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Part 1. Nuclearclustering

When clustering happens?

If the clusters mutually interact too strong,
they are strongly distortelo € m)

> 8 MeV/A

If the relative kinetic energy is too large, they
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Clustering should occur at the&reshold energies
which decompose the system into clusters
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Part 1. Nuclearclustering
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Part 1. Nuclearclustering

lkeda diagram K. Ikeda, PTPS Ex. 464(1968

Cluster states composed of g.@. -
He, C and O clusters are of particular interest,

because of their impact on stellar processe ©o
BJt many of them are still unknown ®



He G O-burning processes and cluster resonances

Light element burning processes

‘Het+24Mg The serious problem is
clusterresonance  that the reaction rates are
> too small for direct observatiol
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Part 1.1S monopole/dipole responses

The data for IS monopole/dipole responses of light nstiew
many narrow resonances well below Giant Resonance.

R(fm4/MeV)

Y.cW. Luiet al., PRC64, 064308 (2001).
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RDA calculation does not explain them.
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Part 1. I$nonopole/dipole responses

X. Chen et al.,PRC80, 014312 (2009D. H. Youn@lood et al.,PRC65, 034302 (200

They are what we are looking for!é

They are the Oand 1 resonances

having cluster structure

such asa+%Ne,a+%a 3 >~ X

clusterresonance
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Part 2.
Why IS monopole/dipole transitions
strongly populate cluster resonances?

tHe+24Mg
di—nuclear resonance
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The ground state wave function hdsality ofé &8 KSt f ¢ |

Two well known facts

1. The ground states of light nuclei are described well by SU(3) shell n
J. P. Elliott, Proc. R. Soc. London A 245, 562 (1958).
2. A single SU(3) shell model wave function is
mathematically equivalent to a cluster model wave function
Bayman 2 KNJ (i K S 2NREBI641958/1959).
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This duality of the ground state wave function means that
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|n the shellmodel representation,
®, .. (*Ne) = A{(0s)*(0p)**(0d1s)*}

degrees-of-freedom of single particle excitation

Sngle particle excitation Qllective excitation
A{(0s)*(0p)**(0d1s)* (0f)'}
+A{(0s)*(0p)**(0d1s)* (1p)'}

A{(0s)*(0p)"*(0d1s)’(0f)'}
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Part 2. Nodal and angular excitations

In the cluster model representation

®, s (Ne) = nA{ Rso(r) Yoo (7)padreo }
degrees-of-freedom of cluster excitation

Nodal excited state A19ular excited state
> v A{Rno(r) Yoo ()@ adrsol| | DI A{R o (T)Yi—i(7) paprso)
N=No+2 increase of nodal N=No+1 increase of

quantum number angular momentum

superposition of
2,4,6,.. hw excitations

superposition of
1,3,5,.. fiw excitations

Excited O state ‘ ®€>> Excited 1state‘ ©§D>



Part 2. Nodal and angular excitations
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Part2. 1S monopole/dipol&ansitions

Monopoleli NI yaAGA2y AyRdzOSa ay2Rl
Y. Suzuket al.,PRC39, 658 (1989). T. Yamada et al., PTP120, 1139 (200¢
Y. KanadaEnyo., PRC75, 024302 (2007).
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nodal excited
cluster state M50 = (®(0 )| MI59®(07))
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Part2. 1S monopole/dipol&ansitions

—

E/en If the ground state is an ideal shell model state,

A the monopole/dipole transitions from thg.s to the cluster
states araas large as singparticle estimates

.

angular excited Cluster estimate (analytical)
cluster state

B(1~) M~ 3.08fNo+1 —7.36 fNo+3 =5.82 fm’

/\ Single particle estimate
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Part2. 1S monopole/dipol&ansitions

Now we can understand
why narrow resonances exist well below the Giant Resonance:

Two different types of nuclear excitations

Collective excitation: Stronger thamp estimateO p v A6

Clusterexcitation:Comparable witls.p estimateO p v A6

B(1S0), B(IS1)

cluster states
ISGMR

ISGDR

Excitation energy




Part3.
Realistic calculations by
Antisymmetrized Molecular Dynamics

3.1 Formulation of AMD.
3.2 Results fol’'Ne, %°Si and*Mg



Part 3. Formulation oAMD

Microscopic Hamiltonian {#ucleons)
GognyD1S interaction, NoO spurious cenp&imass energy

A A A
H = Z Ltz - tAc.m. + Z QA)GognyDlS<rij) + Z @Coulomb<rij)
i

1<J 1<J

Variationalwave function Antisymmetrized product of Gaussian wave packets
No apriori assumption on cluster structure
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Optimized Wave Function

|::> (Cluster-states) @
A'@

energy variation

Initial Wave Function

randomly scatterd
( Gaussians ) ./4

(frictional cooling)



Part 3. Resufor °°Ne @+*0Oresonances)

MK, PR®9, 044319 (2004). Y. TaniguchMK,and HHoriuchj PTP112475 (2004).
Y. Chiba, M.K., and Y. TanigueRC93034319 (2016).
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Part 3 Resulfor 28Si(a+*Mg and®Be+°Ne resonances)

Y.Taniguchi, Xanadad y (apd2M.K. PRC80, 044316 (2009).
Y. Chiba, M.K., andTéniguchi, arXiv:1610.04000
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