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Bipartite steering

Given {Uﬁ]y}b,yv pa =3 Ol?lyv tr(pa) =1

3pas,  {Moy}ey st op, =trs (1a ® My, paB)

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



Bipartite steering

Given {Uﬁ]y}b,yv pa =3 Ol?lyv tr(pa) =1

3pas,  {Moy}ey st op, =trs (1a ® My, paB)

@ 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).



Steering: multipartite scenarios

Alice Bob Charlie

y
' Q, Q
U?C\yz b



Steering: multipartite scenarios
Alice Bob Charlie

y z
O-?C\yz b c

: ) A _ A
Fixy,z — ensemble: {op,}bc, — PA*Zb,cabc\yz

Assemblage: {af}c‘yz}b,y@, p(bclyz) = tr (aﬁdyz) .



Steering: multipartite scenarios

Alice Bob Charlie

y z
O-?C\yz b c

: ) A _ A
Fixy,z — ensemble: {op,}bc, — PA*Zb,cabc\yz

Assemblage: {af}c‘yz}b,y@, p(bclyz) = tr (Jﬁdyz) .

H H . A _ A A _ A
No Slgna”mg- Zb ch|yz - Zb ch|y’zv Zc O-bc\yz - Zc ch|yz’
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Alice Bob Charlie

y z
O-l?c\yz b c

: ) A _ A
Fixy,z — ensemble: {op,}bc, — PA*Zb,cabc\yz

Assemblage: {af}c‘yz}b,y@z. p(bclyz) = tr (aﬁdyz) .

H H . A _ A A _ A
No Slgna”mg- Zb ch|yz - Zb ch|y’zv Zc O-bc\yz - Zc ch|yz’

dpasc, {Mpjy}bys {Mcz}ez st Uf}c‘yz = trp (1a ® My, ® M., paBc)
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Postquantum steering: example

Alice Charlie

Q q b,c,y,z€{0,1}
[ ]

1
O-bAc\yz PA =75

@ (y,z)=(0,0),(0,1),(1,0):
p(belyz) = tr (U?CWZ)
1 .
A 7 if b= c, quantum
Obclyz = {S’ ifbh+c, trec (Mb\Y®MC\ZpBC)
® (y,z)=(L,1): _ )3, ifb@c=yz,
p(belyz) = 0 otherwise .

a‘A o 0, ifb:C,
E T L, fb#c,

A _ 1 A _ 1
Zb ch\yz — 4 Zc ch|yz — 4

No quantum realisation for
the assemblage



Postquantum steering: example without
postquantum nonlocality

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

(2) Quantum correlations for every measurement by Alice:

p(abc|xyz) = tr (Myx ® U?dyz)
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Steering inequality: Ficy,
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Example without postquantum nonlocality

(1) Postquantum assemblage {O'bAc‘yZ}byy’c,z

(2) Quantum correlations for every measurement by Alice:

p(abc|xyz) = tr (My)x ® deyz)



(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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(ii)) Qubit assemblage, local for all PVM

na|x(ﬂ) =M nalx + (1 - M) ]]-/2v JI;AL-\yz(M) = /j“o—bAc\yz + (1 - /’L) tr (o—bAc\yz) 1/2
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(ii)) Qubit assemblage, local for all PVM

Mapx(p) = p Mo + (1 — ) 1/2, Jﬁc‘yz(,u,) = ﬂUbAc\yz +(1—p)tr (UbAc\yz) 1/2

@ p(abc|xyz) = tra (I'Ia|x(p) a{}c‘yz) = tra (I'Ia\x U{?clyz(u))

@ Noisy measurements are linear combinations of (finite number) PVMs.
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& Oheyy(p) local VI,



Postquantum steering: example without
postquantum nonlocality

@ Four dichotomic measurements (X, Z)
@ Search:

Fix Fpclye:
- Compute 35  (SDP).

- Find max violation of the inequality by the 'local’ assemblages (SDP).

A
Opc |yz

. A
- ComPUte /8* =tr Zbcyz FbCyZ Uzc|yz' UZC\yz = ch\yz(/’b = COS(%))

If B* > BQ: done! ,  otherwise, change Fy |y, start over.
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Postquantum steering: example without
postquantum nonlocality

@ Four dichotomic measurements (X, Z)
@ Search:

Fix Fpclye:
- Compute 35  (SDP).

- Find max violation of the inequality by the 'local’ assemblages (SDP).
A
Obelyz

A _
- ComPUte /B* =tr Zbcyz FbCyZ UZc|yz' UZc|yz T ch\yz(/’L - COS(%))
If B* > BQ: done! ,  otherwise, change Fy |y, start over.
Thely> IS @ postquantum qubit

assemblage and always gives quantum
correlations for PVMs

Y0, 27

5;c\yz = % UZc|yz + jg; tr ({TZCU/Z) |2> <2|

Ghely- IS @ postquantum qutrit
assemblage and always gives
quantum correlations for POVMs

S 05 0 05 1-1 05 0 05 1



Summary and open questions

@ Steering beyond quantum theory — 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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