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What means quantum devices today?

There are many types of quantum computers: analog versus digital quantum computers

Quantum machines are often themselves
many-body systems
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Why quantum computing is becoming mature now ?

Quantum technologies/devices
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What can be done on a perfect digital guantum computer?

We can essentially solve the Schroedinger equation

Practical solution on a classical computer

Ej(t) = (J1¥(2))
In a basis

d L _—
ih V) = H|¥) ) ihEy(t) = Y (| HIi)Fi(t)

{17) }i=o0,-- z

ihiF(t) = H x F(t)

Formal solution
Schroedinger Eq. is a Linear algebra problems
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Having information on the w.f. means measuring it.
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State preparation and manipulation are replaced by
elementary quantum gates on one and two qubits
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Quantum computing for the description

of static and dynamical properties of atomic nuclei
Problematic and challenges

Finding eigenstates
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Developing variational approaches based on

Pairing Deformation : : |
. 4 , symmetry-breaking (SB)/symmetry restoration (SR)
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A brief overview of the symmetry restoration problem

and its solution

The particle number case
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Difficulty — wave-function collapse

D. Lacroix, “Symmetry-Assisted Preparation of Entangled Many-Body States on a Quantum Computer”, PRL 125 (2020).



Systematic of Symmetry filtering methods

Standard Quantum Phase estimation
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o Preparation of SB states on QC
o Symmetry restoration on QC

Post-processing for

Improved ground state or excited
States (QPE, Quantum Kryloy, ...)

e Restoring symmetries
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j Various methods being developed
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Classical optimization

Coming back to our superconducting problem
Combining projection with variational method
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T Getting closer to realistic problems
Op L85 48 2 10 Is the breaking of symmetries always a good idea?
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J. Zhang, PhD thesis Paris-Saclay Univ. (2025).



Going beyond traditional nuclear

physics methods: Use of adaptative methods

Iterative construction of the ansatz

Grimsley, et al, Nat. Commun. 10 (2019)
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Is breaking symmetries always a good idea?

Extension to the proton-neutron

pairing Hamiltonian problem

np

H = Z [si,n(u;fw + ugv;) + &5 p(mimi + ijrg)]
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Specific methods to improving convergence
Going closer to nuclei: adding isospin
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From ground state only to excited states

The states generated during the convergence

contain information on excited states We used these states in a Quantum Subspace

Diagonalization method (QSD)
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Green’s function estimated with a quantum computer
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Ongoing work- Quantum simulation of nuclei on lattices
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Discussion and summary

The field of quantum algorithms for many-body systems is evolving rapidly.

Experimental quantum computing platforms are improving constantly.

Symmetry problem

Traditional shell-model Lattice pionless EFT
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Additional discussions
(applications to real guantum computers)
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Today’s applications

Simplified Shell Model applications on real quantum computers
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A focus on neutrino oscillation physics simulated
on quantum computers

lllustration of the Hamiltonian (2 flavor approx)
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A focus on neutrino oscillation physics simulated

Matrix Product State

Order-N tensor:
contains ~exp(N) parameters

Network of low-order tensors:

contains ~poly(N) parameters
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on quantum computers
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