihkplbHTokklBtwiqbELzll1dJq1b1rqq1h8tK/baIowSncAYX4ME11OEeGtAECmN4hld4s3LrxXq3Phata1YxcwJ/YH3+AK56k7I=</latexit>

| 0i

<latexit sha1_base64="0HRYthakzfuY1HLUL3hb0TfX9FA=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCp5IUUY9FLx4r2A9oQthspu3SzSbsbpQSc/HiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OChFGpbPvbKC0tr6yuldcrG5tb2zvm7l5bxqkg0CIxi0U3wBIY5dBSVDHoJgJwFDDoBKOrid+5AyFpzG/VOAEvwgNO+5RgpSXfPHxw72kIirIQMrcpae5ndu4KzAcMfLNq1+wprEXiFKSKCjR988sNY5JGwBVhWMqeYyfKy7BQlDDIK24qIcFkhAfQ05TjCKSXTb/IrWOthFY/Frq4sqbq74kMR1KOo0B3RlgN5bw3Ef/zeqnqX3gZ5UmqgJPZon7KLBVbk0iskAogio01wURQfatFhlhgonRwFR2CM//yImnXa85ZrX5zWm1cFnGU0QE6QifIQeeoga5RE7UQQY/oGb2iN+PJeDHejY9Za8koZvbRHxifP4Q1mTk=</latexit>

|e 0i
<latexit sha1_base64="LvyadyDZV+jJIgTuNb73l5goab0=">AAACBHicbVDJSgNBEO1xN25Rj7k0BsHTMBMlKiIEF/AYwcRAZgg9nYo26VnorhHDkIMXf8WLB0W8+hHe/Bs7y0GjDwoe71VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV

<latexit sha1_base64="RgJiqK5JEPThJXwa4VUBQFc2Y5U="></latexit>

alab.z → ↑2↓
{
↔!0|âz|!̃0↗↔!̃0|V̂PNC|!0↗

”E

}



Laboratory Anapole Moment (Work in Progress)12

<latexit sha1_base64="ob8ZKUSWUBWIYUksoLvqskOZqds=">AAACBHicbVC7TgJBFJ3FF+Jr1ZJmIjGxIrsUaKxQG0tM5JHAhszOXmDC7MxmZtaEEAobf8XGQmNs/Qg7/8YBtlDwJJOcnHPvnXtPmHCmjed9O7m19Y3Nrfx2YWd3b//APTxqapkqCg0quVTtkGjgTEDDMMOhnSggccihFY5uZn7rAZRmUtybcQJBTAaC9Rklxko9t9gVkokIhMFXgiSSA5YJKGKkuuy5Ja/szYFXiZ+REspQ77lf3UjSNLbTKCdad3wvMcGEKMMoh2mhm2pICB2RAXQsFSQGHUzmR0zxqVUi3JfKPrvNXP3dMSGx1uM4tJUxMUO97M3E/7xOavoXwYSJJDUg6OKjfsqxkXiWCI6YAmr42BJCFbO7YjokilBjcyvYEPzlk1dJs1L2q+XqXaVUu87iyKMiOkFnyEfnqIZuUR01EEWP6Bm9ojfnyXlx3p2PRWnOyXqO0R84nz+x+5gj</latexit>

Anapole operator:
<latexit sha1_base64="oV7tvuF8OJLGD6cm+yc/jyEiJ9Y="></latexit>

âz = →1

9

∫
d3r r2

{
ĵz(r) +

↑
2ω

[
Y2(ε,ϑ)↓ ĵ(r)

]

10

}
.

<latexit sha1_base64="eNYjBJI28XYGVD3Z26gyUsc4bJM=">AAACHXicbVA9SwNBEN3z2/h1ammzGASrcCcSLYM2FhYKxgjJEeb2Jsni3u6xuyeEI3/Exr9iY6GIhY34b9yLKTT6YOHx3szszIszwY0Ngk9vZnZufmFxabmysrq2vuFvbl0blWuGTaaE0jcxGBRcYtNyK/Am0whpLLAV356WfusOteFKXtlhhlEKfcl7nIF1Utc/7EjFZYLS0nOIlQar9JCChEwJpKlKS4cbykCwXIDFhILp+tWgFoxB/5JwQqpkgouu/95JFMvLYUyAMe0wyGxUgLacCRxVOrnBDNgt9LHtqIQUTVSMrxvRPacktKe0e26Zsfqzo4DUmGEau8oU7MBMe6X4n9fObe84KrjMcouSfX/UywW1ipZR0YRrZFYMHQGmuduVsgFoYNYFWnEhhNMn/yXXB7WwXqtfHlQbJ5M4lsgO2SX7JCRHpEHOyAVpEkbuySN5Ji/eg/fkvXpv36Uz3qRnm/yC9/EFFUmiiA==</latexit>

Laboratory anapole moment is calculated as
<latexit sha1_base64="GVbPgCxZjzQR30YoSAKXIYHLfcI="></latexit>

alab.z →
∑

i →=0

↑!0|âz|!i↓↑!i|V̂PNC|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="iOsMdubNCJTh6xrYA3Xefvp1DIg=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY+oF4+YyCPChswODUyYnd3M9BrJhr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EoPHYQnTK/4hHaLJbfszkCXiZeREslQ6xa/Or2IJyEo5JIZ0/bcGP2UaRRcwqTQSQzEjI/YANqWKhaC8dPZxRN6YpUe7UfalkI6U39PpCw0ZhwGtjNkODSL3lT8z2sn2L/0U6HiBEHx+aJ+IilGdPo+7QkNHOXYEsa1sLdSPmSacbQhFWwI3uLLy6RRKXvn5crdWal6ncWRJ0fkmJwSj1yQKrklNVInnCjyTF7Jm2OcF+fd+Zi35pxs5pD8gfP5A2zxkMI=</latexit>

Ac
<latexit sha1_base64="ah+B6z7X6e/puV3eiiBjxPP7BRA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPBU9iNovEQCHrxJBHMA7NrmJ3MJkNmH8zMKmHJf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d7kRZ1KZ5reRWVpeWV3Lruc2Nre2d/K7e00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73LacodXE7/1SIVkYXCnRhF1fNwPmMcIVlp6uC9WKxe2nbspVq2TSjdfMEvmFGiRWCkpQIp6N/9l90IS+zRQhGMpO5YZKSfBQjHC6Thnx5JGmAxxn3Y0DbBPpZNMrx6jI630kBcKXYFCU/X3RIJ9KUe+qzt9rAZy3puI/3mdWHkVJ2FBFCsakNkiL+ZIhWgSAeoxQYniI00wEUzfisgAC0yUDiqnQ7DmX14kzXLJOiuVb08Ltcs0jiwcwCEcgwXnUINrqEMDCAh4hld4M56MF+Pd+Ji1Zox0Zh/+wPj8ARHkkEo=</latexit>

Z = 89

N = 138

<latexit sha1_base64="8fd/Ig8Wu8pY2j691UKWuJWaPsY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHejqMegF48RzAOSNcxOepMhs7PLzKwQlnyEFw+KePV7vPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HfuNJ1Sax/LBDBP0I9qTPOSMGis1zs/Kj9npqFMouiV3ArJIvBkpwgzVTuGr3Y1ZGqE0TFCtW56bGD+jynAmcJRvpxoTyga0hy1LJY1Q+9nk3BE5tkqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz2My6T1KBk00VhKoiJyfh30uUKmRFDSyhT3N5KWJ8qyoxNKG9D8OZfXiT1csm7LJXvL4qVm1kcOTiEIzgBD66gAndQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/AHzucPQFOO3g==</latexit>

3/2�

<latexit sha1_base64="oCFKstgBwtLQE1i+wYW3BPUvTjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIe5GUY9BLx4jmAcka5id9CZDZmeXmVkhLPkILx4U8er3ePNvnDwOmljQUFR1090VJIJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwO/YbT6g0j+WDGSboR7QnecgZNVZqnJ+VH7PTUadQdEvuBGSReDNShBmqncJXuxuzNEJpmKBatzw3MX5GleFM4CjfTjUmlA1oD1uWShqh9rPJuSNybJUuCWNlSxoyUX9PZDTSehgFtjOipq/nvbH4n9dKTXjtZ1wmqUHJpovCVBATk/HvpMsVMiOGllCmuL2VsD5VlBmbUN6G4M2/vEjq5ZJ3WSrfXxQrN7M4cnAIR3ACHlxBBe6gCjVgMIBneIU3J3FenHfnY9q65MxmDuAPnM8fPUmO3A==</latexit>

3/2+

<latexit sha1_base64="oVEkO7FFVI3maN60P7h2Y3I5wp8=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8laSIeix68VjBfkATwmY7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUs6Udt1va219Y3Nru7RT3t3bPzi0j45bKskkxSZNeCI7EVHImcCmZppjJ5VI4ohjOxrdzfz2GKViiXjUkxSDmAwE6zNKtJFC237yG4qFuTv1JREDjqFdcavuHM4q8QpSgQKN0P7yewnNYhSacqJU13NTHeREakY5Tst+pjAldEQG2DVUkBhVkM8vnzrnRuk5/USaEtqZq78nchIrNYkj0xkTPVTL3kz8z+tmun8T5EykmUZBF4v6GXd04sxicHpMItV8YgihkplbHTokklBtwiqbELzll1dJq1b1rqq1h8tK/baIowSncAYX4ME11OEeGtAECmN4hld4s3LrxXq3Phata1YxcwJ/YH3+AK56k7I=</latexit>

| 0i

<latexit sha1_base64="0HRYthakzfuY1HLUL3hb0TfX9FA=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCp5IUUY9FLx4r2A9oQthspu3SzSbsbpQSc/HiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OChFGpbPvbKC0tr6yuldcrG5tb2zvm7l5bxqkg0CIxi0U3wBIY5dBSVDHoJgJwFDDoBKOrid+5AyFpzG/VOAEvwgNO+5RgpSXfPHxw72kIirIQMrcpae5ndu4KzAcMfLNq1+wprEXiFKSKCjR988sNY5JGwBVhWMqeYyfKy7BQlDDIK24qIcFkhAfQ05TjCKSXTb/IrWOthFY/Frq4sqbq74kMR1KOo0B3RlgN5bw3Ef/zeqnqX3gZ5UmqgJPZon7KLBVbk0iskAogio01wURQfatFhlhgonRwFR2CM//yImnXa85ZrX5zWm1cFnGU0QE6QifIQeeoga5RE7UQQY/oGb2iN+PJeDHejY9Za8koZvbRHxifP4Q1mTk=</latexit>

|e 0i
<latexit sha1_base64="LvyadyDZV+jJIgTuNb73l5goab0=">AAACBHicbVDJSgNBEO1xN25Rj7k0BsHTMBMlKiIEF/AYwcRAZgg9nYo26VnorhHDkIMXf8WLB0W8+hHe/Bs7y0GjDwoe71VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV

<latexit sha1_base64="RgJiqK5JEPThJXwa4VUBQFc2Y5U="></latexit>

alab.z → ↑2↓
{
↔!0|âz|!̃0↗↔!̃0|V̂PNC|!0↗

”E

}



Laboratory Anapole Moment (Work in Progress)12

<latexit sha1_base64="ob8ZKUSWUBWIYUksoLvqskOZqds=">AAACBHicbVC7TgJBFJ3FF+Jr1ZJmIjGxIrsUaKxQG0tM5JHAhszOXmDC7MxmZtaEEAobf8XGQmNs/Qg7/8YBtlDwJJOcnHPvnXtPmHCmjed9O7m19Y3Nrfx2YWd3b//APTxqapkqCg0quVTtkGjgTEDDMMOhnSggccihFY5uZn7rAZRmUtybcQJBTAaC9Rklxko9t9gVkokIhMFXgiSSA5YJKGKkuuy5Ja/szYFXiZ+REspQ77lf3UjSNLbTKCdad3wvMcGEKMMoh2mhm2pICB2RAXQsFSQGHUzmR0zxqVUi3JfKPrvNXP3dMSGx1uM4tJUxMUO97M3E/7xOavoXwYSJJDUg6OKjfsqxkXiWCI6YAmr42BJCFbO7YjokilBjcyvYEPzlk1dJs1L2q+XqXaVUu87iyKMiOkFnyEfnqIZuUR01EEWP6Bm9ojfnyXlx3p2PRWnOyXqO0R84nz+x+5gj</latexit>

Anapole operator:
<latexit sha1_base64="oV7tvuF8OJLGD6cm+yc/jyEiJ9Y="></latexit>

âz = →1

9

∫
d3r r2

{
ĵz(r) +

↑
2ω

[
Y2(ε,ϑ)↓ ĵ(r)

]

10

}
.

<latexit sha1_base64="eNYjBJI28XYGVD3Z26gyUsc4bJM=">AAACHXicbVA9SwNBEN3z2/h1ammzGASrcCcSLYM2FhYKxgjJEeb2Jsni3u6xuyeEI3/Exr9iY6GIhY34b9yLKTT6YOHx3szszIszwY0Ngk9vZnZufmFxabmysrq2vuFvbl0blWuGTaaE0jcxGBRcYtNyK/Am0whpLLAV356WfusOteFKXtlhhlEKfcl7nIF1Utc/7EjFZYLS0nOIlQar9JCChEwJpKlKS4cbykCwXIDFhILp+tWgFoxB/5JwQqpkgouu/95JFMvLYUyAMe0wyGxUgLacCRxVOrnBDNgt9LHtqIQUTVSMrxvRPacktKe0e26Zsfqzo4DUmGEau8oU7MBMe6X4n9fObe84KrjMcouSfX/UywW1ipZR0YRrZFYMHQGmuduVsgFoYNYFWnEhhNMn/yXXB7WwXqtfHlQbJ5M4lsgO2SX7JCRHpEHOyAVpEkbuySN5Ji/eg/fkvXpv36Uz3qRnm/yC9/EFFUmiiA==</latexit>

Laboratory anapole moment is calculated as
<latexit sha1_base64="GVbPgCxZjzQR30YoSAKXIYHLfcI="></latexit>

alab.z →
∑

i →=0

↑!0|âz|!i↓↑!i|V̂PNC|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="lbfGLJ4BIdiaOoj+q0glS+SdlE0=">AAACGHicbVA7T8MwGHTKq5RXgJHFokIqAyXpUBBTRRcmFCT6kNqqchynterYke1UqqL+DBb+CgsDCLF249/gthmgcJKl09332b7zY0aVdpwvK7e2vrG5ld8u7Ozu7R/Yh0dNJRKJSQMLJmTbR4owyklDU81IO5YERT4jLX9Un/utMZGKCv6oJzHpRWjAaUgx0kbq25ddLigPCNfQQ5LqyQUXHAuuiBxTPoCx0MajiMGSd18/v+nbRafsLAD/EjcjRZDB69uzbiBwEplbMENKdVwn1r0USU0xI9NCN1EkRniEBqRjKEcRUb10EWwKz4wSwFBIc8wPF+rPjRRFSk0i30xGSA/VqjcX//M6iQ6veynlcWLi4eVDYcKgFnDeEgyoJFiziSEIm1oohniIJMLadFkwJbirkf+SZqXsVsvVh0qxdpvVkQcn4BSUgAuuQA3cAQ80AAZP4AW8gXfr2Xq1PqzP5WjOynaOwS9Ys2+RpaAQ</latexit>

Parity-nonconserving potential (PNC):
B. Desplanques, J. F. Donoghue, B. R. Holstein, 

Ann. Phys. 124, 449 (1980) 

<latexit sha1_base64="iOsMdubNCJTh6xrYA3Xefvp1DIg=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY+oF4+YyCPChswODUyYnd3M9BrJhr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EoPHYQnTK/4hHaLJbfszkCXiZeREslQ6xa/Or2IJyEo5JIZ0/bcGP2UaRRcwqTQSQzEjI/YANqWKhaC8dPZxRN6YpUe7UfalkI6U39PpCw0ZhwGtjNkODSL3lT8z2sn2L/0U6HiBEHx+aJ+IilGdPo+7QkNHOXYEsa1sLdSPmSacbQhFWwI3uLLy6RRKXvn5crdWal6ncWRJ0fkmJwSj1yQKrklNVInnCjyTF7Jm2OcF+fd+Zi35pxs5pD8gfP5A2zxkMI=</latexit>

Ac
<latexit sha1_base64="ah+B6z7X6e/puV3eiiBjxPP7BRA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPBU9iNovEQCHrxJBHMA7NrmJ3MJkNmH8zMKmHJf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d7kRZ1KZ5reRWVpeWV3Lruc2Nre2d/K7e00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73LacodXE7/1SIVkYXCnRhF1fNwPmMcIVlp6uC9WKxe2nbspVq2TSjdfMEvmFGiRWCkpQIp6N/9l90IS+zRQhGMpO5YZKSfBQjHC6Thnx5JGmAxxn3Y0DbBPpZNMrx6jI630kBcKXYFCU/X3RIJ9KUe+qzt9rAZy3puI/3mdWHkVJ2FBFCsakNkiL+ZIhWgSAeoxQYniI00wEUzfisgAC0yUDiqnQ7DmX14kzXLJOiuVb08Ltcs0jiwcwCEcgwXnUINrqEMDCAh4hld4M56MF+Pd+Ji1Zox0Zh/+wPj8ARHkkEo=</latexit>

Z = 89

N = 138

<latexit sha1_base64="8fd/Ig8Wu8pY2j691UKWuJWaPsY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHejqMegF48RzAOSNcxOepMhs7PLzKwQlnyEFw+KePV7vPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HfuNJ1Sax/LBDBP0I9qTPOSMGis1zs/Kj9npqFMouiV3ArJIvBkpwgzVTuGr3Y1ZGqE0TFCtW56bGD+jynAmcJRvpxoTyga0hy1LJY1Q+9nk3BE5tkqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz2My6T1KBk00VhKoiJyfh30uUKmRFDSyhT3N5KWJ8qyoxNKG9D8OZfXiT1csm7LJXvL4qVm1kcOTiEIzgBD66gAndQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/AHzucPQFOO3g==</latexit>

3/2�

<latexit sha1_base64="oCFKstgBwtLQE1i+wYW3BPUvTjM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIe5GUY9BLx4jmAcka5id9CZDZmeXmVkhLPkILx4U8er3ePNvnDwOmljQUFR1090VJIJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwO/YbT6g0j+WDGSboR7QnecgZNVZqnJ+VH7PTUadQdEvuBGSReDNShBmqncJXuxuzNEJpmKBatzw3MX5GleFM4CjfTjUmlA1oD1uWShqh9rPJuSNybJUuCWNlSxoyUX9PZDTSehgFtjOipq/nvbH4n9dKTXjtZ1wmqUHJpovCVBATk/HvpMsVMiOGllCmuL2VsD5VlBmbUN6G4M2/vEjq5ZJ3WSrfXxQrN7M4cnAIR3ACHlxBBe6gCjVgMIBneIU3J3FenHfnY9q65MxmDuAPnM8fPUmO3A==</latexit>

3/2+

<latexit sha1_base64="oVEkO7FFVI3maN60P7h2Y3I5wp8=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8laSIeix68VjBfkATwmY7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUs6Udt1va219Y3Nru7RT3t3bPzi0j45bKskkxSZNeCI7EVHImcCmZppjJ5VI4ohjOxrdzfz2GKViiXjUkxSDmAwE6zNKtJFC237yG4qFuTv1JREDjqFdcavuHM4q8QpSgQKN0P7yewnNYhSacqJU13NTHeREakY5Tst+pjAldEQG2DVUkBhVkM8vnzrnRuk5/USaEtqZq78nchIrNYkj0xkTPVTL3kz8z+tmun8T5EykmUZBF4v6GXd04sxicHpMItV8YgihkplbHTokklBtwiqbELzll1dJq1b1rqq1h8tK/baIowSncAYX4ME11OEeGtAECmN4hld4s3LrxXq3Phata1YxcwJ/YH3+AK56k7I=</latexit>

| 0i

<latexit sha1_base64="0HRYthakzfuY1HLUL3hb0TfX9FA=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCp5IUUY9FLx4r2A9oQthspu3SzSbsbpQSc/HiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OChFGpbPvbKC0tr6yuldcrG5tb2zvm7l5bxqkg0CIxi0U3wBIY5dBSVDHoJgJwFDDoBKOrid+5AyFpzG/VOAEvwgNO+5RgpSXfPHxw72kIirIQMrcpae5ndu4KzAcMfLNq1+wprEXiFKSKCjR988sNY5JGwBVhWMqeYyfKy7BQlDDIK24qIcFkhAfQ05TjCKSXTb/IrWOthFY/Frq4sqbq74kMR1KOo0B3RlgN5bw3Ef/zeqnqX3gZ5UmqgJPZon7KLBVbk0iskAogio01wURQfatFhlhgonRwFR2CM//yImnXa85ZrX5zWm1cFnGU0QE6QifIQeeoga5RE7UQQY/oGb2iN+PJeDHejY9Za8koZvbRHxifP4Q1mTk=</latexit>

|e 0i
<latexit sha1_base64="LvyadyDZV+jJIgTuNb73l5goab0=">AAACBHicbVDJSgNBEO1xN25Rj7k0BsHTMBMlKiIEF/AYwcRAZgg9nYo26VnorhHDkIMXf8WLB0W8+hHe/Bs7y0GjDwoe71VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV

<latexit sha1_base64="RgJiqK5JEPThJXwa4VUBQFc2Y5U="></latexit>

alab.z → ↑2↓
{
↔!0|âz|!̃0↗↔!̃0|V̂PNC|!0↗

”E

}
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Summary Outlook
★ Nuclear anapole moments are the 

parity-odd and time-reversal-even E1 
moments of the electromagnetic current 
operator. 

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

★ To determine the intrinsic anapole 
moments for the isotopic chain of 
Actinium using different energy density 
functionals.

★ To calculate the laboratory anapole 
moments for octupole deformed nuclei.
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Parity and Time ReversalB1

<latexit sha1_base64="d0rzBWNVvjf6eu6u4xQjF42GoTo=">AAACE3icbVBNS8MwGE79nPOr6tFLcAjiYbQ7TPE09OJxgt0GWxlpmm5haVKSVChl/8GLf8WLB0W8evHmvzHretDNB0Ienvf7CRJGlXacb2tldW19Y7OyVd3e2d3btw8OO0qkEhMPCyZkL0CKMMqJp6lmpJdIguKAkW4wuZnFuw9EKir4vc4S4sdoxGlEMdJGGtrnAy4oDwnX0DOfhHpMYIIk1RnUEnEVCRkXuVdDu+bUnQJwmbglqYES7aH9NQgFTmPTHDOkVN91Eu3nSGqKGZlWB6kiCcITNCJ9QzmKifLz4qYpPDVKCM1088xyhfq7IkexUlkcmEyz31gtxmbif7F+qqNLP6c8STXheD4oShnUAs4MgiGVBGuWGYKw8YFiiMdIIqyNjVVjgrt48jLpNOpus968a9Ra16UdFXAMTsAZcMEFaIFb0AYewOARPINX8GY9WS/Wu/UxT12xypoj8AfW5w+QOZ6c</latexit>

Under the parity transformation:
<latexit sha1_base64="WsMraqpheNDrGM0PGc8SmJFD8S0="></latexit>

ĵ(r) → ↑ĵ(r)

→ → ↑→
YJω(ω,ε) → (↑1)JYJω(ω,ε)

YJJω(ω,ε) ↓
(↑ir↔→)YJω(ω,ε)√

J(J + 1)
→ (↑1)JYJJω(ω,ε)

<latexit sha1_base64="tcgMS5Gb/1k/HRZeeF59KlZi6bI="></latexit>

T̂ el
Jω(q) =

∫
d3r

1

q
→→ [jJ(qr)YJJω(ω,ε)] · ĵ(r)

<latexit sha1_base64="9XknYmWnIdlFIpLkVJtD3wtmFJw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5J0UcVV0Y3LCn1BG8pkctMOnUzCzESoofgrblwo4tb/cOffOG2z0NYDA4dzX2eOn3CmtON8W4W19Y3NreJ2aWd3b//APjxqqziVFFo05rHs+kQBZwJammkO3UQCiXwOHX98O6t3HkAqFoumniTgRWQoWMgo0UYa2Cd9ETMRgNC4OQIJYSzhemCXnYozB14lbk7KKEdjYH/1g5imkVlDOVGq5zqJ9jIiNaMcpqV+qiAhdEyG0DNUkAiUl83dT/G5UQJsDptnbMzV3xMZiZSaRL7pjIgeqeXaTPyv1kt1eOVlTCSpBkEXh8KUYx3jWRQ4YBKo5hNDCJXMeMV0RCSh2gRWMiG4y19eJe1qxa1VavfVcv0mj6OITtEZukAuukR1dIcaqIUoekTP6BW9WU/Wi/VufSxaC1Y+c4z+wPr8AWnalTU=</latexit>

Therefore:
<latexit sha1_base64="P9IkyS6KoqSasN775bSQ73J2jtY="></latexit>

T̂ el
Jω(q) → (↑1)J T̂ el

Jω(q)



<latexit sha1_base64="i7nh8jHLRYAqJWK9ziql6J3v6wU="></latexit>

T̂mag
Jω (q) =

∫
d3r jJ(qr)YJJω(ω,ε) · ĵ(r)

<latexit sha1_base64="d0rzBWNVvjf6eu6u4xQjF42GoTo=">AAACE3icbVBNS8MwGE79nPOr6tFLcAjiYbQ7TPE09OJxgt0GWxlpmm5haVKSVChl/8GLf8WLB0W8evHmvzHretDNB0Ienvf7CRJGlXacb2tldW19Y7OyVd3e2d3btw8OO0qkEhMPCyZkL0CKMMqJp6lmpJdIguKAkW4wuZnFuw9EKir4vc4S4sdoxGlEMdJGGtrnAy4oDwnX0DOfhHpMYIIk1RnUEnEVCRkXuVdDu+bUnQJwmbglqYES7aH9NQgFTmPTHDOkVN91Eu3nSGqKGZlWB6kiCcITNCJ9QzmKifLz4qYpPDVKCM1088xyhfq7IkexUlkcmEyz31gtxmbif7F+qqNLP6c8STXheD4oShnUAs4MgiGVBGuWGYKw8YFiiMdIIqyNjVVjgrt48jLpNOpus968a9Ra16UdFXAMTsAZcMEFaIFb0AYewOARPINX8GY9WS/Wu/UxT12xypoj8AfW5w+QOZ6c</latexit>

Under the parity transformation:
<latexit sha1_base64="zDJkyJ3YmXIwCNrarGo2iPajvDs="></latexit>

T̂mag
Jω (q) → (↑1)J+1T̂mag

Jω (q)
<latexit sha1_base64="PMqOodbv8oP2ELCtnOgbNWjCgD8=">AAACGnicbVDLSgMxFM34rPVVdekmWAQ3lpkuqrgqunFZwT6gLSWTudOGZpIhyQhl6He48VfcuFDEnbjxb8xMu9DWCyGHc+/h3Hv8mDNtXPfbWVldW9/YLGwVt3d29/ZLB4ctLRNFoUkll6rjEw2cCWgaZjh0YgUk8jm0/fFN1m8/gNJMinsziaEfkaFgIaPEWGpQ8npCMhGAMLhpP4XNCLBhEZwryHSEY6OI0KFUUS65GpTKbsXNCy8Dbw7KaF6NQemzF0iaRNaDcqJ113Nj00+JMoxymBZ7iYaY0DEZQtdCQSLQ/TQ/bYpPLRNg626f3TFnfytSEmk9iXw7afcb6cVeRv7X6yYmvOynTMSJAUFnRmFir5U4ywkHTAE1fGIBoYrZXTEdEUWosakUbQje4snLoFWteLVK7a5arl/P4yigY3SCzpCHLlAd3aIGaiKKHtEzekVvzpPz4rw7H7PRFWeuOUJ/yvn6ARHnoYk=</latexit>

Under the time-reversal transformation:
<latexit sha1_base64="A/9Cvp6NnDm6ubmQifRsIJLkym0="></latexit>

ĵ(r) → ↑ĵ(r)

YJω(ω,ε) → (↑1)ωYJ(→ω)(ω,ε)

YJJω(ω,ε) →
1√

J(J + 1)
(+ir↓→)(↑1)ωYJ(→ω)(ω,ε)

= (↑1)ω+1YJJ(→ω)(ω,ε)

B2



<latexit sha1_base64="6tBlRkPdwstfrupxtsj9ZYWBNlk="></latexit>

To determine the properties of the multipole operators under the time-reversal
transformation, we will adhere to the convention introduced by Bohr and Mot-
telson, that is:

<latexit sha1_base64="FF4/cOoE/Gzx3zUCQyCsPQcmgos="></latexit>

T̂ T̂JωT̂ →1 = cT (→1)J+ωT̂J(→ω)

<latexit sha1_base64="nmqpdN673VN0QT0ri5KRlsg0FCE="></latexit>

where cT is the additional phase factor introduced by the time-
reversal transformation.

<latexit sha1_base64="nkml8e5S+IkCSKfzk9IDEBzoC6s="></latexit>

T̂ el
Jω(q) →

1

q

∫
d3r →↑

[
jJ(qr)(↓1)ω+1YJJ(→ω)(ω,ε)

]
· (↓1)̂j(r)

= (↓1)ωT̂ el
J(→ω)(q)

= (↓1)J+1(↓1)J+ω+1T̂ el
J(→ω)(q) ↭ cT = (↓1)J+1

B3



<latexit sha1_base64="iH/7VuKaFUmEdJc63RakJ4/Y90A=">AAADV3icjVLfb9MwEHbTMUr51cIjLxEVUyNY1cC0IS </latexit>

T̂mag
Jω (q) →

∫
d3r jJ(qr)(↑1)ω+1YJJ(→ω)(ω,ε) · (↑1)̂j(r)

= (↑1)ωT̂mag
J(→ω)(q)

= (↑1)J+1(↑1)J+ω+1T̂mag
J(→ω)(q) ↭ cT = (↑1)J+1

B4



<latexit sha1_base64="XNzAJ0L06tOh/uIQLkYCvRAv22g="></latexit>

T̂ el
Jω(q) T̂mag

Jω (q)
Parity (→1)J (→1)J+1

Time reversal (→1)J+1 (→1)J+1

<latexit sha1_base64="iH/7VuKaFUmEdJc63RakJ4/Y90A=">AAADV3icjVLfb9MwEHbTMUr51cIjLxEVUyNY1cC0IS </latexit>

T̂mag
Jω (q) →

∫
d3r jJ(qr)(↑1)ω+1YJJ(→ω)(ω,ε) · (↑1)̂j(r)

= (↑1)ωT̂mag
J(→ω)(q)

= (↑1)J+1(↑1)J+ω+1T̂mag
J(→ω)(q) ↭ cT = (↑1)J+1

B4


