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Nuclear Cluster Physics
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Cluster states of 12C
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Shape/Structure of the 1°C
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Hoyle state of 1°C
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Nonlocalized cluster motion of 3« clusters in 12C
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Search for the 5a condensate state
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Multi-a condensation

Dilute multi-a cluster condensed states with spherical
and axially deformed shapes are studied with the Gross-
Pitaevskii equation and Hill-Wheeler equation where the
a cluster is treated as a structureless boson,

It is predicted to exist in heavier self-conjugate 4N
nuclei up to N=10.

T. Yamada and P. Schuck, Phys. Rev. C 69, 024309 (2004).
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Some candidates for a condensate were An experimental way of testing Bose-Einstein
found from experiments for 2C and 1°O.  condensation of clusters in the atomic nucleus is

Rev. Mod. Phys. 89, 011002 (2017).

No experimental signatures
for o, condensation were observed
Phys. Rev. C 100, 034320 (2019)

reported. The enhancement of cluster emission and the
multiplicity partition of possible emitted clusters could be
direct signatures for the condensed states.

PRL 96, 192502 (2006)




Recent experiment for 5a condensation
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Search for the 5a condensate state

(MEY) cluster-type mean field
20 ll
% o
o . o
g Sa gas-like state Sa condensate state '
L
L o)
A=
—
*2 \singlc—particle mean ﬁeldl 5a BEC state ?
2 % oo sd
- p
0 . S @® proton
(~Po) @® neutron

o @ « cluster
liquid ground state shell model structure =




The 5a microscopic wave function

To solve the configurations problem:
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Three-body effective interaction

To solve the interaction problem:

The Hamiltonian for 2°Ne in this work can be written as:

ZV ~Te+ > VS +S Vi + 3 v,
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The effective nucleon-nucleon potential part is taken a Gaussian form,
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Radius-Constraint Method + Stabilization Method

To solve the resonance problem:

Radius-Constraint Method, Stablllzatlon Method
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Five O* states above the threshold

To solve the resonance problem
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Five O* states above the threshold
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The 5a condensate state

very larger amplitude

Reduced width amplitude Simple way to confirm condensate state
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The decay scheme and connections

Exotic clustering structure ?
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The 6a clustering structure probed by Inelastic Scattering

6o condensed state was searched for in the highly excited region.
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Observation of the Exotic 0; Cluster State in SHe
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Clustering structure of 3a+p in N
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Hoyle-analog state in 3N

PHYSICAL REVIEW C 109, 054308 (2024)
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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 20, clustered states in >N can be populated and
measured in the 3o + p decay channel.

Methods: One-at-a-time implantation and decay of '*Q was performed with the Texas Active Target Time
Projection Chamber. 14983a p decay events were observed and the excitation function in '*N reconstructe
Results: Four previously unknown a-decaying excited states were observed in >N at a itation energy of
11.3,12.4, 13.1, and 13.7 MeV decaying via t

—_ 'B(3/2 )Qals»&) 0
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Conclusions: These states are seen to have &

[°B(g.5) @/ p+ 2CONHL{PBAH ®al, PBET) @], and
[9B(%+) ) ] structure, respectively. A previously seen state a 8 MeV was also determined to have a [p + \

2C(g.s.)/ p + '2C(05)] 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 This obtained state Correspond S to
from the addition of a proton to the highly a-clustered '>C. Evidence of the %+ state in °B was also seen to be

soplated by decaysdrom BN, the state observed at 11.3 MeV
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Hoyle-analog state in 3N
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Two-body overlap function (Two-body RWA)
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Summary and Prospect

rich clustering structure
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