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Given a general meson flavor state, can we fully reconstruct the quantum state?

Quantum tomography

Flavor oscillation + Flavor tagging decay = Flavor polarizer in any direction !

Question:

Solution:
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Density matrix
The most general single meson state, 2 × 2 matrix:

Bloch vector

|𝑀0⟩

| ഥ𝑀0⟩

1

2
(|𝑀0⟩ + | ഥ𝑀0⟩)

⇔

⇔ 1

2
(|𝑀0⟩ − | ഥ𝑀0⟩)

𝜖 ~ Im(
𝛤12

𝑀12
) 

|𝑀1⟩ = 𝑝|𝑀0⟩ + 𝑞| ഥ𝑀0⟩

|𝑀2⟩ = 𝑝|𝑀0⟩ − 𝑞| ഥ𝑀0⟩⇒

Mass eigenstate
(We ignore the small CPV)
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Fitting to the distributions gives 𝑏(0)

Flavors are tagged by semi-leptonic decay
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Meson pair system
4 × 4 flavor density matrix:

Flavor correlation matrix
Observables:

All the components of 

density matrix!
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LHC                                               BELLE/KLOE 

Benchmark:

#events: 107 
Truth level quantum state:

⇔

Reconstructed (parton-level):

Any QI quantities!
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Conclusion and outlook

We can do quantum tomography in flavor space 
making use of the oscillation and decay of the neutral mesons

■

Study any QI feature of the meson system

New physics/CP violation

Hadronization mechanism
No first-principle calculation of the entanglement after hadronization

contributes to 𝑏𝑖 , 𝐶𝑖𝑗
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Given a general meson flavor state, can we fully reconstruct the quantum state?

Quantum tomography

Compared to photon polarization:

𝑥

𝑦

𝑧

Polarizer
measure spin in different spatial directions 𝑥, 𝑦, 𝑧

Much less control in flavor space:

Flavor polarizer?

Flavor oscillation + Flavor tagging decay = Flavor polarizer in any direction !

Question:

Solution:
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𝑁
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Fitting to the distributions gives 𝑏(0)

ΔΓ provides sensitivity to 𝑏𝑥(0)

Δ𝑚 provides sensitivity to 𝑏𝑦(0), 𝑏𝑧(0)

Flavors are tagged by semi-leptonic decay
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