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Nonlocality as a resource [
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Device-independent certification
m Key distribution, verification of quantum devices

Intrinsic randomness and secrecy
® Randomness expansion, secret sharing

Distributed advantage
¥ Reduced communication complexity

Bob

© 2026 Hon Hai Precision Industry Co., Ltd. All rights reserved. 3/18



Transitivity )
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Let 4, B, C be unknown integers

W S,g =A+ B iseven
.SBC=B+Ciseven
Mis Sp\c = A+ C even?

Yes, Spc IS even

Fixing marginals can fully determine properties on
other marginals
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Transitivity )
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Quantum systems A, B, C

¥ Let psp, pgc be given and have some property P
B P can be entanglement, nonlocality, etc.

Does p,c also have P for all pppc?

If yes, then p,g, pgc €xhibit P-transitivity in AC
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Main result

There exists nonlocal quantum states p, g and pgc
such that for every compatible joint state psgc,
pac is always nonlocal.

pas & Dy, PeC € Dy,
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Monogamy vs. transitivity [
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PAC PAC
Given entangled p,p: Given entangled pag, ppc:
M V compatible pagc M VvV compatible pagc
W ppc, Pac Are separable M p,c Is entangled

W state, Werner state, isotropic state,
Haar-random pure states, ...

[V. Coffman et al., Phys. Rev. A 61.052306 (2000)] [G. Tabia et al., npj Quantum Inf. 8 98 (2022)]
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Monogamy vs. transitivity [

Given nonlocal P,g:
W VvV compatible ﬁABC
B Py, Pac are local

2-input, 2-output correlation

[B. Toner ef al., arXiv:quant-ph/0611001 (2006)]
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Given nonlocal P,g, Pg:
B Vv compatible Pypc
= ﬁAC IS nonlocal

Post-quantum no-signaling correlation

[S. Coretti et al., PRL 107,100402 (2011)]
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Nonlocality transitivity [
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(Type of transitivity)

s . e N
Nonlocality transitivity of correlations: [[S. Coretti et al.. PRL 107.100402 (2011)]}

Given ﬁAB;ﬁBC €£:>P’AC &’E EIJDABC&/Q
\ 1 / (not realizable in the quantum realm)

Nonlocality transitivity of quantum correlations:

Given Pap, Psc € L = Pac € L 37
9 (compatible with some Pagc € Q) P
Challenge:
e The characterization of quantum P is difficult:
Born’s rule: tr (pABMOﬁm ® ley) — > P={P(a,b|lz,y)}
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From correlations to states [
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A state is nonlocal p,;z & D; if there are measurements
that lead to a nonlocal correlation

Nonlocal transitivity for quantum states: pag, pgc € D;

then Vpapc: pac € Dy
PAB PBC

/ (/)_AB(:) \

Prerequisite for nonlocality transitivity of quantum correlations
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From correlations to states [
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* If the example of nonlocality transitivity of quantum correlations exists, 1.€.,

ﬁAB = {tr pAB'Ma|:B % ley)} ¢ L

= ﬁAC g ‘C’a
Pio = {tr (psolMF, @ MG,) } ¢ £

Given

{Pac} C {Pac)

Pio = {tr (pgc |x® )}Q’E
]

consider all compatible pac

(paB, pBC &€ D = pac € D)

— an example of nonlocality transitivity of quantum states!
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Construction from W-states [

o 3= Z|UH)(TF|+ 3]00)(00], |¥F) = —=(|01) + [10))

_ ok o [W3) = —=(|001) +[010) + [100))
PBC = T3
Rk Qk

uniquely determines ® pAB = pBc = T3~ implies pac = T3

° fr??@k is nonlocal when k£ > 29 (T§®29 Z D)
(witnessed using the Khot-Vishnoi game)

PAC = T3 [C. Palazuelos, Phys. Rev. Lett. 109, 190401 (2012)]
[D. Cavalcanti et al., Phys. Rev. A 87, 042104 (2013)]

Nonlocality transitivity of quantum states:
_ _ ~®29
PAB = PBC = T3

Given pap, pc € Dr = pac € D¢
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Construction from Haar-random states [

e Given a Haar-random pure global state with local dimensions d:

(W)agc — pas = tro ([¥)(Y]) = pac = trg (|¥)(¥|) (uniqueness)

pBC = tra (|le> <QI|) [ M.-E. Liu et al., Quantum Sci. Technol. 11 015036 (2026)]
e Consider M dichotomic measurements per party:

Number of marginals found to be nonlocal

d | M | Inequality | Samples |[|None (%) One (%) Two (%) | All (%)
2| 2 Icusu 100000 10.73 89.27 0 0

21 3 13329 100000 10.51 88.97 0.51 0

3| 2 Icusu 100000 12.81 41.42 34.46 11.31

31 3 13399 100000 12.74 41.37 34.48 11.41

41 2 Icusu 10000 73.52 22.95 3.30 0.23

41 3 I3322 10000 73.54 22.94 3.29 0.23

5| 2 Icusu 1000 99.8 0.2 0 0

5| 3 I3395 1000 99.8 0.2 0 0
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Nonlocality transitivity [
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(Type of transitivity)
Nonlocality transitivity of correlations: S G el T I
. . (2011)]: -
Given PAB,PBcgﬁipAC Q/f, d Papc € Q

(not realizable in the quantum realm)

1

Nonlocality transitivity of quantum correlations:
— — — ?
Given Pag, Pac Q/ L = Pac € L 37 <
compatible with some P cQ
\ ( p ABC )/
1 s N
Analytical construction:
Nonlocality transitivity of quantum states: PAB = pBC = T3>
\_ y,
: 4 N\
Given pag, pC §Z' Dr = pac € Dc Numerical construction:
This work L Haar-random states )
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Obstacles for correlations [
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Measurement inconsistency
B Need same POVM to be nonlocal with other parties

Non-unique quantum realizations
mDifferent state and measurements give same correlation

More general no-signaling compatibility

pAB, pC & Dr = pac & Dr
N ARIARITY
Pag, Pac
\ \ {’\T } ; {sz by } {\C\ }

P'aBs Prc & D =7
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Steering transitivity ()
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Marginals "W; of a W-state exhibit steering transitivity

WlLet H; = be harmonic number
BFully entangled fraction (FEF) F(p) of p

B
L
Hlet Fg{ = %Hd —% steer ® |
HAny 2-qudit state with FEF F is steerable

BFord =2:wehave F(W;) =2>:=F;

[M. T. Quintino et al., Phys. Rev. A 94, 062123 (2016)]

a  forced to be entangled C

Partially device-independent: A and C can each steer B; measurement data
suggest that A and C share entanglement
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Nonlocality transitivity [
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(Type of transitivity)

Nonlocality transitivity of correlations:
Y Y [S. Coretti et al., PRL 107,100402

2011)]: —
CODE 3 Bipo ¢ @

(not realizable in the quantum realm)

Given ﬁAB,ﬁBC Q L= ﬁAC Q/ L

1

Nonlocality transitivity of quantum correlations:
— — — ?
Given Pap, Pesc € L = Pac € L 37 <
compatible with some ﬁAB c Q
\_ ( P C ) Y,
1 s 2
~ Analytical construction:
Nonlocality transitivity of quantum states: PAB = pBC = T2
. . J
. e N
Given paB, pc € D = pac € Dr y Numerical construction:
1 This work L Haar-random states )
Steering transitivity of quantum states: ( Arlifen sanstEtom:
Given paB, pec steerable = pac steerable | e leo—E
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Summary ()
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First example of quantum-realizable nonlocality
transitivity

B Multiple copies of W-state T,

® Haar-random pure qutrit tripartite states npj Quantum Inf, (2026)

Marginals of W-state exhibit steering transitivity

Open questions:
¥ Does nonlocality transitivity exist for quantum correlations?
¥ Are there two-qubit marginals that exhibit nonlocality transitivity?
® Can nonlocality transitivity be extended to larger systems?
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