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Bell Causal Scenario
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Bell theorem assumptions are encoded in the DAG.

Decomposition of the distribution
p(alxA), p(blyA), p(A)

(a, blx, y) Zp alx, \)p(bly, A\)p(A)

1!

Bell inequalities.
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Witnessing Nonclassicality

Violation of inequalities means
e Wrong causal assumptions.

e Nonclassicality of the source.
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Beyond Bell Scenario

We can do it with arbitrary scenarios:
1. Model the scenario with a DAG.
2. Derive the constraints.

3. Use them as a witness of nonclassicality
(if possible).

e Explore different forms of nonclassicality.

e Model real situations with complicated

networks topologies.

e Use tools from Causal Modeling.
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Using Interventions
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Quantifying Causal Influence

Possible causal explanations for correlated variables A and B:

e Intervention: do(a), Forces A = a erasing incoming edges.

e Quantifier of causal influence (Average Causal Effect):

ACE = b| d — p(b|do(d
ACE gj;ﬁlp( |do(a)) — p(b|do(a))|
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Interventions and observations (Instrumental scenario)

F({p(a, blx)}as.x) = ACE = F({p(a, bIx)}as).
Interventions are constrained by observations

®—> Suppose | can measure both

e Observations: Py,s = {p(ab|x)}apbx-

e Interventions: Py,5) = {p(b|do(a))}p.a.

| have a compatibility inequality.

1

Nonclassicality witness
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Demonstrated in a photonic platform:
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The complete description

Observational-Interventional probability vector

"

e Observational data: Py,s = {p(ab|x)}ap.x-
e Interventional: Py,;) = {p(b|do(a))}p,a-
o P = (Pobm Pdo( ))

Set of compatible Ps
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e Observational only — classical but Observation+Interventions

— nonclassical (example: 222 Instrumental scenario).

e Detects nonclassicality for observationally classical states
(better noise robustness).

Example: Detection efficiencies: 7,1, =~ 0.92 while 7, =~ 2/3
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Similar to Bell?
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Dichotomic case

Simple description
For the case | X|=m |A| = |B| = 2.

p(b| o 3) — p(a, blx) > 0
p(bl doa) — p(a. b|X') + p(a, Blx) + p(a, blx) — p(3, b|x') > 0

Mapping to observational distribution:
p(a, b|x) = p(a, b|x, a" = a).

Mapping to interventional distribution:
p(b|do(a = a**)) = 3=, p(a, bla*, x).
Mapping back

p(a. blx,a" = a) = p(b|do(a)) — p(a, b|x).
Hardy inequality.

Not bijective in general.
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General scenarios

()
SechcYoRoRe

e Interruption: Split the node: p(a, b, c) — p(a,a”, b, c).
e Formulate the problem in the interrupted graph.

e Mapping back to observational and interventional

distributions.

Application — Pedro Lauand’s talk (tomorrow)
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Semi-DI (Steering)

Assemblage {0,y }ax
Classical: Talx = Z)\ p(A)p(alx, /\)PEA

Quantum: Tax = Tta M>(<a) & 53(/0/\)}

Classical: 04o(2) = 2y p(A) P2,
Quantum: Tdo(a) = Tra [l ® Ea(pa)l

Extended assemblage {aa‘x}a,x, {O'do(a)}a

e Still describes a convex set

e Opt/Witness can be obtained by SDP

e Nonclassicality for [ X| =2
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Take home

Interventions give precious data for nonclassicality witnesses.
(Simple scenarios, Networks, semi-DI)

Directions

e Protocols using interventions?

e More general kinds interventions (see Rafael Chaves' talk this

morning).
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Thank Youl!
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