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— by Schrodinger

How can Bob check if Alice steers his state?
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{|O>7 |1>} eigenstates of O

A simple demonstration of steering
{|+),|—)} eigenstates of o,

{Alice’s measurement §

“steering”
— by Schrodinger

How can Bob check if Alice steers his state?

V a,z, Hoa}, stdpae = Y plalz, \)p(A)oal local hidden state model
A

4> non-steérability from Alice to Bob



Hierarchy relation between steering, entanglement, and Bell nonlocality

Hierarchy relation between steering, entanglement, and Bell nonlocality

-H. M. Wiseman, S. J. Jones, and A. C. Doherty
Phys. Rev. Lett. 98, 140402 (2007).

steering

entan ent




Hierarchy relation between steering, entanglement, and Bell nonlocality

Hierarchy relation between steering, entanglement, and Bell nonlocality

-H. M. Wiseman, S. J. Jones, and A. C. Doherty
Phys. Rev. Lett. 98, 140402 (2007).

steering

entan ent

Violation of a Bell inequality certifies entanglement (full device-independence).

10



Hierarchy relation between steering, entanglement, and Bell nonlocality

Hierarchy relation between steering, entanglement, and Bell nonlocality

-H. M. Wiseman, S. J. Jones, and A. C. Doherty
Phys. Rev. Lett. 98, 140402 (2007).

steering

entan ent

Violation of a Bell inequality certifies entanglement (full device-independence).

Violation of a steering inequality certifies entanglement (one-sided device-independence).
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Device-independent quantification of steerability
intum correlations and the moment matrix ~_ Summary and outlook
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Hierarchy relation between steering, entanglement, and Bell nonlocality

-H. M. Wiseman, S. J. Jones, and A. C. Doherty
Phys. Rev. Lett. 98, 140402 (2007).
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Violation of a Bell inequality certifies entanglement (full device-independence)
T. Moroder et al.: lower bound on the degree of entanglement for given Bell inequality

violation -T. Moroder, J.-D. Bancal, Y.-C. Liang, M. Hofmann, and O. Gihne
Phys. Rev. Lett. 111, 030501 (2013).

'lolation of a steering inequality certifies entanglement (one-sided device-independence)
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Violation of a Bell inequality certifies entanglement (full device-independence)
T. Moroder et al.: lower bound on the degree of entanglement for given Bell inequality

violation -T. Moroder, J.-D. Bancal, Y.-C. Liang, M. Hofmann, and O. Gihne
Phys. Rev. Lett. 111, 030501 (2013).

olation of a steering inequality certifies entanglement (one-sided device-independence)

M. F. Pusey: lower bound on the degree of entanglement for given steering inequality

violation
-M. F. Pusey, Phys. Rev. A 88, 032313 (2013).
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Phys. Rev. Lett. 98, 140402 (2007).
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Motivation

lower bound on the degree of steerability for given Bell inequality violation
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Characterizing quantum correlations and the moment matrlx
-M. Navascués, S. Pironio, and A. Acin, PRL 98, 010401 (2007) & NJP 10, 073013 (2008).
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Characterizing quantum correlations and the moment matrix

-M. Navascués, S. Pironio, and A. Acin, PRL 98, 010401 (2007) & NJP 10, 073013 (2008).
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Characterizing quantum correlations and the moment matrix
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Characterizing quantum correlations and the moment matrlx
-M. Navascues, S. Pironio, and A. Acin, PRL 98, 010401 (2007) & NJP 10, 073013 (2008).
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The moment matrix of assemblage
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The moment matrix of assemblage

X

| consider a local map on Bob’s state
A E:] vt @
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X[ﬁah}] 4 ZTY[B;BZ pAa|:v]

©]
define the "moment matrix” of Bob’s assemblage:

X[:Oa|x] T p(a\x) ZTT[B;LBZ Iaa|ac]

]
ex. two settings vy, ¥’ , three outcomes for each setting b € {0, 1, 2} (first level)
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p(a,0lz,y) pla,0|x,y) 0 V1 Vo
X[Palz] = | Pla,1|z,y) 0 p(a, 1|z, y) V3 Vs
p(a, 0|z, y’) vy U3 p(a, 0|z, y’) 0
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The moment matrix of assemblage
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keep going to higher level...

37



The moment matrix of single party state

The moment matrix of assemblage

X

| consider a local map on Bob’s state
A E:] vt @

s

a

X[ﬁah}] 4 ZTY[B;BZ pAa|:v]

©]
define the "moment matrix” of Bob’s assemblage:

X[pa|x] T p(a\x) ZTT[B;LBZ Iaa|ac]

]

convergence.

keep going to higher level...
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The moment matrix of assemblage
Testing Tsirelson’s bounds
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The moment matrix of assemblage

The moment matrix of single party state

max [ -P
subject to x[pg|z] = 0

Z X[pa\:c] o Z X[pa\a:’]

Va,x

Vo # '

ol — Z Ia,b,x,yp(awb‘xay)
CL?b?x?y

40



The moment matrix of single party state

The moment matrix of assemblage
Testing Tsirelson’s bounds

max [P
ubject o Sl BE | LP= Y LpsyPla by
ZX[IOCL\:C] o Z X[pa\a:’] N 7& x’ a,b,z,y
CHSH Ineq. I3329 I2933 Tsirelson’s bound
b=l 2.8284 0.3621 0.3078
CHSH Ineq. M2 ~ 2.8284
[ =2 0.2550 0.3050
Ji ~
T 0.2512 | 0.3050 s e
e 0.2509 I2233 (v/11/3 —1)/3 ~ 0.3050
The upper bound of a given Bell inequality converges (?) to Tsirelson’s bound when

increasing the level of hierarchy | .
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Device-independent quantification of steerability

a measure of steering - steering robustness (SR) of assemblage {pa|x}a,x

min t >0
a|x _I_ t Ta xXr
subject to A | unsteerable
14+t i
\ Tl Sl any assemblage

-Marco Piani and John Watrous
Phys. Rev. Lett. 114, 060404 (2015).
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Device-independent quantification of steerability

SR = min trZaA—l 0
X !

subject to Zp(a,\x, o = ol Y g E:] Palx Q
A A4
O\ Z 0 VA a

a measure of steering - steering robustness (SR) of assemblage {pa|x}a,x

min t >0
a|x _I_ t Ta xXr
subject to A | unsteerable
14+t i
\ Tl Sl any assemblage

-Marco Piani and John Watrous
Phys. Rev. Lett. 114, 060404 (2015).
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Device-independent quantification of steerability
SR = min trZaA |
A

subject to Zp(a,\x, o = ol Y g

A
subject to  » _p(alz, Nx[oa] = X[pal] 20 Va,z
A
Xloalia VA
X[pa|ac] 0 Va,zx
> owlonu]— el Vz # 2’
ZX[pa|x]tr =1 Via m
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Device-independent quantification of steerability

Steering Robustness bounds 13322
Steering Robustness bounds CHSH,|=1 I=1(black),2(red), 3(blue), and 4(green)

o
o
o o o o
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- N » (e} [e¢] N

Minimal steering Robustness

Minimal steering robustness
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0.1
Bell violation ' ' ' ' Bell violation

Steering Robustness bounds 12233
I=1(black),2(red), and 3(blue)
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Summary and outlook

ay u| UWCINAMGELIRE

The moment matrix of assemblage

Device-independent quantification of steerability

The gap between quantum set and our approach

Device-independent quantification of measurement incompatibility

IR(Ma|w) & SR(0a|5E)

Possibility of self-testing
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