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Local causality

Bell, 1988: Local causality “is the idea that what you do
has consequences only nearby, and that any
consequences at a distant place will be weaker and will
arrive there only after the time permitted by the velocity
of light. Locality is the idea that consequences
propagate continuously, that they don’t leap over
distances.”

– p. 2



Project

I. Local causality: a brief history

II. What is a local physical theory?

III. Bell’s local causality

IV. Common Cause Principle

V. Bell inequalities

– p. 3



I. Local causality: a brief history

– p. 4



I. Local causality: a brief history

Newton, 1692: “That gravity should be innate, inherent
and essential to matter, so that one body may act upon
another at a distance through a vacuum, without the
mediation of anything else by which their action and
force may be conveyed from one to another, is to me so
great an absurdity that I believe no man who has in
philosophical matters a competent faculty of thinking can
ever fall into it.”
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I. Local causality: a brief history

Maxwell, 1881: “Faraday, in his mind’s eye, saw lines of
force traversing all space where the mathematicians saw
centres of force attracting at a distance: Faraday saw a
medium where they saw nothing but distance.”
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I. Local causality: a brief history

Einstein, 1916: “According to the theory of relativity,
action at a distance with the velocity of light always takes
the place of instantaneous action at a distance.”
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I. Local causality: a brief history

Question: How to implement local causality into
quantum theory?
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I. Local causality: a brief history

Question: How to implement local causality into
quantum theory?

Problems: Quantum mechanics is

probabilistic,

operational,

non-relativistic.
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II. What is a local physical theory?
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II. What is a local physical theory?

A local physical theory (LPT) is an association of event
algebras to spacetime regions satisfying isotony and
microcausality.
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II. What is a local physical theory?

Relativistic spacetime:
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II. What is a local physical theory?

Isotony: if V1 ⊂ V2 then A(V1) is a subalgebra of A(V2)

V2

V1
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II. What is a local physical theory?

Microcausality: A(VA) and A(VB) commute

V VA B
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II. What is a local physical theory?

A local physical theory is classical (LCT) if the local
algebras are commutative and quantum (LQT) if they
are noncommutative.
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II. What is a local physical theory?

Relativistic spacetime:

– p. 16



II. What is a local physical theory?

Example 1. Deterministic LCT
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II. What is a local physical theory?

Local algebras:

+
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II. What is a local physical theory?

Local algebras:

−
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II. What is a local physical theory?

Deterministic dynamics:
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II. What is a local physical theory?
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II. What is a local physical theory?

Deterministic dynamics:
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II. What is a local physical theory?

Dynamics in action:
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II. What is a local physical theory?

Dynamics in action:
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II. What is a local physical theory?
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II. What is a local physical theory?

Dynamics in action:
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II. What is a local physical theory?

Example 2. Stochastic LCT
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II. What is a local physical theory?

Stochastic dynamics: with probability p
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II. What is a local physical theory?

Stochastic dynamics: with probability 1− p
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III. Bell’s local causality
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III. Bell’s local causality

Bell, 1990: “A theory will be said to be locally causal if
the probabilities attached to values of local beables in a
space-time region VA are unaltered by specification of
values of local beables in a space-like separated region
VB, when what happens in the backward light cone of VA
is already sufficiently specified, for example by a full
specification of local beables in a space-time region VC .”
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III. Bell’s local causality

Main terms:

1. “The beables of the theory are those entities in it which
are, at least tentatively, to be taken seriously, as
corresponding to something real.”

2. “there are things which do go faster than light. British
sovereignty is the classical example. When the Queen
dies in London (long may it be delayed) the Prince of
Wales, lecturing on modern architecture in Australia,
becomes instantaneously King.”

3. “Local beables are those which are definitely
associated with particular space-time regions. The
electric and magnetic fields of classical electro-
magnetism, E(t, x) and B(t, x) are again examples.”
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III. Bell’s local causality

Main terms:

4. “It is important that region VC completely shields off
from VA the overlap of the backward light cones of VA
and VB.”
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III. Bell’s local causality

Main terms:

5. “And it is important that events in VC be specified
completely. Otherwise the traces in region VB of causes
of events in VA could well supplement whatever else was
being used for calculating probabilities about VA.”
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III. Bell’s local causality

These terms can nicely be translated to the framework
of LPTs and Bell’s local causality can be precisely
defined.
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III. Bell’s local causality

Question:

When is a LPT locally causal?
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III. Bell’s local causality

Local primitive causality: A(V ) = A(V ′′) for any V
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III. Bell’s local causality

Proposition:

Any atomic LPT satisfying local primitive causality is
locally causal.
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III. Bell’s local causality

But. . .

how can a LQT be locally causal if local causality implies
the Bell inequalities which are violated for certain
quantum correlations?
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IV. Common Cause Principle
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IV. Common Cause Principle

Reichenbach’s Common Cause Principle (CCP): If
there is a correlation between two events and there is no
direct causal (or logical) connection between them, then
there always exists a common cause of the correlation.
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IV. Common Cause Principle

Common Cause Principle:

V VA B

VC
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IV. Common Cause Principle

Weak Common Cause Principle:
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IV. Common Cause Principle

Local causality:

VA

CV
B
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IV. Bell inequalities
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IV. Bell inequalities

Set of correlations −→ Joint common cause
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III. Local causality and the Bell inequalities

A nice parallelism:

Local causality =⇒ Bell inequalities

Common Cause Principle =⇒ Bell inequalities
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IV. Bell inequalities

Proposition:

Joint common cause 6=⇒ Bell inequalities

Joint common cause + commutativity =⇒ Bell
inequalities
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IV. Bell inequalities

Proposition:

Local causality 6=⇒ Bell inequalities

Local causality + commutativity =⇒ Bell inequalities

– p. 51



Conclusions

Bell’s notion of local causality presupposes a clear-cut
framework integrating probabilistic and spatiotemporal
entities. This goal can be met by introducing the notion
of a LPT.

In this general framework one can define Bell’s notion of
local causality and show sufficient conditions on which a
LPT will be locally causal.

There is a nice parallelism between local causality and
the CCPs: Bell inequalities cannot be derived from
neither unless the LPT is classical or the common cause
is commuting.
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