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» Common cause
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p(A&B|Cy) = p(A|Cy) p(B|Cy)

» Common cause
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» Common cause
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s Joint vs. separate common causes

PR
i,
OO0,
AITRSTRGTGR
B
NIRRT
XX
e
o @ At
NOORAON 0 ) OO
KR N RO
K
X
OO
oot
R
i
|
i
D
el
LA
TN 4 NS
N G0 el
NAe e Ao
Rl
Ahhsahaaee
R
KX
5&&
Ty
PR
noN
AT
AOTARTOoH
RN
]
FNEARND

Wy 00

SO

| g

&
LR
Py
R
RO
KRR
RN
R

LY

A




s Classical vs. qguantum common causes
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s Joint quantum common causes do not imply Bell’'s
iInequalities.

s Quantum correlations have a local joint quantum
common causal explanation.
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p(A&B|Cy) = p(A|Cy) p(B|Cy)

s Local causality
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p(A&B|Cy) = p(A|Cy) p(B|Cy)

s Local causality
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A&B|Ck) = p(A|Ck) p(B|Ck)
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» Any atomic local physical theory satistying local primitive
causality is locally causal.




» Local causality
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» Locally causality in a local physical theory is equivalent
to d-separation in Bayesian nets.




» Rédei, 2014: Local causality “is not a single property a
physical theory can in principle have but an intricately
interconnected web of features.”
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s Local physical theory (LPT): a net V — A(V) satisfying
isotony and microcausality.
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» Microcausality
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» Classical local theory: commutative local algebras

» Quantum local theory: noncommutative local algebras
s A: quasilocal algebra

» ¢. state
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“A theory will be said to be locally causal if the

Bell, 1990
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» Definition. A LPT is called (Bell) locally causal, if

. for any pair of projections A € N'(V4) and B € N (Vp)
supported in spacelike separated regions, and

» for every locally normal and faithful state ¢
establishing a correlation between A and B,

¢(AB) # ¢(A)¢(B), and
s for any spacetime region Vi satisfying L;- L3, and
» for any atomic event C;, in N'(V¢):

¢(CrABCE)  ¢(CrACE) ¢(CpBCy)

¢(Cy) P(Cy) P(Ck)




s Complete specification of beables in a region vV € K:

¢oT
(¢oT)(1)

by a completely positive map 7 on the quasilocal
observables obeying the following properties:
P, : the restriction of ¢+ to the local algebra N (V) is
pure,
P,: B7(1) = T(B) = T(1)B hold for local observables
B supported in V',

O(X) = o7 (X) =




» Definition. A LPT is called (Bell) locally causal, if

. for any pair of projections A € N'(V4) and B € N (Vp)
supported in spacelike separated regions, and

» for every locally normal and faithful state ¢
establishing a correlation between A and B,

¢(AB) # ¢(A)¢(B), and
s for any spacetime region Vi satisfying L;- L3, and
» for any operation 7 obeying P, and P

¢17(AB) = ¢7(A)dp7(B).
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