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Yes! … for a very precise reason

Not because it’s cool    (which it is)
Not because it will disprove QM   (which it won’t)

Because it is useful for our jobs 
as particle physicists



I will show it with three examples:

 1. Heavy scalars

 2. SMEFT at the LHC
 
 3. SMEFT in an e+e- collider 
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Heavy scalars

If the coupling to tops is still O(1) but M > 2mt 
the width can be tens/hundreds of GeV

Number of events, Sig/Bkg
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Searches for  
heavy scalars
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Heavy scalars

Specific combinations of Cii are sensitive to specific 
spin states. 
For a scalar ɸ → tt we want Dk, for a pseudoscalar D1

But… tops produced by ɸ decays have total spin 0,
The QCD background is very different.

24/04/24          Claudio Severi  -  U. Manchester                               7 

2401.08751



The effect on D can be 10-100x larger than the effect
on the total rate

Number of events, Sig/Bkg
D, Sig/Bkg
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Quantum observables outperform the others
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SMEFT at the LHC
A lot more degrees of freedom…

+ color singlets
(at higher order)

2210.09330

“Quantum” observables may:
 - improve the overall discovery power
 - lift flat directions
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Spin/entanglement measurements may come to
dominate global fits in the top sector
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pT
2 dependence

makes differential 
measurements 

particularly powerful
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Spin/entanglement measurements may come to
dominate global fits in the top sector

2210.09330

our projections 
suggest they will
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SMEFT in an e+e-2404.08049

- Unique environment -- EW dominated ttbar production
- Incredibly precise
- Fixed √(s hat) 



24/04/24          Claudio Severi  -  U. Manchester                               15

2404.08049
The SMEFT degrees of freedom are similar to 
the LHC case,

with the addition of current and dipole operators:
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Surprisingly, there are only six quantum states
available to the system,
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The final spin state is a combination of these 6,
weighted by SM and SMEFT couplings.
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Kinematical and spin observables 
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A few final remarks...

The field of Quantum Information in collider physics
is here to stay: in the next decade we will study 
foundations of QM at the TeV scale.

- entanglement in brand new processes
- Bell violations at the TeV scale
- testing QM in new regimes of temperature/density/...

The interest is not just academic: there are 
concrete and present applications to our day-to-day 
activities.



Thank you :)
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