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Paving the way to 
quantum 

information inspired 
measurements

ATLAS: First observation of quantum entanglement at the t t bar  production threshold in the dilepton channel 𝑡 ҧ𝑡 production threshold 
in the dilepton channel
CMS: Observation of quantum entanglement at the t t bar  production threshold in the dilepton channel 𝑡 ҧ𝑡 production threshold in the 
dilepton channel, first observation of quantum entanglement at high high t t bar  mass in the single lepton channel 𝑡 ҧ𝑡 mass in 
the single lepton channel 

Spin correlation 
measurements in 𝑡 ҧ𝑡 

have been 
performed for many 

years   

Tevatron measurements at D0 and CDF: measuring angular correlations between 
leptons and jets in semi-leptonic and dileptonic events
LHC measurements by ATLAS and CMS:  Observation of non-zero spin correlation 
using Δ𝜙 in Run 1, differential measurements in Run 2 
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https://www.nature.com/articles/s41586-024-07824-z
https://www.nature.com/articles/s41586-024-07824-z
https://iopscience.iop.org/article/10.1088/1361-6633/ad7e4d
https://iopscience.iop.org/article/10.1088/1361-6633/ad7e4d
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112016


And today a 
community is 
established and 
keeps growing

• Oxford, March 2023
• GGI, November 2023
• Pittsburgh, March 2024
• Oxford, October 2024
• GGI, April 2025 
• Shanghai, July 2025
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https://indico.cern.ch/event/1246316/
https://indico.cern.ch/event/1246316/
https://agenda.infn.it/event/34555/overview
https://agenda.infn.it/event/34555/overview
https://indico.cern.ch/event/1360659/
https://indico.cern.ch/event/1360659/
https://conference.ippp.dur.ac.uk/event/1300/overview
https://conference.ippp.dur.ac.uk/event/1300/overview
https://agenda.infn.it/event/44563/overview
https://agenda.infn.it/event/44563/overview
https://conferences.koushare.com/wqehep
https://conferences.koushare.com/wqehep
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This talk does:
• Aim to give a brief summary of some of the workshop
• Highlight some points of interest (  personal bias)

This talk does not:
• Give lots of theoretical details or discuss existing entanglement measurements → see Yoav’s 

talk this afternoon
• Provide comprehensive coverage → the slides and recordings are publicly available 

https://indico.cern.ch/event/1603106/timetable/
https://indico.in2p3.fr/event/38003/contributions/172543/
https://indico.in2p3.fr/event/38003/contributions/172543/
https://indico.in2p3.fr/event/38003/contributions/172543/
https://indico.in2p3.fr/event/38003/contributions/172543/
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Focused on top-related elements for 
the LHC
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A good place to start… 

Slides from Dong Woo Kang
• Pedagogical overview of quantum information at colliders  

https://indico.cern.ch/event/1603106/timetable/#39-spin-density-matrix-and-qua
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A good place to start… 

Quantum tomography = full quantum 
description of the state 

From which quantum observables can 
be derived

Phys. Rev. D 110, 112016 arXiv:2602.15115

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112016
https://arxiv.org/abs/2602.15115
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Recent related results
Shown by Fiona Jolly

ATLAS+CMS combination of the azimuthal spin correlation variable in dilepton 𝑡 ҧ𝑡 events
• Tension with common MC Powheg+Pythia8
• Improved agreement with fixed order NNLO predictions

ATLAS-CONF-2026-001 CMS-PAS-TOP-22-004

https://indico.cern.ch/event/1603106/timetable/#41-measurement-of-quantum-info
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2026-001/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-004/index.html
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A probable future…

At the HL-LHC, we can expect a precision of 𝒪 2 − 3 % 
on spin correlation measurements

• Addition of improved reconstruction tools will 
allow us to preform differential measurements

Slides from Andreas Jung

https://indico.cern.ch/event/1603106/timetable/#66-complementary-quantum-front


Top LHC France 2026 Eleanor Jones 10Top LHC France 2026 Eleanor Jones 10

A probable future…

Bell inequality violation? 
•  We measure angles (and energies) not 

spin-correlations directly

• Related via spin-analysing power
• Certain classes of LHVTs yield same relation but 

the bounds could be different
• Measuring 𝛼 experimentally could allow for 

certain classes of LHVTs to be excluded

Slides from Claude Duhr

Slide from Juan Antonio Aguilar Saavedra

https://indico.cern.ch/event/1603106/timetable/#51-spin-correlations-and-local
https://indico.cern.ch/event/1603106/timetable/#52-entanglement-and-bell-local
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A probable future…

Many opportunities to measure SM properties in an uncharted domain

Slide from Fabio Cerutti

• There are assumptions that 
we have to acknowledge
• coming from a well-

tested theory
• The scope of the 

measurements and 
complementarity to low-
energy experiments is worth 
exploring! 

https://indico.cern.ch/event/1603106/timetable/#53-opportunities-assumptions-a
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A probable future…
BSM? 

• How far can we push limits on EFT?
• Can we use QI-inspired variables for BSM searches? 

Slides from Chris White

Slide from Andreas Jung

https://indico.cern.ch/event/1603106/timetable/#70-magic-in-high-energy-scatte
https://indico.cern.ch/event/1603106/timetable/#66-complementary-quantum-front
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A possible future…

Future colliders could offer 
complementary approaches for QI 
observable measurements 

• FCC-ee would allow for very 
precise measurements with 
minimal decoherence

• A muon collider could give 
access to entanglement in heavy 
systems at multi-TeV energies

Slides from Andreas Jung

https://indico.cern.ch/event/1603106/timetable/#66-complementary-quantum-front
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A possible future…

𝑡 ҧ𝑡 at a photon collider? 
• A future linear 𝑒+𝑒− 

collider could provide very 
high-energy photons from 
the Compton back-
scattering of the laser light 
with the 𝑒± beam

• Can control the 
polarisation of the initial 
photons  

Slides from Dong Woo Kang

Entire region is entangled and 
violates CHSH inequality 

https://indico.cern.ch/event/1603106/timetable/#39-spin-density-matrix-and-qua
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QIS for HEP, HEP for QIS

Discussion panel with experts 
from both fields 

• What features are 
interesting to measure in 
colliders? 

• What can we learn from 
each other?

• Are there tools from QIS 
that can help with the 
search for BSM?

• Can HEP systems find 
practical applications in 
QIS ? Key takeaways:

• an open dialogue between the fields is necessary and welcomed
• a common dictionary should be developed  
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In context…
Other than testing fundamental properties, what is useful about Quantum 
Information?

• Practical applications include quantum computing, quantum cryptography…

• Quantum sensors for experiments

Plenary talk from Nicolas Brunner
Plenary talk from Michael Doser

https://indico.cern.ch/event/1603106/timetable/#11-plenary-talk-bell-nonlocali
https://indico.cern.ch/event/1603106/timetable/#32-plenary-talk-quantum-sensin
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Loopholes everywhere…

Plenary talk from Nicolas Brunner

https://indico.cern.ch/event/1603106/timetable/#11-plenary-talk-bell-nonlocali
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Loopholes everywhere…

CERN colloquium from David Kaiser

Can this be closed with Cosmic Bell Tests?
• Choose distant objects, e.g. quasars, whose light 

we observe today was emitted as early in cosmic 

history as possible to select the measurement 

settings

https://indico.cern.ch/event/1603106/timetable/#b-661749-cern-colloquium
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Loopholes everywhere…

CERN colloquium from David Kaiser

Can this be closed with Cosmic Bell Tests?
•  2/3 loopholes closed and entanglement seen

https://indico.cern.ch/event/1603106/timetable/#b-661749-cern-colloquium
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P.S. Hippies? CIA? ESP? 

CERN colloquium from David Kaiser

https://indico.cern.ch/event/1603106/timetable/#b-661749-cern-colloquium


We look 
forward to the 
next chapter!

(Dates TBC) 
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