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Found\t’“ S, of Quantu_m Q@Q‘ry

Provide an adequate interpretation

Explore nonclassical phenomena

Determine principles from which the
quantum formalism may be derived
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From thought experiments to real experiments

1935: Einstein-Podolsky-Rosen paper

1964: first Bell inequality, not robust
to experimental error

1969: Clauser-Horne-Shimony-Holt
paper, first Bell inequality robust to
experimental error

1989: The polytope of local
correlations (l. Pitowsky and others)

Theoretical
developments

Experimental
developments

1982: Aspect experiment testing the
CHSH inequality

1998: Weihs et al. conduct expt that
seals the locality loophole, but not the
detector loophole

2001: Rowe et al. conduct expt that seals
the detector loophole, but not the
locality loophole

Near future: First loophole-free Bell
experiment
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Why should we be interested in
no-go theorems?

Foundational significance: Such no-go theorems
constitute the most precise and least subjective
statements about how quantum theory differs from its
classical counterparts

Practical significance: If assumptions of a no-go theorem
are classical principles, then it may imply impossibility of
a classical simulation of certain quantum predictions.
Nonclassicality is a resource
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The Kochen-Specker theorem
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18 ray proof in 4d

Cabello, Estebaranz, Garcia-Alcaine, Phys. Lett. A 212, 183 (1996)
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Can the Kochen-Specker theorem be tested experimentally?

“The whole notion of an experimental test of Kochen-
Specker misses the point”

— N. David Mermin, 1998

But can’t we identify the particular facts about nature
that prohibit a noncontextual model?
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Operational theories
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Preparation Measurement
P M

These are defined as lists of instructions
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Operational Quantum Mechanics
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Preparation Measurement
b M
Density operator Positive operator-valued

measure (POVM)

P i
{E}}

p(k|P,M) = Tr[E.p]
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An ontological model of an operational theory
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p(k|M, P) = [ dXE(K|M, \)u(\|P)
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An ontological model of an operational theory

d u(A|P)
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Make
assumptions about the ontological model
that have consequences for the operational statistics
Then

Experimentally probe aspects of the operational statistics

Find a contradiction
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VP : p(X = 4|M,,P) = p(X = 1|M>, P)
VP :p(X = 4|M>5, P) = p(X = 1|M3, P)

Values assigned by A
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Contradiction!
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VP : p(4|M,, P) = p(1|M>, P)
VP : p(4| M3, P) = p(1|M3, P)
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Measure predictability for M; and P, ,
n(M;, P; o) = maxx p(X|M;, P; o)

Calculate the average predictability
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But: n(M, P) < [ dAn(M, \)u(A|P)
s> 1. (M, P o)

R< [dX (5 n(M;i, M) (33, p(A|Pa)])

|||

l :
VM :~ (k|M, P; o) = po(k| M) Preparation
M 2 21( | a) =1 N
1
R< [dX[5>,n(M;,\)] v(N)

J
R < maxy [§ >, n(M;, \)]
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R < max 3 Z-J/(f\[,-./\)
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The solutions form a 9-dimensional
polytope with 146 vertices

(For more on these polytopes, talk to Tobias Fritz)
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5 A Noncontextuality
6 Inequality
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VP : p(4|My, P) = p(1|M>, P)
VP : p(4| M3, P) = p(1|M3, P)
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Applications of NC inequality violations

Parity-oblivious random access codes
Resource for measurement-based quantum
computation

Pl connection: J. Emerson, D. Gottesman

Randomness expansion?

Key distribution using prepare and measure
protocol?
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Applications of NC inequality violation:
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- Operational th:
that satisfy
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