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Clustering

Clustering : an ubiquitous phenomenon
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Nuclear clustering

Nuclear clustering = nucleons clumping together into sub-groups within the nucleus
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Intrinsic densities computed within cEDF realized at the SR level (DD-ME2
parametrization)
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Outline

1. Nuclear structure from a microscopic  viewpoint
2. What causes the nuclear clustering phenomenon ?

3. What are the consequences of the nuclear clustering phenomenon ?
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Nuclear structure from a microscopic viewpoint

1) NucleusAinteracting, structureess nucleons
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3) SolveA-nucleon Schrédinger/Dirac equation to desired accuracy
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Preprocessing H

Refined mambody schemes with controlled uncertainties

Cl (full space diag.) : exponential scaling

Hybrids (valence space diag.) : mixed scaling

Expansion methods (partition, expand and truncate) : polynomial scaling
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How to improve current EDFs
How to turn EDF in EFT ?

—




The Energy Density Functional Method

HFB treatment
A-nucleon problem

A 1-nucleon problems
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Correlated A- Symmetry-conserving A Symmetry-breaking A
nucleon _ independent nucleons independent nucleons
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SSB: Efficient way for capturing so-called static correlations
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The Energy Density Functional Method

HF(B) —_— =
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HFB treatment

A-nucleon problem A 1-nucleon problems
[ - 1 M ’ ==O=Oem
Correlated A- Symmetry-conserving A Symmetry-breaking A
nucleon independent nucleons  independent nucleons
wavefunction wavefunction wavefunction

SSB: Efficient way for capturing so-called static correlations

Symmetry-restriced HF : good description of GS of doubly closed-
shell nuclei & neighbors (D30 nucler)
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The Energy Density Functional Method

HFB treatment i HF®) —_— o= (@io)
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A-nucleon problem A 1-nucleon problems i ‘ S ”
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Correlated A- Symmetry-conserving A Symmetry-breaking A
nucleon _ independent nucleons independent nucleons
wavefunction wavefunction wavefunction

SSB: Efficient way for capturing so-called static correlations

EMF

Spatial symmetry-restricted HFB: good description of GS of doubly
and singly closed-shell nuclei & neighbors (D300 nuclei)
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The Energy Density Functional Method

HFB treatment e HF(B) — =
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SSB: Efficient way for capturing so-called static correlations

Symmetry-unrestricted HFB:
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The Energy Density Functional Method

HFB treatment " e = -_?_‘..;_:- . HFB constrained calculations
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The Energy Density Functional Method

HFB treatment HF(B) =
A-nucleon problem A 1-nucleon problems _‘-:_3‘

Post-HFB treatment : PGCM
Symmetry-conserving (non orthogonal) mixture of symmetry-breaking HFB vacua
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The Energy Density Functional Method

HFB treatment
A-nucleon problem A 1-nucleon problems

Post-HFB treatment : PGCM
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Symmetry-conserving (non orthogonal) mixture of symmetry-breaking HFB vacua
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The Energy Density Functional Method

HFB treatment $ . HF‘(B) .. 'E;: (ol o) HFB constrained calculations
A-nucleon problem A 1-nucleon problems [ i 98 ==/ l
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Post-HFB treatment : PGCM
Symmetry-conserving (non orthogonal) mixture of symmetry-breaking HFB vacua

-170
-175
-180
-185
-190
-195
-200

QMBC 2023 J.-P. Ebran 14



The Energy Density Functional Method

HFB treatment $ . HF‘(B) .. 'E;: (ol o) HFB constrained calculations
A-nucleon problem A 1-nucleon problems [ i 98 ==/ l
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Post-HFB treatment : PGCM
Symmetry-conserving (non orthogonal) mixture of symmetry-breaking HFB vacua
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The Energy Density Functional Method

HFB treatment . HFB) = = ol
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Nuclear clustering

Clustering = nucleons clumping together into gyrbups within the nucleus
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EDF & Nuclear clustering

How to account for correlations underpinnipgclustering ? RHB RMF+QCM

° -3
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EDF & Nuclear clustering

How to account for correlations underpinnipgclustering ?

1)  Explicitly treat 4nucleon correlations : RMF + QCM
i)  Look for a collective field whose fluctuations cause nucleon to aggregate ohiés
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Deformation & Nuclear clustering

Role of deformation

N-dimensional anisotropic HO with commensurate frequencies enjoys dynamical
symmetries involving multiple independent copies of SukfEps

Susceptibility of nucleons in deformed nuclei to arrange into multiple spherical

fragments
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Strength of correlations

Strength of correlations measured by dimensionless ratios
Nucleon mass Number of

nucleons
VA = \/%: NG (i)é ( z\lfu)l (5:)% ~ Qo

47t
Depth of the Mean density
confining potential

Ebran, Khan\iksic& Vretenar Nature 2012
Ebran, Khan\iksic& Vretenar PRC 2013
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Strength of correlations

Strength of correlations measured by dimensionless ratios

Nucleon mass Number of

nucleons
VA= \/%: Vi (%) ( z\énl (5:)% - e

Depth of the Mean density

confining potential

Clustering favored y For deep confining potential
vy For light nuclei
vV Inregions at londensity

Ebran, Khan\iksic& Vretenar Nature 2012
Ebran, Khan\iksic& Vretenar PRC 2013
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Effect of the depth of the confining potential

Deeper potential yielding the same nuclear radimore localized singtaucleon orbitals
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Strength of correlations

Strength of correlations measured by dimensionless ratios

Nucleon mass Number of

l—T nucleons
V) 3¢

1 _1
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(T) 47t ,
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Depth of the y < »
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.
Clustering favored y For deep confining potential
v For light nuclei
vV Inregions at londensity gze of the nucleus X
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Mott X
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Effect of the density

Isotropicallyinflate 180 by constraining itsm.s radius while imposing a global quadrupole moment to be zero
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Effect of the density

Isotropicallyinflate 180 by constraining itsm.s radius while imposing a global quadrupole moment to be zero
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Effect of the density

WW

Isotropicallyinflate 180 by constraining itsm.s radius while imposing a global quadrupole moment to be zero
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Effect of the density

Isotropicallyinflate 180 by constraining itsm.s radius while imposing a global quadrupole moment to be zero
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Effect of the density

Isotropicallyinflate 180 by constraining itsm.s radius while imposing a global quadrupole moment to be zero
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Effect of the density

mp-mh content of atetrahedrally-deformed Slater determinant
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LCAGMO

Borrowing the LCAMO language, on can think of the 1@&trahedrallydeformed SD as a MO built from 4| 1&0s
4
- | .
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Find the unknowns f in thellickelapproximation : N;j = OVi, j
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Nuclear clustering & PGCM

Density profile
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Nuclear clustering & PGCM
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Nuclear clustering & PGCM

Correlated GS

Ab initio
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