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Exploring the Local Landscape in the Triangle Network,
E. Bdumer®, V. Gitton*, T. Krivachy, N. Gisin, R. Renner,
arXiv:2405.08939 (2024)

Ongoing work
T. Krivachy, S. Boreiri, A. Girardin, P. Sekatski, ...
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Context
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p(abe) = Tr (py ® pa ® pgM°* @ M°*® M) # /dOf dB dypa(alBv)pe(blva)pc(clas)p(a)p(B)p()
quantum (non-)local
(hon-)classical

[Renou et al.,, PRL 123, 140401 (2019)]
[Gisin, Entropy 21, 325 (2019)]
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Context

Why triangle?
Simple network, yet many questions.
Genuine qu. nonlocality exists. (RGB4)

Why symmetric distributions?

Not RGB4.
Genuine nonlocality exists? (Elegant)

=
9

plabe) = Tr (py @ pa © ppM® & M* & M) # [ dadsdypa(aldnpehalpc(casp(@p(@)p()

quantum (non-)local
(hon-)classical

[Renou et al., PRL 123, 140401 (2019)]
[Gisin, Entropy 21, 325 (2019)]
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Goal

What techniques?
[Py — Neural-network techniques for conjecturing

“Nonlocal Bell inequalities.
— Rigidity-based techniques for nonlocality.

__ What did we learn?
‘\NLT — |t is hard for classical models to exhibit

P . .
approx. distance to local set 2 GHZ-type correlations AND be symmetric.

0.05 T — A feel for whyt EJM distr. is nonlocal
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LHV-Net
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Quantum: p(abe) = Tt (pa, B, ® PB.Cs ® Py as MG, 4, ® M 5. ® ME )
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LHV-Net
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Quantum: p(abc) ="Tr (pA132 ® PB,Cy; & PClAgMEIAQ ® Mngg ® M(lecz)

Local: plabc) = / dadB dvlpa(alBy)ps(blya)pc(claB)

[TK et al., npj Quantum Inf. 6, 70 (2020)]
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LHV-Net
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Quantum: p(abc) ="Tr (pA132 ® PB,Cy; & PClAgMEIAQ ® Mngg ® M(lecz)

Local: plabc) = / dadB dvlpa(alBy)ps(blya)pc(claB)

Goal: min dist. = Heuristic to find closest local distribution to a target

[TK et al., npj Quantum Inf. 6, 70 (2020)]
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Symmetric subspace

Symmetric (N=4)

p(111) = p(222) = ... = p(a=b=c)
p(112) = p(313) = ... = p(a=b#c) = cycl.
P(123) = p(243) = ... = p(aZbZcza)

Symmetric subspace
S = ) p(a=b=c)

Sy, = » p(a=b#c) = cycl.

8123 = z p(GibiC#G)
Sni + Sz +S13 =1

Elegant

p(111) = 25/256
p(112) = 1/256
p(123) = 5/256

P111
8

/

|70, —170;) +

@)

2v/2

_ V3+1 L., V3-1
_ 7

| —ﬁi-z‘ s Tﬁi >
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Symmetric subspace

Symmetric (N=4)

p(111) = p(222) = ... = p(a=b=C)
p(112) = p(313) = ... = p(a=b#c) = cycl.
P(123) = p(243) = ... = p(aZbZcza)

Symmetric subspace
Sy = ) p(a=b=c)

Sy, = » p(a=b#c) = cycl.
Sz = » P(OZbZCZQ)

Syt + S +S123 =1

Elegant

p(111) = 25/256
p(112) = 1/256
p(123) = 5/256
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|©:)
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Symmetric subspace

Symmetric (N=4)
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Symmetric subspace

3 outcomes 4 outcomes

pﬁ)l P111

Finner
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Symmetric subspace

3 outcomes 4 outcomes

pﬁ)l P111

Finner
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Symmetric subspace

Take-away:
« Analytic modeling and numerics agree well.
» Local models can reach s of approx. 1/N.
« Nonlocdlity in symmetric subspace seems robust.

Finner
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A Bell inequality

Symmetric subspace lesson: it is hard to be symmetric and
have high 111-type correlations simultaneously.

1
max. W -+ S111 — (1 — ’LU)AZ & wio ~ w-0.39

256
Ay = > Ayx,
X€{111,112,123}

Penalty for being
asymmetric Apx = Z |Mx — p(a, b, C)\la
{a,b,c}eLx k

A’[X :L Z p(aa b,C),

‘IXl {a,b,c}eTlx
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Eleqaant di§tribution: Experiment
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Sandwich-like Optical Spatial Temporal c
BBO Window Compensation Compensation

O 0 0

Loss
Element PBs

[Wong et al., arXiv:2401.15428 (2024)]
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[Wang et al., arXiv:2401.15428 (2024)] o
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Ok but why?

Why are classical models
imited like this?
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Cube picture (3 outcomes)

ONLY classical strategy such that no (1,1,2)-type outcomes and nonzero
probability of all other outcomes. Rigidity.

Charlie . (3)

Pi11

Finner
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Cube picture (3 outcomes)

How about a little bit of (1,1,2)-type outcomes?

Charlie All (1,1,1) and (1,2,3)-type outcomes.

The response function parts fixed by
this volume already define almost the
whole distribution.

-
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Caveat: ordering of rows/columns
could be different in different regions...

L3

Pirsa: 24090114 Page 22/24



Activities [k Document Viewer

D : ~

Causalworlds_2024_Krivachy.pdf

Outlook

Recall: xamount of (1,1,2)-volume allowed.

Proof for =(1-3x) volume having What if (1-x) volume had rigid
rigid structure. structure?
I Pt b) | Pin

“Nonlocal
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|
|3112 1 112 P123
approx. distance to local set approx. distance to local set
| | ———— ||
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Summary

Take-home message

— Numerical and analytical heuristics give excellent map of sym. subspace.

= Insights lead to a starting point for rigidity-based proofs of nonlocality,
beyond RGB4’s rigidity-based proof.

= Rigidity-based proofs are insightful and easy, to learn from.

— Hopefully strong enough to work for EJM-distribution. (??7?)

=
9

— +1: Have a Bell inequality idea? Use LHV-Net!

Thank you for the attention!

Pirsa: 24090114 Page 24/24



