Title: Experimental implementation of quantum-coherent mixtures of causal relations
Date: Sep 23, 2016 04:00 PM
URL.: http://pirsa.org/16090056

Abstract: Understanding the causal influences that hold among the parts of a system is critical both to explaining that system's natural behaviour and
to controlling it through targeted interventions. In a quantum world, understanding causal relationsis equally important, but the set of possibilitiesis
far richer. The two basic ways in which a pair of time-ordered quantum systems may be causally related are by a cause-effect mechanism or by a
common cause acting on both. Here, we show that it is possible to have a coherent mixture of these two possibilities. We realize such a nonclassical

causal relation in a quantum optics experiment and derive a set of criteria for witnessing the coherence based on a quantum version of Berkson's
paradox. (Joint work with Katja Ried and Kevin Resch)
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Identity map
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A quantum-coherent mixture of causal relations
J. P. Maclean, K. Ried, RWS, K. Resch
arXiv:1606.04523 (quant-ph)
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Can the two causal relations be

mixed coherently?
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Observational probing scheme Interventional probing scheme
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Berkson’s Paradox as a diagnpstic tool
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Berkson’s Paradox as a diagnostic tool
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CLASSICAL

Interventionist probing > C and D are marginally independent

But they can become dependent after conditioning on B
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-obdbilistic Mixture of cause-effect & common-cause

is a hidden “classical switch variable” J acting on B
For every value of |,
either
B depends only on D
or
B depends only on the common cause with C

-

ause-effect & common-cause

lixture of c

.: " > e . .
“CB|D Isnot a probabilistic mixture

That is, sometimes, B depends nontrivially on both p and
the common cause with C
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bilistic Mixture of cause-effect & common-cause

Eoplp = “'S[j“) X pc + (1 e ’lU);OBC ® Trp

where Trppcop = po

lIxture of

cause-effect & common-cause

“CB|D s not a probabilistic mixture

Pirsa: 16090056 Page 22/45



EcB|D

©

Each causal mechanism on its own should be quantum
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Probabilistic mixture
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EXPERIMENTAL IMPLEMENTATION OF A QUANTUM

COHERENT MIXTURES OF CAUSAL RELATIONS
(PART II)

Jean-Philippe MacLean
Rob Spekkens

Katja Ried

Kevin Resch
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EXPERIMENTAL SETUP
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REALIZING DIFFERENT CAUSAL STRUCTURES
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CAUSAL TOMOGRAPHY
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Ried et al. “A Quantum Advantage for Inferring Causal Structure.”
Nature Physics 11, no. 5 (2015): 414-20. doi:10.1038/nphys3266.
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Common-cause
process:
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Common-cause process: U = S
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Cause-effect: U = 1
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DIFFERENTIATING PROBABILISTIC FROM PHYSICAL

MIXTURES
Covariance Cov(c,b) = (cb) — (c) (b)
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DIFFERENTIATING PROBABILISTIC FROM! PHYSICAL
MIXTURES
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*New cl “causal structures

*One experimental setup can realize them all

*Reconstructed causal maps for each

*Four witnesses to classify the causal structure @

*Experimentally realized a coherent mixture of cause-effect and
common-cause relations.
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Where to go from here?
*Larger systems/higher dimensions

* Are there scenarios involving a physical mixture of common-cause
and cause-effect where the Berkson induced correlations are not just
entangled, but violate a Bell inequality? No for qubits.

*Is there a more princi

pled way of defining coherent mixture of causal
relations?

*Are there applications to information processing?
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