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Searching for Double 
Magicity…
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Z ≥ 104: Superheavy Nuclei (SHN) / Superheavy Elements (SHE)



??
? Island of Stability?

The Prime Numbers of Nuclear Physics:
2, 8, 20, 28, 50, 82, 126…?

…the search for SHN motivated to build 
GSI, UNILAC and SHIP – the discoverers:

1940-2024 1944-20221931-2024

Doubly-Magic Nuclei
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J. Khuyagbaatar et al., “Stepping into the sea of instability: 
The new sub-µs superheavy nucleus 252Rf,” Phys. Rev. Lett. 
134, 022501 (2025).

http://dx.doi.org/10.1103/PhysRevLett.134.022501
http://dx.doi.org/10.1103/PhysRevLett.134.022501


Magic Numbers: A Consequence of the 
Single Particle Nuclear Shell Model 
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Droplet Model and
Shell Corrections

H. Lenske, Hirschegg 2025 5



H. Lenske, Hirschegg 2025 6

E(Z,N)/A = -16MeV + Esurf/A1/3 + Epair + Eshell + Ecoul + [(N-Z)/A]2(a4 + Csym /A1/3)

The Standard Approach to SHN Modeling:
Liquid Drop, and Droplet Model

Bethe-Weizsäcker Mass Formula (1935) → Liquid Drop Model (Gamow, Bohr…)

First Theoretical Prediction of Superheavy Nuclei
A. Sobiczewski, F. A. Gareev, and B. N. Kalinkin, Phys. Lett. B22, 500 (1966).

Droplet Model and Macroscopic-Microscopic Model
W. D. Myers and W. J. Swiatecki, Ark. Fys. 36, 343 (1967).

P. Moeller, J.R. Nix, Atom.Data Nucl.Data Tabl. 26 (1981) 165
Today: various generalized Droplet Models
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Caveat:
Nuclei at Z >104 exist only by shell effects!

Strutinski Shell Corrections
Rev.Mod.Phys. 44 (1972) 320

̴λq Aq (q=Z,N)

Paradigm of SHN Theory:
Shell Corrections = Stability Criterion

Smoothed Level Density



Microscopic EDF Approach to 
SHN Structure
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The Giessen EDF Approach: 
EDF by BHF/DBHF Theory, HFB and Multi-Phonon QRPA Theory
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Single Particle Self-Energy (Potential):
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Self-consistent Mean-Field Dynamics:

N. Tsoneva, H.L., Phys.Rev.C 77 (2008) 024321,Nature Commun. 11 (2020), Phys.Atom.Nucl. 79 (2016) 6, 885, Phys.Rev.Lett. 110 
(2013) 022503, Eur.Phys.J.A 55 (2019) 238, Phys.Rev.C 108 (2023) 5, L051301…and many more

plus Pairing: Quasiparticle Spectrum  and Wave Functions
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EDF-HFB Theory, Deformation, and Shell Corrections along 
α-Decay Chains 

PRC 104, 064303 (2021)



Our most Recent Publications on the Topics of this Contribution: 
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The Archipelago of Stability

H. Lenske, Hirschegg 2025 12



Towards Magicity in the Superheavy Region
Shell Corrections in the  (Z,N)-Plane

…(blue-ish) ditch extending 
along N ≈ 1.5Z, then bending 
towards the N axis,
surrounded by a rather flat 
and structureless ridge.

Z ≈ 114 Depression 

Z ≈ 120 Basin 

Cut@Z=114 Cut@Z=120

PHYS. REV. C 104, L011304 (2021)
PHYS. REV. C 104, 064303 (2021)
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Nucleodatics of the Archipelago
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Conclusion:

• 288Fl174  (Z=114) is the next-to-Pb  doubly-magic nucleus
 shell closures: n{1/2+[611] and p{3/2−[512]}

chemical homologs of Pb and Sn (group IV of the Periodic Table)

• 304X184   (Z=120) is the next-to-next-to-Pb doubly-magic nucleus
 shell closures: n{3/2+[602]} and p{5/2−[503]}

chemical homologs of Ra and Ba (group II of the Periodic Table)
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Take-Home Message:
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Superheavies and 
Astrophysics:

“…In the course of creating the actinides and potentially superheavies, 
the r process must necessarily synthesize superheavy nuclei (those with 
extreme proton numbers, neutron numbers or both) far from isotopes 
accessible in the laboratory. Many questions about this process remain 
unanswered, such as where in nature may this process occur?...”
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