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Isospin symmetry breaking Shell evolution far from stability
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A multipole expansion
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The interplay of the monopole with multipole terms,
like pairing and quadrupole, determines the different
phenomena we observe.

In particular, far from stability new magic numbers appear

and new regions of deformation develop giving rise to
new phenomena such as islands of inversion, shape phase
transitions, shape coexistence, haloes, etc.
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Which components of the NN interaction break the isospin symmetry?
How does isospin symmetry work with shape coexistence?

Will new decay modes be observed far from stability?

Do we understand the interplay of T=0 and T=1 pairing?

Do proton skins / halos exist?

Connection with other fields: Astrophysics, Standard Model
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Charge symmetry : V,, =V,
Nuclear force slightly asymmetric
e.g. scattering lengths
Machleidt and Muther, PRC 58(2001)1393

Charge independence: (V,, + V,))/2=V

some charge dependence exists
Gonzalez Trotter et al., PRL 83 (1999)3788

Deviations are small
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Can we reproduce such small energy differences?
What can we learn from them?

Interestingly they contain a richness of information
about spin-dependent structural phenomena

We measure nuclear structure features:

* How the nucleus generates its angular momentum
* Evolution of the radii (deformation) along a rotational band
* Learn about the configuration of the states
* Isospin non-conserving terms in the nuclear interaction
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Backbending probability distribution for the

: relative distance of two like
particles in the f,,, shell

Ey

=8
angular momentum

Shifts between the excitation energies

of the mirror pair at the backbending

indicate the type of nucleons that are
aligning
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D.D. Warner, M.A. Bentley and P. Van Isacker.,
Nature Physics 2 (2006) 311
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Can we do better?  \/ohV/SVEe v/
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- sum of Coulomb
49 terms
APV 24cr25 Theo }

Another term of nuclear (?) nature is needed, but it has to be big!
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Yrast spectra of the T=1 44Ti and 4°Ca
We assume that the configurations

of these states are pure (f;,)? Coul: calculated

MED: measured
(monopole
subtracted)

J=2 anomaly

This suggests that the role of the isospin non conserving nuclear force is at
least as important as the Coulomb potential in the observed MED

Simple ansatz

1=2
for the application to Vi [pf ° ] =100keV

712
nuclei in the pf shell: A. P. Zuker et al., PRL 89, 142502 (2002)
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MED, =<VCM >, + <VCm >, + < VB >,

120

VCM: gives information on the 100

nucleon alignment or recoupling

VCm: gives information on

changes in the nuclear radius
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MED (KeV)

Important contribution from the
VB term: V( [f;,f;,],)=100 keV
of the same order as the
Coulomb contributions!
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A. P. Zuker et al., PRL 89, 142502 (2002)
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M.A. Bentley and S.M. Lenzi,

Prog. Part. Nucl. Phys. 59, 497-561 (2007/)
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MED (keV)

M.A. Bentley et al.,
PRL 97, 132501 (2006) towards band termination
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The nucleus changes shape



J=2 anomaly

A.Gadea et al., PRL 97, 152501 (2006)
D. Rudolph et al., PRC 78, 021301(R) (2008)

J.R. Brown et al.

PRC 80, 011306(R) 2009

without Vg
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A=21

20
S.M.L. et al., to be published
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A=66
A=70
/
’708 7OBr —
2% [3s S e, T =1

Modifications in the Fermi surface induced by isospin-breaking interactions can cause

rapid changes in the nuclear shape that may lead to different shapes in the ground-state
configurations of nuclei belonging to the same isospin multiplet.




A new collaboration within SARFEN with A. Petrovici to perfom

shell model calculations that are not constrained to axial deformation







The coherent effect of Coulomb-induced mixing with the high-lying
Giant Isovector Monopole Resonance is proposed as the most
probable process to produce large asymmetry in the E1 transitions,
with comparatively small effect on the other properties of the parent
and daughter level.
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How does the shell structure change far from stability?

How do new regions of deformation develop at “magic” numbers?
How does the interaction describe shape coexistence?

Will new excitation/decay modes be observed far from stability?
New dynamical symmetries or new shapes?

Connection with Astrophysics
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At N=8 and N=20 the h.o. shell gap
vanishes for very neutron rich nuclei.

Island of
inversion

N
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Marginean et al.
Phys. Lett. B 633 (2006) 696.

Recent plunger experiment at MSU to
measure the lifetimes and test the E(5).




N=40

N=42

-2 N2 -2 4
Nnfe506/2 nfs/zgg/zl

The fpg model space is not able to
reproduce the increase of

collectivity of Cr and Fe isotopes
approaching N=40
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F. Recchia et al., PRC 85, 064305 (2012)
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Proton-rich nuclei present several interesting properties and
phenomena that can give information on specific terms of the
nuclear interaction:

Neutron-rich nuclei at the harmonic oscillator closures show
In their structure and give rise to
. This gives information on the

and can be interpreted in terms of and
described with calculations.
In both cases the phenomenon of can give
information on the that drive the nucleus

towards different competing deformations.
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