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I) From Quantum chemistry to Quantum Computing

What is Quantum Chemistry ?

+ +

Understanding chemical reactionsOptimal molecular geometries

Photo-induced chemical transitions

hν
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I) From Quantum chemistry to Quantum Computing

ℋ = ∑
p,q

hpqa†
paq +

1
2 ∑

p,q,r,s

gpqrsa†
pa†

r asaq ℋ |Ψk⟩ = Ek |Ψk⟩

 |Ψk⟩ =  D1 +  D2 + …

|1100⟩ |1001⟩

Observation : Ok for very small systems …  
But it scales dramatically with the size of the systems !

Nconf ∼ 1019

Benzene

Wave Function Theory (WFT)

What is Quantum Chemistry ?
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C1 + + …

|1100⟩ |1001⟩

C2Û
|Ø⟩ = |0000⟩ - Variational Quantum Eigensolver (VQE)  

- Quantum Phase Estimation (QPE)

I) From Quantum chemistry to Quantum Computing

What about quantum computing ?

Quantum WFT
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What are the motivations ?

Quant-WFT

Computational cost

∼ CN

∼ Poly(N)

|Ψk⟩

WFT

Quant-DFT

DFT

?

Kohn-Sham

n(r)
NH3

FeMoco

Myoglobin

Example of systems

I) From Quantum chemistry to Quantum Computing
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How does it work ?

B. Senjean, S. Yalouz and M. Saubanère. arXiv:2204.01443

ℋ̂ |Ψ0⟩ = E0 |Ψ0⟩

Interacting system

n(r) =
Nelec

∑
k=1

|ϕk(r) |2

E0 = ∑
k

ϵk + EHxc[n(r)] − ∫ vHxc[n(r)]n(r)drGS energy

DFT = Non-interacting system

Kohn-Sham  
Self-consistent  

equations 
ĥKS(n(r)) = ̂T + ̂vKS(n(r))

ĥKS(n(r))ϕk = ϵkϕk

I) From Quantum chemistry to Quantum Computing

https://arxiv.org/abs/2204.01443


II) Quantum algorithm for DFT



n(r) =
Nelec

∑
k=1

|ϕk(r) |2

State-Averaged VQE

Û( ⃗θ ) |ϕI( ⃗θ )⟩ = Û( ⃗θ ) |CBI⟩|CBI⟩

{⟨ϕI( ⃗θ ) | ĤAUX.INT |ϕI( ⃗θ )⟩}
Ne

I=1
MEASURES

CPU
optimizer

State-averaged energy cost function

ESA−VQE( ⃗θ ) =
Ne

∑
I

⟨ϕI( ⃗θ ) | ĤAUX.INT |ϕI( ⃗θ )⟩

⃗θ
Optimisation  

cycle
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How does it work ?

B. Senjean, S. Yalouz and M. Saubanère. arXiv:2204.01443

II) Quantum algorithm for DFT

Molecular system

Ĥaux,int
=

∑
IJ

Haux,int
I,J |CBI⟩⟨CBJ |

hKS
i,j

=
⟨χi | ĥKS |χj⟩

 8 MO = 3 qubitsNqubit = log2(Norb) →

χ0 ⟶ |000⟩
χ1 ⟶ |001⟩
χ2 ⟶ |010⟩
χ3 ⟶ |011⟩
χ4 ⟶ |100⟩
χ5 ⟶ |101⟩
χ6 ⟶ |110⟩
χ7 ⟶ |111⟩

{ |χI⟩} ⟶ { |CBI⟩}

Counter intuitive Mapping

ĥKS(n(r)) = ̂T + ̂vKS(n(r))

https://arxiv.org/abs/2204.01443
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Example

II) Quantum algorithm for DFT

hydrogen chain with 8 atoms 

Setup : 
‣ STO-3g basis 
‣ LDA functional 
‣ Optimiser = SPSA 
‣ 4 layers of ansatz (15 parameters)

 ansatzCNOT − RY

1 layer



B. Senjean, S. Yalouz and M. Saubanère. arXiv:2204.01443
C1

11

Conclusions

Description of ground state PESNew paradigm

Q-WFT

Q-DFT

V.S.

Nqubit ∝ log2(Norb)

Nqubit ∝ Norb

What about a fault tolerant version of this algorithm ?

Thanks for your attention !

https://arxiv.org/abs/2204.01443



