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The nuclear chart and the processes traversing it

Predictions needed for 
‒ ~7000 nuclei
‒ many reactions

among which rates + fragments for: 

‒ spontaneous fission
‒ induced fission 
‒ beta-delayed fission 

We need structure models that are

1. predictive….
2. but complete!
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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 



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



Wouter Ryssens (ULB)…. odd-mass and odd-odds!

● lowest E solution at every point

● perturbative inertia’s ill-defined for 
odd-mass and odd-odds

● …. but can be “massaged”

Blocked PES
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● lowest E solution at every point

● perturbative inertia’s ill-defined for 
odd-mass and odd-odds

● …. but can be “massaged”

Blocked PES

W. R. et al., EPJA 59, 96 (2023).

● gradient solver => stable blocking

● predictor-corrector technique 
=> simultaneous constraints 

● heavy-ball method => raw speed 

MOCCa
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● all triaxial

● effect increases with N

● remarkably insensitive to Z

Inner barriers

● all octupole + triaxial

● effect increases with N

● somewhat sensitive to Z

Outer barriers



Impact of time-odd terms



How did we manage this agreement?

1. coordinate space representation

2. COM-correction

3. collective corrections refit

4. triaxiality + octupole
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● 1-body COM correction

● ~ 16 parameters 
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Model ingredients

● Usual terms

● 1-body COM correction

● ~ 16 parameters 

● treated self-consistently

● rotational correction

● vibrational correction

● 2-body COM correction

● treated semi-variationally

Mean-field energy Collective corrections
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M. Bender et al., Eur. Phys. J. A 7, 467–478 (2000).
W. R. et al. PRC 99, 044315 (2019).
P. Da Costa et al., PRC 109, 034316 (2024).Center-of-mass-correction

surface tension asurf determines barriers but…

…. masses + COM correction determine asurf!



Collective corrections

1. Fit to non-fission observables 

2. Refit 5 collective parameters to fission
(requires no MOCCa calculations)

3. Check non-fission observables; 
go to 1 if necessary

➢ fit is fine-tuning, no dramatic changes
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Triaxiality (somehow) included
No triaxiality



Conclusion & perspectives 
The BSkG models
Now:
● excellent ground state properties

● simultaneous reproduction of static fission properties within 500 keV
○ coordinate space representation
○ realistic surface properties through COM correction
○ fine-tuning of collective corrections
○ triaxial deformation of inner and outer barriers

Soon:
● database with ~3000 fission paths in ‘poor-mans 3D’

Less soon:
● associated fission fragment yields
● include actual fission observables in parameter adjustment

Model construction

● COM correction       => undefined in time-dependent approaches

● No COM correction => bad surface properties

● This is an issue in my view as time-dependent <-> static approaches
○ fission of odd-mass and odd-odd nuclei
○ dynamics in neutron star crust
○ ….. 



Conclusion & perspectives 
The BSkG models
Now:
● excellent ground state properties

● simultaneous reproduction of static fission properties within 500 keV
○ coordinate space representation
○ realistic surface properties through COM correction
○ fine-tuning of collective corrections
○ triaxial deformation of inner and outer barriers

Soon:
● database with ~3000 fission paths in ‘poor-mans 3D’

Less soon:
● associated fission fragment yields
● include actual fission observables in parameter adjustment

Model construction

● COM correction       => undefined in time-dependent approaches

● No COM correction => bad surface properties

● This is an issue in my view as time-dependent <-> static approaches
○ fission of odd-mass and odd-odd nuclei
○ dynamics in neutron star crust
○ ….. 



Conclusion & perspectives 
The BSkG models
Now:
● excellent ground state properties

● simultaneous reproduction of static fission properties within 500 keV
○ coordinate space representation
○ realistic surface properties through COM correction
○ fine-tuning of collective corrections
○ triaxial deformation of inner and outer barriers

Soon:
● database with ~3000 fission paths in ‘poor-mans 3D’

Less soon:
● associated fission fragment yields
● include actual fission observables in parameter adjustment

Model construction

● COM correction       => undefined in time-dependent approaches

● No COM correction => bad surface properties

● This is an issue in my view as time-dependent <-> static approaches
○ fission of odd-mass and odd-odd nuclei
○ dynamics in neutron star crust
○ ….. 



Conclusion & perspectives 
The BSkG models
Now:
● excellent ground state properties

● simultaneous reproduction of static fission properties within 500 keV
○ coordinate space representation
○ realistic surface properties through COM correction
○ fine-tuning of collective corrections
○ triaxial deformation of inner and outer barriers

Soon:
● database with ~3000 fission paths in ‘poor-mans 3D’

Less soon:
● associated fission fragment yields
● include actual fission observables in parameter adjustment

Model construction

● COM correction       => undefined in time-dependent approaches

● No COM correction => bad surface properties

● This is an issue since time-dependent <-> static approaches
○ fission of odd-mass and odd-odd nuclei
○ dynamics in neutron star crust
○ ….. 



Thank you for…

N. Chamel
S. Goriely
G. Grams
A. Sanchez-Fernandez

M. Bender
…… all the wonderful work!

S. Bara

and several experimental teams!

G. Scamps



Thank you for…

N. Chamel
S. Goriely
G. Grams
A. Sanchez-Fernandez

M. Bender
…… all the wonderful work!

…… the computing time!

S. Bara

and several experimental teams!

G. Scamps



Thank you for…

N. Chamel
S. Goriely
G. Grams
A. Sanchez-Fernandez

M. Bender
…… all the wonderful work!

…… the computing time! …… the funding!

S. Bara

and several experimental teams!

G. Scamps

…. your attention!



Thank you for…

N. Chamel
S. Goriely
G. Grams
A. Sanchez-Fernandez

M. Bender
…… all the wonderful work!

…… the computing time! …… the funding!

S. Bara

and several experimental teams!

G. Scamps

…. your attention!








