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Cluster structures

in stable and unstable nuclei
Typical cluster structures known in stable nuclei
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Rich cluster phenomena in nuclear systems

 Cluster formation/breaking in low-lying states

 Cluster excitation and resonances

 Molecular Bond in neutron-rich nuclei

 Many clusters : cluster gas, chain

 New types of cluster

t, 4He, 12C, 16O,

6,8He+He  in Be, 10Be+a in 14C, 

14C+a in 18O, 18O+a in 22Ne 

as functions of proton&neutron numbers and excitation energy



Rich cluster phenomena in nuclear systems

 Cluster formation/breaking in low-lying states

 Cluster excitation and resonances

 Molecular Bond in neutron-rich nuclei

 Many clusters : cluster gas, chain

 New types of cluster

Theoretical framework that can describe those 

Cluster phenomena 

as functions of proton&neutron numbers and excitation energy

AMD: antisymmetrized molecular dynamics



2. A theoretical model: AMD
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AMD method for structure study



AMD model space

a variety of cluster st. shell model state
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cluster phenomena
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Cluster states in excited states
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Linear chain state in 14C*
14C
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Cluster structures 

in neutron-rich Be
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MO bond and vanishing of 

magic number N=8 in Be
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Breaking of magicity (N=8) in 12Be
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Breaking of N=8 magicity
Y.Kanada-En’yo et al., PRC 68, 014319 (2003)
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13Be spectra
13Be: unbound
13Be spectra has been measured by 1n knock-out reactions

at GSI(Simon et al. 2007) and RIKEN(Kondo et al.,2010)
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Be isotopes calculated with AMD+VAP

11Be

AMD calculation using set(1) interaction: 

•1/2+ ground state in 11Be.

•Intruder ground state in 12Be.

•lowest 1/2- state in 13Be.

Eff. interactions

MV1(m=0.65)+G3RS force

• set(1) : u=3700 MeV (ls force)

• set(2) :  u=2500 MeV
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PRC68, 014319 (2003)
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Cluster structures in Be isotopes
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Cluster resonances  

in Be and 9Li



3. 6He+t cluster states in 9Li
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Developed 6He+3H cluster states in 9Li
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Cluster structures in 10Be and 9Li
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5. Summary

Cluster aspects in ground and excited states



Cluster gas, chain states
 Cluster gas often appears in general nuclei 

 Cluster gas is not stable in the rotation

 Chain structure of alpha clusters in neutron-rich C

Cluster structures in Be isotopes
 2a clusters and valence neutron

 MO bond structure and breaking of magic number N=8

 6He+a Cluster resonances , and 6He+t resonances 


