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Develop technologies required by 
the CERN scientific programme

Integrate CERN to future quantum 
infrastructures

How does CERN engage in Quantum Technologies?
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QT4HEP HEP4QT

Extend and share technologies 
available at CERN

Boost development and adoption of 
QT beyond CERN



The CERN QTI launched in 2020 

3QTI Roadmap: https://doi.org/10.5281/zenodo.5553774

Main objectives
• Identify areas where CERN can make 

an impact
• Understand impact of quantum 

technology on CERN programme
• Collaborate with quantum initiatives in 

the CERN Member States
• Facilitate the collaboration across the 

HEP community and between HEP and 
the QuantuM tech. community



An exploratory initiative
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Quantum simulation and HEP 
theory applications
Quantum Computing 
Quantum Sensing
Quantum Communication



CERN QTI Phase 2
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HYBRID QUANTUM 
COMPUTING AND 
ALGORITHMS

QUANTUM 
NETWORKS AND 
COMMUNICATIONS

COLLABORATION 
FOR IMPACT

CERN QUANTUM 
TECHNOLOGY 
PLATFORMS

Launched  January 2024

A 5 years research plan
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Research Program in IT

14/05/24

With BE and some contribution by TH

COC1: HYBRID QUANTUM COMPUTING 
AND ALGORITHMS

COC3: QUANTUM NETWORKS AND 
COMMUNICATION



CoC1: MILESTONES TIMELINE

14/05/24

OBJ 1: 
Hybrid Comp.
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OBJ 2: 
Algo for HEP

OBJ 3:
Qubit Control

CC1.1M1 
SIMULABILITY

CC1.1M2 
PARALLEL HYBRID 

CC1.2M1 QML 
ROBUSTNESS

CC1.2M2 QML 
APPLICATIONS

CC1.1M3 
QUANTUM INTERNET

CC1.2M2 QML 
REALISTIC 
APPLICATIONS

CC1.3M1 
NOISE

CC1.3M3 
EXPERIMENT

CC1.3M3 REAL 
TIME POC



Simulation of high dimensional classical or quantum system on hybrid infrastructures 1.1a 
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Milestone Topic

Entanglement Forging
1.1M1 Simulability/stabilizer state

Tensor Networks
1.1M2 Hybrid QML – classic preprocess (HPC)
1.1M3 quantum internet



Theoretical foundation of quantum machine learning algorithms 1.2 a 

13/09/2023 CERN QTI 2 Kick-Off 11

Milestone Topic

1.2M2 QML applications Generative model universality + HEP applic
1.3M1 Noise Barren Plateau vs Noise

Physics and Symmetry (non-Hermitian) 
1.2M1 QML robustness Trainability and generalization QML

Topological Data (hep)
1.2M3 QML HEP application on HW



Quantum algorithms for theory applications 1.2 b
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Milestone Topic

1.2M2 QML applications Event generation (QML - HEP)
Anomaly detection (NF)
Feynman diagram
Quantum HEP tool (Pythia etc)



Quantum advantage modelling 1.2 c
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Milestone Task

Quantum advantage
modelling Performance across multiple Q HW 

Noise vs Symmetry
Geometric ML and application (i.e. tracking)

Quantum advantage
modelling Resource optimization – green computing



Software development for control and calibration of qubits systems 1.3
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Milestone Task

1.3M1 Noise on real HW Validation of selected noise models on real hardware 

1.3M2
Initial verification of theoretical results using the experimental 
infrastructure foreseen in CC2 

1.3M3 Initial prototype demonstrating real time processing pipeline 


