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Shape coexistence
A

Coexisting structures competing at low
energies with distinctly different shapes

Subtle interplay between stabilizing
effects of closed shells and residual
Interactions between protons and
neutrons

Experimental data crucial for
constraining models

A

Appears all over the nuclear landscape

The observation that a particular atomic nucleus (N, Z
combination) can exhibit eigenstates with different shapes
appears to be a unique type of behavior in finite many-body
quantum systems.X X X @ ® ® @ X X Pngeddtxnding b
occurrence of shape coexistence 1n atomic nuclei 1s arguably
one of the greatest challenges faced by theories of nuclear
structure.

Heydeand Wood Rev. ModPhy 83, 1467 (2011).
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Shape coexistence In oo rev wod S
Pb region . :
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Shape coexistence In
Pb region —
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lonisation efficiency [arb. units]

A Two groups representative of two
methods:
A Collinear methods
ligh resolution
_ow efficiency
A In-source methods
- Low resolution
- High efficiency
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Laser spectroscopy @ ISOLDE
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Results from bismuth and
gold campaigns



Bismuth radi (Z 83)
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Gold radil (Z=79)
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News » News » Topic: Physics

Deformation versus Sphericity in the Ground States of the
Lightest Gold Isotopes

J.G. Cubiss et al, ISOLDE sees shape shifting in gold

Phys. Rev. Lett. 131, 202501 (2023) — Published 14 November 2023 .
nuclei

@ Charge radii of neutron-deficient gold isotopes measured with

resonance-ionization laser spectroscopy display a unique The finding comes a little more than 50 years after the phenomenon was first

: discovered at the facility in mercury nuclei
pattern that has not been observed elsewhere in the nuclear y y
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Gold radil (Z=79)
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Gold radn (Z=79)
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HFB calcs.: odd-A and odd-odd nuclel

A OddA, and particularly od@édd nuclei are a challenge for theory
A HFB using D1Msogny (SGorielyet al., PR1102, 242501 (2009).).

A Begin by selecting states with correct spin, and calculating ground state.
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HFB fOr Bismuth A.E Barzakret al.,PRL127, 192501 (2021

S.Péruet al, PRCL04, 024328 (2021)
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Charge-radil across the lead region,
from Au to At (Z=79 to 85)

J.G. Cubisat al, Phys. Rev. Lett31, 202501 (2023)

A Try applying same approach to 1-

proton-rich ground states of all ] § 5 SSA‘LW/
chains we have measured (Z=79 ] 4 5 84POW*’/H/X‘
85, 160 isotopes) 0- M
. .. ~~ _1_- I
A All results here include mixing, & 1 &2Pb
using same statistical approach>= ]
L —2- g1l
o - soHg

-3 _ | 70AU
- : —e— Experiment
—4 |




Charge-radil across the lead region,
from Au to At (Z=79 to 85)

J.G. Cubisst al, Phys. Rev. Lett31, 202501 (2023)

A Try applying same approach to 1-
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—~ — 14
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04
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Recent results and future
possibilities

.j Limits of Octupole
region

1,!"2
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The LIST and quartz lines

R.Heinkeet al.,Hyperfine Interaction238, 6 (2017)
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Sensitivity boost
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lonisation schemes
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g factors of odd -A golds
(quilty as charged)
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Neutron number
H FB fOr ALI ISOtO eS 97991010305070911131817192
p 74 "
: ] <t °
A Try applying same approach asused®} * . & |
in Bi isotopes both founmixed 51 e 2 e unmied |
andmixed cases 4- ’ . A Mixed
States selected by spin, and dipolé€z s-
moment £ L] \ °8®
] o N
1 @ ™ Ey .
Neutron number 1- ¢ 1 e e+ 2 ‘e'e
979910103058070911131812182 0 ; :-i"'i'.' 8
_ , E i
S .
176 178 180 182 184 186 188 190 192 194 196 198 200

Mass number

A A good agreement with
experiment Is seen

d g°Offm?]

A Inclusion of mixing gives similar
results

176 178 180 182 184 186 188 190 192 194 196 198 200
Mass number



The Laser lon Source and Trap

R.Heinkeet al.,Hyperfine Interactions
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Theoretical description of Kink

A Number of theoretical descriptions: 06
P.M. Goddarebt al, PRI110, 032503 (2013) ol 2=
H. Nakada & Tnakurg PR®1, 021302(R) (2015) 0r
H. Nakada, PR#2, 044307 (2015) N . A
s o
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Comparison of theory & experiment
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Kink at N=127
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Kink at N=127

A We can compare gradients in radii
just above and below shell
closurec removes deformation
effects of

This also minimizes the effects of
odd-even staggering In radi
(though may not be fully
removed)

A We do observe a kink in oeM at
N=127

Magnitude of kink is comparable
In different chains and in both the
odd- and evenN isotopes
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A g(" hy,,,) measured foisotopes
from Z=64 to Z=81, observe
effect of N=82 and N=126 shell
effects on mag mom

A Possibly caused by firstder
core polarization (CP1) effects,
related to f,,I'bE, neutron
excitations
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have opposite sign toh,,,,
results in reduction ofj(" hy4/,)
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Reduced widths and mag. moments

A First sign of evolving structures
came from observation of small
1 for decay oft8'Tl
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