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@ Einsten, Podolsky & Rosen argued that
QM must be incomplete - i.e., there
must be ‘hidden variables’, not
described in QM, to account for
perfect correlations in these EPR
experiments.

The EPR argument assumed Locality —
i.e., no ‘action at a distance’ from
Alice to Bob or vice versa.

This seemed uncontroversial:

“Measurements on separated systems
cannot directly influence each other — that
would be magic.” (Schroédinger, 1935)
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@ Usual reading: The quantum world is
unavoidably nonlocal. In some subtle
sense, there is ‘action at a distance’
from Alice to Bob (and vice versa).

@ “Quantum mechanics has upended many
an intuition, but none deeper than
[locality]. And this particular upending
carries with it a threat, as yet unresolved,
to special relativity—a foundation stone of
our 2 1st-century physics.” (Albert &
Galchen, 2009)
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a zigzag path, via the past.



Strange connections and the Parisian zi EPR and Bell
Retrocausality from T-symmetry and qu The Parisian zigzag
Zigzags witho 0 Bell and retrocausality

The Parisian zigzag

0. Costa de Beauregard (1911-2007)

@ In assuming Locality, EPR relied on the principle of ‘no action at a distance’.

@ But in the late 1940s a Parisian graduate student — shown here with his
advisor — spotted a loophole: he saw that Alice’s choices could affect Bob’s
particle (and vice versa), without action at a distance, if the effect followed

a zigzag path, via the past.



Strange connections and the Parisian zi EPR and Bell
Retrocausality from T-symmetry and qu The Parisian zigzag
i Bell and retrocausality

0. Costa de Beauregard (1911-2007)

’

@ In assuming Locality, EPR relied on the principle of ‘no action at a distance’.

@ But in the late 1940s a Parisian graduate student — shown here with his
advisor — spotted a loophole: he saw that Alice’s choices could affect Bob’s
particle (and vice versa), without action at a distance, if the effect followed
a zigzag path, via the past.



Strange connections and the Parisian zigzag EPR and Bell
Retrocausality from T-symmetry and qu ati The Parisian zigzag
i F Bell and retrocausality

x

“Space-time diagram of the Einstein paradox . ..
the correlation between L and N is tied through
C, in their common past, via the Feynman-style
zigzag made of the timelike vectors CL and CN."

’

@ In assuming Locality, EPR relied on the principle of ‘no action at a distance’.

@ But in the late 1940s a Parisian graduate student — shown here with his
advisor — spotted a loophole: he saw that Alice’s choices could affect Bob’s
particle (and vice versa), without action at a distance, if the effect followed
a zigzag path, via the past.

0. Costa de Beauregard (1911-2007)

5/30



Strange connections and the Parisian zigzag EPR and Bell
Retrocausality from T-symmetry and quantization The Parisian zigzag
Zigzags without paradox Bell and retrocausality

Who benefits from the zigzag?

“Space-time diagram of the Einstein paradox . ..
the correlation between L and N is tied through
C, in their common past, via the Feynman-style
zigzag made of the timelike vectors CL and CN."

0. Costa de Beauregard (1911-2007)



EPR and Bell
The Parisian zigzag
Bell and retrocausality

x

“Space-time diagram of the Einstein paradox . ..
the correlation between L and N is tied through
C, in their common past, via the Feynman-style
zigzag made of the timelike vectors CL and CN."

0. Costa de Beauregard (1911-2007)

@ Costa de Beauregard thought of this as an objection to the EPR argument
(because it undermines the case for the assumption of Locality).
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“Space-time diagram of the Einstein paradox . ..
the correlation between L and N is tied through
C, in their common past, via the Feynman-style
zigzag made of the timelike vectors CL and CN."

0. Costa de Beauregard (1911-2007)

@ Costa de Beauregard thought of this as an objection to the EPR argument
(because it undermines the case for the assumption of Locality).

@ Yet it can’t undermine EPR’s conclusion — the zigzag is not there in standard
QM, so if we put it in, we are accepting that QM is incomplete. (The zigzag
needs hidden variables, in other words.)

@ However, it may be the key to saving Locality, in the face of Bell’s Theorem.
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@ Question: So why isn’t the Parisian
zigzag more popular?
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Other common objections

Common responses to the retrocausal proposal:
@ “Show me a model”
@ “Retrocausality implies retrosignalling, and that leads to paradoxes”.

Later, | want to show that we can do something to respond to these objections.

But first: A new argument for retrocausality in QM, which could in principle
have been discovered long before the EPR argument.
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@ Similarly, suppose we control the right polarizer angle, o, but not the output
beams — Nature controls those. Can we control the input polarization, 72

@ No. Nature absorbs our wiggles in changes in the output intensities, and 7
doesn’t change. (So no retrocausality here!)
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So we have a choice:

@ Reject at least one of the principles on the left; or

@ Reject the principle that causation only works ‘forwards’.
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@ “Show me a model!”
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paradoxes. (I could warn my grandmother to avoid her unhappy marriage
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But it is easy to use the kind of experiment we have just been considering to
respond to both objections.
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@ In general, causality need not imply the possibility of signalling.

@ In this case Alice certainly makes a difference to the output sequence of
bits on the right — i.e., there’s causality, in an intuitive sense.

@ But she cant use it to signal to Bob.
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@ In the mirror, Ecila (Alice’s mirror-

image) makes a difference to the et Rty

photon before it reaches her polarizer. Q Q
@ This difference makes exactly the Eoia e

same contribution to the explanation

of the correlations in the depicted tirror
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symmetry is in the maths.) Q
@ But Elica can’t signal to Bob, for ? Erutan
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Nature does the work ‘naturally’!)
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Further reading

@ H. Price, ‘Does Time-Symmetry Imply Retrocausality? How the Quantum
World Says “Maybe”,” SHPMP 43(May 2012), 75-83 arXiv:1002.0906v3

@ P. Evans, H. Price & K.B. Wharton, ‘New Slant on the EPR-Bell
Experiment,” BJPS (2013) arXiv:1001.5057v3
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