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Nuclear Cluster Physics

Ikeda diagram of light nuclei
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Cluster states of 12C
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Rich clustering structure in nuclear systems.
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Two-body overlap function (Two-body RWA)
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FIG. 1. The two-cluster probabilities for the 0], 2}, and 4]
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FIG. 2. The two-cluster probabilities for the 0, 23, and 47

states.
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FIG. 3. The two-cluster probabilities for the 03, 24, and 43

states.

Visualization of rotational bands of '?C (to be submitted)




The clustering structure from experiments
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120(6Li. ¢)160 The clustering structure of 1O
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The clustering structure of 1O
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The decay scheme and connections
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The 6 clustering structure probed by Inelastic Scattering

6o condensed state was searched for in the highly excited region.
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Candidates of a 2a condensate surrounding the 160 nucleus
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Clustering structure of 3a+p in N



Search for the Hoyle-analogy state in 1°C
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Hoyle-analog state in 13N
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Hoyle-analog state in 13N
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Cluster structure of 3a + p states in N
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Background: Cluster states in °N are extremely difficult to measure due to the unavailability of *B +a elastic-
scattering data.

Purpose: Using B-delayed charged-particle spectroscopy of 120, clustered states in '*N can be populated and
measured in the 3 + p decay channel.

Methods: One-at-a-time implantation and decay of '*Q was performed with the Texas Active Target Time
Prolectlon Chamber 14983ap decay events were observed and the excitation functlon in 13N reconstructe
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2C(g.s.)/ p + "*C(01)] structure. The overall magnitude of the clustering is not able to be extracted, however,
due to the lack of a total width measurement. Clustered states in >N (with unknown magnitude) seem to persist
from the addition of a proton to the highly a-clustered '*C. Evidence of the %+ state in °B was also seen to be
populated by decays from *N*.

Conclusions: These states are seen to have

I(a) 3/21 — “B(3/2 I)®n|;,,2®u |

ag(a) )

04r
"B(1/2 )Xal12@ 2
0.2r
/\\/
04l (b) 3/22_ —_ "B(3/2)Xals2XR) 0 ]
- PB 1/2 ®lklju®l
0.2+
~ AR
0.0 P Vi . —
\
\/l
0.6 f . f { t :
(c) 3/2; —_— B(3/2 )X)alsX) 0
0.4 — B(5/2")Qals2Q) 1 A
- = 'B(3/2 )Qal52( 2
0.2

B(5/2 7 )Qals &) 3 ]

This obtained state corresponds to
the state observed at 11.3 MeV



Excitation energy [MeV]

Excitation energy [MeV]

Hoyle-analog state in 1N
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Gas-like states in 11C
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Observation of the Exotic 0; Cluster State in He
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Summary and Prospect

» High excited states, around
the cluster threshold, could
show novel clustering structures.

For the ground states of
light nuclei, how to identify
the clustering components ?

New methods should be
developed for treating
resonance states and new

effective interactions are required.
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