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If try to understand quantum with classical theory
⇒ must be some nonlocal theory

⇒
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Density matrix

Decomposition of two-qubit density matrix

Polarization vector Spin correlation matrix

Production density matrix for 𝑡 ҧ𝑡
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Bell’s inequality

E.g., choosing

⇒
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Semi-Leptonic Decay

Larger branching ratio, higher significance



Which basis?

Helicity basis {r,k,n} is more sensitive！
Maintain the entanglement with no cancellations 
after averaging over phase space

Beam basis {x,y,z}:
Cancellation leads to null result
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Theoretic & parton level result

Precision: 1.6% Precision: 4.8%
Significance: 7.0𝜎

(139fb−1)
(3ab−1)

(Uncertainties recalled by reconstruction efficiency from simulation)
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Reconstruction
Full detector simulation with 
Reconstructed based on the pseudo-top algorithm.

Difficulties: ① Low efficiency

We need: 
angular distribution in all directions

𝑝𝑇 , 𝜂 cut: 
throw away most of events :(

Efficiency: 0.01-0.2⇒



Reconstruction
Full detector simulation with 
Reconstructed based on the pseudo-top algorithm.

Difficulties: ② Smeared angular distribution

An asymmetry of 0.5 was smeared to 0.05
:(
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Reconstruction

Solution: Parametric Fit
Detector effects can be quantified by the Response Matrix R:

We can also fold the theoretical distribution:

Fitting  𝑃 to  𝐷 solves the problem :)



Result

Entanglement Bell’s inequality violation



Conclusion

1. Semi-leptonic decay is much more sensitive than full leptonic decay.

2. There is strong detector effect in reconstructing spin correlation matrix.

3. 3% precision for entanglement and 4σ violation for Bell’s inequality.



Thank you!


