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Bell test

Bell proposed an experiment similar to Einstein’s, but with more possibilities
We will analyse a restricted variant that conveys the main ideas
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Central idea of c\: Be{l test
(%

Bell tests can rule out any hidden variable model

— Consider many ‘runs’ of the experiment, with the measurement directions at
each side chosen randomly and independently

—  First, show some property of the statistics that any local hidden variable model
must satisfy

— Second, show that quantum mechanics predicts a violation of this property
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Local hidden variable model for this experiment

Hidden variables: an ‘instruction set’ for each particle
Constraint our model must satisfy: If the two measurement directions are the

same (say a and a), then the outcomes must be opposite
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Quantum predictions for this experiment
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Quantum predictions for this experiment
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Pi

Quantum predictions for this experlm'ent l
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Pi

Quantum predictions for this experlm'ent l
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Quantum nonlocality
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So what’s missing? Woas Einstein right?

Bell proved that any realistic model that is local
cannot reproduce the statistics of quantum
mechanics
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Experiments now routinely prove this is true

Any ontology of quantum mechanics must be
nonlocal, but in a cleverly-designed way that
does not allow us to signal faster than light.

Why?
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Quantum nonlocality

The University of Sydney

Pirsa: 16090020

So what’s missing? Woas Einstein right?

Bell proved that any realistic model that is local
cannot reproduce the statistics of quantum
mechanics

detncton p sOUrce
lines

/) dotecton
"
ror

oo
polarizer polari,

Experiments now routinely prove this is true

Any ontology of quantum mechanics must be
nonlocal, but in a cleverly-designed way that
does not allow us to signal faster than light.

Why?

Page 8

Page 11/39



Hilbert spaces
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Dense subspaces ‘
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Beyond the Hilbert space
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Rigged Hilbert space L o laraer
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Unbounded operators: position and momentum
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Unbounded operators: position and momentum
Wilbert space iz wsedvl for understandin

- C1 @“9+qf+e S (OQ some wunboonded @ferq"{'afs
A on %Mﬁgk";f‘\; bounded & AN, st NALV# ] < Nal 120*
N i _ v |¥? :;lzwq
OPera,‘car) X ) P ) H = %n_ + V() wre ounbovnded,

Lo main . on| be a dense subs*/oace oY OEQOE)
woe g LR bot KH may mot be.

P;’:%CL)‘ [ I’LO"I' de:;neol U\,n'ess %) oS A;._g".

The University of Sydney Page 14

Pirsa: 16090020 Page 32/39



Bounded operators
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Bounded operators
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Bounded operators

- A = a boancleal af)cfab" on IR
hen the ma,To H—\—?C A&Q‘ned by

¥> = PILALVFE )
s o bommded Llinear Svactioral on H

so 3 &yl oA Ly ¥V = LPNAIVKED
DeSine +Hhe ad(\o{'ni— o A as the opector
e, KYIATIPD = KPVAITH7

, ard 167 el

The University of Sydney

Page 15

Pirsa: 16090020



Bounded operators
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