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Quick view of cold-atom system (all most everything at will)
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Cold-atom polarons (two categories):

Bose polaron (Impurity atom in BEC) Fermi polaron (Impurity atom in Fermi sea)

Cold-atom polarons = impurity atoms (very dilute gas) dressed

by 0-A cloud (polarization) in degenerate medium (BEC or Fermi sea)




Fermi polaron Alpha particles in Neutron Fermi sea

(=Polaronic Alpha particle)
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Alpha particle (“He nuclei) : Why interesting ?

P I:FI'I‘QE? (neutro n)

B%’%(proton)

Binding energy ~ 7 MeV/nucleon = very stable nuclear cluster
(effective DoF)

 Alpha decay (in vacuum)
« Surface in light neutron-rich nuclei (in ‘medium’)
« Inside neutron star/supernova (in medium)

w/other light clusters: Deuteron,Triton, efc



Alpha particles (clusters) in vacuum

8Be (very unstable)




Alpha particles (clusters) in vacuum
Triple Alpha process

8Be (very unstable) Q

12C*(Hoyle state)
~7/./MeV, 0+




What up if Alpha particles put in cold dilute neutron matter?

4He (Alpha
........ ( Qp ) 12C* (Hoyle state)

In Vacuum




What up if Alpha particles put in cold dilute neutron matter?




Low-Energy Effective Hamiltonian for Alpha-Neutron system:
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Parameters determined from low-energy neutron-alpha scattering data




Neutron- Alpha scattering data analysis:

Progress of Theoretical Physics, Vol. 61, No. 5, May 1979

Microscopic Study of Nucleon-‘He Scattering

and Effective Nuclear Potentials S_Wave _____

Hiroyuki KANADA, Tsuneo KANEKO, Shinobu NAGATAY¥
and Morikazu INOMOTO
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Single Polaronic Alpha particle:

Self-energy with medium effects
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Two polaronic Alpha particles:
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Medium-induced (RKKY type) two-body force
(mostly attractive):
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Three polaronic Alpha particles:

Medium-induced (3-particle irreducible)
2 a’s three-body force (weakly repulsive)

VE (K, q,ivy,ivy) = 2 (

XT Y Y Go(piwn)Go(p + k+ q/2,iwy, + ivy)
O':T,\l,p;wn

X Go(p+k—q/2,iw, + ivpy — ivy,), What
called ?7?



Application of polaronic a particles to 8Be and 12C* (Hoyle state):

Orthogonality condition model
for two-body and three-body calculations: by Moriya and Horiuchi

(2) (3)
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1>]
*C. Kurokawa, K. Kato, Phys. Rev. C 71, 021301 (2005)
*C. Kurokawa, K. Kato, Nucl. Phys. A 792, 87-101 (2007)
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nlmef
*V. 1. Kukulin, and V. N. Pomenertsev, Ann. Phys. (N. Y.) 111, 330 (1978)



Two-body, Three-body Schroedinger equations for relative

coordinates : solved with Gaussian wave basis
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Numerical results:
In-medium 8Be and 12C (Hoyle state) energy vs Neutron Fermi momentum
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Summary:

Polaronic Alpha in dilute neutron matter:
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Pair correlation in three Alpha system :
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= Shrinkage of Two-body wave functions
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BABETE | AJJ/XT7 XX

- Scattering length from alpha-neutron Low energy scattering

H. Kanada, T. Kaneko, S. Nagata, and M. Nomoto, Prog. Theor. Phys. 61, 1327 (1979).

Reproduce the experimental phase shift by I8N

BELR D Qe = 2.641Tm ALY Y: rg = 1.43 fin

(repulsive branch)

- PEFYEDOEE (~ supernova core, < neutron skin of heavy nuclei)

pret = 0.01 pg po = 0.16 fm™ is the normal nuclear density.
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