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Where did the elements originate?
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M. Arnould & S. Goriely, Prog. Part. Nuc. Phys. 112, 103766 (2020).
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Energy density functionals (EDFs)

E~ / or [C? pPp(?) + C oA (D) + ...

- Pheno. form and fit of C’s
- Simple mean-field ansatz
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e Study observables locally
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We are bringing the “structure” to the “astro” scale!
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Symmetry breaking and nuclear shapes

Spherical Prolate
Oblate
One DOF: 520

State-of-the-art “Astro” fits

e Axial symmetry
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Symmetry breaking and nuclear shapes

Spherical Prolate
Oblate
One DOF: 520 Two DOF: <ﬁ20, ﬁgg) or (ﬁ, ’}/)
State-of-the-art “Astro” fits “Structure” calculations
e Axial symmetry e Triaxial deformation
* Time-reversal symmety e Time-reversal breaking
e Reflection symmetry e Octupole deformation
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BSkG = russels yrmeona rid

Ingredients

e Standard Skyrme functional
— rotational correction

e 22 parameters
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BSkG = russels yrmeona rid

Ingredients ¢
e Standard Skyrme functional <Z_::_ - :
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e 22 parameters G
¢ Fitted to 2408 masses ,

¢ and 884 charge radii %/

MOCCa
+ 3D coordinate grid
+ Fast and numerically accurate

Machine learning
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BSkG1 HFB-21 FRDM (2012)

o(M) (MeV) 0.741 0.577 0.560
o(Re) (fm) 0.024 0.027 0.038

HFB-21: S. Goriely et al., PRC 82, 035804 (2010).
FRDM: P Méller et al., At. Data Nucl. Data Tables, 109-110 (2016).
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Triaxiality: where?
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Triaxiality: comparison to experiment
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Triaxiality: fission

240py with BSkG1
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BSkG2

Primary barriers for Z > 90 BSkG?2
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Neutron number N

Full eval.: 40 barriers Z > 90

BSkG1  BSkG2 | HFB-14  FR(LDM
o(M) (MeV) 0.741 0.668 0729 0560
o(E) (MeV) 0.853  0.447 0.621 0.767

HFB-14 from S. Goriely et al., PRC 75, 064312 (2007).
FRDM from R Méller et al., At. Data Nucl. Data Tables, 109-110 (2016).
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Conclusions & Outlook
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