OKTYNOJIbHAA OEPOPMALUUA ALEP

1. Kak OKTYnNOJIbHasA p,ecbopmau,m NnpoABIIAETCA B CBOMCTBax anep?

2. Pe3ynbTtaTtbl akcnepumeHToB Ha ISOLDE u TRIUMEF:
OKTynonbHaga gedopmauma B 217219At n 225229A¢

3. UT0 patoT oKTYnosibHO AeopMmnpoBaHHbie aapa ans U3nku
aNleMeHTapHbIX YacTuu?



Octupole defor mation
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Where arethe possible regions of octupolarity?
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Region of octupole deformation
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L ow-lying negative parity bandsin even-even nuclel
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Parity doubletsin odd nuclel

Energy of excitation (keV)

500

400

300

200

100

223Ra
2
[=}%
=
[=]
Q
(13/2) 2183
B 11/2-—247.47
— HF
11/2* 17472 a/2- 174 78
" g/2+ 13927 2800
7/2-_123.91
52 79.77
+ 6153
| 7/2'————60 - 50.19
5}2*&53{'
— 3/2% 0 110

3/2[(761] + 3/2[631] +3/2[642] +

HF
(7/2*)—220-1__ g3 HE
017 =RE00 o aszas
Parity doublet \
HF
2400
570
170
—F P-= (o) — [BY)/N2
910 55 keV
— = (o) + B2
380
8 <M S /

parity partner with the same intrinsic structure



Parity doubletsin odd nuclel
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Minimain the potential energy surfacesat ;>0

|33 — deformation
B3 — deformation
B3 — deformation

[33 — deformation
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Minimain the potential energy surfacesat ;>0
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Octupole deformation and radii
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Odd-even staggering in radii

staggering parameter: y (N

y =1 — no staggering
y < 1 — normal staggering

y > 1 — inverse staggering
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N N+1
neutron number




|nverseradii staggering and octupole deformation
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The parity doublets are experimentally found to be more closely
spaced in the odd nuclei than in their even neighbours.
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Octupolarity: 132 <N < 139 (inverse OES)



Spins and octupole defor mation
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Magnetic moments and octupole defor mation

Whether the parity doubled bands arise from single parity-mixed hybrid Nilsson
orbitals generated from a stable octupole potential or from two different sets of
Nilsson orbitals with different intrinsic properties.

7( ®+@®))
(+|10|+)=(-|0]-) = (@I01@)= (O); .

Hexpi**Ra, 3/27) = 0.4 n.m.

Hexpi*>Ra, 3/2) = 0.3 n.m.

Parity mixed: . (***Ra, 3/2%) = u, .. (***Ra, 3/27) = 0.5 n.m.
Reflection symmetric: u,. (***Ra, 3/27) = 0.03 n.m.; u,,...(**Ra, 3/27) =-0.06 n.m.



B(E3) and octupole defor mation

stable octupole deformation octupole vibration
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For octupole-vibrations it is expected that all E3 matrix elements
between states other than those coupled via an octupole phonon, i.e.
<(I-3)*||E3||{I~> vanish.



| onization schemes
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Experimental hfs spectra
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HF calculations: octupoleregion
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Octupole defor mation and radii
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HF calculations
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Mixed-parity single-particle states
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Magnetic moment of odd Ac isotopes as indicator
of the octupolarity
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Magnetic moment of 218At: a sign of the
octupolarity?

Ho(PIBAL 37) = 1.25(12)y,

Additivity relation:
’ . . . c (4 +1 i (s +1
H (ipain) - IU(.ZP) + IU(.ZH) : (] / 2) + IU(,ZP) - ﬂ(,ln) . r (lp ) by (l” )
L Ly L, L, 2-(I+1)

Uoqq C18AL 37) = 0.87(9)u,, for configuration (zlhy, © v2g,, );_
(additivity relation)

Even a small admixture from (7i 5, © v g, )3, O (i3, @ Vijy )ss
configurations would ensure an agreement between the additivity-rule
estimations and the experimental results. Such an admixture is only
possible in cases with mixing between opposite-parity states at nonzero
octupole deformation. The use of other configurations decreases u



Inverseradii staggering: Ac and At
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Region of octupole deformation
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Radii staggering: HF calculation for Ac
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EDM search: Schiff moment

Theorem (Schiff)

The nuclear dipole moment causes the atomic electrons to
rearrange themselves so that they develop a dipole moment
opposite that of the nucleus. In the limit of nonrelativistic
electrons and a point nucleus the electrons’ dipole moment
exactly cancels the nuclear moment, so that the net atomic
dipole moment vanishes.

Post-screening nucleus-electron interaction is proportional to Schiff moment

S, = 10\/47:2(? )YI(Q)Jr....

= (¥, |§0|xp0> ~ Z (ol Sol¥i) (Vi |Vpr|Fo) L cc W — another parity state
i#0 Lo —E;

%!

Electrostatic potential produced by the Schiff moment »(R) = 47S - V§(R)

Atomic EDM induced by nucleus in an atom with a single electron in state ns

(ns| —ep(R)|mp)(mp| — eR|ns)
=2
Tzn E ns E mp

atum



EDM search: the best experimental [imit

B. Graner, Y. Chen, E. G. Lindahl, and B. R. Heckel,
PRL 119, 119901 (2017) (University of Washington)

d(1%Hg) = 2.20 (2.75) (1.48) 10 ¢ cm
|d(1”"Hg)| < 7.4 103 e cm
Syl <3.1 1071 e fm?



EDM search: enhancement at octupole defor mation

the presence of the parity partner ‘?0> of g.s. | LP0>

in225Ra 1/27 ground state has a 1/2~ partner at 55 keV

E<lPO|S()|lP()>%Z< ()| ()|E(>)< | PT‘ ()>_|_C

- B @ (5]l

Enhancement Factor: EDM (??°Ra) / EDM ('*°*Hg)

Skyrme Model Isoscalar | lIsovector
Sl 300 4000
SkM* 300 2000
SLy4 700 8000

Schiff moment of >>Ra, Dobaczewski, Engel (2005)
Schiff moment of *°°Hg, Ban, Dobaczewski, Engel, Shukla (2010)

Atomic physics enhances any EDM in Ra by another factor of 3 over that in Hg



Schiff moment: calculations

Intrinsic Schiff moments S, (e fm?)

EDF method 2?'Rn  2?%*Rn  2?%3Fr 22°Ra “%9Pa

SIII BCS 13.9 6.9 24.0 270 37.6
SkM* BCS 21.6 30.7 325 389 464
SkO’ BCS 11.4 18.3 23.2 315 409
SkX. BCS 6.4 13.8 183  23.6  34.6
SLy4 BCS 204  26.2 288  36.8  46.0
UNEDF0O BCS 10.6 17.2 199 279 334
D1S HFB 27.6 30.9 34.3 434  52.0

UNEDFO HFB 20.5 23.5 251 32.7 32.9

Factor of 2-4!



Correlation of Schiff moment and Q,

Q)+ Qp=edinYili)  S,~0;
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J. Dobaczewski, J. Engel, M. Kortelainen, and P. Becker, PRL 121, 232501 (2018)



Intrinsic Schiff moment from measured Q,

Intrinsic Schiff moments S, (e fm?)

K from ??*Ra  from “?Ra  from %*Rn
“'Rn 19.2(1.9)
“*Rn £ 13.5(2.8)
“PFr 2 20.3(1.5)
“Ra £+ 26.6(1.9) - -
2"Pa 2 35.2(2.9) 39.5(2.1) 41.9(2.7)

Q;, (expt) = 940(30) e fm? for 22‘Ra,
Q;, (expt) = 1080(30) e fm? for 2*°Ra,
Q;,(expt) = 810(50) e fm? for 22°Rn



Summary

1. OkTynonbHasa aedopmauusa aapa nposiBfsieTcs B LeNoM paae MHTEPECHbIX SAepHO-
CMNEeKTPOCKONUYECKNX PeHOMEHOB, TPedyoLWMX A1 CBOEro onncaHmnsa pasBuTtmg
TeopeTnYeCcKnx nogxon0s..

2. Koppenauna obpaTHOro 4YeTHO-He4YeTHOro adodekra B 3apsa40BbIX paguycax ¢
OKTYMOJSIbHOW KOMMEKTUBHOCTbLIO TPeBYET KONMYECTBEHHOIO TEOPETUYECKOIO
onuncaHus. YCcTaHoBneHne rpaHmy, obnactn obpaTtHoOro YeTHO-HeYeTHoro adpdpekra —
oAdHa 13 aKkTyanbHbIX 3ada4 agepHon PU3UKN.

3. HakonneHue akcrnepuMeHTarnbHbIX AaHHbIX 00 adhpeKkTax OKTYNnoSIbHOCTU UMEET
BbonbLloe 3Ha4YeHne ans QoOPMUPOBaHNSA HAOEXHbBIX SAEPHBIX MOAENEN AN
n3eriedeHnsa nHdopmaumm o T- n P-HEYETHbIX KOMMOHEHTaxX B3aMMOAEeNCTBUS
9NeMeHTapHbIX YacTul,.
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