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Emerging quantum computers are *“NISQ”’ devices.

Quantum decoherence Only a few qubits accessible

(qubits = open quantum system). N, pizs ~ 10

NIS(Q algorithms

e Exponentially fewer resources to store information

@ Based on a few qubits and quantum gates.

® Pretty resistant to the noise effects.
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NISQ algorithm: Hybrid Quantum/Classical methods

Quantum Computer
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Circuit parameters?

to generate a new |‘P(?))

Measure

)= (W(0)|O|¥(0))
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Classical

—

— Optimization of 6
Applications

- Quantum machine learning

- Quantum Chemistry
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We simulate the very complex
electronic structure problem

(many electrons in a molecule)
with a quantum computer
containing small quantum systems
that we master (qubits)

Encoding a wave function

In a circuit
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Unitary Coupled Cluster Ansatz
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VQE : Variational Quantum FEigensolver
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Ci

photo-isomerization

Jo ol

- photo-dissociation

Conical intersection

Singular point of degeneracy

connecting two
Potential Energy Surfaces

Challenge ! *

SA-OO-VQE: State-Averaged Orbital-Optimized VQE

- Treats on an equal footing ensemble of states

Democratic treatment of
Ground -+ Excited states

- Provides useful data for photochemistry studies (e.g. PES, gradients and NAC)
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Energy (Ha)
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bending angle
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» Optimiser = SLSQP |
» Generalised UCCD ansatz Ground and first excited state PESs
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Ingredients:
- Nuclear gradients

- Non-adiabatic couplings

Research of
Minimal-energy

conical-intersection

(MECT)

Noiseless Simulations

0 20 40 60
iteration

SA-O0-VQFE = Quantum analog of SA-CASSCF
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SA-OO-VQE: Quantum algorithm for photo-chemistry

S. Yalouz et al. Quantum Science and Technology 6.2 (2021): 024004.
S. Yalouz et al. Journal of chemical theory and computation 18.2 (2022): 776-794.
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; SA-OO-VQE: Quantum algorithm for photo-chemistry
o Nuclear Non-adiabatic couplings
Description of derivatives
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Nuclear Non-adiabatic couplings
derivatives
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