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Centre of Competence: Hybrid Quantum Computing
Expected impact

» Accelerate the development, validation, and deployment of hybrid
classic/quantum algorithms based on the use cases from physics theory

and experiments, exploiting today’s NISQ devices capabilities

* Integrate CERN QTI in the European (WW) quantum ecosystem

establishing academic and industrial relationships

» Lead the development of common libraries of quantum algorithms and tools

for HEP and other sciences.
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Objectives

« Distributed quantum algorithm and quantum internet
protocols
* Resource optimization and green computing

« Software development for control and calibration of
qubit systems

« Simulation of high dimensional system on hybrid
infrastructure
« Theoretical foundation of quantum algorithms

* Quantum algorithms for HEP applications
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Scientific Contributions

Simulation of high dimensional system on hybrid

infrastructure

e Guided Graph Compression for Quantum Graph Neural
Networks - Mach. Learn. Sci. Technol. 6 035048 2025

e Guided Quantum Compression for Higgs Identification - 2024
Mach. Learn.: Sci. Technol. 5 035010

e Enhanced feature encoding and classification on distributed
quantum hardware - 2025 Mach. Learn.: Sci. Technol. 6 015056

e Operational Framework for a Quantum Database -
arXiv:2405.14947

e Quantum-centric supercomputing for materials science: A

Core

objectives

perspective on challenges and future directions - Future

Generation Computer Systems
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Scientific Contributions

Theoretical foundation of quantum algorithms

e Symmetry breaking in geometric quantum machine learning in
the presence of noise - PRXQuantum.5.030314

e Estimates of loss function concentration in noisy parametrized
quantum circuits - arXiv:2410.01893

e Expressivity of parameterized quantum circuits for generative
modelling of continuous multivariate distributions - npj Quantum
Information volume 11, Article number: 121 (2025)

e Quantum Advantage in Learning Quantum Dynamics via Fourier
coefficient extraction - arXiv:2506.17089

e On Dequantization of Supervised Quantum Machine Learning via
Random Fourier Features- arXiv:2505.15902

Core

objectives

e Sample-based training of quantum generative models
arXiv:2511.11802

e Expressive equivalence of classical and quantum restricted
Boltzmann machines - Commun Phys 8, 413 (2025)
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Scientific Contributions

Core

objectives
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Quantum algorithms for HEP applications

Learning reduced representations for quantum classifiers -
Quantum Mach. Intell. 7, 113 (2025)

Quantum integration of decay rates at second order in perturbation
theory - Quantum Sci. Technol. 10 025026

Loop Feynman integration on a quantum computer - Phys. Rev. D
110, 074031

Quantum Chebyshev Probabilistic Models for Fragmentation
Functions - Commun Phys 8, 448 (2025)

Quantum anomaly detection in the latent space of proton collision
events at the LHC - Commun Phys 7, 334 (2024)

Hybrid actor-critic algorithm for quantum reinforcement learning at
CERN beam lines - Quantum Sci. Technol. 9 025012

Quantum Information meets High-Energy Physics: Input to the
update of the European Strategy for Particle Physics -
Eur.Phys.J.Plus 140 (2025)

Quantum error mitigation for Fourier moment computation - Phys.

Rev. D 111, 034504



Activities

— Hybrid Orchestration: develop protocols and software for
distributed algorithms with the support of IT technologies
like Kubernetes = with Scaleway (private company
funding 1 PhD) and HPC centers (CESGA and BSC).

— Utility scales studies: Investigating generative model

universality, trainability, and generalization to ensure

scalability and reliability in diverse applications (i.e. Q

Extended
objectives

Boltzm. machine)

— Early Fault tolerant QML: developing hardware-aware
quantum algorithms and EFT primitives - 1 PhD from
2026 dedicated to Lattice Gauge Theory

Core

objectives

— Monte Carlo Generation: Developing hybrid approaches

to improve the efficiency and accuracy of Monte Carlo

simulations (parton shower, Jet clustering, phase space

integration)
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Collaborations

objectives
Extended
objectives

Core

objectives
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LHCb POC Quantum Computing access

Pasqal: QML for HEP

QuEra: quantum reservoir computing

Scaleway: HPC and QC

Xanadu: foundation of QML for HEP (perturbative theory)
Algorihmiq: error mitigation protocols

JRC: quantum algorithms for security protocols in

communication
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People Updates —

1 FTE senior staff - CERN QTI COC1 coordinator

1 FTE Postdoc - CERN QTI

0.5 FTE scientific associate - CERN OQI (Open Quantum Institute)
1 FTE PhD CERN QTI start Jan 26

1 FTE PHD cofunded CERN QTI - Pasqal (started July 25) - - Scientific contribution:
1 FTE PhD Federated Learning and QC (0.5 on QTI funds) 34 papers & > 1k citations
EXTERNAL CONTRIBUTIONS

« 2 PHD (LMU Munich and IFAE/Qilimanjaro)

* 4 short term PhD visit ( CSIC Valencia, Univ. Naples, TCD)
« 1 PostDoc (Fermilab SQSMS)

* Internships and master thesis
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