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Bell inequality
* Quantum Theory or Realistic Local Theory ?

=» Bell inequality

1964: John Bell at CERN sharpened the formulation of the Einstein Podolsky
Rosen experiment in terms of Bell inequalities >
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Bell inequality

 The Initial state iIs a mixed state
=» (Generalized) Bell inequality
Is =+ [P(Al :B1)+P(Bl :A2—|—1)
+ P(Ay = By) + P (B = Al)}

1 2
Al=-1,0,1 |« » | B1=-1,0,1 — [P (Al = By — 1) + P (Bl — A2)
A2=-1,0,1 B2=-1,0,1 Lp (A2 — B, — 1) n P(B2 — A — 1)}

max Ig(Al,AQ;Bl,BQ) > 2

Collins-Gisin-Linden-Massar-Popescu (CGLMP) inequality

D. Collins, N. Gisin, N. Linden, S. Massar, S. Popescu, Phys. Rev. Lett. 88, 040404 (2002)



The Verification in EW scale

* EW Interactions allow for spin reconstruction from decay




The Verification in EW scale

* The density matrix
A 1 r 7 A 1] A . i
PW:§I3+dSz+q S{zg}a 27.7217273
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The Verification in EW scale

* The probability in Bell inequality
P(ﬁv ﬁ,v IOWW) = Ir |ipAWWﬁn X ﬁn’}

* Projection operators of the spin eigenstates:
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WW production at Higgs factory

* Collider phenomenology
* di-lepton decay mode — twofold discrete ambiguity
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WW production at Higgs factory

 Collider phenomenology: semi-leptonic decay mode

 Circular polarization — linear polarization
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WW production at Higgs factory

 Collider phenomenology: semi-leptonic decay mode
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Summary

* We provide an approach to test Bell inequalities in W pair
systems using a new set of Bell observables based on
measuring the linear polarization of W bosons.

* Our observables depend on only part of the density matrix that
can be correctly measured Iin the semi-leptonic decay mode of
W.

* |t Is still an open guestion to testing the entanglement in an
essential QFT system (beyond quantum mechanism).
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Parameter reconstruction
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Explicit form of I3

A

I3( 61? 62:S{$3y3}1s{1’4y4})
= 2q;; (w1iw1j + waiwaj — 2wsiws;)
+ QCz Jkalz(Qfljelk — €2j€2k — €3j€3k T W1jWik
— 2wajwak + W3jwsk)
dq
+ 20 Jpa2i(—2€1j€1x + €5€2k + €35€35 + 2wW1 W1k
— WoWa — WSjWSk)
+ 6C1 , a1;a1;(—€ar€ar + €31€31 — WiEW1 + W3kW3y)
i7.k101i015 (—€2k€21 + €31€3) 1kW1l + W3kW3l

T 6Cz] k102i02; (€2k€21 — €3k€31 — Wakwa + W3kW3l)
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Density matrix

* The density matrix

B o<+e- S W M(e+e- S Wrw

9x4 matrix In spin space

spin density matrix of

the nitial state e+e—

PWW =

PW = §13+d Sz—'_qjs{z]}v l,) = 1,2,3
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