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Causal Inference
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S = Sunburn
Hospitalizations

| = Ice Cream
Sales

H = Heat

H is a common cause
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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

Page 10/36




Applic
ations t
o Classical Data A
nalysis
R

JOURNAL ART!
mining ausal Mediall g
Catdiovascu gease o0 th £f \inica
cardio cular piseas® on CO i\ jymen ja
gepard ffects @
P-,lm\?.'u andre < PhD MHS =, \y2 S\wpl.\--‘i:p phD \Jane Dide \ez PhD (Dr. ref nat.l \‘;i
P m\u‘t\h\ Chaves AD, | no, 0% AT Lope? ‘.“.D,’h'l\c'.‘.u car\sor phD
The Journols ofGerontangy‘i SerifsA,\’o\umeTB \gsue T July 2023 Pag,es1 11—1113 Ca " jo‘-"rn
nups 1dol.orS 1010 \".-;,r.-w.w:".\ 3’-,'m.i\'('-'i" e 1153] . - .af of
publishe March 202 articte sto arly i e, Onop,
A Hetor ¢y % Lof 1 20 ,]e{r ics
lm i published: 11 A N pa IJQS S e
r - August 2020 vigy L Ild A .
cal‘:s:l“ng the accuracy of Ty “Mic ;'Dojlcies
machine learni medical diagnosi e, 8t po
ng 0siS with Us AVipy
% on

Ciaran | PE aurabn W
f an v
Le & Saurabh JC
Jonn

Jonathan G Richens
Nature LC
% ommunic 1tion
ions 11, Articl
f e number: 39
23 (2020
) | Cite this
» this article

Pirsa:
: 23090058
Page 1
1/36



02

Bell No-Go Theorem
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Bell-CHSH Scenario

Measurement Outcomes —

Measurement Choices—
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Bell-CHSH Scenario

Space-like Separation
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Bell-CHSH Scenario

Space-like Separation

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 —

N is a classical
- = = D' )
- 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:
& ﬁ P(A|XY) = P(A|X)

P(B|XY) = P(B|Y)

+ Bell inequalities
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Causal Modelling the Bell Scenario

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(B|Y)

+ Bell inequalities

\ QM and experiments

Does not explain the violate this inequality

quantum predictions
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Problems with Classical Causal Explanations

Superluminal
Causation

Superdeterminism Retrocausality

/N
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Problems with (S | anations

Superluminal
Causation

"A A"A A‘ A

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

Superdeterminism Retrocausality

Do not explain why
P(B|XY) = P(BJ|Y)

e —
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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

C. ). Wood and R. W. Spekkens: New
lournal of Physics, 17, 08 2012.

e —
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Solution: Quantum/GPT Causal Modelling &2

/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 %3
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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)

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

Ax=1=' U_1
X X
Alice ; % C B
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Violation of LF Inequalities

A i=1= U_1
| (T

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
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Problems with Quantum/GPT Causal Explanations

’A, 76\ /AN B\ A /B
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Problems with Quantum/GPT Causal Explanations

Superluminal
Causation

'A“ A\ AN AN AN
SR/ B B4 AR 2
£ 2 2
Do not explain why ii‘é’,i’%iiﬁ‘é‘ﬁi =  Fine Tuned

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.
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