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OUTLINE

® Clustering in nuclear matter
= Alpha clustering in finite nuclei

m A self-consistent microscopic approach



EXPERIMENTAL SIGNALS FOR ALPHA CLUSTERING

NUCLEAR PHYSICS

Formation of & clusters in dilute neutron-rich matter

Asn(p, pa)A=*Cd

Taken from J. Tanaka et al., Science 371, 260 (2021)
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ALPHA CLUSTERING IN NUCLEAR MATTER
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(Colors: different temperatures)
Taken from H. Schen, et al., Nucl. Phys. A 637, 435 (1998) 4

Taken from S. Typel, et al, Phys. Rev. C 81, 015803 (2010)



SEMI-PHENOMENOLOGICAL MODEL

= Potentiel layer (S.Typel (2014))

a-particle fraction X
o

10° 10" 107 100 107 10
density n [fm_3]

® Predict the presence of alpha clusters in neutron skin




EXAMPLE: TIN ISOTOPIC CHAIN
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= Asymmetric nuclei: decreasing probability
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Taken from S. Typel, Phys. Rev. C 89, 064321 (2014) radius r [fm] 6



EXPERIMENTAL OBSERVATIONS

® Decreasing decreasing reaction probability E

" Good agreement with theory
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IMPROVING THE THEORY: A MICROSCOPIC APPROACH

® Going beyond:

® Fully Self-Consistent calculations

= Axially deformed nuclei

Can alpha clustering manifest in a Self-Consistent
Mean-Field calculation for finite nuclei?



EXTENDED EDF. NUCLEONS AND ALPHA CLUSTERS

® Alpha clusters: explicit degree of freedom

= Phenomenological Relativistic Lagrangian (mesons coupling exchanges)
= DD-ME2 [*]

m Extended Hartree method of fermions and bosons interacting problem

[*] S. Typel, et al, Phys. Rev. C 81, 015803 (2010)



BUILDING THE EXTENDED FUNCTIONAL

®  Hamiltonian (derived from previous Lagrangian)
= Nucleus state

®  Number of particles constraints

Have to be minimised by the
nucleons and alpha clusters fields



PAULI PRINCIPLE INSIDE ALPHA CLUSTERS: MOTT EFFECT

= Alpha clusters treated as « point-like particles »
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= Nucleons inside: Pauli principle N i
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= Nucleus state: no antisymmetrization 0 \
s Cluster binding energy depending on £ -1
density i

1 Mott effect: Transition density
(alpha clusters — nucleons)
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ALPHA AS A MESON SOURCE

= Usual RMF /\

Nucleons Mesons
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ALPHA AS A MESON SOURCE
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ALPHA AS A MESON SOURCE

= Usual RMF /\

Nucleons Mesons

= With alpha clusters Nucleons Mesons Alpha clusters

) P A

= Meson motion equation (Klein-Gordon)

(—V2 + fm?b) ¢ = g (nucleonic part + alpha clusters part)



CLUSTERED NUCLEI: “°0 EXAMPLE
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® Alpha clusters: emergence at the surface
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CONCLUSION

= A conclusion:

m Self-consistent Mean-Field calculations: alpha clusters emerge as an explicit d.o.f.
(preliminary)

® Beyond: clustering in deformed nuclei (in progress)

= Qutlooks:
® Studying the relative importance of alpha clustering in different isotopic chains
® |ncluding axial deformations
® Minimizing the functionnal with respect to », (allowing it non-integer values)

® Nuclear reactions with alpha clusters ((p, pa)/transfer reactions) L



THANK YOU!



BACKUP: RMF CALCULATIONS: SELF-CONSISTENCY

Initialization of potentials Computing new potentials +
l nucleus quantities (E/A, charge radius...)
Solving motions equations /

Did the solution converge? (condition on the densities)

End

Yes
Figure 10: Self-consistent calculation scheme 18
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