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The non-zero expectation value of the operator

3:26aRa, a=1,

a

N/

in a stationary state of an atom W1th a certain value J of angular momentum

requires simultaneous - and J - violation.

% An atom can acquire an EDM from the nucleus.

Y A nucleus acquires an EDM from either nucleon EDM or P.T

interaction between nucleons and pions.

-violating
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Anti-symmetric pairing potential A depends on the standard form factor of zero-

range density-dependent pairing force:
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was adjusted to reproduce the experimental pairing gap of **’ Ac isotope.
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TABLE 1. Coefficients ay, a,, a,, by, and b, (in e fm?) [from
Eq. (5)], determined by regression analysis. For “*'Rn and **°Rn
we show values propagated to the experimental octupole moment
of 2?’Rn, whereas for >*°Fr, >°Ra, and **’Pa we show averages of
those propagated to ***Ra and 2?°Ra. Details are in the Supple-

mental Material [34]. Values determined with a precision better
than 25% are 1n boldface and those compatible with zero are 1n

1talics.

a aq %) bl b2
2IRn —0.04(10) -1.7(3)  0.67(10) —0.015(5) —0.007(4)
25Rn —0.08(8) —2.4(4)  0.86(10) —0.031(9) —0.008(8)
*Fr  0.07(20) —-0.8(7)  0.05(40) 0.018(8) —0.016(10)

25Ra 0.2(6) -5(3)  3.3(1.5) —0.01(3) 0.03(2)
29pa —12(3) —-0.9(9) —0.3(5)  0.036(8) 0.032(18)

(
22TAc  4.4(10) —14.0(18) 8.3(31) —0.2(2)  0.3(3)

J. Dobaczewski et al., PRL 121, 232501 (2018) and M. Athanasakis-Kaklamanakis, et al.,
the supplemental material Nature 648, 562-568 (2025)
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A Summary @ Outlook
% There is a strong correlation % To find different observables that
between the intrinsic nuclear Schiff have a strong correlation with the
moment of 227Ac and the intrinsic nuclear Schiff moment.
octupole moment of 226Ra. % Adding nucleon piece of Schiff
% The obtained value of the intrinsic operator:
nuclear Schiff moment of 227Ac is 1 A
37.1+ 1.6 e fm°. S" = — Z (7"7/2 — <T2>ch) d,
Y We have also calculated the 0 i=1

coefficients of the laboratory Schiff Slab = @09Go + a19g1 + a29go
moment of 227 Ac. _ _
—|— blCl —|— bQCQ _l_ a/pdp _I_ @ndn

J. Engel, Ann. Rev. Nucl. Part. Sci. 75, 129 (2025)
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% The necessity of parity symmetry breaking

wlym) = 7#nlim) = (=1 Inljm), £=0,1,2, .., n

A\

(d) = (jm|aT7d7"7|jm) = (—1)* (jm|(—d)|jm) = —(d)
(d) = 0.
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% The necessity of time-reversal symmetry breaking

a) =O|a) and |B) =0O|B)
(Blay = (Bla)* = (aB)
(BlA|a) = (a]OATO7|B) = (4|0 A0 ()
(o, jm|J - Vl]a, jm)

(o, g/ Vg, jm) = ([ Jqljm)

2505 +1)
(jm|d|jm) = ¢(jm|J|jm), cis a real constant and m-independent.
: Y O3 - jm()()]m’ oA A ]aj]
<Jm/\d-J|]m>: < ‘ ><]Hd'JH]>:5mm’< H . H >



(jml|d|jm) =
(jm|J|jm) =
(G(—m)|d]j(—m)) =
jm) =
(jml|d|jm) =
(jml|d|jm) =

(jm|©dO~!|jm) =
(im|©IJO ™ jm) =

—c(j(=m)|J]5(~
(1) 7"5(=

—C<Jm|J\Jm>

m))

+(jm|d|jm)

m))

—(jm|I|jm) =

(=127 (G(—m)

= (1?7 {i(=m)|d]j(—m))
(=m))



s Therefore, the non-zero (d) requires parity and time-reversal
symmetry to be broken simultaneously.



Schiff Theorem
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4 — ei(A]f}_ze—iU ~ 7:[ —I—Z[(],/}:[]

U

: E P, N. Auerbach and V. Zelevinsky, J. Phys.
Ze

G: Part. Nucl. Phys. 35, 093101 (2008)
a



0] = () - [B. + ZEy
E.

= Z V.o(R,) = Electric field on nucleus generated by electrons.

(U|[U,H]| W) = <\IJ\UH\\P> — (V|HU|¥) o (E — E) =0
ZEg+ (E.) =0 — (E.) = —ZEy (Schiff theorem)
H' = Hatom + Hext. + 1[U, H]

A\ A A

— atom Hext. _ (d _ <d>) ) EO € Z Ra ) EO Z 690/(Ra,)

a

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



Linear Regression Analysis
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