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Facing up to Bell’s Theorem 
“Quantum non-locality” – the predicted 
violation of the assumptions of Bell’s theorem – 
is the most mysterious aspect of QM. 

Claim:  The real problem with Bell’s theorem is 
that it seems to preclude the maintenance of a 
satisfying causal principle in QM. 

Can this conclusion be avoided? 



In this talk 

• Seperability 

• Localised events, not seperability 

• Responses to arguments in the literature 

• The wider moral 

 

 



Seperability 
All things that can happen in a union of many 
regions are really just combinations of things that 
can happen in the constituent regions. 

Spekkens and Harrigan: “A necessary component of any 

sensible notion of locality is seperability”. 

Teller: “we should question the unspoken assumption, 

particularism, which sets the precondition for getting any 

relativistic causal theory off the ground.” 

Does local causality require seperability?  Can 
locality be preserved in QM by abandoning 
seperability? 



What is really Required? 

So we need: 
- A space of histories  
- s-algebra of all events (M). 

- Algebra of events (R) for each region R. 

Bell says beables “can be assigned to some 

bounded space-time region”. 

Logical combinations of events need to be 

consistent with the assignment of regions. 



What is really Required? 
Some necessary conditions: 

The same thing doesn’t happen in two different 
places. Events assigned to A and to B better be 

assigned to their intersection also. 

A 
B 



What is really Required? 
Something that follows: 

Seperability does not follow: 



What is really Required? 
Counter-example: 

R 

Counter-example: an event 

X is assigned to region R 

and all regions containing R, 

but no subregions of R. 

NB: “holonomy interpretation 

of gauge fields” contains 

such events. 



Bell’s local causality 
M 

B 

P 

A 

Local causality: Conditioning on all events in the past 
region P removes all correlations between events in A 
and B. 

Does not require seperability.  Events in red region are 
not in past. 



Other considerations 
Does considering non-seperable models give 
inspiration to weaken Bell’s assumptions? 

PROBLEM:  What then rules out superluminal 
signalling (SLS)? 

Could outcomes be non-seperable events in A  B ? 

Could events non entirely in Back light-cones be 
conditioned on? 



Teller’s non-seperability 

Teller’s argument relies on the assumption that PCC-

style ideas of influence assume “particularism”, an 

assumption which he makes no serious attempt to 

justify.  This assumption is false. 



Bell on seperability 

“” – J. S. Bell 



Preserving locality in QM: a checklist 

• Don’t confuse a ban on signals (or anything 
else) with what Bell was concerned with. 

• Write your causal principle as clearly as Bell 
did his. 

• Show that it bans superluminal influence at 
least. 

• Show that it gives the right answer for obvious 
examples. 

 



I propose a way to preserve locality in 
QM 

• Logic – a genuine non-causal assumption? 

 



Reason, or the ratio of all we have 

already known, is not the same that it 

shall be when we know more. 
William Blake, There Is No Natural Religion, 1788 



Causal Principles 

Observation: 
trees often rustle 
at the same time 

Possibilities: 
- Don’t worry, it is in the nature of trees to rustle at the same 
time, no explanation is necessary; 
- The rustling of one tree causes the other; 
- A previously unknown causal factor is at work, causing both 
trees to rustle.  We hypothesise “wind”. 


