WOUTER RYSSENS

Nuclear level densities from
3D Brussels Skyrme Models

W. Ryssens, S. Hilaire and S. Goriely

9th of May 2022

4
Andy Sproles, ORNL

wryssens@ulb.be



http://wryssens.com/
https://orcid.org/0000-0002-4775-4403
https://github.com/wryssens

Wouter Ryssens (ULB)

The challenge for nuclear theory
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Skyrme Energy Density Functionals (EDFs)

E ~ /d3r [C’pp(r)p(r) + C"7(r)p(r) + .. }
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Skyrme Energy Density Functionals (EDFs)

Coupling constants
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Coupling constants
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Skyrme Energy Density Functionals (EDFs)

Coupling constants
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Strong points

e Microscopic approach

e # of observables accessible

e [easible for 1000’s of nuclei
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L ocal densities of a mean-field state

Strong points Brussels models

e Microscopic approach e 20-25 parameters

e 1 of observables accessible e grasp physics of the entire chart

e Feasible for 1000’s of nuclei o [FiE el lieleis:
o 1000’s of masses
o 100’s of charge radii

o INM properties




Symmetry breaking

Spherical Prolate

One DOF": 520

Past models

e time-reversal invariance

e axial symmetry

e reflection symmetry
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Symmetry breaking

Spherical Prolate Triaxial
Oblate
One DOF: S0 Two DOEF: (Ba0, Ba2) or (3,7)
Past models Todays models

e time-reversal invariance e time-reversal breaking

e axial symmetry e triaxial shapes

e reflection symmetry e reflection symmetric




Brussels Skyrme on a Grid: BSkG1/2 e

BSkG1
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BSkG1: G. Scamps et al., EPJA 57, 333 (2021);
HFB-14: S. Goriely et al., PRC 75, 064312 (2007).
FRDM: P. Moller et al., At. Data Nucl. Data Tables, 109-110 (2016).
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Brussels Skyrme on a Grid: BSkG1/2
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Brussels Skyrme on a Grid: BSkG1/2
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Exp. data : NNDC and S. Raman et al. At. Data Nucl. Data Tables, 78 (2001).

Single-particle aspects
e s.p. level schemes from calculations

e s.p.Kand P gquantum numbers

e p-h excitations build intrinsic states

e deformation decreases intrinsic NLD
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Experiment Theory
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s.p. level schemes from calculations e moments of inertia from calculations

s.p. K and P quantum numbers e collective rotation around two axes

p-h excitations build intrinsic states e intrinsic K around one axis

deformation decreases intrinsic NLD e collective enhancement increases NLD




NLDs for triaxial nuclei: 196py
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Exp. data (194Pt): C.Y. Wu et al., Nucl. Phys. A607, 178 (1996)



NLDs for triaxial nuclei: 196py
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Single-particle aspects

e even lower s.p. density

e lower intrinsic level density

e no more K quantum numbers
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Exp. data (194Pt): C.Y. Wu et al., Nucl. Phys. A607, 178 (1996)



NLDs for triaxial nuclei: 196py
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Single-particle aspects

even lower s.p. density

lower intrinsic level density

no more K quantum numbers

naive J-coupling
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Exp. data (194Pt): C.Y. Wu et al., Nucl. Phys. A607, 178 (1996)
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NLDs for triaxial nuclei: 1°°pPt
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Rotational enhancement

rigid rotor modelling
o  three moments of inertia
o  requires a small diagonalization

Exp.: NNDC.




NLDs for triaxial nuclei: 1°°pPt
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o  three moments of inertia
o  requires a small diagonalization

e results in (at same excitation)
o more states
o  more extended spin distribution
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Collective enhancement for triaxial nuclel

ptriaxial/ Paxial

2 3 4 5 6 7 8910 12 14161820
X U (MeV)
Expectations

e from analytical models:

Ptriaxial -~ \V/ InyIZ U1/4

Paxial IJ_

e wider spin distributions
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Collective enhancement for triaxial nuclel

ptriaxial/ Paxial

Ptriax. /pdeformed

2 3 4 5 6 7 8910 12 14161820
U (MeV)

Expectations

e from analytical models:

Ptriaxial -~ \V/ InyIZ U1/4

Paxial IJ_

e wider spin distributions




Collective enhancement for triaxial nuclel

ptriaxial/ Paxial
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e wider spin distributions
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Performance on mean s-wave spacings
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THFB+comb HFB+comb: S. Goriely, S. Hilaire and A. J. Koning, PRC 78, 064307 (2008).

THFB+comb: S. Hilaire, M. Girod, S. Goriely and A. J. Koning, PRC 86, 064317 (2012).
BSFG: A.J. Koning, S. Hilaire and S. Goriely, NPA810, 13-76 (2008).
Exp. data : NNDC and F. Giacoppo, PRC 90, 054330 (2014).




The effect of triaxiality
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Comparing to Oslo data
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74Ge: T. Renstrem, PRC 93, 064302 (2010). 162Dy : M. Guttormsen et al., PRC 68, 064306 (2003).
106Pd: T. Eriksen, PRC 90, 044311 (2014). 238U: M. Guttormsen, PRC 89, 014302 (2014).



Conclusions and outlook

The BSkG2 model:

e excellent for all known masses and radii
e includes triaxiality and time-odd channel
e state-of-the-art description of fission barriers

Level densities with BSkG2:
e triaxiality implies

o lower s.p. density near Fermi energy
o larger rotational enhancement
o more extended spin distribution

® many questions remain

o vibrations?
o fade-out of triaxiality?
o large-scale comparisons?

The future:

e complete fission model
e octupole deformation
e neutron-matter equation of state
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