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Can Quantum Correlations Be Explained Causally?

Rob Spekkens
Perimeter Institute

T USED 10 THINK THEN I TOook A | | SOUNDS LIKE THE
CORRELATION IMPUED | | STANISTICS CLass. | | CLASS HELPED.
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Simpson’s Paradox

P(recovery | drug) > P(recovery | no drug)
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Simpson’s Paradox

P(recovery | drug) > P(recovery | no drug)

P(recovery | drug, male) < P(recovery | no drug, male)
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Simpson’s Paradox

P(recovery | drug) > P(recovery | no drug)
P(recovery | drug, male) < P(recovery | no drug, male)

P(recovery | drug, female) < P(recovery | no drug, female)

Recovery probability
drug no drug

male 180/300 = 60%  70/100 = 70%
female 20/100 = 20% 90/300 = 30%

combined 200/400 = 50% 160/400 = 40%
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Simpson’s Paradox

recovery — treatment
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Causal Model
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Structure Parameters
P(W)
W o
P(S)
rd
Sy P
T ‘\T P(X|S,T,W,Y)
S i P(Y|T, W)

s, 00 S AR 0, € P A A o B R B S (D S B ()

Pirsa: 16070066 Page 8/25



Causal Model

Causal Causal-Statistical
Structure Parameters
P(W)
W .
P(S)
rd
Sy P
T ‘\T P(X|S,T,W,Y)
S i P(Y|T.W)

Rl ) e RO i e WA Y R T O B e ] )

Pirsa: 16070066 Page 9/25



P(A,B,C)

A IS independent of B :>

(A, B)=PFPlA)P(DB)

A?B

C

no other
Independence
relations
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P(A,B,C)

A IS independent of B
P(A. B) P(A)P(B)

no other
Independence
relations
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Bell's theorem

John S. Bell
(1928-1990)
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There are two possible measurements, Hand T,
with fwo outcomes each: green or red

Suppose which of H or T occurs at each wing is chosen at random

1. Whenever the same liahaliel
measurement is made on A oh
and B, the outcomes always Tahd'r
agree

2. Whenever different Hand T
measurements are made on o8
A and B,.The outcomes T
always disagree
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There are two possible measurements, Hand T,
with two outcomes each: green or red

Suppose which of H or T occurs at each wing is chosen at random

wr et | INA D | \J —

1. Whenever the same H and H
measurement is made on A or
and B, the outcomes always Tand T

I

2. Whenever different Hand T
measurements are made on or
A and B, the outcomes Tand H

always agr
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Tension with the theory of relativity

X
Outcome is ¥ 4 o Y Outcome is
registered - registered

] ’ o
Mmt is chosen Mmt is chosen
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Information theory

Computation

FRTIIIIIRENNE
'lﬁaﬁag - factoring
‘ * Searching a database

Communication

» data compression
* overcoming noise
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Quantum advantages for computation

inputs ———> " control computer ~_~~———> outputs
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Quantum advantages for computation

inputs ———> " control computer ~_~~———> outputs
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Quantum advantages for computation
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