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ENTANGLEMENT AND
BELL INEQUALITY VIOLATION
IN CHARMONIUM DECAYS







Where have we already seen
entanglement or Bell inequality violation
at high energies?

New York Times headline
May 4th, 1935
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B-meson decays

&

I3

B° — J/4 K*(892)° [5]
B° — ¢ K*(892)° [22]
B° — p K*(892)° [23]

0.756 == 0.009
0.707 + 0.133"
0.450 4+ 0.077"

2.548 = 0.015
2417 L0368
2,208 £ 0151

B; — ¢ ¢ [24] e (i (032 2250 064 KR
Bs — J/v ¢ [25] Q@31 0,032 2.462 4 0.080
Parameter Result
| Ag|? 0.384 + 0.007 =+ 0.003
|A |2 0.310 =4 0.006 + 0.003
8 [rad] 2.463 4 0.029 + 0.009
| [rad] 2.769 4 0.1054 0.011
|Ag|? 1AL |2 I J1
| Ag|? 1 —0.342 —0.007 0.064
|A |2 1 0.140 0.088
3 1 0.179
51 1

R. Aaij et al. |[LHCb|, Phys. Rev. Lett. 131, no.17,

ME R. Floreanini, E. Gabrielli and L.. Marzola, Phys. Rev D 109 (2024) 3, 1.031104 171802 (2023) [arXiv:2304.06198 [hep-ex]|.

E. Gabrielli and L. Marzola, arXiv:2406.17772 (2024)

p=————

# K Chen et al, Eur. Phys. ]. C 84 (2024)580 BE — J/4 p*

{

|
| i

|

~ e




Pairs ot top quarks
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Charmonium
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Charmonium spin-0 states
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Charmonium spin-1 states
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Charmonium spin-2 states
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Entanglement as a function of the form factors
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Figure 4.6: Left side: Entanglement as a function of the form factor parameters a and A®. The concurrence is
computed at © = 7 /3. Right side: The concurrence as a function of the parameter a at © = 7/2 is €[p] = |a|. There is
no dependence on the other parameter A®.



what 1s still missing

- some amplitudes (e.g. scalar states into hyperons)

* better data (e.g. for spin 2 or direct hyperon production)
- phases of most amplitudes

*uncertainty correlations



(Quantum correlations and decoherence
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Figure 6.1: Decay 1. — AA: Fraction (out of 1000) of A baryons decaying at different lengths from the primary vertex.
The Vertical dashed line stands for the inner surface of the beam pipe (3.15 cm from the primary vertex).
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