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The basic idea
 There is a ton of recent interest in applying quantum information concepts to 

particle physics

 Actually this isn’t new – I’m still catching up with decades of literature

 Today I will review some topics that have garnered recent interest however



Topic 1: Measurement of QI concepts at colliders



In the review



A note of caution
“We stress that the 
no-go theorem does 
not apply to 
measurements of 
observables inspired 
from entanglement 
and Quantum 
Information Theory 
to test the Standard 
Model of particle 
physics.”





Topic 2: Emergent symmetry/structure of SM



Topic 2: Emergent symmetry/structure of SM



Topic 3: QI properties of scattering processes



Quantum computing 101



Quantum computing 101



Are quantum computers always better?



The Gottesman-Knill theorem



Magic



Are top quarks magic?

 Consider top quark production at the LHC - the final state is a two-qubit system

 However, the final state is a mixed state (superposition of many different pure states), where the 
SM tells us what this is in principle.

 Mixed states can be described in terms of their density matrix:



Are top quarks magic?



The helicity basis



Results



CMS-PAS-TOP-25-001

Actual measurement



What about new physics in the top sector?



What about “old” new physics?



Future lepton colliders



Studying more general scattering processes...



Studying more general scattering processes...



Conclusions
 The interface of high energy physics and quantum information theory is a really 

fun area to work in right now

 Exploring concepts like magic in high energy processes is generating new insights 
into how they work

 There is much interest in the collider community in measuring these concepts, or 
seeing if they give us a handle on BSM physics
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