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How to constrain L?
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Electric dipole response
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Resonance
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Resonance

Response function 𝑅𝑅(𝑑𝑑)



Courtesy: Francesca Bonaiti
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Electric dipole polarizability

Excited bound 
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Resonance

Response function 𝑅𝑅(𝑑𝑑)

Strong linear correlation between 𝛼𝛼𝐷𝐷  
and the slope of the symmetry energy L
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CCSDT-1: approximate triples

Hagen et al., Rep. Prog. Phys. 77, 096302 (2014)



6

Challenges
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Unified treatment of nuclear structure 
and response functions

Open-shell nuclei
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Part 1:
Structure of open-shell nuclei
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Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Symmetry-breaking approaches 



8

Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Bogoliubov CC

Pairing

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 



8

Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Bogoliubov CC

Pairing

Deformed CC

Deformation

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 

Hagen et al. Phys. Rev. C 105, 064311 (2022)



8

Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Bogoliubov CC

Pairing

Deformed CC

Deformation

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 

Hagen et al. Phys. Rev. C 105, 064311 (2022)Equations-of-motion



8

Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Bogoliubov CC

Pairing

Deformed CC

Deformation

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 

Hagen et al. Phys. Rev. C 105, 064311 (2022)Equations-of-motion

Closed-shell Ψ0 = 𝑒𝑒𝑇𝑇|Φ0⟩



8

Open-shell nuclei from coupled-cluster theory

Francesco Marino – Ischia, 20 May 2025

Bogoliubov CC

Pairing

Deformed CC

Deformation

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 

Hagen et al. Phys. Rev. C 105, 064311 (2022)Equations-of-motion

Closed-shell Ψ0 = 𝑒𝑒𝑇𝑇|Φ0⟩

|Ψ𝑓𝑓
𝐴𝐴−2 ⟩ = 𝑅𝑅𝑓𝑓

(𝐴𝐴−2) Ψ0
Two-particle-removed 
(2PR) nucleus



8

Open-shell nuclei from coupled-cluster theory
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Bogoliubov CC

Pairing

Deformed CC

Deformation

Tichai et al., Phys. Lett. B 851, 138571 (2024)

Symmetry-breaking approaches 

Hagen et al. Phys. Rev. C 105, 064311 (2022)Equations-of-motion
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Two-particle-removed 
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Two-particle-removed coupled-cluster
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Binding energies - validation

Bogoliubov CC

Deformed CC

2PR

2PA

Experiment

FM et al., EPJ Web Conf. 324, 00021 (2025)

Excellent agreement 
between CC variants at 
doubles level
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Binding energies in Ca chain
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Excited states
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14N 22O

Exp.
2PR

FM et al., arxiv:2504.11012  
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Excited states

Francesco Marino – Ischia, 20 May 2025

14N 22O

Exp.
2PR

2PR with the ΔNNLOGO (394) 
interaction describes well 
several excited states

FM et al., arxiv:2504.11012  
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Part 2:
Electric dipole polarizability
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Bound pseudo-state|�Ψ𝑅𝑅⟩

LIT-CC ansatz �Ψ𝑅𝑅
(𝐴𝐴−2) = ℛ 𝐴𝐴−2 |Φ0⟩
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Discretized response function

𝐿𝐿(𝜎𝜎, Γ → 0)

ΔNNLOGO (394)

NNLOsat (450)

22O

Preliminary

Closed-shell CC 
at the CCSD level
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Photoneutron cross sections

𝜎𝜎𝛾𝛾 𝑑𝑑 = 4𝜋𝜋2𝛼𝛼𝑑𝑑𝑅𝑅 𝑑𝑑

Cross sections with 
quantified uncertainties 
from the inversion of the LIT

22O

Preliminary

Credit: Miriam El Batchy

Leistenschneider et al, 
Phys. Rev. Lett. 86, 5442 (2001)

Exp. data from



17Francesco Marino – Ischia, 20 May 2025

Electric dipole polarizability in O isotopes

Experiment

Closed-shell CC
FM et al., arxiv:2504.11012  

ΔNNLOGO (394)
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Electric dipole polarizability in Ca isotopes

Experiment

Closed-shell CC

2PA

2PR

Neural network

Jiang et al., arXiv:2412.02876

FM et al., arxiv:2504.11012  

ΔNNLOGO (394)
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Conclusions and perspectives

Francesco Marino – Ischia, 20 May 2025

• We have applied coupled-cluster theory to study the ground state, excited states 
and electric dipole polarizability of open-shell nuclei close to magicity

• Binding energies and selected excited states are well reproduced. A tendency to 
underestimate the electric dipole polarizability appears

• Future developments: higher-order truncations, response of odd nuclei, 
response functions with theory uncertainties …
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