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Two entangled particles are measured far apart 

 and show correlated outcomes.  

What is the causal story behind these correlations? 

Causal explanations:  

1. We want to know how the correlations are generated. 

2. What the underlying causal structure of the world is. 

3. Ways of intervention.
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The Set Up: Measurement of Entangled Particles

EPR 

symmetric axes (90°) 

correlations within CHSH bound

Bell 

rotated axes (45°) 

correlations exceed CHSH bound

a small physical change produces a different statistical situation

source

Alice’s setting

Alice’s outcome

Bob’s setting

Bob’s outcome



Both experiments share the same independence relations: 

 (settings are independent) 

   (no signaling left to right) 

 (no signaling right to left) 

Causal discovery algorithms work by reading off independence relations. 

Since EPR and Bell have identical independence relations,  

the algorithms return the same causal structure for both (Wood & Spekkens 2015).
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The Missing Ingredient To Distinguish EPR from Bell 

The difference between EPR and Bell relies on specific conditional probabilities 

given particular angles. 

This is what Bell inequalities measure. 

Any adequate causal model must incorporate not just the independence 

structure but the quantitative constraints on correlations.



How to Select a Model? 

Bell’s inequalities and their violations give us a hypothesis space of possible causal 

models by violating the assumptions that go into the derivation (Näger 2016). 

This is all pre-theoretical.
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Fig. 3 Prototypes of possible causal structures for EPR/B experiments. a Local structure. b Direct cause
structure. c Non-local common cause structure. d Indirect structure. e Indirect structure 2 (QM). f Conspir-
atorial structure. (NB Here and in the following printing some arrows bold is just for emphasising them;
there is no difference in meaning between bold and normal arrows.)

Explaining the strength of the correlations in an appropriate way would require to
add at least one causal relation that further connects the wings of the experiment. In

Footnote 12 continued
(Rowe et al. 2001) and yield the same kind of strong correlations, confirming empirically that EPR/B
correlations cannot be explained locally by selection bias (Grangier 2001).
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Subset of the Hypothesis Space

Näger (2016)

Notation: 

 A = α

B = β



What a Model Needs Before Probabilities  

- The causal structure (which variables influence which) 

- The (physical) independence constraints (what must be screened off) 

- The quantitative Bell constraints (not just independence but correlation strength) 

- Possibly: the no fine-tuning principle (structural independences should be robust) 

Getting the causal structure right is a precondition for any meaningful probabilistic model.



How to choose from the hypothesis space? 

1. Theory or informed choice of model 

- Determines interpretation of probabilities 

2. Theory of causation: 

a. To specify causal arrows 

b. Possibly many models for the same theory



 Non-Local Causation 

Joint work with Frederick Eberhardt (Caltech)

Theory: de Broglie-Bohm 

Causation: Counterfactual Theory 

Some causal arrows may be also justified with other causal theories



Three Candidate Non-Local Structures:

B measured first,
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λ = {ψ, QA, QB}

Problem:  
b  A triggered by measurement→

Problem:  
b  A not a difference maker→

Problem:  
What is the right state space?

Red arrows are fine-tuned. Even though fine-tuned, they need to support counterfactuals. 

We work on this.



The Deeper Issue – Justifying the Arrows (Adequacy Criteria):

B measured first,
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λ = {ψ, QA, QB}

A causal model should represent the physical 
processes by which causal influence is 
transmitted. Getting the functional dependencies 
right is necessary but not sufficient. You also need 
to get the process right, including what triggers 
the influence, what mediates it, and in what order 
things happen.

Functional dependencies:  
The model is adequate if it correctly encodes  
which variables depend on which  
(here: particles and wave-function).



Conclusion



1. You can’t get an appropriate causal model for EPR correlations by 

applying the causal discovery algorithm to the correlations. 

2. Violations of Bell’s inequalities provide a hypothesis space for possible 

causal models. 

3. Selecting a causal model of the hypothesis space requires choice of 

physical theory and causal theory. And even then the model may be 

underdetermined (causal adequacy criteria).
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