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We pioneer 
quantum-aided 
drug design 
to design novel 
molecules for 
complex targets
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Computational Chemistry

Computational chemistry (first pen and paper computation by London in 1927) is a branch of 
chemistry that uses computer simulation to assist in solving complex chemical problems. It 
exploits methods of theoretical chemistry, incorporated into efficient computer programs, to 
calculate the structures, the interactions, and the properties of molecules.

It requires to solve equations originating 
from quantum mechanics and statistical 
physics.
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Computational Chemistry: the importance of 
hardware evolutions

CPU GPU QPU
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Computational 
Chemistry

Modeling drug-target interactions requires high precision

Chemical accuracy = 1kcal/mol (10-3 Hartree)
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Computational Chemistry
& Quantum Computing

Quantum Chemistry: 
approximation of the time-
independent Schrödinger 
equation (for small 
molecules)
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Quantum Chemistry: Hamiltonian of a molecule

kinetic energy of the electrons

kinetic energy of the nuclei

electrostatic interaction between the electrons and 
the nuclei

electrostatic interaction between the electrons

electrostatic interaction between the nuclei

Choice of the Ansatz & of the 
methodology 

Variational Quantum Eigensolver

    Heuristics. NISQ Friendly + FTQC.

Quantum Phase Estimation (QPE)

    Proven quantum advantage. Requires 
FTQC.
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Quantum 
Computing for 
Chemists

Quantum computers do exist but limited availability (for now); 

Present applications on NISQ systems; FTQC yet to come; 

Quantum Gates programming on NISQ: number of physical qubits up 
to a few thousands but in practice…no practical (chemical) use 
beyond a certain limit due to noise; 

Analog machines (Pasqal) can deliver some useful algorithms; 

Quantum emulators (state vectors) available (Qiskit, QLM/Captiva, 
Hyperion-1..) are mandatory to test new algorithmics: they can 

simulate logical qubits.

 Quantum chemistry: 1(logical) qubit per spin-orbital is required
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Present best in class 
method: ADAPT-VQE

Goal: deal with strongly correlated 
systems with guaranteed
« chemical » accuracy (1kcal/mol)

Less C-NOT gates

Less parameters

Less iterations

Reduced circuit Depth

R. Grimsley, S. E. Economou, 
E. Barnes, and N. J.Mayhall, 
Nature Communications 10, 1 
(2019).
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Overcoming the ADAPT limitations going more hybrid: 
Overlap-ADAPT

We can grow wave-functions by maximizing their overlap with any 

intermediate target classical wave-function that already 

captures some electronic correlation. 

By avoiding building the ansatz in the energy landscape strewn 

with local minima, the Overlap-ADAPT-VQE produces ultra-

compact ansätze suitable for high-accuracy initializations of a 

new ADAPT procedure: compression strategy suitable for barren 

plateaus.
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Hybrid Adaptive simulations on a Quantum Computer ?

Greedy Gradient-free Adaptive Variational Quantum Algorithms on a Noisy Intermediate Scale Quantum Computer.
C. Feniou, B. Claudon, M. Hassan, A. Courtat, O. Adjoua, Y. Maday, J.-P. Piquemal, 2024, in revision
DOI: 10.48550/arXiv.2306.17159
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Is it a problem of machine or a problem of 
algorithms – or both?
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Testing algorithms with high performance 
emulation

Exact simulations on Hyperion-1:

Accelerated-state-vector emulator package 

multi-GPU (GPU=Graphics Processing Unit);

fast custom CUDA/HIP-optimized sparse linear 
algebra libraries;

Optimized to run fast using reasonable HPC 
ressources (< 16 nodes);

A100/MI250X à H100/MI300X GPUs: time to solution 
divided by 2;

Inclusion of noise.
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High Performance Emulation: Hyperion-1

* D. Traore, O. Adjoua, C. Feniou, I.-M. Lygatsika, Y. Maday,  

E. Posenitskiy, J. Toulouse, E. Giner, J.-P. Piquemal, 2024

Exact simulations on Hyperion-1: exact means « equivalent » to N 
logical qubits.
 

What are the limits? Memory doubles at each qubits for state-vector

28-20 (exact) qubit per GPU compute node

40-42 (exact) in real life (128 nodes)

50 (exact) qubits on Jupiter/Jules Vernes exascale machine (not practical)

50-100 qubits (high fidelity) with tensor networks/MPS

>200 « extrapolated » qubits with hybrid quantum schemes *: convergence to 
exact solutions for simple systems on a single GPU node: preparation of FTQC 
benchmarks
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High Performance Emulation: Hyperion-1

More than 400 brut force logical 
qubits are required to model water!

* D. Traore, O. Adjoua, C. Feniou, I.-M. Lygatsika, Y. Maday,  

E. Posenitskiy, A. Peruzzo,  J. Toulouse, E. Giner, J.-P. Piquemal, 2024

Exact simulations on Hyperion-1

What are the limits? 

40-42 (exact) in real life on pre-exascale machine

50 (exact) qubits of Jupiter/Jules Vernes exascale machine

50-100 qubits (high fidelity) with tensor networks/MPS

>200 « extrapolated » qubits with specific hybrid quantum 
schemes: convergence to exact solutions for simple systems on 
a single node: preparation of FTQC benchmarks. 

Applicable to real hardware: more qubits!
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Algorithms and FTQC: Improvements

Improved QPE techniques 
for chemistry

arXiv:2312.13206 (2024), in review
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Conclusion & Perspectives
Quantum Computing for Chemistry

Better algorithms going beyond Adapt-VQE are required, emulators will help.

More qubits required to get useful results in chemistry; Hyperion-1 is a first step in this direction with 
extrapolation schemes.

Concerning the specific use case of quantum chemistry: concrete solutions using hybrid schemes that retain 
quantum features emerge and should pave the way to FTQC and possibly for improved NISQ platforms.

Quantum supremacy? Hundreds of real logical qubits for small systems are required but we have the 
benchmarks…

Not all hardware are/will ve equivalent: algorithmic adaptations. 



PROPRIETARY

Qubit Pharmaceuticals I 2024

Acknowledgements
- Louis Lagardère, Olivier Adjoua, Diata Traore (LCT)
- César Feniou, Baptiste Claudon (LCT/Qubit Pharmaceuticals)
- Alberto « VQE » Peruzzo, Axel Courtat, Evgeny Posenitskiy,  (Qubit 

Pharmaceuticals) 
- Emmanuel Giner, Julien Toulouse (LCT)
- Yvon Maday, Mohammad Hassan (LJLL)

- GENCI (France)
- PRACE/Euro-HPC
- IDRIS/CNRS
- AWS Braket
- Pasqal

Funding agencies
- ERC Synergy EMC2 (grant agreement No 810367)
- PEPR Epiq
- HQI project


