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Candidate 2: Incompatibility with
non-contextual ontological models




Candidate 2: Incompatibility with
non-contextual ontological models
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Candidate 3: Incompatibility with
Bell-local models
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Candidate 3: Incompatibility with
Bell-local models
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A weirdness hierarchy
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Comparison

Candidate 1 2 3

Incompatibility | Diagonal | Non- Bell-local

with. . . operators | contextual models
models

Jargon Coherence| Contextuality| Nonlocality
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Comparison

Candidate 1 2 5

Incompatibility | Diagonal | Non- Bell-local

with. . . operators | contextual models
models

Jargon Coherence| Contextuality| Nonlocality

Shock value Low" Medium High

le.g. R. W. Spekkens, PRA 75, 032110
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Comparison

Candidate 1 2 3

Incompatibility | Diagonal | Non- Bell-local

with. . . operators | contextual models
models

Jargon Coherence| Contextuality| Nonlocality

Shock value Low" Medium High

Abundance High Medium Low

Independent No Yes Yes

of  quantum

formalism

le.g. R. W. Spekkens, PRA 75, 032110
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Comparison

Candidate 1 2 3

Incompatibility | Diagonal | Non- Bell-local

with. . . operators | contextual models
models

Jargon Coherence| Contextuality| Nonlocality

Shock value Low" Medium High

Abundance High Medium Low

Independent No Yes Yes

of  quantum

formalism

Applicability Very wide | Wide Narrow

le.g. R. W. Spekkens, PRA 75, 032110
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Principle of non-contextuality

No distinctions without a difference.
OR
The identity of indiscernibles.
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Principle of non-contextuality

No ontological distinctions without an
operational difference.

OR

The ontological identity of operational
Indiscernibles.
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Ontological models of QT
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Non-contextual ontological models?
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°R.W. Spekkens, PRA 71, 052108
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E.g. preparation contexts
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E.g. preparation contexts
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E.g. preparation non-contextuality
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The utility of non-contextuality

| claim: non-contextuality is a necessary
condition for the explanation offered by an
ontological model to be physically plausible.
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The utility of non-contextuality

| tentatively claim: non-contextuality is a
necessary and sufficient condition for the
explanation offered by an ontological model
to be physically plausible.
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Examples: multiplexing

week end

PRL 102, 010401 (2009) PHYSICAL REVIEW LETTERS 9 JANUARY 2009

Preparation Contextuality Powers Parity-Oblivious Multiplexing

Robert W. Spekkens,' D. H. Buzacott,” A.J. Keehn,” Ben Toner. and G. J. Pryde™”
'DAMTE University of Cambridge, Cambridge, CB3 OWA, United Kingdom
Centre for Quantum Computer Technology, Griffith University, Brisbane 4111, Australia
Centre for Quantum Dynamics, Griffith University, Brisbane 4111, Awstralia
*Centrum voor Wiskunde en Informatica, Kruislaan 413, 1098 SJ Amsterdam, The Netherlands
(Recewved 12 May 2008; published 5 January 2009)

In a noncontextual hidden variable model of quantum theory, hidden vanables determine the outcomes
of every measurement in a manner that is independent of how the measurement is implemented. Using a
generalization of this notion (o arbitrary operational theories and to preparation procedures, we demon
strate that a particular two-party information-processing task, “*parity-oblivious multiplexing,” is powered
by contextuality in the sense that there 1s a hmiat to how well any theory described by a noncontextual
hidden vanable model can pedorm. This bound consttutes a “noncontextuality mmequality”™ that 1s
violated by quantum theory. We repont an experimental violation of this inequality in good agreement
with the quantum predictions. The experimental resuls also provide the first demonstration of 2-to-1 and

3<t0-1 quantum random access codes

DOL 101 103/PhysRevien.102.010401 PACS numbers: 03.65.Ta. 03.67. —a, 42.50.Dv, 42.50.Ex
I'he Bell-Kochen-Specker theorem [1] shows that the I'he NC inequality we derive provides a bound on the
i i ' i ak A A ak hokalis A ak i 1 i ' A A
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Examples: measurement-based QC

PHYSICAL REVIEW A 88, 022322 (2013

Contextuality in measurement-based quantum computation

Robert Raussendorf

Vancouver, British Columbia VoT 1Z]1, Canada

Received | May 2013; revised manuscript received 11 July 2013; published 19 August 2013)
We show, under natural assumptions for qubit systems, that measurement-based quantum computations
MBQCs) which compute a nonlinear Boolean function with a high probability are contextual. The class of

contextual MBQCs includes an example which is of practical interest and has a superpolynomial speedup over
the best-known classical algorithm, I'L.IINL'[_M the quantum .Il}'l‘flinlll that solves the “discrete log” |‘l-'|‘|\.‘\'||

DOI: 10.1103/PhysRev
PHYSICAL REVIEW A 84, 062107 (2011)

L. INTRODU( . . . . . .
Generalized Bell-inequality experiments and computation
While numerous guantum alg

that offer polynomial or superpoly: Matty J. Hoban,'~ Joel J. Wallman,

and Dan E. Browne
classical counterparts [1-3

. the pr Department of Physics and Astronomy, University College London, Gower Street, London WCI E 68T, United Kingdom
origin of this speedup remains ience, Universiry of Oxford, Wolfson Building, Parks Road, Oxford OX] 30D, United Kingdom
candidates—entanglement [4], sup School of Physics, The University of Svdney, Svdnaey, New South Wa 1

[5], and largeness of Hilbert sp (Received 25 August 201 1; published 6 December 201 1)
understanding in many  situation

fl-‘fwr{m. il of ( ompuler S

s 2006, Ausira

A L i 1 We consider general settings of Bell inequality experiments with many parties, where each party chooses
from a finite number of measurement sellings cach

with a finite number of outcomes. We investigale Lhe
constraints that Bell inequalities place upon the correlations possible in local hidden variable the:
geometrical picture of correlations. We show that local

165 using &

*n variable theories can be characterized in terms of
limited computational expressiveness, which allows us to characterize families of Bell inequalities. The limi

computational expressiveness for many settings (each with many outcomes) generalizes previous results about

the many-party situation each with a choice of two possible measurements (each with two outcomes) Using this

es and

computational picture we present generalizations of the Popescu-Rohrlich nonlocal box for many pa
nonbinary inpuls and outputs at each site. Fi

ally, we comment on the effect of preprocessing on measurement

data in ou

generalized setting

and show that it becomes problematic outside of the binary setting, in that it allows
able theories o simulate maximally nonlocal ¢
Popescu-Rohrlich nonlocal boxes

local hidden vs

orrelations such as those of these generalized

DOL: 101 103/PhysRevA.84.06210 PACS numberis): 03.65.Ud, 03.67.Lx, 02.10.De
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Examples: magic state QC
ARTICLE

doi:10.1038/ naturel 3460

Contextuality supplies the ‘magic’ for
quantum computation

Mark Howard'-*, Joel Wallman®, Victor Veitch™ & Joseph Emerson

Quantum computers promise dramatic advantages over their classical counterparts, but the source of the power in
quantum computing has remained elusive. Here we prove a remarkable equivalence between the onset of contextuality
and the possibility of universal quantum computation via ‘magic state’ distillation, which is the leading model for exper -
imentally realizing a fault -tolerant quantum computer. This is a conceptually satis fying link, because contextuality, which
precludes asimple ‘hidden variable’ model of quantum mechanics, provides one of the fundamental ¢ haracterizations of
unigue ly quantum phenomena. Furthermore, this connection suggests a unifying paradigm for the resources of quantum
information: the non-locality of quantum theory is a particular kind of contextuality, and non-locality is already known
to be a critical resource for achieving advantages with quantum communication. In addition to clarifying these funda

mental issues, this work advances the resource framework for quantum computation, which has a number of practical

B " e L 2 TR ) A A e, s A 2
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Anomalous weak values

VOLUME 60, NUMBER 14 PHYSICAL REVIEW LETTERS 4 APRIL 1988

How the Result of a Measurement of a Component of the Spin of a
Spin- ",- Particle Can Turn Out to be 100

Yakir Aharonov, David Z. Albert, and Lev Vaidman
Physics Department, University of South Carolina, Columbia, South Carolina 29208, and

School of Physics and Astronomy, Tel-Aviv University, Ramat Aviv 69978, Israel
(Received 30 June |987)

We have found that the usual measuring procedure for preselected and postselected ensembles of
quantum systems gives unusual results. Under some natural conditions of weakness of the measurement,
its result consistently defines a new kind of value for a quantum variable, which we call the weak value
A description of the measurement of the weak value of a component of a spin for an ensemble of
presclected and postselected spin- ¥ particles is presented

PACS numbers: 03.65.Bz

This paper will describe an experiment which mea-
sures a spin component of a spin- £ particle and yields a
result which is far from the range of “allowed™ values
We shall start with a brief description of the standard

a;, the final probability distribution will be again close to
a Gaussian with the spread Ax. The center of the Gauss-
ian will be at the mean value of A: (A)=X,|a;| ‘a
One measurement like this will give no information be-
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Strong measurements
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“"Pointer”
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Strong measurements

@ e
\_/ e

N\
/

Pirsa: 14100106



Strong measurements
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Fairly strong measurements
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Weak measurements
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Weak measurements
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Post-selection
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Post-selection
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Post-selection
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Post-selection
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Weak value

/ rP(x|ps)dx — Re(A,)




Weak value
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Anomalous weak values

VOLUME 60, NUMBER 14 PHYSICAL REVIEW LETTERS 4 APRIL 1988

How the Result of a Measurement of a Component of the Spin of a
Spin- li Particle Can Turn Out to be 100

. ’ week ending
PRL 113, 120404 (2014) PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

{on
¢

How the Result of a Single Coin Toss Can Turn Out to be 100 Heads

qui Christopher Feme and Joshua Combes

its Center for Quantum Information and Control, University New Mexico, Albuguergue, New Mexico 871310001, USA
A (Received 16 March 2014; revised manuscript received 18 July 2014; published 18 September 2014)

pre

We show that the phenomenon of anomalous weak values is not limited 1o quantum theory. In particular
PA we show that the same features occur in a simple model of a coin subject 1o a form of classical backaction
with pre- and postselection. This provides evidence that weak values are not inherently quantum but rather

a purely statistical feature of pre- and postselection with disturbance

This paper
sures a spin cor DOL: 10.1103/PhysRevLet. 113.120404 PACS numbers: 0365.Ta, 02.50.Cw, 03.67.-a
result which is
We shall start
e In many quantum mechanical experiments, we observe a metwology [10] (but compare w0 Refs. [11-16]). One
dissonance between what actually happens and what ought rescarch program in the weak value community 1s to

to happen given naive classical intition. For example, we
would say that a particle cannot pass through a potential
barier—it s not allowed classically. In a quantum
mechanical experiment, the “particle” can “wnnel” through
a potential barner—and a paradox is born. Most research

ers spent the 20th century ignoring such paradoxes (that is,

examine a paradoxical quantum effect or experiment and
then calculate the weak value for that situation. Ofien, the
calculated weak value 1s anomalous. From this, we are
supposed to conclude that the pamadox is resolved (see,
for example, [17] for a recent review). So it would further

seem, then, that anomalous weak values, if not rhe source
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Anomalous weak values

VOLUME 60, NUMBER 14 PHYSICAL REVIEW LETTERS 4 APRIL 1988
How the Result of a Measurement of a Component of the Spin of a
Spin- li Particle Can Turn Out to be 100

. . . - week ending
PRL 113, 120404 (2014) PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

{on
¢

How the Result of a Single Coin Toss Can Turn Out to be 100 Heads

qui Christopher Feme and Joshua Combes
Universitv of New Mexico. Albuaueraue. New

Center Jor, Ouantum Information and Control

Mexico 87131-000]. USA

its
A (1
pre Anomalous weak values are proofs of contextuality
PA Wi
wi 2o
a)
This paper =

sures a spin cor
result which is
We shall start

In many qua
dissonance bed

to happen give
would say that

st JI'..‘!\‘ the

Here 1 will prove 1t Inte

t of two issues already identified in the literature

barier—it is :
In 1988 Aharonov, Albert and

mechancal ex
| “How the result of a measurement of

a potential ban i I
weak measurements measure, .\:.=| Nnow mu ld-w 'M \

the spin of a spin-# particle can turn ou
ers spent the 2( I g . * I : 1 » i

Defining the weak value of an observable A for a quan- turb the system? It res that both questions have

tum system j.:.-]u.:'mi n state |t ind post-selected on clear answers in the se » non-contextual ontolog-

giving ‘:U‘I:".' |I"||Ih'| e ol f a |l‘,l '[|‘I|ll'I ll']' I.‘|l‘ F}.\'\'il‘i..“ ]['ll'[| AL 1on=-cdist urbance

tradeoff of the weak measurements in quantum theory

A 2 I
1 makes these answers irreconcilable
Let us begin by specifying exactly what is meant by an
) ) ' ; 'y 1
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Possibility 1: post-selection does
not pick out a set of \




Possibility 2: some A “predisposed”

to glve anomalous results
XL




Possibility 2: some A “predisposed”

to give anomalous results
XL XL
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Possibility 3: anomaly is solely due
to measuremnt-disturbance
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Possibility 3: anomaly is solely due
to measuremnt-disturbance

g ~ \*, but need p; ~ \ to explain anomaly




Thank you

[ “Anomalous weak values are proofs of
contextuality” is arXiv:1409.1535]
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