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Quantum computing for atomic nuclei

Problematic and challenges

Nuclei are self-bound quantum
mesoscopic systems
Nb of particles
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Quantum computing for atomic nuclei
Problematic and challenges

Nuclei are self-bound quantum
mesoscopic systems
Nb of particles
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Developing variational approaches based on

symmetry-breaking (SB)/symmetry restoration (SR)
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oo . lllustration with small superconductors _

e lllustration with the Richardson Hamiltonian
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But ultimately symmetries should be restored!
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Non-destructive counting on a quantum computer

Auxiliary qubits

(a) Initial state

Starting point

(b) QIJa ntum Circuits/state manipulation
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' quantum phase estimation
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Systematic of Phase-Estimation-based methods

Standard Quantum Phase estimation 16 qubits, N = 8
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Exploration of different methods for the symmetry restoration

Complete Hilbert space » Systematic Exploration of Phase-Estimation based
methods for symmetry restoration (Kitaev method,
Rodeo algorithms )
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Symmetry breaking/symmetry preserving circuits and symmetry
restoration on quantum computers

A quantum many-body perspective
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Coming back to our superconducting problem

Quantum-Classical optimizers

- Standard BCS theory

‘ Project after optimization
Q-PAV: Quantum Projection
After Variation

The optimization is made on the
Symmetry restored state.
Q-VAP: Quantum Variation
After Projection

Combining projection with variational method
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Usefulness of the symmetry breaking strategy-symmetry restoration

To obtain expressive ansatze

Quantum Phase estimate on energy after convergence
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T Getting closer to realistic problems
Op L6 5 43 2 10 Is the breaking of symmetries always a good idea?
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Use of adaptative methods

And try to control symmetry breaking |

Grimsley, et al, Nat. Commun. 10 (2019) Superfluid problems: only spins
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Is breaking symmetries always a good idea?

Extension to the proton-neutron
pairing Hamiltonian problem 441 44 ¢____E
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Specific methods to improving convergence.

Going closer to nuclei: adding isospin
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Conclusions and outlook .
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» We have explored many technique to

enforce symmetries in many-body systems

Our main focus was to have expressive
variational ansatze for ground state preparation

We are now developing algorithms also for excited
states: ADAPT VQE, g-EOM, Green’s function
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