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Causal Inference
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S = Sunburn
Hospitalizations

| = lce Cream
Sales

H = Heat

H is a common cause

Page 7/36

l,’
2
TR

ii



s ley,
- .

o

S = Sunburn | = Ice Cream
Hospitalizations Sales

When we can measure H:

P(IS|H) = P(I|H)P(S|H)

Restriction on the probability
distributions that are compatible with

H = Heat this causal structure

H is a common cause
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DAG = Directed Acyclic Graph
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Improving the accuracy of medical diagnosis with
causal machine learning

Jjonathan G Richens =, Claran M. Lee & Saurabh Johri
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Bell No-Go Theorem
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Bell-CHSH Scenario

Measurement Outcomes —

Alice B Bob
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Measurement Choices—
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Bell-CHSH Scenario

Space-like Separation
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Bell-CHSH Scenario

Space-like Separation

Alice
1

- >

X
=<

Alice and Bob are free to
choose X and Y
independently of &
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Causal Modelling the Bell Scenario

C. J. Wood and R. W. Spekkens: New
Journal of Physics, 17, 08 2012.

Measurement outcomes —

Bell DAG

Measurement choices —

e N\ is a classical
- random variable
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Causal Modelling the Bell Scenario

C. J. Wood and R. W. Spekkens: New
Journal of Physics, 17, 08 2012.

A A P(AB|XY) classically compatible
with this DAG need to obey:
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Causal Modelling the Bell Scenario

C. J. Wood and R. W. Spekkens: New
Journal of Physics, 17, 08 2012.

A A P(AB|XY) classically compatible
with this DAG need to obey:
& a P(A|XY) = P(A|X)

P(B|XY) = P(BJY)

+ Bell inequalities
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Causal Modelling the Bell Scenario

Does not explain the
quantum predictions

C. J. Wood and R. W. Spekkens: New
Journal of Physics, 17, 08 2012.

P(ABJXY) classically compatible
with this DAG need to obey:

P(A|XY) = P(A|X)

P(B|XY) = P(BJY)

+ Bell inequalities

.

QM and experiments
violate this inequality
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Problems with Classical Causal Explanations

Superluminal
Causation

Superdeterminism Retrocausality

/N
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Problems with (@ S ) lanations

Superluminal

_ Superdeterminism Retrocausality
Causation
/A /B\
“\"“ AV 4
P(A|XY) = P(A|X)

Do not explain why
P(B|XY) = P(BJ|Y)
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Problems with Classical Causal Explanations

Superluminal
Causation

"A A"A A‘ A

P(A|XY) = P(A|X)
Do not explain why = Fine Tuned
P(B|XY) = P(BJ|Y)

Superdeterminism Retrocausality

__—"“

Problems
hlems v 'h Classical Causal Explanations

C. ). Wood and R. W. Spekkens: New
Journal of Physics, 17, 08 2012.
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Solution: Quantum/GPT Causal Modelling %8

/A /B
/X\ /NN

Keep the causal
structure intact, but
change the way
causality works.
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Local Friendliness
No-Go Theorem
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The Local Friendliness Scenario o3

A

X X

Alice C
Charlie 4 g B
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Causal Modelling the LF Scenario

LF DAG
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Causal Modelling the LF Scenario

ﬁ e The distributions P(ABIXY) = _ P(ABCIXY) such that
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Causal Modelling the LF Scenario

ﬁ e The distributions P(ABIXY) = £ P(ABCIXY) such that
e P(ABCIXY)is compatible with the LF DAG
e P(ABCIXY) respects X=0=A=C

A g A need to obey:

P(A|XY) = P(A|X)

@ P(B|XY) = P(B|Y)
+ LF inequalities
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Violation of LF Inequalities

A

SIRE: X

Alice C
Charlie 4 g B
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Violation of LF Inequalities

Ax=1=> U_l
X X
Alice % C B
Charlie 4 g B
X
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Violation of LF Inequalities

A X=1= U_l
A

Alice C
Charlie "‘

LF Inequalities can be
violated by this
quantum protocol!

Bong, KW., Utreras-Alarcon, A.,
Ghafari, F. et al. A strong no-go
theorem on the Wigner's friend
paradox. Nat. Phys. 16, 1199-1205

(2020)
% Bob
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Bell Local Friendliness

A A A
A A\ AA M\
(") 3
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Problems with Quantum/GPT Causal Explanations

'A, 76\ NN/ N
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Problems with Quantum/GPT Causal Explanations

Superluminal
Causation

.A’ 76\ 2NN\
SR/ 2 B4 AR 2
23 2 23
Do not explain why ﬁigﬁgi z I;Ei;'ég =  Fine Tuned

S— P(C|XY) = P(C)

Superdeterminism Retrocausality
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The Quantum/GPT Causal
Modelling Framework is not
suited to explain the violation of
LF Inequalities.

Pirsa: 23090058 Page 36/36



