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Why a Quantum Technology Initiative at CERN ?
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How can future quantum 
technologies contribute to 
CERN’s scientific mission?

How can CERN’s technologies 
and expertise contribute to the 

quantum revolution?

Build expertise through collaborations
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https://quantum.cern

CERN Quantum Technology Initiative launched in 2020

• Quantum Technologies can be revolutionary 
but require a high level of expertise

• A large number of initiatives exists in the 
Member States and beyond

• After an initial exploratory phase 2020-2023, Phase 2 
started in 2024:

• We are developing a coherent research plan that can 
evolve into a long term strategy aligned with CERN 
research program



CERN QTI Phase 2
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Launched  January 2024

A 5 years research plan



QTI Results contribute to CERN program

Frank, I. J. C. Investigation 

of Nanocomposite 

Scintillators and New 

Detector Concepts for 

High Energy Physics, doi: 

10.1109/NSSMICRTSD4912

6.2023.10337902.

Bringmann, T,, et al. "High-

frequency gravitational wave 

detection via optical frequency 

modulation." Physical Review 

D 108.6 (2023): L061303.

Monaco, S. et al. "Quantum phase detection 

generalization from marginal quantum 

neural network models." Physical Review 

B 107.8 (2023): L081105.
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Major QTI results



Our objectives

Integrate quantum computers within HEP computing model

Make CERN a node of the future European network 
infrastructure

Play a major role in the development of next generation 
detectors for fundamental physics 

Join the broader quantum ecosystem to multiply impact



Make CERN a major node into a distributed network 
infrastructure for future experiments (discussion 
ongoing with DRD11)

o Contribute with CERN technology to the implementation of 
the most novel quantum network/communications protocols

o Contribute to the deployment of time and frequency 
distribution infrastructure and further development 
of relevant technology. 

 

QUANTUM 

NETWORKS AND 

COMMUNICATIONS

QTI Phase 2 Objectives: Quantum Networks



CERN QUANTUM 

TECHNOLOGY 

PLATFORMS

Play a major role in the development of next generation 
detectors (QTI is the mechanism for CERN contribution to 
DRD5)

o Develop quantum sensors to provide new capabilities for 
particle physics research 

o Co-develop applications in quantum technologies 
(computing, sensing)

o Focus areas: Superconducting RF cavities, hydrogen-like 
Rydberg ions, and Transition Edge Sensors

CERN has broad expertise and experimental facilities in many areas 
(superconducting materials, magnets, radiation effects, cryogenics, controls etc.)

QTI Phase 2 Objectives: Quantum Technology Platforms



HYBRID QUANTUM 
COMPUTING AND 
ALGORITHMS

Sustain integration of quantum accelerators within HEP 
computing model, making sure that infrastructure supports it

o Develop algorithms with a focus on distributed hybrid 
computing and Quantum Machine Learning

o Achieve a robust understanding of the performance and 
optimal use of the (near-term) quantum infrastructure

o Provide use-cases for quantum algorithms and quantum 
computers in hybrid setups (HPC+ QC, …)

Most of these developments are common to areas beyond HEP

QTI Phase 2 Objectives: Hybrid Quantum Computing and Algorithms



HL-LHC: The curse of  dimensionality

200 simultaneous
collisions!



Complex data 
processing pipeline
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cms.cern

Offline

1 ns 1 μs 100 ms 100 s

40 MHz 100 KHz
1 KHz 

1 MB/event

Real time selection



QC @CERN
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Foster a expert community studying usability of 
Quantum Computing for HEP

• Lead the creation of a new community of experts from the 
Member States and beyond

• Focus on concrete challenges of QC for HEP

• White Paper on a realistic roadmap in experimental and 
theoretical physics→ a seminal paper!

• Growing impact through increasing links with different
initiatives (Snowmass, …)

• A number of practical examples of joint projects 

Di Meglio, A. , et al. Quantum Computing for High-

Energy Physics: State of the Art and Challenges. 

PRX Quantum 5.3 (2024): 037001.



From the QC4HEO white paper:

14



COLLABORATION 

FOR IMPACT

Integrate CERN in the broader Quantum 
ecosystem to multiply impact

o The Knowledge Transfer Group is essential 
to:

o Explore co-innovation opportunities with 
external partners 

o Establish co-development partnerships 
with companies, institutes and other 
entities.

o The Open Quantum Institute for societal 
impact

QTI Phase 2 Objectives: Collaborations



A wide range of collaborations
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Organizations and Projects Industry

Academia, Research Labs and Agencies

IBM Q-Net
Intel

Xanadu



The QTI Hub: A collaboration framework for QTI

Enable access to diverse quantum technology and services

Provide a unified framework for all collaborative projects QTI is setting 
up with multiple partners.

Establish a clear separation between commercial relationships and 
R&D collaborations

Facilitate follow-up and ensure more efficient coordination of projects 
also across departments.

Allow for multiples approaches to IP protection according to CERN policies.

The QTI Hub 
creates a 

community of 
partners 

investigating the 
different areas of 

quantum 
technologies. 



Open Quantum Institute (OQI)

Value of OQI at CERN

● Driving values of inclusivity, global scope, openness, focus on impact, and fostering collaborations

● Leveraging QTI’s mission to explore the full potential of quantum technologies and maximise their 
societal impact

● Strengthening CERN’s profile as a scientific institution addressing society’s pressing challenges

The work of OQI

● The OQI Advisory Committee is formed of 34 members from industry, academia and diplomacy, 
providing strategic input to the OQI team to achieve the goals of OQI

● Partnership and membership agreements modelled on CERN openlab, the experiments and open 
science

● OQI’s coordination team formed of CERN staff, graduates, GESDA staff, complemented by mandated 
experts from other locations
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