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Abstract: The experimental violation of Bell inequalities using spacelike separated measurements precludes the explanation of quantum correlations
through causal influences propagating at subluminal speed. Yet, it is aways possible, in principle, to explain such experimenta violations through
models based on hidden influences propagating at afinite speed v>c, provided v is large enough. Here, we show that for any finite speed v>c, such
models predict correlations that can be exploited for faster-than-light communication. This superluminal communication does not require access to
any hidden physical quantities, but only the manipulation of measurement devices at the level of our present-day description of quantum
experiments. Hence, assuming the impossibility of using quantum non-locality for superlumina communication, we exclude any possible
explanation of quantum correlationsin term of finite-speed influences.

Pirsa: 11110145 Page 1/42



Pirsa: 11110145 Page 2/42




Pirsa: 11110145

QUANTUM NONLOCALITY BASED ON
FINI'TE-SPEED CAUSAL INFLUENCES LEADS
1O SUPERLUMINAL SIGNALING

Jean-Daniel Bancal , Stefano Pironio , Antonio Acin

Yeong-Cherng Liang , Valerio Scarani ", Nicolas Gisin

Page 3/42



l.ocal Hidden Vanrable Models

& G

irsa: 11110145 Page 4/42



| .ocal Hidden Variable Models

Y

(B S

b

Pirsa: 11110145 Page 5/42



| .ocal Hidden Vanrable Models

Y
-
P(ab|lxy)
| . B\
e .

Y " q(A\) P(alzA)P(blyA)

A b

Separability condition Bell inequalities
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Intuition:

[f no information can be
exchanged between A and B,
correlations must have been

common prepared in the past.
cause
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Bell inequality violation implies

Quantum correlations cannot be explained by:
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Bell inequality violation implies

Quantum correlations cannot be explained by:

¥ Common causes

¥ Influences propagating slower than light
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Bell illm*(]ll;nlil}' violation im])liv.\'

Quantum correlations cannot be explained by:

¥ Common causes

¥ Influences propagating slower than light

How should we understand the emergence of

nonlocal correlations?
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Superluminal influences

k¥ Can explain all
experimental results with

v large enough

Formalizable in a

preferred reference frame

Need not violate the no

signaling conditions:

>, P(ablzy) = P(a|x) Yy

Pirsa: 11110145 Page 13/42



Superluminal influences

Can explain all
experimental results with

v large enough

Formalizable in a

preferred reference frame

Need not violate the no

signaling conditions:
>, P(ablzy) = P(a|x) Yy

Experiments imply v > 10’000 ¢
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v-Causal Model

¥ v-cones define |)()\\il)l(‘
future .
zones of influence
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v-Causal Model

¥ v-cones define |1(>\~.i|11(‘
future Bt
zones of influence

Model involves finite

Hl)l'(‘(l influences

An event can only

(I('|)(‘l1(| on the content of

1ts past v-cone
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v-Causal Model

P(ablry) = Z q(AN)P(ablxy))

A
= Z q(AN) P(alxz,yA\)P(bly, ax )
A

Z q(AN)P(alzN)P(bly, ax )

A
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v-Causal Model

P(ablry) = Zr/(/\)/’(uh\.ry/\}

A

= Z qg(A) P(alz, yA\)P(bly, ax )

A

Z q(AN)P(alzAN)P(bly, ax )

A

Any no-signaling correlation

can be [('|)I'l:(|l|l'(‘|| in this way
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v-Causal Model

P(ablry) = Zq(/\)/’(uh\.ry/\)
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= Z g AN P(alxz,yA\)P(bly, ax )
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> " a(A)P(alzX) P(blyA)

A

_\rp.n.ll}[]il\' condition

local correlations
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v-Causal Model tor

Quantum Correlations

When a chain of influence goes through all parties, the
model reproduces the expected correlations:
F 3

time

T=(A<B<C<D<E)

- Pp = PQ
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v-Causal Model for

Quantum Correlations

¥ When a chain of influence goes through all parties, the
model r(1)11:(|1u'(#»II](‘('XI)LW‘ItWI correlations:
r 3

time

T=(A<B<C<D<E)

]}’[‘ —_— [)(3

L
space

k¥ Otherwise, the model needs not YUI)Y(HIIIV(‘IIIU

expected correlations.
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A Particular Scenario

4-partite experiment

R=(A<D<(B~0C))
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A Particular Scenario

4-partite experiment

R=(A<D<(B~&N

We will show that:
BC|AD is local

- the ABD and ACD

I]]:!l“s_’\ill;ll'\ dIcC (Ill&llll LI
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A Particular Scenario

(syeneral correlation:

Pr(abed|zyzw)
Z q( AN P(alxAN)P(dlwA, ax)

A

X Z q(plaxdw)P(blyp)P(elzp)

M
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A Particular Scenario
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Pr(abed|xyzw)
Z q(A)P(alzA)P(d|lwA, ax)

A

X Z q(plaxdw)P(blyp) P(elzp)

H

>
space

BC|AD is local:

Pr(abed|xyzw)
,ardw) = — ——
’r(ad|rw)

- Z G(p|laxdw)P(blyp) P(e|zp)
7
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A Particular Scenario

The ABD marginal is

(Ill;llll UITL:

T=(A<D<B<C

Pr = Py
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A Particular Scenario

The ABD marginal is
quantum:
T=(A< D < B <C’)
=

»ABD . pABD
Pf = Pq
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A Particular Scenario

>

-
space

In this situation, any
v-causal model for
quantum correlations

satisfies:
- BC|AD is local

- the ABD and A8

marginals are quantum
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l.emma

[n a 4-partite scenario with binary inputs and outputs, if
- The conditional BC|AD marginal P(bc|yz, axdw) is local
- 'The correlations satisfy the no-signaling conditions
The inequality (S) <7 holds for
3Ap — By — B 0 —3Dg — A1Byg — A1 B, + ApCo
+ 2A,Co + AoDo + BoDy — B1 D1 — CoDg — 2C'1 D,

} .'1[;];“I)(J f .'1“1;01)[ | .'l[p]f[l)“ ."“lf[[)l .’lllgt;])“
.’11]11!)(; | .'1“('“1)“ t '_).‘1[('”1)” 2;1(}('|[)|
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Sketch of the Proot

)
By no-signaling we have:

(9
b

P(1000/0000) + P(0001]0010) 4+ P(0011/0011)

P(0100/0011) + P(1000/0100) + P(0011|0110)
P(0000|0111) + P(0111|0111) + P(0010/1000)
P(1100/1000) + P(0010|1100) + P(1100/1100)
Ppciap(11]00,0000) + Pgeyap(00/01,0000)
Piciap(00/10,0000) — Pgeqap(00[11,0000) > 0

Pirsa: 11110145 Page 32/42



Quantum violation

¥ The value (S) ~ 7.3 can be achieved l)_\‘ measuring a

4-qubit state

¥ One of the hypotheses of the lemma must be wrong:

BC|AD is nonlocal
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Quantum violation

¥ The value (S) ~ 7.3 can be achieved l)}' measuring a

4-qubit state

¥ One of the hypotheses of the lemma must be wrong:
BC|AD 1s nonlocal 1’((1/)('t/|.:.'_!j:u.') 1s signaling

¥ S only involves ABD and ACD marginals
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Where 1s the signaling:

¥ No-signaling conditions:

> g Plabed|zyzw) = P(abe|lryz)
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Where 1s the signaling?’

¥ No-signaling conditions:
> g Plabed|zyzw) = P(abe|lryz)

k¥ ABD and ACD defined

independently of z and y.
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Where 1s the signaling?

¥ No-signaling conditions:
>4 Plabed|zyzw) = P(abe|lryz)

¥ ABD and ACD defined

il](l(‘])('ll(l(‘nll_\‘ of z and 1.

¥ One of the two:

A— BCD
D — ABC
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Detecting signaling

) ®

» space

With light-speed communication, the signaling marginal can

be evaluated outside of the fourth party’s lightcone.
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Detecting signaling

b time

) ®

» space

With [1:_1[11 ‘-‘[H‘('tl communicartion, the ‘wl[_ill.ll[l]i{ Ill.l[[__:i[l.ll can

be evaluated outside of the fourth |:.|I'I\‘\ ll\;{l]lt one.
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Detecting signaln

9
’ ( l"-‘

b time

) ®

With [11_1[11 \p('u| communicartion, the ‘ai{__ill.l][llil IH.I[LLHI.II can

be evaluated outside of the fourth party’s lightcone.

Finite-speed influences lead to signaling.
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Conclusion

(Quantum nonlocality :
: Infinite-speed

_ influences
No-signaling
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