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Abstract: To make precise the sense in which nature fails to respect classical physics, one requires a formal notion of "classicality”. Ideally,
notion should be defined operationally, so that it can be subjected to a direct experimental test, and it should be applicable in a wide va
experimental scenarios, so that it can cover the breadth of phenomena that are thought to defy classical understanding. Bell's notion

causality fulfills the first criterion but not the second, because it is restricted to scenarios with two or more systems that are space-like separa
notion of noncontextuality fufills the second criterion, because it is applicable to any experiment (even those on a single system), but
long-standing question whether it can be made to fulfill the first. Previous attempts to experimentally test noncontextuality have all presumed
idealizations that do not hold in real experiments, namely, noiseless measurements and exact operational equivalences. In this talk, | will
how one can devise experimental tests that are free of these idealizations using an operational notion of noncontextuality that applies
preparations and measurements. These new theoretical insights raise the bar significantly for any claim of an experimental demonstr:
nonclassicality. They also provide the means of determining, for any phenomenon that is typically thought to defy classical explanation,

experimentally-testable features of that phenomenon, if any, conflict with the assumption of a nhoncontextual model.
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An ontological model of an operational theory is noncontextual
if

Equivalent
representations

in the ontological
model

Operational equivalence of
two experimental —
procedures

RWS, Phys. Rev. A 71, 052108 (2005)
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Operational equivalence
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Operational equivalence
classes of preparations

e(P) = e(P))

VM : p(X|P, M) = p(X|P’/, M)
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Example from quantum theory

Different density op’s
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Example from quantum theory
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Preparation contextual
model
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Operational equivalence
classes of measurements
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Preparation
noncontextuality

e(P) = e(P)
P,M) = p(X|P', M)

> p(AIP) = u(AIP)
VM : p(X

: Measurement
e(M) = e(M') noncontextuality

VP 1 p(X|P,M) = p(X|P, M) > (XA M) = E(XA, M)
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Noncontextuality is an analogue of Leibniz’'s principle
of the identity of indiscernables:

The ontological identity of operational indiscernables
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Noncontextuality is an analogue of Leibniz’s principle
of the identity of indiscernables:

The ontological identity of operational indiscernables

Noncontextuality is an analogue of Einstein’s strong
equivalence principle

An information-theoretic equivalence principle

Noncontextuality is an analogue of the principle of no fine-
tuning used in causal inference

To achieve context-independence at the operational level
while having context-dependence at the ontological level
requires fine-tuning
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Obstacles to a direct experimental test of
noncontextuality

Obstacle #1: How to contend with noise?

Obstacle #2: How to contend with inexactness of
operational equivalences?
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Obstacles to a direct experimental test of
noncontextuality

Obstacle #1: How to contend with noise?

Obstacle #2: How to contend with inexactness of
operational equivalences?

Joint work with:
Ravi Kunjwal, Matt Pusey (theory)
Mike Mazurek, Kevin Resch (experiment)
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Obstacle #1: How to contend with noise?

Previous no-go results
measurement noncontextuality

and o
outcome determinism
for projective measurements

contradiction
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outcome determinism for

and projective measurements
Facts about projective

measurements

And therefore:

universal noncontextuality

and — contradiction
Facts about projective

measurements

Page 33/72



Pirsa: 15050081

Obstacle #1: How to contend with noise?

Recast as:

universal noncontextuality
and

Certain operational
equivalences

Perfect correlations

And then as:

universal noncontextuality
and

Certain operational
equivalences

Degree of correlation above
some bound

contradiction

contradiction
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A noncontextuality inequality
robust to experimental noise
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e(P1) = e(P2) = e(P3)
p(X|M, Py) = p(X|M, P>) =p(X|M,P3) VM € M

Preparation
noncontextuality
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Quantum example
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Def'n of average degree of correlation

A== S Y p(X =bIMy, Pyy)

1
6
te{1,2,3} be{0,1}

Theorem: Forany P10, P1.1,P20,P21,P30,P31
My, Mo, M
If e(P1) = e(P2) = e(P3)
e(My) = e(coin flip)

Then universal noncontextuality implies

A< E A noncontextuality
— 6 Inequality
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1
Recall A== > > p(X =0bM, Py)
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A< max| = Z n( My, N)
AN\ 3 4ei12,3)
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Quantum violation
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Obstacle #2: Lack of exact operational equivalence

Preparation
noncontextuality

e(P) = e(P)
VM : p(X|P, M) = p(X|P’, M)

” p(A|P) = pu(A|P)

: Measurement
e(M) = e(M') noncontextuality

VP 1 p(X|P,M) = p(X|P, M) > (XA M) = E(XA, M)
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