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EDM and Fundamental Symmetries1

The non-zero expectation value of the operator 

in a stationary state of an atom with a certain value  of angular momentum 
requires simultaneous - and - violation.

̂J
𝒫̂ 𝒯̂
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EDM and Fundamental Symmetries1

★ An atom can acquire an EDM from the nucleus.
★ A nucleus acquires an EDM from either nucleon EDM or -violating 

interaction between nucleons and pions. 
𝒫̂, 𝒯̂

The non-zero expectation value of the operator 

in a stationary state of an atom with a certain value  of angular momentum 
requires simultaneous - and - violation.
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Schiff Theorem

(Schiff theorem) In a homogeneous external electric field , the nuclear EDM 
induces the rearrangement of electrons in such a way that they generate an 
electric field at the nucleus that opposes . 

E0
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L. I. Schiff, Phys. Rev. 132, 2194 (1963)
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Nuclear Schiff moment:
<latexit sha1_base64="swKwm6AL2NSQho9GamJ0NDIbD9U="></latexit>

S =
1

10

✓Z
d3r e⇢(r)r2r � 5

3
d
1

Z

Z
d3r ⇢(r)r2

◆

V. Spevak et al., PRC 56, 1357 (1997)

<latexit sha1_base64="gEPXu6Tgg5ThPqsYTLqzl/qmIYc="></latexit>

ω(3)
octupole(R) = →1

6
Qωεϑ↑R;ω↑R;ε↑R;ϑ

1

R
; Qωεϑ =

∫
d3r eε(r)T (3)

ωεϑ
<latexit sha1_base64="QUxOCbQonsGjB1sEd/PgU5bsyJ4="></latexit>

T (3)
ωεϑ = rωrεrϑ → 1

5
r2(rωωεϑ + rεωωϑ + rϑωωε)

Nuclear Schiff Moment

https://doi.org/10.1103/PhysRevC.56.1357


Nuclear Laboratory Schiff Moment6

J. Dobaczewski et al., PRL 121, 232501 (2018) and the supplemental material

C. Maples, Nuclear 
Data Sheets 22, 275, 

277-323 (1977)

https://doi.org/10.1103/PhysRevLett.121.232501
https://www.sciencedirect.com/science/article/pii/S0090375277800082?via=ihub


Nuclear Laboratory Schiff Moment6

J. Dobaczewski et al., PRL 121, 232501 (2018) and the supplemental material

<latexit sha1_base64="vn1/B+RbTmtmVa13znDR8+6kL8s="></latexit>

Slab →
∑

i →=0
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�E = 27.369 keV

<latexit sha1_base64="vn1/B+RbTmtmVa13znDR8+6kL8s="></latexit>

Slab →
∑

i →=0

↑!0|Ŝ0|!i↓↑!i|V̂PT|!0↓
E0 ↔ Ei

+ c.c.

(Schiff operator)

<latexit sha1_base64="PkPDzSRuTyaxQYPAaDN+N5qDrKY="></latexit>

Ŝ0 =
e

10

r
4⇡

3

X

p

✓
r3p �

5

3
r2chrp

◆
Y 1
0 (⌦p)

<latexit sha1_base64="XAkK3hjVE28hzQtYYik+dF1aE+0="></latexit>

V̂PT = P,T-violating NN interaction

C. Maples, Nuclear 
Data Sheets 22, 275, 

277-323 (1977)

https://doi.org/10.1103/PhysRevLett.121.232501
https://www.sciencedirect.com/science/article/pii/S0090375277800082?via=ihub


Nuclear Laboratory Schiff Moment6

J. Dobaczewski et al., PRL 121, 232501 (2018) and the supplemental material

<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/Bs7y0GjDwoe71 VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV

<latexit sha1_base64="vn1/B+RbTmtmVa13znDR8+6kL8s="></latexit>

Slab →
∑

i →=0

↑!0|Ŝ0|!i↓↑!i|V̂PT|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="L4yEQvw//KSXftaId6yl9e/RYFk="></latexit>

Slab → ↑2Re

{
↓!0|Ŝ0|!̃0↔↓!̃0|V̂PT|!0↔

”E

}

(Schiff operator)

<latexit sha1_base64="PkPDzSRuTyaxQYPAaDN+N5qDrKY="></latexit>
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e
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✓
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<latexit sha1_base64="XAkK3hjVE28hzQtYYik+dF1aE+0="></latexit>

V̂PT = P,T-violating NN interaction

C. Maples, Nuclear 
Data Sheets 22, 275, 

277-323 (1977)

https://doi.org/10.1103/PhysRevLett.121.232501
https://www.sciencedirect.com/science/article/pii/S0090375277800082?via=ihub


Nuclear Laboratory Schiff Moment6

J. Dobaczewski et al., PRL 121, 232501 (2018) and the supplemental material

<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/Bs7y0GjDwoe71 VRVS9IpNDoOF/W1PTM7Nz8wmJuaXlldS2/vlHXcao41HgsY9UImAYpIqihQAmNRAELAwnXQfd04F/fgdIijq6wl4AfsptIdARnaKRWvuCdgURGz49L+/Zu+dA78hDuMetCvd/KFx3bGYL+Je6YFMkY1Vb+02vHPA0hQi6Z1k3XSdDPmELBJfRzXqohYbzLbqBpaMRC0H42fKJPt43Spp1YmYqQDtWfExkLte6FgekMGd7qSW8g/uc1U+wc+JmIkhQh4qNFnVRSjOkgEdoWCjjKniGMK2FupfyWKcbR5JYzIbiTL/8l9ZLtlu3S5V6xcjKOY4EUyBbZIS7ZJxVyQaqkRjh5IE/khbxaj9az9Wa9j1qnrPHMJvkF6+MbcNCWtw==</latexit>

�E = 27.369 keV

<latexit sha1_base64="y4AX5v+c4nGbnFIrYZCWoRjAUI4=">AAACIHicbZDLSsNAFIYnXmu9VV26CRahbkpSxboRim7c2YK9SFPDZHraDp1JwsxEKCGP4sZXceNCEd3p0zhpK2jrgYGf7z+HM+f3QkalsqxPY2FxaXllNbOWXd/Y3NrO7ew2ZBAJAnUSsEC0PCyBUR/qiioGrVAA5h6Dpje8TP3mPQhJA/9GjULocNz3aY8SrDRyc2VngFVcS+7i48SNreQcHBlxNw4TMUFhcvvjFZxrDn2csiM3l7eK1rjMeWFPRR5Nq+rmPpxuQCIOviIMS9m2rVB1YiwUJQySrBNJCDEZ4j60tfQxB9mJxwcm5qEmXbMXCP18ZY7p74kYcylH3NOdHKuBnPVS+J/XjlTvrBNTP4wU+GSyqBcxUwVmmpbZpQKIYiMtMBFU/9UkAywwUTrTrA7Bnj15XjRKRfu0WKqd5CsX0zgyaB8doAKyURlV0BWqojoi6AE9oRf0ajwaz8ab8T5pXTCmM3voTxlf34fYpGw=</latexit>

Q̂3
0 = e

X

p

r3pY
3
0 (⌦p) (Octupole operator)

<latexit sha1_base64="vn1/B+RbTmtmVa13znDR8+6kL8s="></latexit>

Slab →
∑

i →=0

↑!0|Ŝ0|!i↓↑!i|V̂PT|!0↓
E0 ↔ Ei

+ c.c.

<latexit sha1_base64="L4yEQvw//KSXftaId6yl9e/RYFk="></latexit>

Slab → ↑2Re

{
↓!0|Ŝ0|!̃0↔↓!̃0|V̂PT|!0↔

”E

}

(Schiff operator)

<latexit sha1_base64="PkPDzSRuTyaxQYPAaDN+N5qDrKY="></latexit>
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<latexit sha1_base64="XAkK3hjVE28hzQtYYik+dF1aE+0="></latexit>

V̂PT = P,T-violating NN interaction

C. Maples, Nuclear 
Data Sheets 22, 275, 

277-323 (1977)

https://doi.org/10.1103/PhysRevLett.121.232501
https://www.sciencedirect.com/science/article/pii/S0090375277800082?via=ihub


Rigid Deformation Approximation7

J. Dobaczewski et al., PRL 121, 232501 (2018) and 
the supplemental material

https://doi.org/10.1103/PhysRevLett.121.232501


Rigid Deformation Approximation7

<latexit sha1_base64="hlX9GKbw70N8g3VKTSYV/29NEeg="></latexit>

→!J1,+||X̂ω||!J2,→↑rigid =
√
2J2 + 1→J2Kω0|J1K↑→”1|X̂ω

0 |”2↑

Reduced matrix elements:

<latexit sha1_base64="86zk9x70PfoWl2bgPoimtC4MtFc=">AAACIHicbVBNSwMxEM36WetX1aOXYBE8lV2R1mPRi8cK9gPaUrLp1Aaz2SWZLS3L/hQv/hUvHhTRm/4a020P2vog8HhvJjPz/EgKg6775aysrq1vbOa28ts7u3v7hYPDhgljzaHOQxnqls8MSKGgjgIltCINLPAlNP2H66nfHIE2IlR3OImgG7B7JQaCM7RSr1DpIIwx+yexFihkaZJpiVCohTKCUxhHwDHroCMmY0jTXqHoltwMdJl4c1Ikc9R6hc9OP+RxYCdwyYxpe26E3YRpFFxCmu/EBiLGH+wObUsVC8B0k2yxlJ5apU8HobZPIc3U3x0JC4yZBL6tDBgOzaI3Ff/z2jEOLrv20ihGUHw2aBBLiiGdpkX7QtvL5cQSxrWwu1I+ZJpxtJnmbQje4snLpHFe8sql8u1FsXo1jyNHjskJOSMeqZAquSE1UiecPJJn8krenCfnxXl3PmalK86854j8gfP9A8u3pdY=</latexit>

intrinsic expectation value

J. Dobaczewski et al., PRL 121, 232501 (2018) and 
the supplemental material

https://doi.org/10.1103/PhysRevLett.121.232501


Rigid Deformation Approximation7

<latexit sha1_base64="hlX9GKbw70N8g3VKTSYV/29NEeg="></latexit>

→!J1,+||X̂ω||!J2,→↑rigid =
√
2J2 + 1→J2Kω0|J1K↑→”1|X̂ω

0 |”2↑

Reduced matrix elements:

<latexit sha1_base64="86zk9x70PfoWl2bgPoimtC4MtFc=">AAACIHicbVBNSwMxEM36WetX1aOXYBE8lV2R1mPRi8cK9gPaUrLp1Aaz2SWZLS3L/hQv/hUvHhTRm/4a020P2vog8HhvJjPz/EgKg6775aysrq1vbOa28ts7u3v7hYPDhgljzaHOQxnqls8MSKGgjgIltCINLPAlNP2H66nfHIE2IlR3OImgG7B7JQaCM7RSr1DpIIwx+yexFihkaZJpiVCohTKCUxhHwDHroCMmY0jTXqHoltwMdJl4c1Ikc9R6hc9OP+RxYCdwyYxpe26E3YRpFFxCmu/EBiLGH+wObUsVC8B0k2yxlJ5apU8HobZPIc3U3x0JC4yZBL6tDBgOzaI3Ff/z2jEOLrv20ihGUHw2aBBLiiGdpkX7QtvL5cQSxrWwu1I+ZJpxtJnmbQje4snLpHFe8sql8u1FsXo1jyNHjskJOSMeqZAquSE1UiecPJJn8krenCfnxXl3PmalK86854j8gfP9A8u3pdY=</latexit>

intrinsic expectation valueLaboratory matrix elements:
<latexit sha1_base64="oxFP9kWOhlslOzQIg3nFw1JPCDY="></latexit>

→!J1,+
M1

|X̂ω
µ |!

J2,→
M2

↑rigid =
1↓

2J1 + 1
→J2M2ωµ|J1M1↑

↔ →!J1,+||X̂ω||!J2,→↑rigid

J. Dobaczewski et al., PRL 121, 232501 (2018) and 
the supplemental material

https://doi.org/10.1103/PhysRevLett.121.232501


Rigid Deformation Approximation7

<latexit sha1_base64="V4WCzyBntUQxDD2rpuEc1i81oS8=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZkepGKLqRdlPBPqAtJZPeaUMzmSHJCGWsG3/FjQtF3PoX7vwb02kX2nrgwsk595J7jxdxprTjfFuZpeWV1bXsem5jc2t7x97dq6swlhRqNOShbHpEAWcCapppDs1IAgk8Dg1veD3xG/cgFQvFnR5F0AlIXzCfUaKN1LUP2pyIPgdcrjjOQ7nSlunz0u3aeafgpMCLxJ2RPJqh2rW/2r2QxgEITTlRquU6ke4kRGpGOYxz7VhBROiQ9KFlqCABqE6SXjDGx0bpYT+UpoTGqfp7IiGBUqPAM50B0QM1703E/7xWrP2LTsJEFGsQdPqRH3OsQzyJA/eYBKr5yBBCJTO7YjogklBtQsuZENz5kxdJ/bTgFgvF27N86WoWRxYdoiN0glx0jkroBlVRDVH0iJ7RK3qznqwX6936mLZmrNnMPvoD6/MH1VSV3g==</latexit>

→JK00|JK↑ = 1
<latexit sha1_base64="y8dv0GKlKBYUjldKf6cKZ+xfFHM="></latexit>

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int

<latexit sha1_base64="toMJID7FnAlq99rmd2lrMxn5kyc="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

<latexit sha1_base64="rrgiuYGNaQfEG5Dr/9U/YZaiJrI=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVoSQi1Y1QdCPppoJ9QFPKZDpph04mcWYilJi/cOOvuHGhiFvd+TdO0y609cCFM+fcy9x7vIhRqSzr21hYXFpeWc2t5dc3Nre2zZ3dhgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS94dXYb94TIWnIb9UoIp0A9Tn1KUZKS12z5DLE+4xAp2pbD07VFdnzwvUFwkk1TVx5J1TiFJ1j+yhNu2bBKlkZ4Dyxp6QApqh1zS+3F+I4IFxhhqRs21akOgkSimJG0rwbSxIhPER90taUo4DITpLdlcJDrfSgHwpdXMFM/T2RoEDKUeDpzgCpgZz1xuJ/XjtW/nknoTyKFeF48pEfM6hCOA4J9qggWLGRJggLqneFeIB0IkpHmdch2LMnz5PGSckul8o3p4XK5TSOHNgHB6AIbHAGKuAa1EAdYPAInsEreDOejBfj3fiYtC4Y05k98AfG5w/TnJ8c</latexit>

→JK10|JK↑ = K√
J(J + 1)

<latexit sha1_base64="eaNVlPR4KHSOIKlhqTcxqkJEd4M=">AAACAnicbZBPS8MwGMbT+W/Of1VP4iU4BE+jHTK9DIZeRBlMcHOwlZJm6RaWpiVJhVGKF7+KFw+KePVTePPbmHU96OYLCT+e531J3seLGJXKsr6NwtLyyupacb20sbm1vWPu7nVkGAtM2jhkoeh6SBJGOWkrqhjpRoKgwGPk3htfTv37ByIkDfmdmkTECdCQU59ipLTkmgfXbmKndX1X03oz42bGN65ZtipWVnAR7BzKIK+Wa371ByGOA8IVZkjKnm1FykmQUBQzkpb6sSQRwmM0JD2NHAVEOkm2QgqPtTKAfij04Qpm6u+JBAVSTgJPdwZIjeS8NxX/83qx8s+dhPIoVoTj2UN+zKAK4TQPOKCCYMUmGhAWVP8V4hESCCudWkmHYM+vvAidasWuVWq3p+XGRR5HERyCI3ACbHAGGuAKtEAbYPAInsEreDOejBfj3fiYtRaMfGYf/Cnj8weFsZY/</latexit>

J1 = J2 = M1 = M2 = K

<latexit sha1_base64="hlX9GKbw70N8g3VKTSYV/29NEeg="></latexit>

→!J1,+||X̂ω||!J2,→↑rigid =
√
2J2 + 1→J2Kω0|J1K↑→”1|X̂ω

0 |”2↑

Reduced matrix elements:

<latexit sha1_base64="86zk9x70PfoWl2bgPoimtC4MtFc=">AAACIHicbVBNSwMxEM36WetX1aOXYBE8lV2R1mPRi8cK9gPaUrLp1Aaz2SWZLS3L/hQv/hUvHhTRm/4a020P2vog8HhvJjPz/EgKg6775aysrq1vbOa28ts7u3v7hYPDhgljzaHOQxnqls8MSKGgjgIltCINLPAlNP2H66nfHIE2IlR3OImgG7B7JQaCM7RSr1DpIIwx+yexFihkaZJpiVCohTKCUxhHwDHroCMmY0jTXqHoltwMdJl4c1Ikc9R6hc9OP+RxYCdwyYxpe26E3YRpFFxCmu/EBiLGH+wObUsVC8B0k2yxlJ5apU8HobZPIc3U3x0JC4yZBL6tDBgOzaI3Ff/z2jEOLrv20ihGUHw2aBBLiiGdpkX7QtvL5cQSxrWwu1I+ZJpxtJnmbQje4snLpHFe8sql8u1FsXo1jyNHjskJOSMeqZAquSE1UiecPJJn8krenCfnxXl3PmalK86854j8gfP9A8u3pdY=</latexit>

intrinsic expectation valueLaboratory matrix elements:
<latexit sha1_base64="oxFP9kWOhlslOzQIg3nFw1JPCDY="></latexit>

→!J1,+
M1

|X̂ω
µ |!

J2,→
M2

↑rigid =
1↓

2J1 + 1
→J2M2ωµ|J1M1↑

↔ →!J1,+||X̂ω||!J2,→↑rigid

J. Dobaczewski et al., PRL 121, 232501 (2018) and 
the supplemental material

https://doi.org/10.1103/PhysRevLett.121.232501


Accuracy of Rigid Deformation Approximation8

J. Dobaczewski et al., PRL 121, 232501 (2018) and 
the supplemental material

https://doi.org/10.1103/PhysRevLett.121.232501
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P, T-violating interaction9

C. M. Maekawa, E. Mereghetti, J. de Vries, and U. van Kolck, 
Nucl. Phys. A872, 117 (2011)

W. C. Haxton and E. M. Henley, Phys. Rev. Lett. 51, 1937 (1983)

P. Herczeg, Hyperfine Interact. 43, 75 (1988)



P, T-violating interaction

<latexit sha1_base64="03wXyHJj6yyA+EldjD1odh4x2Ls="></latexit>

→V̂PT↑int = v0gḡ0 + v1gḡ1 + v2gḡ2 + w1c̄1 + w2c̄2

9

C. M. Maekawa, E. Mereghetti, J. de Vries, and U. van Kolck, 
Nucl. Phys. A872, 117 (2011)

W. C. Haxton and E. M. Henley, Phys. Rev. Lett. 51, 1937 (1983)

P. Herczeg, Hyperfine Interact. 43, 75 (1988)
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10 Nuclear Laboratory Schiff Moment
<latexit sha1_base64="8YnQacwgD1d5Yw5X2TuMywXbQDI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQlCBTFVsDAWRB9SG1WOc9NadR6yHdQq6iew8CssDCDEysjG3+CmGaDlSJaOz7lX997jxpxJZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEhQaNeCTaLpHAWQgNxRSHdiyABC6Hlju8nvqtBxCSReG9GsfgBKQfMp9RorTUM4+7CkYqvWN95mEP/EgEmYNJHItoxGa/y0nPLFsVKwNeJHZOyihHvWd+db2IJgGEinIiZce2YuWkRChGOUxK3URCTOiQ9KGjaUgCkE6aHTTBR1rxsF5Gv1DhTP3dkZJAynHg6kq94EDOe1PxP6+TKP/CSVkYJwpCOhvkJxyrCE/TwR4TQBUfa0KoYHpXTAdEEKp0hiUdgj1/8iJpnlbsaqV6e1auXeVxFNEBOkQnyEbnqIZuUB01EEWP6Bm9ojfjyXgx3o2PWWnByHv20R8Ynz8Nzp3h</latexit>

Rigid deformation approximation:
<latexit sha1_base64="P9gSi0xd2pnffOqg7zXLowUCYTE="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int



10 Nuclear Laboratory Schiff Moment
<latexit sha1_base64="8YnQacwgD1d5Yw5X2TuMywXbQDI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQlCBTFVsDAWRB9SG1WOc9NadR6yHdQq6iew8CssDCDEysjG3+CmGaDlSJaOz7lX997jxpxJZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEhQaNeCTaLpHAWQgNxRSHdiyABC6Hlju8nvqtBxCSReG9GsfgBKQfMp9RorTUM4+7CkYqvWN95mEP/EgEmYNJHItoxGa/y0nPLFsVKwNeJHZOyihHvWd+db2IJgGEinIiZce2YuWkRChGOUxK3URCTOiQ9KGjaUgCkE6aHTTBR1rxsF5Gv1DhTP3dkZJAynHg6kq94EDOe1PxP6+TKP/CSVkYJwpCOhvkJxyrCE/TwR4TQBUfa0KoYHpXTAdEEKp0hiUdgj1/8iJpnlbsaqV6e1auXeVxFNEBOkQnyEbnqIZuUB01EEWP6Bm9ojfjyXgx3o2PWWnByHv20R8Ynz8Nzp3h</latexit>

Rigid deformation approximation:
<latexit sha1_base64="P9gSi0xd2pnffOqg7zXLowUCYTE="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int
<latexit sha1_base64="D9Xcl7S94sPGPHCQI+DktZsNjCM="></latexit>

Sint and →V̂PT↑int are calculated within nuclear DFT.



10 Nuclear Laboratory Schiff Moment
<latexit sha1_base64="8YnQacwgD1d5Yw5X2TuMywXbQDI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQlCBTFVsDAWRB9SG1WOc9NadR6yHdQq6iew8CssDCDEysjG3+CmGaDlSJaOz7lX997jxpxJZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEhQaNeCTaLpHAWQgNxRSHdiyABC6Hlju8nvqtBxCSReG9GsfgBKQfMp9RorTUM4+7CkYqvWN95mEP/EgEmYNJHItoxGa/y0nPLFsVKwNeJHZOyihHvWd+db2IJgGEinIiZce2YuWkRChGOUxK3URCTOiQ9KGjaUgCkE6aHTTBR1rxsF5Gv1DhTP3dkZJAynHg6kq94EDOe1PxP6+TKP/CSVkYJwpCOhvkJxyrCE/TwR4TQBUfa0KoYHpXTAdEEKp0hiUdgj1/8iJpnlbsaqV6e1auXeVxFNEBOkQnyEbnqIZuUB01EEWP6Bm9ojfjyXgx3o2PWWnByHv20R8Ynz8Nzp3h</latexit>

Rigid deformation approximation:
<latexit sha1_base64="P9gSi0xd2pnffOqg7zXLowUCYTE="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int
<latexit sha1_base64="D9Xcl7S94sPGPHCQI+DktZsNjCM="></latexit>

Sint and →V̂PT↑int are calculated within nuclear DFT.
<latexit sha1_base64="03wXyHJj6yyA+EldjD1odh4x2Ls="></latexit>

→V̂PT↑int = v0gḡ0 + v1gḡ1 + v2gḡ2 + w1c̄1 + w2c̄2



10 Nuclear Laboratory Schiff Moment

<latexit sha1_base64="UCcarg2QU3lX1GEsgnYWZUkZcQY="></latexit>

Slab = a0gḡ0 + a1gḡ1 + a2gḡ2 + b1c̄1 + b2c̄2

<latexit sha1_base64="8YnQacwgD1d5Yw5X2TuMywXbQDI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQlCBTFVsDAWRB9SG1WOc9NadR6yHdQq6iew8CssDCDEysjG3+CmGaDlSJaOz7lX997jxpxJZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEhQaNeCTaLpHAWQgNxRSHdiyABC6Hlju8nvqtBxCSReG9GsfgBKQfMp9RorTUM4+7CkYqvWN95mEP/EgEmYNJHItoxGa/y0nPLFsVKwNeJHZOyihHvWd+db2IJgGEinIiZce2YuWkRChGOUxK3URCTOiQ9KGjaUgCkE6aHTTBR1rxsF5Gv1DhTP3dkZJAynHg6kq94EDOe1PxP6+TKP/CSVkYJwpCOhvkJxyrCE/TwR4TQBUfa0KoYHpXTAdEEKp0hiUdgj1/8iJpnlbsaqV6e1auXeVxFNEBOkQnyEbnqIZuUB01EEWP6Bm9ojfjyXgx3o2PWWnByHv20R8Ynz8Nzp3h</latexit>

Rigid deformation approximation:
<latexit sha1_base64="P9gSi0xd2pnffOqg7zXLowUCYTE="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int
<latexit sha1_base64="D9Xcl7S94sPGPHCQI+DktZsNjCM="></latexit>

Sint and →V̂PT↑int are calculated within nuclear DFT.
<latexit sha1_base64="03wXyHJj6yyA+EldjD1odh4x2Ls="></latexit>

→V̂PT↑int = v0gḡ0 + v1gḡ1 + v2gḡ2 + w1c̄1 + w2c̄2



10

<latexit sha1_base64="bmESShL2mDmXLhSTd03fQxJajXI="></latexit>

ai = → 2J

J + 1

Sintvi
!E

and bi = → 2J

J + 1

Sintwi

!E

Nuclear Laboratory Schiff Moment

<latexit sha1_base64="UCcarg2QU3lX1GEsgnYWZUkZcQY="></latexit>

Slab = a0gḡ0 + a1gḡ1 + a2gḡ2 + b1c̄1 + b2c̄2

<latexit sha1_base64="8YnQacwgD1d5Yw5X2TuMywXbQDI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQlCBTFVsDAWRB9SG1WOc9NadR6yHdQq6iew8CssDCDEysjG3+CmGaDlSJaOz7lX997jxpxJZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEhQaNeCTaLpHAWQgNxRSHdiyABC6Hlju8nvqtBxCSReG9GsfgBKQfMp9RorTUM4+7CkYqvWN95mEP/EgEmYNJHItoxGa/y0nPLFsVKwNeJHZOyihHvWd+db2IJgGEinIiZce2YuWkRChGOUxK3URCTOiQ9KGjaUgCkE6aHTTBR1rxsF5Gv1DhTP3dkZJAynHg6kq94EDOe1PxP6+TKP/CSVkYJwpCOhvkJxyrCE/TwR4TQBUfa0KoYHpXTAdEEKp0hiUdgj1/8iJpnlbsaqV6e1auXeVxFNEBOkQnyEbnqIZuUB01EEWP6Bm9ojfjyXgx3o2PWWnByHv20R8Ynz8Nzp3h</latexit>

Rigid deformation approximation:
<latexit sha1_base64="P9gSi0xd2pnffOqg7zXLowUCYTE="></latexit>

→!0|Ŝ0|!̃0↑rigid =
J

J + 1
Sint

→!̃0|V̂PT|!0↑rigid = →V̂PT↑int
<latexit sha1_base64="D9Xcl7S94sPGPHCQI+DktZsNjCM="></latexit>

Sint and →V̂PT↑int are calculated within nuclear DFT.
<latexit sha1_base64="03wXyHJj6yyA+EldjD1odh4x2Ls="></latexit>

→V̂PT↑int = v0gḡ0 + v1gḡ1 + v2gḡ2 + w1c̄1 + w2c̄2
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mean field

Vmf[ρ(r)]

r [fm]⋮



Nuclear Density Functional Theory (A primer)11

self-consistent 
mean field

Vmf[ρ(r)]

r [fm]⋮

Energy density functional (EDF):
<latexit sha1_base64="HFHo1NIpEkm1WfcrSxo056wfedk="></latexit>

E =

∫
d3r H(r)

H(r) =
⊋2
2m

ω(r)→
1

2
Cε2(r), ε(r) =

A∑

i

ϑi(r)ϑ
→
i (r),

ω(r) =
A∑

i=1

(→ϑi(r)) · (→ϑ→
i (r))
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Variational principle:
<latexit sha1_base64="Qesp8e5kJfuWTTtdXiZgC/0Vb4U=">AAACJnicbVDLSgNBEJz1GeMr6tHLYhD0EnZFohdBFMGjglEhG0PvpNcMzj6Y6RXDsF/jxV/x4iEi4s1PcRIj+CoYKKq66akKMyk0ed6bMzY+MTk1XZopz87NLyxWlpbPdZorjg2eylRdhqBRigQbJEjiZaYQ4lDiRXhzOPAvblFpkSZn1MuwFcN1IiLBgazUruwFkQJugg5KgiAG6nKQ5qgovqSsK65MAJqKthHFRkB4R2FkVLFZ7HntStWreUO4f4k/IlU2wkm70g86Kc9jTIhL0Lrpexm1DCgSXGJRDnKNGfAbuMampQnEqFtmGLNw163ScaNU2ZeQO1S/bxiIte7FoZ0cBNG/vYH4n9fMKdptGZFkOWHCPw9FuXQpdQeduR2hkJPsWQJcCftXl3fB9ka22bItwf8d+S8536r59Vr9dLu6fzCqo8RW2RrbYD7bYfvsmJ2wBuPsnj2yPnt2Hpwn58V5/Rwdc0Y7K+wHnPcPimKnpw==</latexit>

ωE
ωε→

i (r)
= 0

Nuclear Density Functional Theory (A primer)12



Variational principle:
<latexit sha1_base64="Qesp8e5kJfuWTTtdXiZgC/0Vb4U=">AAACJnicbVDLSgNBEJz1GeMr6tHLYhD0EnZFohdBFMGjglEhG0PvpNcMzj6Y6RXDsF/jxV/x4iEi4s1PcRIj+CoYKKq66akKMyk0ed6bMzY+MTk1XZopz87NLyxWlpbPdZorjg2eylRdhqBRigQbJEjiZaYQ4lDiRXhzOPAvblFpkSZn1MuwFcN1IiLBgazUruwFkQJugg5KgiAG6nKQ5qgovqSsK65MAJqKthHFRkB4R2FkVLFZ7HntStWreUO4f4k/IlU2wkm70g86Kc9jTIhL0Lrpexm1DCgSXGJRDnKNGfAbuMampQnEqFtmGLNw163ScaNU2ZeQO1S/bxiIte7FoZ0cBNG/vYH4n9fMKdptGZFkOWHCPw9FuXQpdQeduR2hkJPsWQJcCftXl3fB9ka22bItwf8d+S8536r59Vr9dLu6fzCqo8RW2RrbYD7bYfvsmJ2wBuPsnj2yPnt2Hpwn58V5/Rwdc0Y7K+wHnPcPimKnpw==</latexit>

ωE
ωε→

i (r)
= 0

Kohn-Sham equation:
<latexit sha1_base64="jUnbHC7os4xcBIaYh9KUjAd9XCY=">AAACXHicbVFBT9swFHYyxkoZUJi0yy4R1SR2oEqqCXZBQnDZkUkrINWhenFfGgvHiewXtMrKn+TGZX+FuaUHBnySpc/f996z/TmrlbQUxw9B+G7t/fqHzkZ38+PW9k5vd+/SVo0ROBKVqsx1BhaV1DgiSQqva4NQZgqvstvzhX91h8bKSv+meY1pCTMtcymAvDTpWa4wp/Ehzw0Ix4sMzI0btq0bli3XkClYbA/PuSmqA074h7LcmfYbN3JWUMrrQk6cbJ9bJxxrK5Wf7o23Cia9fjyIl4hek2RF+myFi0nvnk8r0ZSoSSiwdpzENaUODEmhsO3yxmIN4hZmOPZUQ4k2dctw2u irV6ZRXhm/NEVL9XmHg9LaeZn5yhKosC+9hfiWN24o/5E6qeuGUIung/JGRVRFi6SjqTQoSM09AWGkv2skCvAxk/+Prg8hefnk1+RyOEiOBke/vvdPz1ZxdNgXts8OWMKO2Sn7yS7YiAn2wB6DTrAR/A3Xws1w66k0DFY9n9h/CD//A2A8uJg=</latexit>[
→ ⊋2
2m

↑2 → Cω(r)

]
εi(r) = ϑiεi(r)

Nuclear Density Functional Theory (A primer)12



Trial s.p. wave-function   ϕtrial
i (r)

Solve the KS equation


[−
ℏ2

2m
Δ + Vmf[ρ(r)]] ϕi(r) = ϵi ϕi(r)

Calculate the mean field   Vmf[ρ(r)]

New s.p. wave-function   ϕnew
i (r)

Calculate the densities   ρ(r)

Variational principle:
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 was adjusted to reproduce the experimental pairing gap of  isotope. V0,p
227Ac

Anti-symmetric pairing potential  depends on the standard form factor of zero-
range density-dependent pairing force:
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†
µ̄â
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★ The necessity of parity symmetry breaking
<latexit sha1_base64="iZvDfLZ6ioCnq8gZid4dgLZe6hE="></latexit>

→d̂↑ ↓ →jm|d̂|jm↑
ω̂→1 = ω̂† = ω̂

ω̂|jm↑ ↓ ω̂|nεjm↑ = (↔1)ω|nεjm↑, ε = 0, 1, 2, ..., n

→d̂↑ = →jm|ω̂†ω̂d̂ω̂†ω̂|jm↑ = (↔1)2ω→jm|(↔d̂)|jm↑ = ↔→d̂↑
→d̂↑ = 0.
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★ The necessity of time-reversal symmetry breaking
<latexit sha1_base64="e86g8LR/FDMPg6V0W0nndfMXrFw="></latexit>

|ω̃→ = !̂|ω→ and |ε̃→ = !̂|ε→

↑ε̃|ω̃→ = ↑ε|ω→→ = ↑ω|ε→

↑ε|Â|ω→ = ↑ω̃|!̂Â†!̂↑1|ε̃→ = ↑ω̃|!̂Â!̂↑1|ε̃→

↑ω↓, jm↓|V̂q|ω, jm→ = ↑ω↓, jm|Ĵ · V̂|ω, jm→
⊋2j(j + 1)

↑jm↓|Ĵq|jm→

↑jm|d̂|jm→ = c↑jm|Ĵ|jm→, c is a real constant and m-independent.

↑jm↓|d̂ · Ĵ|jm→ = ↑jm00|jm↓→↓
2j + 1

↑j||d̂ · Ĵ||j→ = ϑmm→
↑j||d̂ · Ĵ||j→↓

2j + 1
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→jm|d̂|jm↑ = →j̃m|!̂d̂!̂→1|j̃m↑ = +→j̃m|d̂|j̃m↑ = (↓1)2(j→m)→j(↓m)|d̂|j(↓m)↑

→jm|Ĵ|jm↑ = →j̃m|!̂Ĵ!̂→1|j̃m↑ = ↓→j̃m|Ĵ|j̃m↑ = ↓(↓1)2(j→m)→j(↓m)|Ĵ|j(↓m)↑
→j(↓m)|d̂|j(↓m)↑ = ↓c→j(↓m)|Ĵ|j(↓m)↑

|j̃m↑ = (↓1)j→m|j(↓m)↑
→jm|d̂|jm↑ = ↓c→jm|Ĵ|jm↑
→jm|d̂|jm↑ = 0



<latexit sha1_base64="6LfpCdcfXXN2nGRpvgb3YWDBDbg="></latexit>

→jm|d̂|jm↑ = →j̃m|!̂d̂!̂→1|j̃m↑ = +→j̃m|d̂|j̃m↑ = (↓1)2(j→m)→j(↓m)|d̂|j(↓m)↑

→jm|Ĵ|jm↑ = →j̃m|!̂Ĵ!̂→1|j̃m↑ = ↓→j̃m|Ĵ|j̃m↑ = ↓(↓1)2(j→m)→j(↓m)|Ĵ|j(↓m)↑
→j(↓m)|d̂|j(↓m)↑ = ↓c→j(↓m)|Ĵ|j(↓m)↑

|j̃m↑ = (↓1)j→m|j(↓m)↑
→jm|d̂|jm↑ = ↓c→jm|Ĵ|jm↑
→jm|d̂|jm↑ = 0

★ Therefore, the non-zero  requires parity and time-reversal 
symmetry to be broken simultaneously.

⟨d̂⟩



Schiff Theorem

N. Auerbach and V. Zelevinsky, J. Phys. 
G: Part. Nucl. Phys. 35, 093101 (2008)

<latexit sha1_base64="X2U74G6ou5AdMa5AOnXxtXHrs6Y="></latexit>

Ĥatom = Ĥel. + Ĥnucl. →

∑

a

eω(Ra)

ω(R) =

∫
d
3
x

eε(r)

|R→ r|

Ĥext. = e

∑

a

Ra ·E0 → d̂ ·E0

Ĥ = Ĥatom + Ĥext. = Ĥatom + e

∑

a

Ra ·E0 → d̂ ·E0

Ĥ
→ = e

iÛ
Ĥe

↑iÛ
↑ Ĥ+ i[Û , Ĥ]

Û =
↓d̂↔

Ze
·

∑

a

P̂a



N. Auerbach and V. Zelevinsky, J. Phys. 
G: Part. Nucl. Phys. 35, 093101 (2008)

<latexit sha1_base64="3fzYkuf3SRssHlw67uodhTXkW4o="></latexit>

i[Û , Ĥ] =
1

Z
→d̂↑ · [Ee + ZE0]

Ee ↓ ↔

∑

a

→aω(Ra) ↓ Electric field on nucleus generated by electrons.

→!|[Û , Ĥ]|!↑ = →!|ÛĤ|!↑ ↔ →!|ĤÛ |!↑ ↗ (E ↔ E) = 0

ZE0 + →Ee↑ = 0 ↘ →Ee↑ = ↔ZE0 (Schi” theorem)

Ĥ
→ = Ĥatom + Ĥext. + i[Û , Ĥ]

= Ĥatom + Ĥext. ↔ (d̂↔ →d̂↑) ·E0 + e

∑

a

Ra ·E0 +
∑

a

eω
→(Ra)

ω
→(Ra) = ω(Ra) +

1

Ze
→d̂↑ ·→aω(Ra)



Linear Regression Analysis



J. Dobaczewski et al., J. Phys. G: Nucl. Part. Phys. 41, 074001 (2014)

https://iopscience.iop.org/article/10.1088/0954-3899/41/7/074001


Different definitions of octuple moment

<latexit sha1_base64="6V1u6oZDLlm46dKZYz9UbEVH/eg="></latexit>

Q3
0 = e

√
16ω

7

∑

p

r3pY
3
0 (!p) (definition 1)
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Q̂3
0 = e

X

p

r3pY
3
0 (⌦p) (definition 2)

<latexit sha1_base64="SIedm1paTgpeQgXLKks0WgCuWwk="></latexit>

Q3
0(exp) = 810(50) e fm3 (220Rn)

= 940(30) e fm3 (224Ra)

= 1080(30) e fm3 (226Ra) H. Wollersheim et al., Nucl. 
Phys. A 556, 261 (1993)

L. P. Gaffney et al., Nature 
(London) 497, 199 (2013)



Chupp et al., Rev. Mod. 
Phys. 91, 015001 (2019)


