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Patterns in charge radii
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79Au isotopes

Medium oblate
”Small” 〈r̂2〉
β20 ∼ −0.15

↔
Strongly prolate

”Large” 〈r̂2〉
β20 ∼ +0.3

• δ〈r2〉N,N0
= 〈r̂2〉(N0,Z) − 〈r̂2〉(N0,Z)

• An intricate staggering pattern
in the size of 80Hg isotopes

• Competition between shapes
• SLy5s1 ”best” out of many EDFs
• Now more data for Au!

and other isotopes . . .

[1] Hg: from S. Sels et al., PRC 99, 044306 (2019).
[2] Au: private communication A. Barzakh
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Axial deformation
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SLy5s1: R. Jodon et al., PRC 94 024335 (2016).
GSkX: G. Scamps et al., submitted to PRL.

• Balance is intricate
• Influenced by many things

Surface energy, shell structure, . . .

• Even worse for odd nuclei
Many competing quasiparticle
configurations

sometimes ∆E ∼ 20 keV
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Charge radii
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Triaxial deformation

0◦

20◦

40◦

60◦

β
0.1 0.2 0.3 0.4 0.5

182Hg

gsk2 γ

0.00

0.75

1.50

2.25

3.00

3.75

4.50

E
(M

eV
)

0◦

20◦

40◦

60◦

β
0.1 0.2 0.3 0.4 0.5

182Hg

gsk1 γ

0◦

20◦

40◦

60◦

β
0.1 0.2 0.3 0.4 0.5

182Hg

SLy5s1 γ

W. Ryssens (ULB) November 2020 6 / 12



Pairing competition

0◦

20◦

40◦

60◦

β
0.1 0.2 0.3 0.4 0.5

182Hg

gsk2 γ

0.00

0.75

1.50

2.25

3.00

3.75

4.50

E
(M

eV
)

0◦

20◦

40◦

60◦

β

0.0 0.1 0.2 0.3 0.4

γ
π

0◦

20◦

40◦

60◦

β

0.0 0.1 0.2 0.3 0.4

γ
ν

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

<
∆

p
>

(M
eV

)

0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5

<
∆

n
>

(M
eV

)

W. Ryssens (ULB) November 2020 7 / 12



Single-particle origin
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• single-particle spectrum
comparable to SLy5s1. . .

• . . . and hence most Skyrme
parameterizations

• Rather bad predictions of
ground-state spins and parities
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Applying the lesson

Observation: Vp ∼ Vn for GSk1 & 2.
To explore: Vp < Vn.
Perhaps Vp = 0.9Vn?

Preliminary refit:
• GSk2.0.9: σ(M) ∼ 0.775 MeV
• GSk2 σ(M) = 0.731 MeV
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Conclusions
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• Patterns can be explained
through competing minima

• . . . which might be triaxial
• The balance is hard to strike
• π, ν pairing interplay for the GSkX

(s.p. level density!)

• GSk2.0.9: promising!
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Outlook: questions we want to tackle

Nuclear radii: bulk and single-particle property

In this region
• Bulk properties: 3

Physical mechanism: 3
Exact balance of minima: 7
Single-particle properties: 7

→ Conclusions valid for
(nearly) ALL functionals

→ How do we improve on this?
• Can magnetic moment guide

us to the right orbital?
→ S. Péru in about one hour.

Across the nuclear chart
• Bulk properties: 3

Single-particle properties: 7

→ radii↔ single-particle
properties?

→ radii↔ symmetries?
Octupole deformation?

Inversion of staggering?

• Do we need extended
functionals?

→ I think so.
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Thanks!

Thanks for. . .

. . . the help:
GSk1 & 2

• S. Goriely ULB
• G. Scamps ULB
• E. Olsen ULB

MOCCa
• P.-H. Heenen ULB
• M. Bender IP2I

. . . the CPU time!
• CÉCI network, Belgium.
• and in particular its Zenobe Tier1 cluster.

. . . your attention!
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