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Application to 20Ne

First order - PGCM

Good reproduction of first bands
- wrt. IM-NCSM and experiment
- within uncertainties?

Reference data
→ Experiment
→ Quasi-exact IM-NCSM [Roth21]

Exaggerated collectivity
→ B(E2) off beyond uncertainties
→ Missing dynamical correlations

Rich accessible phenomenology
→ Transition dens., pair transfers, etc.
→ Giant resonances (A. Porro poster)

Interaction: [Hüther20] * R. Roth

Collectivity
- Little correction expected
- Good account static + dynamical
- Small discrepancies

- Lack of collective coordinates?

Second order - PGCM-PT(2)

[Hergert21]
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❏ PGCM-PT formalism
❏ New multi-reference perturbation theory
❏ Applicable to

❏ Doubly open-shell nuclei
❏ Ground and excited states

❏ Correlations in nuclear structure calculations
❏ Long range (static) vs. short range (dynamical) in first approximation
❏ Convenient but arbitrary boundary
❏ Optimal description of collective modes via PGCM…
❏ … to be enriched in perturbation?

❏ Systematic uncertainties quantifications in ab initio methods
❏ Mid-term goal of ab initio methods
❏ Steady progress in the last few years
❏ To be enriched in a systematic way
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Thank you for your attention!
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Outline of possible developments of PGCM-PT(2)
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Validation of PGCM-PT(2) for open-shells

Extension to other symmetries

Optimization for realistic MS

Application to shell-model Hamiltonians

Non perturbative extensions of PGCM-PT(2)

Description of shape coexistence in Selenium
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● Benchmark
○ Model spaces, densities, methods, observables

● Low error at converged e3max

○ < 3% on all observables
○ Independent wrt. trial density
○ Applicable to all methods

● Drawbacks
○ Dependent on deformation
○ 3% errors
○ Same as state of the art

● Perspectives
○ Comparison with generalised Wick theorem
○ Use EDF trial density matrices for heavier systems
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PGCM
● Good overall agreement with experiment

○ Spectra, moments and transitions
○ Working best for standard rotational nuclei

● Room for improvement
○ Island of inversion
○ Missing fd-fp cross-shell correlations in 30Ne

● Possible improvements
○ Enlarge set of collective coordinates
○ Add elementary excitations

■ Perturbatively (PGCM-PT next)
■ Into PGCM ansatz
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● PGCM-PT(2) with MR-IMSRG evolved Hamiltonians
■ Reshuffling of correlations
■ Dynamical correlations still needed beyond PGCM

● Binding energy
● Spectra

● Three levers for an accurate / versatile / optimal nuclear structure description
a. Preprocessing of Hamiltonian via e.g. MR-IMSRG
b. PGCM to capture static correlations at low computational cost
c. PGCM-PT(2) to bring remaining dynamical correlations

Optimal compromise still to be investigated
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