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Beyond Hartree-Fock: Full Configuration Interaction
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II) Electronic Structure on a Quantum Computer

-Richard P. Feynman 
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Error correction  
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NISQ algorithms

• Pretty resistant to the noise effects.

• Based on a few qubits and quantum gates.

• Exponentially fewer resources to store information
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|Ψ( ⃗θ)⟩ = Û( ⃗θ) |HF⟩

VQE: Variational Quantum Eigensolver 

|1⟩
|0⟩
|1⟩
|0⟩
|1⟩
|0⟩

|1⟩
|0⟩
|1⟩
|0⟩
|1⟩
|0⟩α

β
α
β

III) Near Term Era: Variational Quantum Eigensolver



19

Which ansatze ?  
How do we build them ?
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Hardware-efficient ansatz Kandala, Abhinav, et al. "Hardware-efficient variational quantum eigensolver for 
small molecules and quantum magnets." Nature 549.7671 (2017): 242-246.
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small molecules and quantum magnets." Nature 549.7671 (2017): 242-246.
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Û( ⃗θ) ≈ ∏
l

eθl( ̂τl− ̂τ†
l )

Trotterization

21

Unitary Coupled Cluster ansatz Romero, Jonathan, et al. "Strategies for quantum computing molecular energies using 
the unitary coupled cluster ansatz." Quantum Science and Technology 4.1 (2018): 014008.

III) Near Term Era: Variational Quantum Eigensolver



1) Start from an excitation operator

̂T( ⃗θ) =
exc. op.

∑
l

θl ̂τl
̂a†
p ̂aq
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2
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⨂
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Announcement

PhD and Postdoc Opportunities coming soon in 2025 !!

HΨk = EkΨk

Contact us:  
syalouz@unistra.fr or yalouzsaad@gmail.com

Quantum Algorithm for Quantum Chemistry 

mailto:syalouz@unistra.fr
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II) Electronic structure on a Quantum Computer
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Electronic Structure Problem

II) From quantum computing to chemistry
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|Ψ0⟩ ≈ |HF⟩Single Configuration  
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Resolution: Mean-Field Approach
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