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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 ({I 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
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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

detocton ' source
linear
polarizer

detecton
linear
polarizer

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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Hilbert spaces
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Hilbert spaces i
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Dense subspaces
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Dense subspaces
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Dense subspaces
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Beyond the Hilbert space
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Beyond the Hilbert space
Wse Sul Sunchions:
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Beyond the Hilbert space B
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Use ‘cul functions: 4/ ; 0R) = %|Cx—'><’) c.v‘rgcns»‘qﬁ'
Y o () ~Sme FP” “of;%"j,:gg
These -?\JnCt'?c)ﬂs C..Cc._(_-\'uauy al?‘-;“"ns) aire A¥F 7o i-z-ck)
What  are they?
'Rf,mlncl-ef'-' Sor HleeH' c;,f)c;ce H) with veclrs [‘?>
v el 9Facc o> linear functonals (L@G): H-—> il
<¢l & H—{*&— Jdwal sch_r_.) l’bomf‘f?'"'c +o H-{

The University of Sydney Page 12

irsa: 16090020 Page 26/39



Beyond the Hilbert space .
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Beyond the Hilbert space .
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Rigged Hilbert space o I
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Unbounded operators: position and momentum
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Unbounded operators: position and momentum
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Bounded operators
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Bounded operators
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Bounded operators
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Bounded operators
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Unbounded operators . .
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