Studies of Heavy Pear-Shaped
Nuclei at ISOLDE

Peter Butler

University of Liverpool

Brief history

Rotations of radon nuclei

E3 moments in radon, radium
Future prospects




EDM enhancement from pear-shaped nuclei:
a brief history from an experimentalist’s viewpoint

1977 Feinberg
Enhancement due to 1/AE, where AE = (E,-E,) (e.g. rare-earths)
Trans NY Acad Sci 38 (1977) 26
1983 Haxton & Henley (inspired by ??°Pa AE = 220eV)
10! — 103 enhancement due to parity doublets in actinides
PRL 51 (1983) 1937
1996 Auerbach, Flambaum & Spevak

Enhancement due to parity doublets and collective octupole moment
PRL 76 (1996) 4316
PRC 56 (1997) 1357

2000 Engel, Friar & Hayes PRA 60 (1999) R2611
Large enhancement also for octupole vibrational nuclei PRC 61 (2000) 035502

2003 Dobaczewski, Engel et al.
Use of Skyrme-Hartree-Fock method, applied to ?2°Ra Eifffi‘?i’é’féfiiié’&

2011 Ellis, Lee and Pilaftsis

Maximum values of Ra EDM allowed by minimal SUSY JHEP 2011 (2011) 045
related to Q§ A CP violation in nuclear force
<S, ><V, >

Schiff moment: § = —?2
vJ ‘|‘ 1 AE energy splitting of parity doublet
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Where to expect pear shapes
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Octupole correlations strongest when Al=Aj =3h
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Rotating octupole shapes
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Experimental measurements in actinides:
parity doublets and E3 moments

Octupole structure in even-even nuclei

=lvi - in 222,224 Phys Rev 92 (1953) 1495
1954 Stephens, Asaro & Perlman observe low-lying 1- states in Ra e e o6 (1952) 1568

first mention of pear-shaped nuclei Phys Rev 100 (1955) 1543

Parity doublets in odd-A nuclei
1970 de Pinho et al. observe 3/2-, 3/2* separated by 27 keV in 22’Ac
mention possibility of octupole vibrations

PRC 2 (1970) 572

1980 Chasman predicts parity doublets and large connecting E3s PL 968 (1980) 7

1983 Sheline & Leander interpret ?’Ac as parity doublet PRL 51 (1983) 359

PL 133B (1983) 13

1983 Sheline et al. measure & interpret K=1/2* 55 keV parity doublet in ?>°>Ra

E3 moments
1990 Thorsteinsen, Nybg, Levhgiden: B(E3: 0* - 37) ~ 42 W.u. in 22°Ra  phys scripta 42 (1990) 141

1996 Wollersheim et al. measure E3 moments in 226Ra NP A556 (1993) 261

2013 Gaffney et al. measure E3 moments in 22°Rn and %?“Ra Nature 497 (2013) 199
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JFC Cocks et al
PRL 78 (1997) 2920
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octupole vibration
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E2 and E3 moments

octupole
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Comparison with theory: E3 moments

3500 - o RnD1S
o--RaD1S
3000 - E — v v v RnRMF
ey L] 5 v RaRMF
i 5 T o Rn CDFT
2500 % o -0 Ra CDFT
o i 7
2000 - o 3 o “ B Rn Expt
o ) o -8 B Ra Expt
1500 - s -
¥
1000 - o
500 -
0 | | | | |
132 134 136 138 140
N
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E3 transitions in 22°Ra?
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Several low-lying collective bands populated.
Analysis would be challenging
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The largest B(E3)s

Robledo & Bertsch
PRC 84, 054302 (2011)

see also Xia et al.
PRC 96 (2017) 054303
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Facility for Rare Isotope Beams

at Michigan State University

Estimated re-accelerated intensity of 228U from FRIB (PAC 1):

3.5.10° /s

Lol submitted February 2021
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Summary

relat Qs CP violation in nuclear force

J S <V, >

Schiff moment: — _2

engrgy {plitting/of parity doublet
i/ odd-A

Measured in 220.222Rn, 222-228R5 Measured in 223:22°Ra (~ 50 keV)
(but not odd-A nuclei) AE smaller in Ra than in Rn

Will be challenging to measure E3 moments in odd-A nuclei

There may be better cases in nuclei with Z > 88
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