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What is the nature of QUANTUM correlations between A=B or A-B-C 2
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By definition a state is @ntangled ifitis not separable

The definition can naturally be extended to the Multipartite case



Measures involving combinations of entropies like the mutual information

or I3 do not work because they mix classical and quantum correlations.

Measures like distillable entanglement and entanglement cost

are very hard to compute even for few qubits.

For the bipartite case one can use the N€gativity, but in field theory it notoriously
difficult to compute even in the vacuum of a 1+1 dim CFT. (Coser, Tonni, Calabrese ‘15)

For multipartite entanglement the situation is even worst, as for mixed
states there is no proposed computable measure, even for qubits.

For gauge theories, issue with tensor product structure.



Other ways to look at quantum correlations ?
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no-signaling conditions

(Popescu, Rohrlich ‘94)
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If the probability distribution does not admit this form, it is Nonlocal

As for entanglement, the definition can be extended to a Multipartite setting
The definition does NOt require a tensor product structure!

Even more generally, it is completely theory-independent!
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Separable states are local

This follows immediately from the construction that uses a shared random variable.

Nonlocal states are not separable, I.e. entangled

Indeed Bell inequalities (Bl) are used in experiments to detect entanglement,
they are entanglement witnesses.

But some entangled states are local!

There are known families of states which are non-separable (and hence entangled) but
nevertheless only locally correlated.

How “strong” can quantum nonlocality be?

In the simplest scenario (2,2,2), the local polytope is specified by a single Bl,
the CHSH inequality.
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Are no-signaling and nonlocality sufficient to define QM? No! (Popescu, Rohrlich ‘94)
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The space of quantum behaviours is NOT @ POlytOpe and it can be specified
only by an infinite number of inequalities.
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We can assume that “0” is still finite (some lattice regularisation) but typically it would
be infinite and we want to be able to take the continuum limit. Now in this scenario

choose a Bl
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We want to construct “experiments” that could be used to detect its violation, so we

need to rewrite this inequality in terms of expectation values of appropriately chosen
observables.

For the (2,2,2) scenario the answer is obvious and indeed this is how the CHSH
Inequality is usually presented:

(0101) + (0103) + (0201 — (0505) < 2

For an arbitrary Bl in the more general scenario (2,2,0) there is also a trivial construction.

Each probability that appears in the inequality can be obtained as the expectation value
of the corresponding projector:

P(ablij) — (Y| ILg)illp)5 [10)



This transformation maps the original Bl to itself, but in a different scenario

(2,2,0) = (2,40%,2)

In the case where “0” is infinite, this construction implies that in order to be able to detect
a violation, infinitely many measurements are necessary. We want instead to rewrite the
original inequality within the original scenario (2,2,0), using expectation values of
observables with a spectrum containing “o” different eigenvalues.
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A Bl then imposes a set of constraints on the spectrum of the observables that should
be used to detect its violation.

Is there always a solution to this problem and what are the properties of these
operators? A formulation in terms of AQFT seems natural in this context, but ultimately
one would hope to translate the construction into a more “practical” formulation where
one can investigate the possible violation of Bl by computing correlation functions.
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Are causality, nonlocality and covariance sufficient to “define” relativistic QFT?



