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Quantum mechanics is nonlocal.
Important resource for QKD, randomness extraction etc.
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Measurement dependent locality
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P(a|x)\)/ \ P(blyA)

; :

restricted

——
P(abxy) = >_, P(A) P(xy|X) P(a|xA)P(blyA)
Can reproduce some nonlocal correlations.
e.g: £ < P(xy|\)
Main result: Quantum mechanics is MD-nonlocal with arbitrary little free
choice!
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Gilles Piitz (Université de Genéve) May 14, 2014 3/ 10



Measurement dependent local polytope

MDL = {PABXY L P(abxy) = 3, P()\)P(xy|)\)P(ab|xy)\)}

Gilles Piitz (Université de Genéve)



Measurement dependent local polytope

MDL = {PABXY s P(abxy) =", P()\)P(Xy|)\)P(ab|xy)\)}
Theorem
If VA

o P(xy|\) € Pxy, Pxy polytope

o P(ablxy)) € Pag|xy. Papxy polytope
then

e MDL is a polytope
@ Vertices are given by V/(abxy) = V(xy)V/(ab|xy)
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Sources

2 parties, 2 inputs, 2 output:

@ Min-entropy: P(xy|\) < h
Result: Polytope solved

Q@ 0< /< P(xyl\)<h
e.g. Santha-Vazirani: (% —€)? < P(xy|)) < (% +€)?

Result: J 'Golden’ 2-qubit state that is MD-nonlocal V¢ > 0, Vh

M. Santha and U. V. Vazirani, in Proc. 25th IEEE Symposium on Foundations of
Computer Science
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Quantum nonlocality
Using shifted CHSH:

Cannot show quantum nonlocality for h > %ﬁ ~ 0.2845
(Tsirelsons bound)

Using MDL-polytope:

Can show quantum nonlocality Vh < %
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Santha-Vazirani and full-support source
0< < P(xy|\)<h

MDL-inequality:
¢P(0000) — h(P(OlOl) + P(1010) + P(OOll)) <0

Can be violated by quantum mechanics V¢ > 0, Vh!
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= MD-nonlocal V¢ > 0, Vh
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Outlook and comments

@ Properties of the MDL-polytope

Barrett, Gisin: How much measurement independence is needed in order to
demonstrate nonlocality?

Thinh, Sheridan, Scarani: Bell tests with min-entropy sources
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» bounds on mutual information
> local measurement dependence.

@ Properties of Does the violation uniquely identify the state?

@ Imposing an observed Pxy may allow to certify nonlocality with only
an upper bound.

@ MDL includes signaling distributions: possibly quantify amount of
signaling that can be tolerated.
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