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Common Cause Principle

Correlating events without a direct causal connection have

a cominon cause



Common cause

e Classical probability space: (), %, p)

e Correlation: A, B € X

p(AB) # p(A)p(B)

e Common cause: partition {Cy}, , in X

p(AB|Cy) = p(A|Cy)p(B|Ck)



Localization




NODCOllln'lUtillg cominon cause

o Noncommutative probability space: (N, P(N), )
o Correlation: A, B € P(N)

¢(AB) # ¢(A)p(B)

e Noncommuting common cause: partition {Cy},
in P(N)
#(CrABCy,) p(CrACy) ¢(CrBCy)

d(Cr)  o(Cy) $(Cr)




Localization




EPR-Bell scenario

Commuting common causes =—> Bell’s inequality

Noncommuting common causes =~ Bell’s inequality



Local, joint noncommuting common




Virtues

@ The Common Cause Principle remains valid in AQFT

@ There is a local, joint common cause for the EPR-Bell

scenario



Criticisms

@ Noncommuting common causes are trivial
@ They lack causal explanatory force

@ Maudlin-Werner debate



Criticisms

@ Noncommuting common causes are trivial: any atomic

product state is a common cause for any correlation:

k) (k| @ [Br) (B]

Response: Classical atomic partitions also screen off

all correlations



Criticisms

@ Noncommuting common causes lack causal
explanatory force since they violate the law of total

probability:
p(A) = > p(A[Ck)p(Ch)
S(A) # Y G(A|CH)G(Cr) i [A,Cl] #0

Response: Noncommutativity does not exclude the

law of total probability



Criticisms

© Maudlin-Werner debate, 2014: Is classicality/
determinism assumed beyond locality in the derivation

of Bell’s theorems?

Response: Yes, since perfect correlations can have

indeterministic noncommuting common causes



Conclusions

Noncommutating common causes have many virtues but

the violation of the law of total probability is a serious flaw



More on that...

@ Gabor Hofer-Szabo and Szilard Szalay: "Noncommuting

common causes revisited," Quantum, (submitted).

@ Gébor Hofer-Szab6: "Noncommuting common causes,

no-conpiracy and the law of total probability," (in preparation).



Law of total probability and no-conspiracy

p(A) = > p(A|C) p(Cy)

k

p(Ala) = ZP(A’aAck)p(Ck>

k

p(aNCy) = pla)p(Cy)



Operationalist interpretation

o(A) = p(Ala)
P(A|Cr) = p(Ala A Cy)

A: measurement outcomes
a: measurement settings

(Cy: common cause



Law of total probability

S(A) = ) 6(A|Ck) §(Cy)

k

transforms into

p(Ala) = ZP(A|G/\Ck)p(Ck)



Common causal explanation

(A BnlambnC) = p(Am|ambnCr) p(BnlambaCy)  (screening-off)
P(Am|ambnCr) = p(Am|amCy) (locality)
P(Bn|ambnCr) = p(Bn|bnCk) (locality)

p(ambnCi) = plamb,) p(Ck) (no-conspiracy)



Bell’s inequality

Joint common cause
Locality == Bell’s inequality

No-conspiracy



Law of total probability




Kolmogorovian Censorship Hypothesis

o (N,P(N),®): non-classical probability space
o I'={Q,Qq,...,Q,}: non-commuting operators
o {AQ}: spectral projections of Q
e po: I' = [0, 1] be such that
>qerPo(Q) = 1 and po(Q) >0



Kolmogorovian Censorship Hypothesis

Then, there is a classical probability space (2, %, p) such
that for every AQ of any Q there exist events AQ and a®
in Y such that

AQ C a®

aA®na® =0, fQ#R
p(a®) = po(Q)

$(AQ) = p(A%a?)



