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“Celebrating entanglement”
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April 1st 2025
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First LHC entanglement 
papers published 
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ATLAS top-cited papers of 2024 CMS top-cited papers of 2024

Snapshot of 2 April 2025
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Momentum measurement → infer spin of parent particle
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Exploit chirality of the weak decay
Momentum <-> Spin
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https://arxiv.org/abs/2406.03976https://arxiv.org/abs/2311.07288 https://arxiv.org/abs/2409.11067

Experimental observation of entanglement in 
top quark systems

ATLAS dileptonic, threshold CMS dileptonic, threshold CMS semi-leptonic, 
threshold &  high mmtm
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Talks by Alexander Grohsjean, Ethan Simpson

https://arxiv.org/abs/2406.03976
https://arxiv.org/abs/2311.07288
https://arxiv.org/abs/2409.11067


Quantum state tomography
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Quantum state tomography - measurement

https://arxiv.org/abs/2409.11067
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Measurement of Magic
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https://arxiv.org/abs/2406.0732
1

CMS PAS TOP-25-001 (March 2025)

See also talks by Ian Low, Yin Zheweihttps://arxiv.org/abs/2503.03098

https://arxiv.org/abs/2406.07321
https://cds.cern.ch/record/2926751
https://arxiv.org/abs/2503.03098


https://arxiv.org/pdf/2503.22382

Inspired by the quantum entanglement measurements…
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Talks by Ben Fuks, Alexander Grohsjean, Ethan Simpson

28th March 2025

https://arxiv.org/pdf/2503.22382
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Review

December 2024
17

https://arxiv.org/abs/2402.07972

https://arxiv.org/abs/2402.07972


Abstract: Some of the most astonishing and prominent properties of 
Quantum Mechanics, such as entanglement and Bell nonlocality, have 
only been studied extensively in dedicated low-energy laboratory 
setups. The feasibility of these studies in the high-energy regime 
explored by particle colliders was only recently shown, and has 
gathered the attention of the scientific community. For the range of 
particles and fundamental interactions involved, particle colliders 
provide a novel environment where quantum information theory can 
be probed, with energies exceeding, by about 12 orders of magnitude, 
the laboratory setups typically used in the field. Furthermore, collider 
detectors have inherent advantages in performing certain quantum 
information measurements, and allow for the reconstruction the 
state of the system under consideration via quantum state 
tomography. Here, we elaborate on the potential, challenges, and 
goals of this innovative and rapidly evolving line of research, and 
discuss its expected impact on both quantum information theory and 
high-energy physics

Submission to the 
European Strategy 
for Particle Physics

March 2025 18

https://arxiv.org/abs/2504.00086

https://arxiv.org/abs/2504.00086
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Uncertainties, NLO effects, QFT effects…
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Talks by Baptiste Ravina, Rafael Aoude, Pawel Caban

Fields are not particles. Interpretation beyond particle-particle picture…



Unmeasured quantum effects

21Talks by Matthew Low, David Uzan, Navin McGinnis, Alexander Bernal

Discord, Bell Violation, non-locality, …



qtrits and qdits rather than qbits

22Talks by Juan Antonio Saavedra, Giovanni Pelliccioli, Priyanka Lambda

Identical particle effects, off-shell effects, NLO, larger spin-density matrices,…



Measurements at future colliders
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Talks by Kazuki Sakurai, Eleni Vryonidou, Alim Ruzi, Luca Marzola

e+ e-

Clean initial states, high energies, polarised beams, …

EIC Muon colliders



Relation with quantum computers

24Talks by Michal Spannowsky, Kazuki Sakurai

Quantum process tomography. Encoding particles for quantum learning



Multi-particle entanglement & non-locality
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Talks by Pawel Horodecki, Roberto Morales 



… and much more…
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