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Cluster states in low energy
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Coexistence of cluster and MF features
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Typical Cluster structures

cluster structures known in light stable nuclei




Rich phenomena in unstable nuclel
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Rich phenomena in unstable nuclel
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Theoretical Framework

Approach for nuclear structure to study
coexistence of cluster and mean-field
aspects



To study cluster and MF aspects
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AMD Antisymmetrized molecular dynamics

Cluster and MF aspects, stable/unstable nuclei, cluster formation/breaking



AMD method for structure study
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Some topics of
cluster phenomena



Topics of
cluster phenomena

Cluster gas, Linear chain states
In C Isotopes
Cluster structures In Be Isotopes

Cluster & shapes: symmetry breaking(SB)
and restoration



Topics of
cluster phenomena

Cluster gas, Linear chain states
In C Isotopes



Cluster gas states in excited
states
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Dilute cluster gas

0, 2 @
7 65 MaV/ Bosonic behavior:
e — - o particles condensate
8 + .
Be+a 0, \/ o. condensation in the same orbit.

U

BEC in nuclear matter
Roepke et al., PRL(1998)




2a+t cluster in 1'B(3/2-;)
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Linear chain state in '*C*

12

3a chain-like / \

@ %a)

3o gas

+
03 4

3a 10.3 MeV
+

02 7.65 MeV

_>

8Be+q

cluster & shell

°© & @

Add two 14C
neutrons

@~

Energy (Mev)

AMD by T.Suhara and Y.K-E,
Phys.Rev.C82:044301,2010.

3o linear chain



Many-body correlations at low density
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Topics of
cluster phenomena

Cluster structures In Be Isotopes



Cluster structure
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Molecular orbital(MO) structure in Be
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Topics of
cluster phenomena

Cluster & shapes: symmetry breaking(SB)
and restoration



Exotic shapes from cluster correlation
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Cluster correlation and SB

Y. K-E. and Y. Hidaka, PRC84, 014313 (2011)
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Summary

Coexistence of cluster and MF aspects brings variety of
structures.

Topics of cluster phenomena in stable and unstable
nuclei:

Cluster gas, Linear chain, molecular orbital etc.

Cluster and symmetry breaking

In studies of unstable nuclei, further rich phenomena will
be discovered as functions of proton/neutron numbers

and excitation energy.
Analogy with other quantum many-fermion systems
(cold atoms, quark systems)
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