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1.Introduction
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Cluster structures
In stable and unstable nuclel
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Cluster structures
IN N-rich nuclel
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Roles of excess neutrons
In cluster structures of n-rich nuclei
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MO bond and Cluster res. in 22Ne

Exp Scholz et al., Rogachev et al., Goldberg et al.,Ashwood et al., Yildiz et
al.,
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o~cluster states In n-rich nuclel

Cluster resonances

" New states discovered and suggested at

Ex = several ~ 20 MeV
in a-decay, a-transfer, a-scattering

Exp: Soic et al., Freer et al., Saito et al., Curtis et al., Milin et al., Bohlen et al.,
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10Be+q in 14C*  Exp Soic 04, von Oertzen ‘04, Price 07, Haigh 08,
Theor: Suhara ‘10

0 Exp Scholz et al., Rogachev et al., Goldberg et al.,Ashwood et al., Yildiz et
4 I 8 * p D g s g D )

Theor: Descouvemont, Kimura,

18 + N 22 *  Exp Scholz ‘72, Rogachev ‘01, Goldberg ‘04, Ashwood ‘06, Yildiz et al.,
O a In N e Theor: Descouvemont ’88, Kimura ‘07

-> information of nucleus-nucleus potential and valence neutron
effects there.



Two kinds of cluster structure

strong coupling cluster V.S. weak coupling cluster
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Cluster phenomena in n-rich Be
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Cluster structures
INn neutron-rich Be

— 0Be: energy levels
cluster He+*He AMD calc. Y. K-E, et al. PRC (98)

+ . a0 ] y
0 Exp: Milin et al. ‘05, Freer et al. '06
res. i 3 MeV 4+

Ito et al.
Kobayashi et al.
Kuchera et al.




Energy levels of '“Be
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Molecular orbital(MO) structure in Be
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3=1. MO bend In n-rich Be
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o~cluster states In n-rich nuclel

Cluster resonances

" New states discovered and suggested at

Ex = several ~ 20 MeV
in a-decay, a-transfer, a-scattering

Exp: Soic et al., Freer et al., Saito et al., Curtis et al., Milin et al., Bohlen et al.,

= *
6 ’ 8 H e +a | n Be Theor: Seya, von Oerzten, Descouvemont et al.,Itagaki et al., K-E et al.
Arai et al., M. Ito et al.

10Be+q in 14C*  Exp Soic 04, von Oertzen ‘04, Price 07, Haigh 08,
Theor: Suhara ‘10

0 Exp Scholz et al., Rogachev et al., Goldberg et al.,Ashwood et al., Yildiz et
4 I 8 * p D g s g D )

Theor: Descouvemont, Kimura,

18 + N 22 *  Exp Scholz ‘72, Rogachev ‘01, Goldberg ‘04, Ashwood ‘06, Yildiz et al.,
O a In N e Theor: Descouvemont ’88, Kimura ‘07

-> information of nucleus-nucleus potential and valence neutron
effects there.



Cluster resonances
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Question: Is triton cluster general?
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5He+3H cluster resonances in °Li
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Summary

Rich cluster phenomena in n-rich nuclel
as function of proton and neutron numbers and
excitation energy

v' Cluster formation/breaking in low-lying states
v" Cluster excitation and resonances
v' valence neutrons: Mo Bond, new types of clusters

v Many clusters : cluster gas, chain

strong coupling cluster V.S. weak coupling cluster



Law of cluster states in n-rich nuclei:
Extended |keda diagram?

Extended |keda diagram
von QOertzen et al (20006)

lkeda diagram
lkeda et al.PTP464-S (1968)

886 IZC 160 ZONe 24Mg 285|'

00 000 0000 00000 000000 0000000
¥ 474 4 14 44 19.17 28.48 38.46
© ©o ©o0 ©oo0 ©o0000

7.16 11.89 21.21 31.19
O P p-
@ @ @ (@000
473 14.05 2403
©O ©0®©
13.93 2391
3 VA
(o (neoo
9.32 19.29

( 1
IKEDA Diagram (:%

>
o
1
N
<
Q
-
e
+—
e
=
Q
X
w

16.75
Mg.O
" 9.78

(s

Mass number

Taken from Phys. Report 432 (2006)



