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Reflection Asymmetric Shapes
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Regions of Enhanced Octupole Correlations
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Octupole Collectivity
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Rotating octupole shapes
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Actual Behaviour (near the ground state)

Octupole vibrational

4 _3h hﬁ““i-:r -
_______ __f,,i_-:;ﬁ_._'__ Rn
2 r 1 [e—e218
I 9220
o _ 200
'0Oh
_2 -
0.00 0.05 0.10 0.15 0.20
. Ra
4 F i
3h ® 9220

1(-) - 1(+)

Peter Butler

Octupole deformed

JFC Cocks et al PRL 78 (1997) 2920, Nucl. Phys. A645 (1999) 61
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Electric moments
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EA moment Qnm :<yn

Since the EA operator is an odd function of r if A is odd,
the moment is:

Zero for diagonal matrix elements (unless P, T are violated, see later)

Non-zero for transition matrix elements if y, has opposite parity to vy,

Peter Butler



Electric dipole transitions
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Experimental E1 moments in octupole nuclei
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B(E3) transitions
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B(E3; 0" — 3°) ~ 30 — 50 single particle units for g, ~ 0.1

To study the “best” candidates for octupole
shapes, we excite either radioactive targets
(e.g. ??°Ra, 1600y) or use radioactive beams
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Coulomb excitation and y-ray decay
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E2 and E3 moments in “octupole” mass region

radioactive radioactive
beams targets

2000 - 1993) 2000
LP Gaffney et al
Nature 497 (2013) 199 2301, — 2500
TOUU — 208Pb 232 S
C\l’ > octupole Th 24y ™
""" vibrational II_ 2000 E
& § =
o )
D 10004 (2013) * |~
™
i @\
&
Q\) -4 1000
500 —
— 500
0 0

1 ' | ' | ' | ! 1 ! | ' | ' |
208 212 216 220 224 228 232 236

Peter Butler @ LIVERPOOI



Rotating charged pear-shape
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Comparison with theory
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B(E3:0* = 07) (Wu)
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Counts

Prospects for measuring 426228

226 e o™y
U - . i mm):l!ﬂ?u)_) 3.50 1 ~Th
0 - § @ [¢7] >——<m s /‘\‘\ HmRa
—— 362244y 220
(10*;——{-‘2 mL 3 ‘/ . - H Rn
. > 250 oct. vibrational
g! — - (8+)——{; 28143y
; e e 2436141 “::(i (O
40 | & g8 H—]— A
o ar} 231UEY) ey a
5 = e “ >—1‘T/ 1.50
. N=134
=
0.50
- oct. deformed
-0.50 L . L . L
0.03 0.12 0.16 0.20
150 250 350 Ko MeV)

Energy/keV

PT Greenlees et al J. Phys. G: Nucl. Part. Phys. 24 (1998) L63

Peter Butler



Octupole collectivity in odd-mass nuclel
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Smaller octupole correlations
Large parity splitting
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M Dahlinger et al
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Large octupole correlations
Small parity splitting ~ 50 keV
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Neutron and Atomic EDM moment

Static Electric Dipole Moment implies CP-violation

With E-field

—

E

Schiff Theorem: neutral atomic system of point particles in

electric field readjusts itself to give zero E field at all charges.

BUT: finite size and shape of nucleus breaks the symmetry
Peter Butler
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Octupole enhanced atomic EDM moment

See Next Talk!!

PR C 56 (1997) 1357

V Spevak, N Auerbach, and VV Flambaum related to Qg

~ P,T-violating n-n interaction

Schiff moment:
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energy splitting of parity doublet

S=-2

Schiff moment enhanced by ~ 3 orders of
magnitude in pear-shaped nuclei
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Summary

Strong circumstantial evidence that some nuclei are pear-
shaped

Best evidence comes from behaviour of energy levels and
B(E3)s. Wide discrepancy ot?plh.eories for this quantity.

Odd mass octupole-deformed nuclei offer greatly increased
sensitivity for EDM searches
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