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Bell Inequality

e.g.:

CHSH = A0 ⊗ B0 + A0 ⊗ B1 + A1 ⊗ B0 − A1 ⊗ B1



Separable ?= Local

SEP

 LOCAL  
NL

?



Separabe ?= Local

SEP

 LOCAL  
NL

?

ρAB 6=
∫
π(λ)ρλ

A ⊗ ρλ
B dλ

p(ab|xy) 6=
∫
π(λ)p(a|xλ)p(b|yλ) dλ



Entanglement ?⇐⇒ Nonlocality

I Do all entangled states violate a Bell Inequality?

I Pure states: Yes (Gisin 91, Popescu and Rohrlich 92)
I Mixed states: ???



Entanglement ?⇐⇒ Nonlocality

I Do all entangled states violate a Bell Inequality?
I Pure states: Yes (Gisin 91, Popescu and Rohrlich 92)

I Mixed states: ???



Entanglement ?⇐⇒ Nonlocality

I Do all entangled states violate a Bell Inequality?
I Pure states: Yes (Gisin 91, Popescu and Rohrlich 92)
I Mixed states: ???



Local simulation of quantum states



Local simulation of quantum states

SEP

 LOCAL 
NL

W



Local simulation of quantum states

λ



Local simulation of quantum states



Local simulation of quantum states



Local simulation of quantum states



Local simulation of quantum states

∫
π(λ)pA(a|λ)pB(b|λ) dλ = tr(ρABMa
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Sequential measurements
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S. Popescu, Hidden Nonlocality (1995)
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The (S)LOCC interpretation



Hidden Nonlocality
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Genuine hidden quantum nonlocality
F. Hirsch, M.T. Quintino, J. Bowles, N. Brunner
Phys. Rev. Lett. 111, 160402 (2013)
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“Hey Marco, write something in the board!”
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Step 1 - Equivalent resources for NL on entangled states:
I No sequential NL for single choice in the first round
I NL cannot be activated by local filtering
I NL cannot be activated by SLOCC
I NL cannot be activated by LOCC

Asymptotic violation of Bell inequalities and distillability
Ll. Masanes
Phys. Rev. Lett. 97, 050503 (2006)
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Inequivalence of entanglement, steering, and Bell nonlocality for general measurements
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Step 4 - Steering model:
We “just" need a steering model for

ρ = |ψθ〉〈ψθ|+ (1− V )ψA ⊗
I
2

from Alice to Bob! (∀θ and a fixed V > 1/3)
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Thank you!
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