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The nuclear landscape

Figure from G.F. Bertsch et al., SciDAC Review 6, 48 (2007).



Self-consistent Energy Density Functional
calculations

Ψmany−body = Slater Determinant

ψi(~r), i = 1, . . . , A

ρ(~r), τ(~r), . . .

E(ρ, τ, . . .)

Minimisation step, δE = 0
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The Functional itself

E(ρ) = Ekinetic + ECoulomb + ESkyrme + Epairing

• Ekinetic = ~2
2mn

∫
d~r τ(~r)

• ECoulomb is the Coulomb field from a density ρp(~r)

• ESkyrme =
∫
d~r b1ρ

2(~r) + . . .

• Epairing via full-fledged HF-Bogoliubov

• (≈) 10 parameters

• fitted on doubly-magic binding energies and charge radii
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The Sly5sX family

SLy5

• General EDF

• Widely used and succesful

• Rather bad at fission

• Unsafe to use! (2011)
E. Chabanat et al., Nucl. Phys. A. 635 (1998)
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• Even worse at fission . . .
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The Sly5sX family
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Symmetries

#{Symmetric Slater Determinants}

≤

#{Asymmetric Slater Determinants}



Symmetries



Rotational Symmetry
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Rotational Symmetry

Figure from M. Bender et al., PRC 69, 064303 (2004)
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Deformation of 226Ra
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Fission Barriers
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Fission Barriers

Data from RIPL-3, R Capote et al., Nuclear Data Sheets 110 (2009)
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Fission Barriers
Data from RIPL-3, R Capote et al., Nuclear Data Sheets 110 (2009)
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Conclusion

Density Functional Theory

• Tool to study the entirety of the nuclear chart.

• Symmetry breaking is essential to capture the physics.

What is new?

• Possibility of breaking all discrete symmetries

• Generalized pairing (HFB) calculations.

• Controllable as for improved description of fission (with stable
functionals).
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Prospects

In progress/Immediate future:

• Rotational bands in parity broken nuclei,

• Parity broken odd nuclei.

Long-term future:

• Restoration of broken symmetries

• Investigation of nuclear Schiff moment.
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Figure from M. Kortelainen et al., Phys. Rev. C 85, 024304
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Form of SLy5sX

E(ρ, τ,~j, Jµν , ~s, ~T )T=0 = b1ρ
2 + b3(ρτ −~j2) + b5ρ∆ρ

+b7ρ
2+α + b9(ρ∇ ~J +~j · ∇ × ~s)

+b10~s
2 + b12ρ

α ~s2

+b14

(∑
µν

JµνJµν − ~s · ~T

)
+b18~s ·∆~s+ b20(∇ · ~s)2



Mesh calculations
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