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Searches for the “1sland of stability”
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What 1s the next shell closure
we find beyond ***Pb?



A possible candidate: *°°Pb
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Separation energies and single-particle energies results from mean-field calculations
indicate possible doubly-magic nature of 256Pb.




266Pb could be the last bound lead 1sotope
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We can now tackle these
questions from an ab nitio
perspective!



“Doubly magic” signatures: the first 2% state
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Goal: predicting the excited spectrum of 266Pb using a nuclear Hamiltonian from chiral
EFT and a systematically improvable many-body method (coupled-cluster theory).



A pragmatic choice
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We choose the 1.8/2.0 (EM) interaction, which describes well ground-state energies and
excited spectra in closed-shell nuclei, despite conceptual&UQ limitations.

see Matthias Heinz's talk



Excited states 1n 2°%Pb
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Excitation energy (MeV)

“%°Pb 1s doubly magic

18/20 EM) interaction
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From light to heavy doubly magic nuclei

1.8/2.0 (EM) interaction
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[s 2°°Pb the last bound lead 1sotope?

1.8/2.0 (EM) interaction
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Proton number Z

With an eye to the future
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We pushed the ab initio boundaries, but there
1s some other interesting physics northeast
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How to solve the time-dependent
Schrodinger equation from
a first-principles perspective?

., d A
th— [¥(t)) = H(t) [¥(?))



Coupled-cluster theory

O Starting point: Hartree-Fock reference state |®)

] Add correlations via:

with
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D.A. Pigg, G. Hagen, H. Nam, T. Papenbrock, PRC 86, 014308 (2012).
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Coupled-cluster theory

O Starting point: Hartree-Fock reference state | D)

] Add correlations via:
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D.A. Pigg, G. Hagen, H. Nam, T. Papenbrock, PRC 86, 014308 (2012).
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Time evolution trom the mean-field

[ Fission typically modeled within mean-field
approaches (time-dependent Hartree-Fock).

1 Do we need to add correlations and go
beyond this description?

1 To evaluate this, we introduce correlation
dynamically and look at time evolution of the
system starting from HF reference.
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Time evolution trom the mean-field

[ Fission typically modeled within mean-field
approaches (time-dependent Hartree-Fock).

1 Do we need to add correlations and go
beyond this description?

1 To evaluate this, we introduce correlation
dynamically and look at time evolution of the
system starting from HF reference.

We can look at the typical time scales and amplitudes of nuclear density fluctuations.
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Nuclear density tluctuations: **Ca

6pcep(r,t) (fm ™)
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Nuclear density tluctuations: **Ca
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This is a pure beyond-mean-field effect!
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Nuclear density fluctuations: '%2*O

FB et al, arXiv:2604.12089 [nucl-th]. 50ccn(rt) (fim~3)
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Short-time, short-range fluctuations are model-dependent yet universal:
they do not depend on the mass number.
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Short-range fluctuations are stochastic!

NNLOsat ANNLOG()(394)
~ 56 160
T 107 ¢ . 0l ¢
= e e T et
E: 10° ¢ ¢ 1
107 .
i10_3 c oo, oo .. 240
£ ® O 0
S10° °° Cem® ¢ ®os’edy
(el
107 -
uls‘\ 10—3 ® | ® 48C3.
E |o o ¢ Ol 0% g
210° o SN ° .,
A 0
107 -
10° 10°
E (MeV) E (MeV)

FB et al, arXiv:2604.12089 [nucl-th].



A simple physics case:
nuclear response functions from
a time-dependent perspective



Nuclear response functions
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Responses 1n a time-dependent approach

Goal: solving
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Responses 1n a time-dependent approach

Goal: solving /
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H(t) = Ho+€f(t)D

For small g, first-order time-dependent perturbation theory yields:

D(t) = (¥(t)|D]¥(t))
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Responses 1n a time-dependent approach

Goal: solving /
L d A
ih— |¥(1)) = H(¢) [¥(2))

with

A

H(t) = Ho+€f(t)D

For small g, first-order time-dependent perturbation theory yields:

D(t) = (¥()ID[¥(t)) — D(w) —— R(w)=1Im (D(w)>

Fourier transform
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Simulation time and resolution
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Collective oscillations 1n real time
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Collective oscillations 1n real time
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Collective modes as 11t observables?
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 Can they be a useful input for
the optimization/calibration of
nuclear Hamiltonians?
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How do we o0 from this to
a microscopic description
of nuclear reactions?



A natural tramework: nucle1l on the lattice

U We can exploit the short-range nature
of the nuclear force! Correlations are
®

only between neighbours.

L Computational cost scales with volume @ Q I a~05—2fm

- problem becomes sparse!

D. Lee, Prog. Part. Nucl. Phys. 63 117-154 (2009).

U How far can we go with coupled-cluster
on the lattice?
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First steps on the lattice: *He
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Some open questions

U How to deal with increasing competition of nuclear and Coulomb force in superheavy nuclei?
O Can optimizing nuclear Hamiltonians on many-body dynamical observables be useful?
O How to further develop lattice Hamiltonians and link lattice and configuration-basis view of nuclei?

see Thomas Papenbrock’s and Matthias Heinz’s talks
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