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Contextuality: changing perspectives

Initial focus:
@ Showing QM is contextual (KS theorem, and related “no-go theorems"”)
@ Philosophical interpretations
Recent directions:
@ Structural theory of contextuality
@ General mathematical setting in which contextuality can be defined
@ General structural results, in QM and beyond

There are several current approaches, some represented at this meeting.
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Contextuality and its consequences

Interesting outcomes:

o Recognizing contextuality in a wide range of situations, in and beyond QM

Recognizing that contextuality is not a single undifferentiated phenomenon,
but there is a hierarchy of strengths of contextuality

¢ Quantifying contextuality; contextuality as a resource
@ Using contextuality as a resource to gain quantum advantage

Foundational significance: leading us to a deeper understanding of contextuality
and its consequences.
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The sheaf-theoretic approach in a nutshell?

A measurement scenario is (X, M, O): measurement labels, sets of compatible
measurements, outcomes.

An empirical model e : (X, M, O) is a family

e = {ec}cem

of probability distributions e~ € Prob(O%), on the joint outcomes of performing
the measurements in each context.

If C = {x;,...,x,}., then we can write p.(& | X) for ec({x; — o;}).
Compatibility (generalized no-signalling): for all C, C' € AM:

eclcrcr = ec'|cnce

Non-contextuality is existence of a “global section”: joint distribution
d € Prob(OX) such that

ec =d|c for all C € M
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Bundle Pictures?

Logical Contextuality

@ lgnore precise probabilities
@ Events are possible or not
e E.g. the Hardy model:

00 | O1 | 10
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Geometry of Empirical Models

For any given measurement scenario:

(Probabilistic) Contextuality: relative interior
Logical Contextuality:

faces
Strong Contextuality:
faces consisting only of contextual points

(e.g. vertices)
AvN Contextuality:
AvN C SC

Probabilistic < Logical < Strong < AvN

In terms of well-known quantum examples, we have

Bell < Hardy < GHZ < Mermin AvN
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Steps towards a theory

Cohomology of contextuality; computing obstructions to global sections.

Characterizing which states can achieve the various levels of the contextuality
hierarchy.

Characterizing AvN arguments for stabilisers. Giovanni’s poster.
The quantum monad.

Quantitative measures and resource theory for contextuality: Shane's talk.
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Cohomology of contextuality>

3Cohomology of non- localnty and contextual:ty SA R Barbosa and S. Mansfield, arXiv:1111.36
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