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Superheavy “island 
of stability”?

• Scarcity of experimental 
and theoretical data on 
spectroscopy of 
superheavy elements (Z 
> 102).

• Search for the “island of 
stability”, where longer-
lived isotopes may exist.

• Stringent test of 
computational methods 
under extreme 
relativistic and strong 
correlation effects.

• Low energy probe for 
new physics, alternative 
to high energy searches.
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Figure 1: Chart of half-life of known isotopes. 
Predicted island of stability is circled.

• Fills critical gaps in spectroscopic data for superheavy elements.
• Demonstrates the viability of this approach for many-body calculations 

with extreme relativistic effects and strong electron correlations.
• Provides theoretical benchmarks for future experiments.

Figure 3: Experimental and calculated ionisation energies are presented for livermorium 
and tennessine along with their lighter homologues.

Figure 2: Calculated excitation energies of a) livermorium and b) tennessine. Optical electric 
dipole (E1) transitions that are predicted to have strong transition amplitudes are also shown.
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Compare with Experimental Data

Configuration Interaction with Perturbation Theory

Coupled-Cluster Single-Double Method

Dirac Hartree-Fock Method

The accuracy of calculations is benchmarked against lighter elements with similar 

electronic structure.

Single and double electron correlation effects from core to valence states are computed:
෠Σ1, ෠Σ2

Mean field potential is calculated for the closed core (by removing 𝑀 electrons):

෡𝐻RHF = 𝑐𝜶 ⋅ ෝ𝒑 +  (𝛽 −  1) 𝑚𝑐2  +  Vnuc +  V𝑁−𝑀

States are calculated using the mean field potential and electron correlations:
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