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Cluster states in low energy
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Coexistence of cluster and MF features
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Cluster structures
IN stable and unstable nuclel

Typical cluster structures known in stable nuclei

Lj
@)@ OO0\ /OO0
o+t o+ o

Heavier nuclel
Si-C, O-C, O-O

@ a-cluster

36Ar-a, *Mg-a., %8Si-a

40Ca*’ ZBSi*’ 328*

12C 20N e 16)*
OO@O %890 ©0
3a 160 + o 12C + @

Unstable nuclei (neutron-rich)

®, o-cluster 30
e\ @ excitation
/ ©Q
¢ 6=
00

14c*
‘(. Molecular
o0 :
\\ orbital Be, C, O, Ne, F




In heavier-mass nuclel
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In nheutron-rich nuclel

neutron-rich Be isotopes
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Cluster gas, linear chain
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Rich cluster phenomena in nuclear systems
as functions of proton&neutron numbers and excitation energy

v" Cluster formation/breaking in low-lying states
v Cluster excitation and resonances
v' Molecular Bond in neutron-rich nuclei
v' Many clusters : cluster gas, chain
v" New types of cluster
t 4He, 12C, 16Q,
%8He+He in Be, 1°Be+a in 14C,

14C+a in 180, 180+a in 22Ne



Rich cluster phenomena in nuclear systems
as functions of proton&neutron numbers and excitation energy

v" Cluster formation/breaking in low-lying states
v Cluster excitation and resonances

v' Molecular Bond in neutron-rich nuclei

v' Many clusters : cluster gas, chain

v" New types of cluster

Theoretical framework that can describe those
Cluster phenomena

AMD: antisymmetrized molecular dynamics
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AMD method for structure study
AMD wave fn.
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3. Some topics of
cluster phenomena




Topics of
cluster phenomena

* Cluster gas, chain states

» Cluster structures in Be isotopes



Topics of
cluster phenomena

* Cluster gas, chain states



Cluster states In excited states

Various modes of cluster excitation,
and their rotation
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Rotational(?) band from cluster gas

Structure change with spin increasing -> change of moment of inertia
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Linear chain state in 14C*
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Topics of
cluster phenomena

» Cluster structures in Be isotopes



Cluster structures
IN neutron-rich Be
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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



Molecular orbital(MO) bond in Be
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Vanishing of N=8 magic number
IN neutron-rich Be
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1?Be:Vanishing of magic number N=8
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VAP calculation with AMD method

positive parity states with normal spins
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Parity inversion of *Be(1/2+,1/2-)
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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
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Cluster structures in Be isotopes

1286
11
Be 12Be(0hw)
| 0+, Oha
1/2- Ohw
1/2+ lho = 0+. 2hw 12Be(2hw)
- n

5/2+ Ohw | 12Be(0hw)+n

1/2- lhw = O-orbital @

P
AN/
\

12Be(2hw)+n



Cluster resonances
INn Be and 9L
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3. °He+t cluster states in °Li
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cluster resonances
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Developed °He+3H cluster states in Li
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5. Summary
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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+o Cluster resonances , and 6He+t resonances



