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* Introduction

« Mean field and one-body motion
« Semi-classical treatment

« Symmetry breaking

e Summary



Degeneracy, stability, symmetry breaking
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DEFORMATION

The concept of magicity can be
generalized o the case of deformation:
magic deformed nuclei

Magic nucleus: the least degenerate
among its neighbors

The genaral rule: In quantal systems
degeneracy leads to reduced
stability. Thus even an infinitely
small perturbation of a degenerate
system produces a final response in
the system due to rearrangement of
many close-lying states.

« Jahn-Teller Effect

* Hartree-Fock

« Symmetry breaking and
deformed mean-field
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Shell energy (correction)

(a useful concept rooted in the one-body picture)

A

Swiatecki, 1963

Strutinsky, Nucl. Phys. 95, 420 (1967)
Brack et al., Rev. Mod. Phys. 44, 320 (1972)
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Shell correction approach
(Strutinsky, Swiatecki,...)
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see, e.g., Brack, Bhaduri: Semiclassical Physics
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Ragnarsson et al., Phys Rep. 45, 1 (1978)

Shell energy for spherical shape

— - Harmonc osc. potential

Modified osc. potential
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RHO, WN & JD Phys. Rev. Lett. 68, 154 (1992)
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supershells & beating



Supershell structure in trapped dilute Fermi gases
Y.Yuetal, Phys. Rev. A 72, 051602(R) (2005)

H—N p—’+1mwr +4.7'l7— 5(3)(r—r)
_2 ; E

2m ~

g=0

! 1
0 5 10 15 20 25
1/3
N

Shell energy: (N)=E(N)-E(N)

OSC

N/2

Total energy: E(N)= 226_ gfpzd(s)
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. of } upershell structure!

N Eshell/ Etot =~ 10-5
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Two close-lying frequencies give rise to the beating pattern



Many splendid examples of s.p. motion at large deformations

Dynamical symmetries and multiclustering
in superdeformed and hyperdeformed
nuclei, RHO, Phys. Rev. Lett. 68, 154 (1992)
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Cwiok et al., Phys. Lett. B322 (1994) 304

FEFT
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Staszczak et al.,
2008, in preparation
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Single- rar"ricle quantum numbers and
f-consistent symmetries

0 Spherical shape | | = Axial, reflection - 3 Triaxial, reflection -
[h, j]=0 symmetric shape symmetric shape
n,lj,m, m=(-1) [h, j,]=0, j=s+I [h, S]=0 (i=1,2,3)
Qm (N,n,AZx) m, AQ=2 (N)

1 Axial, reflection -
asymmetric shape
[h, S.,]=0
Q, s(A YY)




Nuclear Shell Structure

—diffused mean fields
—reduced spin-orbit
—strong pairing
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—strong spin-orbit term
—pseudo-spin
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M.Bender, W.Nazarewicz,

Shell structure in normal, superheavy, and hyperheavy nuclei

What is the next magic nucleus beyond 2°8Pb?
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Shell structure in normal, superheavy,
and hyperheavy nuclei

SLys |
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M.Bender, W _.Nazarewicz, and P.-6.Reinhard, Phys. Lett. B515, 42 (2001)




Crazy topologies of superheavy nuclei due to the Coulomb frustration
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Skyrme HF with SLy4, Magierski and Heenen, Phys. Rev. C 65, 045804 (2002)
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A NEUTRON STAR: SURFACE and INTERIOR
. “Swiss “Spaghetti’

CORE:

Homogeneous
Matter

s ATMOSPHERE
ENVELOPE

Polar cap

Neéutron Superfluid +
Neutron Vortex  Proton Superconductor

Neutron Vortex ) /

Self-consistent calculations
confirm the fact that the “pasta
phase” might have a rather
complex structure, various
shapes can coexist, at the same
time significant lattice distortions
are likely and the neutron star
crust could be on the verge of a
disordered phase.

Liquid crystal structure?



