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The nuclear chart and the processes traversing it

Extrapolations in 
- nucleon number
- energy
- temperature
- density
- ……

and all of that for 
- ~7000 nuclei
- many reactions

what we need is models that should be

1. predictive….
2. but also complete
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Skyrme Energy Density Functionals (EDFs)

Local densities and currents of a wavefunction

Coupling constants (~ 25 parameters) fitted to dataEnergy 

1. more physics in the wavefunction

2. more (pseudo-) observables simultaneously
“more” = both scale and diversity!

3. search for a “better” EDF form 
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Large-scale models in 1-2-3 dimensions

Nuclear deformation

● larger variational space

● shape DOF characterized by multipole moments

● capture correlations at modest CPU cost 

● intuitive interpretation 
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Brussels-Skyrme-on-a-Grid: BSkG
BSkG1

● complete time-reversal breaking

● fit to 45 reference fission barriers
+ 28 fission isomers

BSkG2 

● pairing reproduces 
advanced INM calculations 

● ideal for TD simulations in NS crust

BSkG4

● extended Skyrme EDF form

● supports massive neutron stars

BSkG3 
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Deformations
G. Scamps et al.,  EPJA 57, 333 (2021).
G. Grams et al., arXiv:2411.08007 (2024).
W.R. et al., Phys. Rev. Lett. 130, 212302 (2024).

“Ordinary” quadrupole deformation … and triaxial deformation … … and even hexadecapole!
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Wouter Ryssens (ULB)Masses

● many nuclei are affected

● effects up to 2.5 MeV near Z~44

Triaxial deformation

G. Scamps et al.,  EPJA 57, 333 (2021).
G. Grams et al., EPJA 59, 270 (2023).

● small number of known nuclei affected
● Near N=184:

○ large effect up to 2.5 MeV
○ dripline modified
○ fission properties modified

Reflection asymmetry
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+ explanation of isomerism in odd-odds
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Time-odd channel



Fission barriers
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S. Bara et al. & A. Sánchez-Fernández et al., in preparation.



Fission barriers
W. R. et al., EPJA 59, 96 (2023).
S. Bara et al. & A. Sánchez-Fernández et al., in preparation.



Fission

● includes odd-A and odd-odds

● all inner barriers: triaxial

● all outer barriers: octupole + triaxial

● … even with consistent inertia’s!

Fission properties of 45 actinide nuclei
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Fission

● includes odd-A and odd-odds

● all inner barriers: triaxial

● all outer barriers: octupole + triaxial

● … even with consistent inertia’s!

Fission properties of 45 actinide nuclei

W. R. et al., EPJA 59, 96 (2023).
S. Bara et al. & A. Sánchez-Fernández et al., in preparation.

● fission properties for ~3000 nuclei
- currently ~ 6 nuclei per day

● ꞵdf comparison with experiment

Future
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● larger collective enhancement

● combinatorial calculation of NLDs

● … but the story is not so simple!
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Nuclear level densities

 Symmetries dictate NLDs

● larger collective enhancement

● combinatorial calculation of NLDs

● … but the story is not so simple!

S. Goriely et al., in preparation.
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cf. talk by A. Pastore
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Neutron stars

● results in higher maximum mass

● usually incompatible with masses
cf. talk by A. Pastore

G. Grams et al., EPJA 59, 270 (2023).

Stiffer EoS Extended density dependencies

● ad-hoc suggestion 

● 6 additional parameters

… two are fractional powers!
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A complete EoS with the BSkGs

● crystalline structures in NS crust

● impact NS cooling and emitted GW

● QM treatment with NS-appropriate EDFs 

● 104 - 106 particles in large volumes!

Nuclear pasta

N. Shchechilin et al., in preparation



Conclusion 
We build large-scale, microscopic models for (astro) applications.

Large-scale = thousands of nuclei and many observables.
Microscopic = simple wave functions yet complex symmetry breaking.

The BSkG models:
● triaxial, octupole and time-reversal deformation
● competitive for masses and charge radii
● unmatched for fission properties 
● consistent with NS observations
● masses, densities in TALYS; NLDs soon-to-be

Quite soon:
1. more with less: BSkG5
2. fission properties of ~3000 nuclei
3. a unified neutron star EoS 

In the coming years:
    A consistent set of r-process inputs by adding electroweak transitions.
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