Title: Postquantum steering
Date: Feb 02, 2016 03:30 PM
URL: http://pirsa.org/16020092

Abstract: <p>The discovery of postquantum nonlocality, i.e. the existence of nonlocal correlations stronger than any quantum correlations but
nevertheless consistent with the no-signaling principle, has deepened our understanding of the foundations quantum theory. In this work, we
investigate whether the phenomenon of Einstein-Podolsky-Rosen steering, a different form of quantum nonlocality, can aso be generalized beyond
guantum theory. While postquantum steering does not exist in the bipartite case, we prove its existence in the case of three observers. Importantly,
we show that post-quantum steering is a genuinely new phenomenon, fundamentally different from postquantum nonlocality. Our results provide
new insight into the nonlocal correlations of multipartite quantum systems.<br>

<br>

</p>
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Entanglement Nonlocality
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@ Quantum teleportation @ Device Independent QKD
@ Quantum Key Distribution @ Randomness
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Steering

Fixy — ensemble: {Gﬁy}b, — pA=2bag\|y

Assemblage: {oh, }b,y. p(bly) = tr (o)) -
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Steering

Fixy — ensemble: {Gﬁy}b, — pA=2bag\|y

Assemblage: {o4), }b,y. p(bly) = tr (o)) -

Quantum: crbAy = trp (IIA ® My, pAB)

Given an assemblage, could it have a classical explanation?
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Steering

Fixy — ensemble: {Gﬁy}b, — pAzzbag\]y

Assemblage: {oh, }b,y. p(bly) = tr (o),) -
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Given an assemblage, could it have a classical explanation?
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tr X4, Foy of), < Bus

Pirsa: 16020092 Page 9/42



Pirsa: 16020092

Steering

Fixy — ensemble: {Gﬁy}b, — pAzzbag\]y

Assemblage: {oh, }b.y. p(bly) = tr (o4),) -
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Steering Inequality:

A Set of "classical” assemblages
tr Y, Foy ol < Bus

Given an assemblage, could it have a quantum explanation?
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Bipartite steering

Given {ob,}by  pA=2,04,, tr(pa)=1

3 paB, {Mby}b,y st O’é\y = trp (1A®Mbypf\}3)

1N. Gisin, Helvetica Physica Acta 62, 363 (1989).
L. P. Hughston, R. Jozsa and W. K. Wootters, Phys. Lett. A 183, 14 (1993).
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Bipartite steering

Given {ob,}by A =2 ,04,, tr(pa)=1

J paB, {Mby}b,y st O’é\y = trp (1A®Mbypf\}3)

@ Alice and Bob: Yes ! GHJW theorem?

@ Multipartite scenarios?

1N. Gisin, Helvetica Physica Acta 62, 363 (1989).
L. P. Hughston, R. Jozsa and W. K. Wootters, Phys. Lett. A 183, 14 (1993).
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Steering: multipartite scenarios

Charlie
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Steering: multipartite scenarios

Charlie

Q.

: A A
Fixy,z — ensemble: {opc . }bc, — pA =24 Ohelye

Assemblage: {opy,, }o,y.c,z- p(bclyz) = tr (apy,,) -
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Steering: multipartite scenarios

Charlie

Q.

: A A
Fixy,z — ensemble: {opc . }bc, — pA =2, Ohelys

Assemblage: {opy,, }o,y.c,z- p(bclyz) = tr (apy,,) -
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Steering: multipartite scenarios

Charlie

Q.

: A A
Fixy,z — ensemble: {opc . }bc, — pA =24 Ohelye

Assemblage: {O'bAdyz}b,y.c,z- p(bclyz) = tr (Uﬁém) -

' A G A — A A — A
No Slgnalllng' Zb 0bc|yz - Zbabc y'zv Zc abc|yz - Zc abc|yz’
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Steering: multipartite scenarios

Charlie

Q.

: A A
Fixy,z — ensemble: {opc ) }bc, — pA =24 Ohelye

Assemblage: {opy,, }o,y.c,z- p(beclyz) = tr (apy,,) -

: * 1A G A — A A — A
No Slgnalllng' Zb ch|yz - Zbabc y'zv Zc abc|yz - Zc abc|yz’

Jpasc, {Mbjy}tbyr {Mciz}ez st UQC|_,,Z = trp (1a ® My, ® M., paBC)
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Postquantum steering: example

Alice Charlie

Bob
y b4
- Q, Q
UbAc yz b Cc
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Postquantum steering: example

Alice Charlie

Bob
QJ’ QZ b,c,y,z € {0,1}
[ ]
Thelye b c PA= 7.

° (Y=z):(0’0)s(031):(1a0):
A o ;1', ifb=c,
cr"‘-"*"’_{0, if b # c,
° (Y:Z)Z(lal):

CIA . 0, ifb:C,
belvz = V1 1 ifb £ ¢,

4

A 1 A 1
Zb chlyz — 4 Zc ch|yz - 3
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Postquantum steering: example

Alice Charlie

b,c,y,z € {0,1}
° Ci Q.
o-jb\c:yz pA:ll’

p(bclyz) =

¢ (y,z):(0,0),(O,l),(l,O): tr (0’ )
be|yz
A . :; ) if b= c, quantum |
Ohelyz = : = trec (Mb)y ® Mc|; paC)

0, ifb#c,

® (y,z) =(1,1):

CIA . 0, ifb:C,
belvz = 1 1 ifb £ ¢,

4 )

A 1 A 1
Zb chlyz — 4 Zc ch|yz - 4

Pirsa: 16020092 Page 20/42



Postquantum steering: example

Alice Charlie

b,c,y,z € {0,1}
° Ci Q. ~
o‘jb\c:yz PA = 21’

® (y,z)=(0,0),(0,1),(1,0): p(bclyz) = tl‘(Ub )

A _ :1 ' if b= c, quantum ' '
Ohe|yz {0, ifbc, = trec (Mbjy ® Mc|; pBC)

@ (y,z) =(1,1): ifbdc=yz,

otherwise .
A 0, ifb=c y
o — .
belyz ifb+#c,

4 ?
No quantum realisation for

A1 A the assemblage
Zb chlyz — 4 Zc ch|yz - 3
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Postquantum steering: example without
postquantum nonlocality

y
. Q
A
ch|yz b

(1) Postquantum assemblage {Uf;\c yz}b,y,c,z

(2) Quantum correlations for every measurement by Alice:

p(abc|xyz) = tr (Ma|x & Ufa\c yz)
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Postquantum steering: example without
postquantum nonlocality

y
. Q
A
ch|yz b

(1) Postquantum assemblage {Ué\c yz}b,y,c,z

(2) Quantum correlations for every measurement by Alice:

p(abc|xyz) = tr (Ma|x & Ufa\c yz)
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A
bc|yz

(1) Postquantum assemblage ¢

Steering inequality: Fpcy.

A
tr Z:bcyz FbC.VZ ch|yz
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A
bc|yz

(1) Postquantum assemblage ¢

Steering inequality: Fpcy.

A
tercyz FbC.VZ ch|yz < f@Q

How to compute 8q? —  upper bound
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A
bc|yz

(1) Postquantum assemblage ¢

Steering inequality: Fpcy.

A
t'rZ:bcyz FbC.VZ ch|yz S 6Q
How to compute 8q? —  upper bound

Almost quantum assemblages: Q OQ

Ba 2 Ba
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A
bc|yz

(1) Postquantum assemblage ¢

Steering inequality: Fipcy.

A
t'rZ:bcyz FbC.VZ ch|yz S 6Q
How to compute 8q? —  upper bound

Almost quantum assemblages: Q O Q

B 2 Ba

tercyz Focyz U};\qyz > Py = 0;‘;\6”2 is postquantum
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Example without postquantum nonlocality

y
: Ci
alfv\dyz b

(1) Postquantum assemblage {Uﬁ\c yz}b,y,c,z

(2) Quantum correlations for every measurement by Alice:

p(abc|xyz) = tr (M, ® e yz)
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(2) Quantum correlations p(abc|xyz)

(i) p(abc|xyz) is local

(ii) Real qubit assemblage, local for all projective measurements

(iii) Qutrit assemblage, local for all POVMs?.

2F. Hirsch, M. T. Quintino, J. Bowles and N. Brunner, Phys. Rev. Lett, 111, 160402 (2013).
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(i) Qubit assemblage, local for all PVM

rla x(u’) — U‘nalx .y (1 - ﬂ') ﬂ/2, aajyz(u') - /J’agjyz + (1 - H’) tr (aé:jyz) ﬂ/z
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(i) Qubit assemblage, local for all PVM

@ p(abc|xyz) = tra (I'la|x(;u) Uf,\qyz) = tra (naxffé\qyz(ﬂ))

@ Noisy measurements are linear combinations of (finite number) PVMs.

rla x(u’) = U‘nalx o (1 - ﬂ') ﬂ/2, aajyz(u') - /J’agjyz + (1 - H’) tr (aé:jyz) ﬂ/z
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(i) Qubit assemblage, local for all PVM

@ p(abc|xyz) = tra (I'la|x(u) Uf,\qyz) = tra (naxfff}qyz(ﬂ))

@ Noisy measurements are linear combinations of (finite number) PVMs.

Y Y

Theiy, local for {xi,...,xm}

rla x(u’) - U‘nalx + (1 - ﬂ') ﬂ/2, aajyz(u') - /J’agjyz + (1 - p’) tr (aé::brz) ﬂ/z
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(i) Qubit assemblage, local for all PVM

@ p(abc|xyz) = tra (I'la|x(u) Uf,\qyz) = tra (naxffé\qyz(ﬂ))

@ Noisy measurements are linear combinations of (finite number) PVMs.

A A
Thelyz l0€al for {xi,...,xn} <& o4, local for MM, (u)

rla x(u’) - U‘nalx + (1 - ﬂ') ﬂ/2, aajyz(u') = /J’aajyz + (1 - p’) tr (aé::brz) ﬂ/z
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(i) Qubit assemblage, local for all PVM

@ p(abc|xyz) = tra (I'la|x(u) Uf,\qyz) = tra (naxfff}qyz(ﬂ))

@ Noisy measurements are linear combinations of (finite number) PVMs.

A A
Ohely. lOCAl fOr {x1,...,xn} & oy, local for M, (u)

& opy.(p) local VI, ,

c|yz

rla x(u’) - U‘nalx + (1 - ﬂ') ﬂ/2, aajyz(u') = /J’agjyz + (1 - p’) tr (aé::brz) ﬂ/z
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Postquantum steering: example without
postquantum nonlocality

@ Four dichotomic measurements (X, Z)
@ Search:
Fix Fpcly,:
- Compute 85  (SDP).
- Find max violation of the inequality by the 'local’ assemblages (SDP).
A
— Tbe|yz

" » A
- Compute 8" =1tr}7, . Focyz Oheiyzr Thelyz = Thely (1 = c0s(F))

If B* > Bg: donel ,  otherwise, change Fp|,., start over.
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Postquantum steering: example without
postquantum nonlocality

@ Four dichotomic measurements (X, Z)
@ Search:
Fix Fpcly,:
- Compute 85  (SDP).
- Find max violation of the inequality by the 'local’ assemblages (SDP).
A
— Tbe|yz

" » A
- Compute 8% =tr} 7, . Focyz Oheiyzr Thelyz = Thely (1 = c0s(F))

If B* > Bg: donel ,  otherwise, change Fp|,., start over.

Tpe|yz 1S @ postquantum qubit
assemblage and always gives quantum
correlations for PVMs
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Postquantum steering: example without
postquantum nonlocality

@ Four dichotomic measurements (X, Z)
@ Search:
Fix Fpcly,:
- Compute 85  (SDP).
- Find max violation of the inequality by the 'local’ assemblages (SDP).
A
— Tbe|yz

L . A
- Compute ﬁ* = tr Ebcyz Fbcyz O';dyz. J;c|yz = abclyz(p‘ = COS( g))

If B* > Bg: donel ,  otherwise, change Fp|,., start over.

Tpe|yz 1S @ postquantum qubit
assemblage and always gives quantum
correlations for PVMs

(}Ec yz — ; U;c\yz + § tr (U;C“/Z) |2><2[

Ope|y, IS @ postquantum qutrit
assemblage and always gives
quantum correlations for POVMs
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Summary and open questions

@ Steering beyond quantum theory — multipartite scenarios

@ Genuinely new effect
— postquantum steering # postquantum nonlocality

@ Fundamental difference between bipartite and multipartite scenarios
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Summary and open questions

Steering beyond quantum theory — multipartite scenarios

Genuinely new effect
— postquantum steering # postquantum nonlocality

Fundamental difference between bipartite and multipartite scenarios

Insight on the characterisation of quantum phenomena

General framework for non-signalling assemblages
— quantify postquantumness

Information-theoretic applications of postquantum steering
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Steering beyond quantum theory — multipartite scenarios

Genuinely new effect

— postquantum steering # postquantum nonlocality

Fundamental difference between bipartite and multipartite scenarios

Insight on the characterisation of quantum phenomena

General framework for non-signalling assemblages

— quantify postquantumness

@ Information-theoretic applications of postquantum steering

Ana Belén Sainz, Nicolas Brunner, Daniel Cavalcanti, Paul Skrzypczyk, Tamas
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