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Protocol: Alice encodes x,, x; into preparation
Bob measures x,
No measurement can reveal anything about x, ¢ X,
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y=0 Wiesner’'s multiplexing scheme
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p(b=x,) ~ 0.8536
y=1
And it's parity-oblivious
10 11

Wiesner, SIGACT News 15, 78 (1983).
Ambainis, Nayak, Ta-Shma, Vazirani, in Proc. 31st Annual ACM Symposium on the
Theory of Computing (1999).
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What will be shown:

Theorem: For all operational theories admitting a preparation
noncontextual model

p(b=x,) < 3/4

A “noncontextuality inequality”
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Derivation of the noncontextuality inequality
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Derivation of the noncontextuality iInequality
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Derivation of the noncontextuality inequality
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Derivation of the noncontextuality iInequality
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P(Propz;=0|A) = P(Pro@z,;=1|2)
So A satisfies the same constraint as a classical message

p(b = .r_,,) < 3/4
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Operational test of preparation
noncontextuality

(almost) independent of the validity of quantum theory

Buzacott, Keehn, Pryde, Toner, RS, PRL 102, 010401 (2009)
Inspired by thesis work of Ernesto Galvao
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Experimental test of noncontextuality inequality

Xg, X4 Measure p(k|My, Pryzy) calculate p(b = xy)

Yy b
| 1

Verify p(b=xzy) > 2

§

@ D |— | (B @CZA Verify parity-oblivious property
VA[ : P(’!"'“\]-. [{I'(]‘f'.!j:O) — ])(A‘A[. l).!'(_)if.-.l'lzl)

y=0
00 01

o 4
I
=

10 11

Pirsa: 13010080 Page 11/36



Pirsa: 13010080

What is mysterious about contextuality?

Noncontextuality No way to use the context-
Inequality dependence to
violations m communicate information

(i.e. dependence of (i.e. independence of
distributions on measurement statistics on

preparation context) preparation context)
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Noncontextuality No way to use the context-
Inequality dependence to
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Compare with what is mysterious about nonlocality

Bell inequality No superluminal
violations tension signalling
(i.e. there must be (i.e. there is no way to
superluminal make use of the

causation) superluminal causation)
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Derivation of the noncontextuality iInequality
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Derivation of the noncontextuality iInequality
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Derivation of the noncontextuality iInequality
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Yo i(Aas Ag) o v(Ag)d(Aa — Ap)
{€o(Aa),61(A4)} v(Ag) — wuo(AB) o ui1(AB)
1 1
where 5/!0(*19‘1’?!1(&;) = v(A)

Era)é-(M)}Y  v(xg) = p4(AB) O pu_(Ag)

1 1
where §!f+(/\l'1)+§l’ (AB) = v(A)
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Y #(Aa;Ag) x v(Ag)o(A4 — Ag)
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In this context, locality = preparation
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Here, locality = preparation noncontextuality = contradiction
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Measurement
noncontextuality
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Definition of measurement
noncontextual model:

VP : p(k|P,M) = p(k|P, M)
— p(k|A, M) = p(k|\, M)
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This is equivalent to assuming:
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But recall that the most general representation was

N, M AON
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Therefore:
traditional notion of rGViSGd_I’WOtiOl’l Of_ |

noncontextuality = noncontextuality for projective

measurements
and

outcome determinism for
projective measurements
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Local determinism:
We ask: Does the outcome depend on space-like separated events
(in addition to local settings and A)?

Local causality:
We ask: Does the probability of the outcome depend on space-like
separated events (in addition to local settings and A)?
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Local determinism:
We ask: Does the outcome depend on space-like separated events
(in addition to local settings and A)?

Local causality:
We ask: Does the probability of the outcome depend on space-like
separated events (in addition to local settings and A)?

Traditional notion of measurement noncontextuality:
We ask: Does the outcome depend on the measurement context
(in addition to the observable and A)?

The revised notion of measurement noncontextuality:
We ask: Does the probability of the outcome depend on the
measurement context (in addition to the observable and 1)?
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Local determinism:
We ask: Does the outcome depend on space-like separated events
(in addition to local settings and A)?7

Local causality:
We ask: Does the probability of the outcome depend on space-like
separated events (in addition to local settings and A)?

Traditional notion of measurement noncontextuality:
We ask: Does the outcome depend on the measurement context
(in addition to the observable and A.)?

The revised notion of measurement noncontextuality:

We ask: Does the probability of the outcome depend on the
measurement context (in addition to the observable and 1)?

Noncontextuality and determinism are separate issues
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Assuming the validity of quantum theory, one can prove that

preparation
noncontextuality

outcome determinism for
projective measurements
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Assuming the validity of quantum theory, one can prove that

preparation . outcome determinism for
noncontextuality projective measurements
A
Proof gy (M)
lwy) o i o
\ |‘!’-> X1 1(’\) \_ .

Y >mw ney Z
) N (
m .k

pry3(A) = 3 (V) + 30y, (A) + 3y (V)
pr3(A) = S (N) + ...
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Assuming the validity of quantum theory, one can prove that

preparation . outcome determinism for
noncontextuality projective measurements

And therefore:

measurement

noncontextuality Traditional notion of

and noncontextuality
preparation

noncontextuality
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However, what is needed for a measurement-based experimental

test of contextuality is:

- An operational notion of sharp measurement (corresponding to a
projective measurement in quantum theory)

- A justification of outcome determinism for these
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