Investigation of nuclear cluster phenomenology
with the relativistic EDF approach
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EDF method & clusters

* EDF: many-body system mapped into the one-body density and its powers,
gradient
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Most general antisymmetrised product of nucleonic wavefunctions

Not any a priori assumption on the nucleons’ wave function

Correlations beyond the mean-field effectively included by the EDF

Investigate nuclear structure on the whole nuclear chart

Relativistic: the depth of the central potential is consistently predicted



Relativistic EDF in nuclei
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Origins of nuclear clustering
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What's new ?

1) Quantitative results: comparison with exp. rotational bands in 2°Ne and *?C
P. Marevic, J.-P. Ebran, E. Khan, T. Niksic, and D. Vretenar, PRC 97, 024334 (2018)

2) More qualitative results : localisation over the nuclear chart
J.-P. Ebran, E. Khan, R.-D. Lasseri, and D. Vretenar. PRC 97, 061301(R) (2018)

3) Improvement of the method : effect of pairing and quarteting on clustering
R.-D. Lasseri, J.-P. Ebran, E. Khan, and N. Sandulescu, PRC 98, 014310 (2018)



Comparison with exp. on 2°Ne

* GCM on top of axially symmetric /reflection asymmetric RHB (DD-PC1) :
[IMmia) =) Y £ (q) Pyx P™ 16(q))
j K

* Angular momentum, parity and particle number projections

RHB PES
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Comparison with the data
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Analysis of the densities
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Comparison with exp. on 2C
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Comparison with exp. on 2C
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Localisation
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Single particle state dependence of the localisation ?



Dispersion in nuclei: a striking pattern
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a-valence localisation over the nuclear chart
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Impact of pairing and quarteting on clustering

Quarteting = projected BCS in the nn, pp and np channels
Neutron-Neutron Neutron-Proton Proton-Proton
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Pairing coherence length vs. inter-nucleon distance
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Effect of pairing and quarteting on clustering
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* Pairing acts against clustering (smearing of the density)
* Quarteting is compatible with clustering
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Decisive role of p-n correlations
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Conclusions and outlooks

Nuclear clustering described by relativistic EDF both on qualitative and quantitative grounds
Clustering persist with quarteting
General and microscopic view and predictive power on nuclear clustering

More comparison with data

Clustering in heavy nuclei

Relating clustering structure and alpha (cluster) radioactivity
Density dependence and the Mott transition



