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Now-negative polynomials
. Why do-we care?

- Global/covutrained optimigation over polynomials

- Finding all complex/real solutions of a system of polynomials

- Approsimating the volume of av compact semialgebraic set

- Approsimating the value of o ergodic criteriow in a Mawrkov Chavinv
without simulatiov

- Pricing of some exotic financial options

- Weak formudation of optimal control problems

- Representing the covwer exwelope of o rational function over av
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- Min-ma problems and Nash Equilibriov

- Bounds ow lineawr pawrtial differential equations

- Bounding the set of quantum correlationsy
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Continuum hypothesis Riemann Hypothesis and

other number theory
conjectures




David Hilbert, @ International Congress of Mathematicians, Paris, 1900

* 23 Openvproblems
1 2 [l s o NI B - I o B o R o B

other number theory negative polynomial, does
_conjectures it admit a sum-of-squres
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Now-negative polynomiols
. Hilberts 170 problem

« Conwerse iy trivial. Whew does equivalence hold?
« How powerful is this representation?

« Canvone extend it to- subsety of R"?

- Semialgebyaic sets { }Z E;%
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Non-constructive proof
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min x (C, X)
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Semidefinite Programming
» Primad-ducd formudation

minx (C, X) max,, by

s.1. <A17X> = b; S.T. Zz Azy@ <C
X =0

Lel's savy they awe efficiently solvable

Deciding if p(T) admity o sos representalion is
simply an SAP inv disguise

A easy one, since one couwv assuume deg(q;) < d

— Z ¢ (%) (deg(p) = 2d)
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» Writing av polynomiad as av s0%
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» Writing v polynomial as ov s0s
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72 T 2
qgo dq1 g2 X
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Yy qs LY
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Semidefinite Programming
» Writing v polynomial as ov s0s

p(z,y) = 22" + 5y* — 2%y + 227y

2 T 2
do 41 Qg2 L

p(Z) = | v° 43 g4 Y’

TY qds LY

— qogj4 -+ q3y4 —+ (2(]1 + q5)a:2y2 + ...
Finding Q = 0 iy v semidefinite program/!

2 -3 1
1 /2 =3 1
= -3 5 0 |=L"L L=—
Q R \/§<o13>
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f(way) =Y — x2

p(z,y) =y—2x+12>0 /
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 Let’s consider av bit move inferesting case

f($7y):y_x2 4 2

5 y===
p(z,y) =y—2x+12>0 /
>

plx,y) = (@—1)*>0 mod f(z,y)

]
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 Let’s consider av bit move inferesting case

flz,y) =y —a i 2

5 y=4=

.o-""'-'-'--f.

p(z,y) = (¢ =1)°>0 mod f(z,y)
I

Sums-of-squawres modulo- ideals awe powerful/
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Semidefinite Programming

 Let’s consider av bit move inferesting case

f($7y):y_x2 of 2

5 y—=—=2

px,y) = (z—1)">0 mod f(z,y)
T

Swms-of- &qvww%/ modulo- ideals awre powerful/

p(Z) = f+2fza?gz W ey {7 f;(T) =0}
=1 Ideal generated
by {/i}
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+ But now the/degrwofthe/mmay be unbounded/!!

fla,y) =2t —a* +4% =0 7 3

#7772\ | MAX PLANCK INSTI =
¥ B
Ei J/ OF QUANTUM OPTICS

s g = ®



Semidefinite Programming

+ But now ﬁfw/d,egree/ofthe/mmay be unbounded/!!

flz,y)=z* -2 +y* =0 e \
S umpb/ﬁcaﬂow rule f |

P — y A |
N ll”x\ /fl -
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+ But now the/d,egree/ofthe/mmay be unbounded/!!
flz,y)=z* -2 +y* =0 / IIIIIIIIII \
S umpb/ﬁcaﬂow rule f |

.T — ZE _y M ||‘_
Groebner basis “H\\ / /

\/
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Semidefinite Programming

« But now ﬁwdegrwofﬂwmmay be unbounded/!!

flry)=a"—2"+y* =0 +/ A

v / 1 ! ly w) wi u%\
cowd w w)  wh w?
Yy wi o wi w3 w?  wp
U"g i 3 H”% H"g - H”g U"é | %
wi ws  wi w3 ws w3
\u‘g uff u‘%‘ “,% u‘% “,al/ [Gouveia, Thomas, Convex Hulls

of semialgebraic sets, 2012]

Moment VWVD}U, ZML ovder [Lasserre, 2001]
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* But now WWG&OICWMW be unbounded/!!

flay) =at —a?+y? =0 17 N

r W, u{ ug u}_, uf ’UJ:Z L{/V\W{%,% xzy]
Yy wi  wi w3 w?  wp
wy wd wd wd —wi wl w}
wi wd w? w3 w3 wi
\u‘g u'f wh “,% wy “,al/ [Gouveia, Thomas, Convex Hulls

of semialgebraic sets, 2012]

Moment VWVD}U, ZML ovder [Lasserre, 2001]
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Semidefinite Programming

« We comv also- add inequality constrainty!

fle,y) =2 —2°+9y* =0
g(x,y) =2 >0

/ 1 = oy w9y wi u.ra\
roowy wi wy wy  w?
y  wi wi w3 w?  wg
wd wl wd owd—wi wy w3
wi  wd w? w3 wy w3

\-u:g w?  wy w3 wi  w /

Mowment matrix, 2" ovrder
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f(z,y)
g(z,y)

( 1 T
T u..*g
l u..f%
u 3 u.rg
wi  wi

wh

—x >0

7] w9y wi
wi wy w3
wa w3 w?
wi w9 —wi  wi
ey H.T% M-‘%
i S' H.T% M-‘%

2

'H:'l

ed moment matrix by x, 1* ovder
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wy

w3
3

wy

w /

2" ovder

« We comv also- add inequality constrainty!

— ot 2?2 =0

[Gouveia, Thomas, Convex Hulls
of semialgebraic sets, 2012]
[Lasserre, 2001]
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» In general, we cawv consider
Covwex hully of semialgebraic sety
S={%: fi(¥) =0, g;(Z) > 0}
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Semidefinite Programming
» Invgeneral, we cawnv consider

Covwexr hully of semiadgebraic sety

S=1{7: fi(z )—0 9;(€) = 0}
\—I—Za@ )>0 modI VZeS
sums-of squares

Increasing the degree of
the sos0; gives move
representability power
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» Bell-type experiment

p(ab|ry)
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Nonlocality inv manvy-body quantunm systems
The complexity of the problem

Finding all Bell inequalities > Conwvexr Hull problem

(Tl, m, d) scenouio-
Dimension of the Local Polytope D ~ (md)"
Number of vertices UV — dm"

Complexity of dual descriptiov O(”U LD/2] + v log ’U)

[B. Chazelle, An optimal convex hull algorithm in any fixed dimension, Discrete Comput. Geom. 10 377409 (1993)]
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Nonlocality inv manvy-body quantunm systems
The complexity of the problem

Finding all Belll inequalities -

(na m, d) scenouwio-
Dimension of the Local Polytope D ~ (md)"  ~
Number of vertices UV — dm"

Complexity of dual descriptiov O(”U LD/2] + v log ’U)

[B. Chazelle, An optimal convex hull algorithm in any fixed dimension, Discrete Comput. Geom. 10 377409 (1993)]
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Nonlocality inv manvy-body quantunm systems
The complexity of the problem

Finding all Bell inequalitics - ~ Conver Hull problem

(na m, d) scenouwio-
Dimension of the Local Polytope D ~ (md)"  ~
Number of vertices UV — dm"

Complexity of dual descriptiov O(”U LD/2] + v log ’U)

[B. Chazelle, An optimal convex hull algorithm in any fixed dimension, Discrete Comput. Geom. 10 377409 (1993)]

Examples

(2,2,2) — O(ms)

[S. Dali The persistence
of memory (1931)]
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Complexity of dual descriptiov O(”U LD/2] + v log ’U)

[B. Chazelle, An optimal convex hull algorithm in any fixed dimension, Discrete Comput. Geom. 10 377409 (1993)]
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» Reducing the mathematical complexity

Polytope Action of a
symmetry group
e ---

2-body /AC)'OW‘/%VWP

[JT, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin, R. Augusiak
J. Phys. A: Math. Theor. 47 424024 (2014)]
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[JT, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin, R. Augusiak
J. Phys. A: Math. Theor. 47 424024 (2014)]

[JT, R. Augusiak, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin
Science 344 1256 2014
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[JT, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin, R. Augusiak
J. Phys. A: Math. Theor. 47 424024 (2014)]

[JT, R. Augusiak, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin
Science 344 1256 (2014
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Cyclic group Deterministic Local
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[JT, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin, R. Augusiak
J. Phys. A: Math. Theor. 47 424024 (2014)]

[JT, R. Augusiak, A. B. Sainz, T. Vértesi, M. Lewenstein, A. Acin
Science 344 1256 (2014
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Some applications
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PRL 119, 230402 (2017) PHYSICAL REVIEW LETTERS 8 DECEMBER 2017

Bounding the Set of Classical Correlations of a Many-Body System

Matteo Fadel"” and Jordi Tura™"

We present a method to certify the presence of Bell correlations in experimentally observed statistics,
and to obtain new Bell inequalities. Our approach is based on relaxing the conditions defining the set
of correlations obeying a local hidden variable model, yielding a convergent hierarchy of semidefinite
programs (SDP’s). Because the size of these SDP’s is independent of the number of parties involved, this
technique allows us to characterize correlations in many-body systems. As an example, we illustrate our
method with the experimental data presented in Science 352, 441 (2016).

DOI: 10.1103/PhysRevLett.119.230402

MAX PLANCK INSTITUTE
OF QUANTUM OPTICS




Some applicalions

PRL 119, 230402 (2017) PHYSICAL REVIEW LETTERS § DECEMBER 5017

MAX PLANCK INSTITUTE

OF QUANTUM OPTICS

Bounding the Set of Classical Correlations of a Many-Body System

Matteo Fadel"" and Jordi Tura™"

We present a method to certify the presence of Bell correlations in experimentally observed statistics,
and to obtain new Bell inequalities. Our approach is based on relaxing the conditions defining the set
of correlations obeying a local hidden variable model, yielding a convergent hierarchy of semidefinite
programs (SDP’s). Because the size of these SDP’s is independent of the number of parties involved, this
technique allows us to characterize correlations in many-body systems. As an example, we illustrate our
method with the experimental data presented in Science 352, 441 (2016).

DOI: 10.1103/PhysRevLett.119.230402




Some applicalions

eek endi
PRL 119, 230402 (2017) PHYSICAL REVIEW LETTERS % DECEMBER 2017

Bounding the Set of Classical Correlations of a Many-Body System

Matteo Fadel"” and Jordi Tura™"

‘We present a method to certify the presence of Bell correlations in experimentally observed statistics,
and to obtain new Bell inequalities. Our approach is based on relaxing the conditions defining the set
of correlations obeying a local hidden variable model, yielding a convergent hierarchy of semidefinite
programs (SDP’s). Because the size of these SDP’s is independent of the number of parties involved. this
technique allows us to characterize correlations in many-body systems. As an example, we illustrate our
method with the experimental data presented in Science 352, 441 (2016).

DOI: 10.1103/PhysRevLett.119.230402

-, Bell
inequality

space of
correlations




Some applicalions

eek endi
PRL 119, 230402 (2017) PHYSICAL REVIEW LETTERS % DECEMBER 2017

Bounding the Set of Classical Correlations of a Many-Body System

Matteo Fadel"” and Jordi Tura™"

‘We present a method to certify the presence of Bell correlations in experimentally observed statistics,
and to obtain new Bell inequalities. Our approach is based on relaxing the conditions defining the set
of correlations obeying a local hidden variable model, yielding a convergent hierarchy of semidefinite
programs (SDP’s). Because the size of these SDP’s is independent of the number of parties involved. this
technique allows us to characterize correlations in many-body systems. As an example, we illustrate our
method with the experimental data presented in Science 352, 441 (2016).

DOI: 10.1103/PhysRevLett.119.230402

« Certify Bell covrelations
fromv experimenty

.. Bell
space of . .
correlations inequality

MAX PLANCK INS
OF QUANTUM OF'




Some applicalions

eek endi
PRL 119, 230402 (2017) PHYSICAL REVIEW LETTERS % DECEMBER 2017

Bounding the Set of Classical Correlations of a Many-Body System

Matteo Fadel"” and Jordi Tura™"

‘We present a method to certify the presence of Bell correlations in experimentally observed statistics,
and to obtain new Bell inequalities. Our approach is based on relaxing the conditions defining the set
of correlations obeying a local hidden variable model, yielding a convergent hierarchy of semidefinite
programs (SDP’s). Because the size of these SDP’s is independent of the number of parties involved. this
technique allows us to characterize correlations in many-body systems. As an example, we illustrate our
method with the experimental data presented in Science 352, 441 (2016).

DOI: 10.1103/PhysRevLett.119.230402

Certify Bell covrelations
fromv experimenty

« Find new Bell
Inequalities

.. Bell
space of . .
correlations inequality




MAX PLANCK INSTITUTE ’- -
OF QUANTUM OPTICS '4 =



Some applications

We consider Bell inequalities of the form

Z Z ajl--.jksjl...jk + 6(} > U

ko j1<..<jx

AL MAX PLANCK INSTITUTE o=
EA T OF QUANTUM OPTICS
5




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + 6(7 >

k1< <
N
s — (21) (ik)
i Spn= Y MO MO
il,...,i&:l

all i’s different

MAX PLANCK INSTITUTE F
OF QUANTUM OPTICS

Seesss——— ) SRS




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + 60 >

k1< <ir
N
' - (1) (ik)
with SJIJk o Z <Mj11 MJ.I: )
i],...,i&:l

all 7’s different

Dimension depends ov

MAX PLANCK INSTITUTE .
OF QUANTUM OPTICS




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + 60 >

k1< <jx

N
with Sjige= D (MY MGY)

i‘l*a'“uz:'k:-l
all 7’s different

Dimensiow depends ov
- Order of the covrelators

MAX PLANCK INSTITUTE o=
OF QUANTUM OPTICS




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + 60 >

k1< <jx

N
with Sjige= D (MY MGY)

i‘l*a'“uz:'k:-l
all 7’s different

Dimensiow depends ov
- Order of the covrelators
- #Measuwrementy

MAX PLANCK INSTITUTE o=
OF QUANTUM OPTICS




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + 6(7 >

k1< <jx

N
with Sjige= D (MY MGY)

i‘l*a'“uz:'k:-l
all 7’s different

Dimensior depends o
- Order of the corvelatory
- #Measurementy
- #oulcomes

MAX PLANCK INSTITUTE =
OF QUANTUM OPTICS
e




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + Bc >

k1< <jx

N
with Sjige= D (MY MGY)

'!:1 gues ,ik:'l
all 7’s different

Dimension depends on  Does NOT depe/m,d/ow
- Order of the corvrelators
- #Measuwrementy
- #oulcomes

MAX PLANCK INSTITUTE e i
OF QUANTUM OPTICS




Some applications

We consider Bell inequalities of the form

Z Z ajl“'jksjl---jk + Bc >

k ji1<...<jk

N
with Sjige= D (MY MGY)

i1 ip=1
all 72’s different

Dimension depends onv  Does NOT depend ow
- Order of the correlators  _ xDouties

- #Measuwrementy
- #outcomes

¢ j OF QUANTUM OPTICS

MAX PLANCK INSTITUTE =

s ji -




Previows restldty

MAX PLANCK INSTITUTE



Previows restldty
)

Detecting nonlocality in many-body
quantum states

J. Tura,! R. Augusiak,’® A. B, Sainz,” T. Vértesi,” M. Lewenstein,"* A. Acin'?

Science 344, 1256 (2014
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+B0 4683 -Z3465 27 -380 1805
£BE B1Z -1520 B1 -182 304
48 3541 -1721% 27 -Z80 1337
SBOS0 1681 -BB76 15 -136 6RO
4320 121 -575 1 -10 45
46138 18BEZ -5320 45 -1B86 532
363880 6BEL -25701 & -516 3265
dZZZE0 4675 -3E780 1€ -33% ZTZ0
108660 2073 -13781 3 -156 BES
144786 Z108 -17201 B -153 1224

]

1

]

40ZE10 T5E1 -50540 =570 3610

€ -371 ZBEZ
-426 ZEBO
3040 -1 -10 180

BIEZ -8 53 5% -16 3

118558 -752¢ 1831 -Z870 3TEZ

455188 27 -43815

51
ZE7810 5655 -3T4EE
26410 152

Be
SE

z
]

A

T
©
2
=
@

R R

N=3
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# vertices
/ polynomial
~ in N

47404 -4335 BET 238 -51 €

15860 -2413 1373 180 -117 50
37380 -4725 ZB01 406 -ZE& 130
320450 -38B3ZZ 1BBO07 2785 -1473 540
434700 -48813 23203 3420 -1727 560
401 -350 383 76 -B1 68

117750 6426 -17640 178 -700 1BZ0
BOETE BER -BER0 -3 -6B 646

32480 0 0 588 -850 &50

237630 -3051% 23400 3437 -ZBE0 1BZ0
32250 Z60B -4320 Z6% -560 BEOD

120282 BEZT -15735 1055 -2154 3333
108630 B151 -12540 1106 -Z145 3135

BEE30 G4E61 -13650 327 -B10 1BZ0
S1B130 31122 -77805 1004 -3640 BE4S
232524 13283 -34565 401 -1488 3731
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The Local polytope
» Solving for avfew values of N

25314 -
26334 -
25884 -

13264 -
12734 -

388

3580 -

13808 -

7284 -7
Z0BZO -
68580 -
14166 -
086 4
01

480

L
SBOSO 1

36138 1
363880
dZZZE0
10BEE0
144786
40ZEL0
455188
287810
26410 1
BIEZ -8
118558
47404 -
15860 -

7380 -
320450
434700
401z -3
117750

BESE -GE1

30 -241 4BE 70 -38 15

871z -B1€ 272 53 -10 -

27 -1140 46 -110 180

2531 268 134 -15 1
ZE0L 306 136 -17 1
2584 ZAT 136 -16 1
1187 325 §7 -18 1
1161 306 56 -17 1
270 52 218 %

Tl BTD 171 -6
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a7 154 40 -8 1
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J A -T0E2 & -115 O

<620 E270

=leew . —2u 140
01 -6320 Z6 -155 545

1 -1382 € -35 121
-B4787 63197 BSTE -7851
41122 -6B160 1325 -40B5

J 2243 -1ZZ58 15 -178 &20

4683 -Z3465 Z7 -380 1805

£BE B1Z -1520 B1 -182 304
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4320 121 -575 1 -10 45
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-3040 -1 -10 120
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# vertices

/ polynomial
.- in N

4335 BET Z38 -5l €

2413 1373 180 -117 50

4725 ZB01 406 -Z62 130
-3832Z 1BBO07 2785 -1473 540
-48013 23283 3420 -1727 SED
g5 382 76 -B1 €8

6426 -17640 17% -T00 1BZ0

BOETE BER -BER0 -3 -6B 646

, 32480 0 585 -B50 B5
237630 518 7
. 32250 Z60B -4320 Z6& -5E0

lzozez
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Bounding the LHVM set

» Algebraic structure at every LDS
Skt = Sk - 51— Zyy
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Bounding the LHVM sel

e A lgelwaw structure at every LDS
Skt = Ok S

[ N [\ SO
S1 _op®2 | T2 |
So xs

\ Z01 ) \ : } \

- {g(f) N Z:Ei:N, IiEZ}D} |

Goal: Define av manifold interpolating the vertices of the symwmetiic 2 -
body polytope; and compute ity covwexr hull
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Fivst Velaz)caﬁgcrw
P® = CH {.5_"(5) s.t. Zw,— = N,

EDS;PS

\ { fi(Sk) =0

9;(Sk) >0

Comp

=
W o

uting the conwex hull of v semialgebraic set iy NP-hard
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Second relaxation
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fi(gK) =0
9;(Sk) >0

P~

I[DS is defined by {
ansatz: l(,S_") — Zgz(g*) gz-(cs_")
=0

(2

—

0;(S) sos polynomials

NOTE: /is positive in P°
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fi(gK) =0
9;(Sk) >0

P~

P° s defined by {

ansatz: l(,s_") — Zgz(g‘) Ji(g")
1=0

0;(S) sos polynomials

NOTE: /is positive in P°
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1(S) =) 6i(S) 0i(S)
i=0
=TI -G
GOAL: prove [(S*) < 0

—

for some o;(S)

1 S(} 51 SOO

s S SeS SoSwo .
G=z0 F‘(sl 510 S 818w )

spp: ['>0

subjectto: Sp =85, S1 =87, ...




1(S) =) 6i(S) 0i(S)
i=0
_T.¢
GOAL: prove [(S*) < 0

—

for some 0;(S)

1 So Si Soo

_ SO Sg S()S] 80500 .
G t 0 b= (Sl SISO Si? 81500 . )

spP: I'>0
So=8y, 851 =87, ...

(Experimental data poink)

subject to:
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+ Testing all BI of av cevtoinv form withv av single SDP
+ If the experimental point is sufficiently nonlocal; the
SDP outputy the Bell inequality that is violated, withv
a proof-of ity classical bound
» The complexity of the problem iy independent of the
systen size
Approximation for N= 10

-5 0 5
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Resudty

+ Testing all BI of av cevtoinv form withv av single SDP

+ If the experimental point is sufficiently nonlocal; the
SDP outputy the Bell inequality that is violated, withv
a proof-of ity classical bound

» The complexity of the problem iy independent of the
systen size

10 experimental datow and N=476
H T H ; 1-480
of ‘. : {-490
i s P {-520
-10 % | ®
- 0 5 350 352 366 358 0
So
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Outlook

» Generalizatiow to- more outcomes;
higher-ovder covrelators...

Spinv-nemalic squeeszing
Polytope approach aliready impractical

[Ongoing work withvA. Aloy and M. Fadel)]
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Outlook

« Generaligation to- more outcomes;
higher-order corvrelators...

d =3 Spinv-nemalic squeeszing
o Polytope approach aliready impractical

[Ongoing work withvA. Aloy and M. Fadel)]
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Outlook

« Generaligation to- more outcomes;
higher-order corvrelators...
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40 r
Spinv-nematic sq 1
oo d _ 3 p ueezing
v
¢ o Polytope approach already impractical
20r ¢
3
& @ L I O
oL @ ® 2 To1T10 — L11 H-m
0, [ .
3 To01%0102100 — (Zo11%100 + Zo104101 + To012110) + 27111 O-H+20m
ol
2 4 L00012001020100%1000 + (Z0110&1001 + To101Z1010 + T0011%1100) H +H
o
A0+ {)0
& & = 0 {=go11®0100= 1000 + Foo10*0101 #1000 + Tooo1To110= 1000 + Foo10=0100= 1001 + Fooo1 Fo1o0* 1010 + Fooo1 Foo10F1100) -
20t 090000000 0006060000 +2(z010071011 + 001071101 + Too01Z1110 + To111%1000) — 671111 +2HH - 601
4 v
e [Ongoing work witihvA. Aloy and M. Fadel]
-30
=20 -15 -10 5 0 5 10 15
4r r 6
2—0 o ¢ o9 9o 0.
o
& 20N 00 og 4t o0 C—0 oy
o 21 %, @ ©
2t ] o O ¢ %o
o, o, 2l &F Og,
2 %, g,
of ® 9,
) of 2
or 0
o %
% o 00
o, 2} o 2 o
2t % o o o b o
o o al & < -4 T o
< X ¢ o ©
4f o sl
¢ o o o & o
¢ 6 o o
o o ° o s ° 8T 5 o
S 0
< o o 8 < o [v] A0t © o <
8 L L L L L L L L L | 10 L .\ L L . | ) L L L L L L |
145 1 05 0 05 1 15 2 25 3 35 2 = 0 1 2 3 4 = =) U i z 3 4 5
MAX PLANCK INSTITUTE _—

OF QUANTUM OPTICS




Outlook




Outlook
« Bell inequadities for Nonlocality deptiv




Outlook
» Bell inequaldities for Nonlocality deptiv

arXiv.org > quant-ph > arXiv:1802.09516

Quantum Physics

Bell correlations depth in many-body systems

Flavio Baccari, Jordi Tura, Matteo Fadel, Albert Aloy, Jean-Daniel Bancal, Nicolas Sangouard, Maciej Lewenstein, Antonio Acin, Remigiusz Augusiak
(Submitted on 26 Feb 2018)

MAX PLANCK INSTITUTE ,
OF QUANTUM OPTICS “""' -



Outlook
» Bell inequaldities for Nonlocality deptiv

arXiv.org > quant-ph > arXiv:1802.09516

Quantum Physics

Bell correlations depth in many-body systems

Flavio Baccari, Jordi Tura, Matteo Fadel, Albert Aloy, Jean-Daniel Bancal, Nicolas Sangouard, Maciej Lewenstein, Antonio Acin, Remigiusz Augusiak
(Submitted on 26 Feb 2018)

MAX PLANCK INSTITUTE ,
OF QUANTUM OPTICS “""' -



Outlook
« Bell inequadities for Nonlocality deptiv

arXiv.org > quant-ph > arXiv:1802.09516

Quantum Physics

Bell correlations depth in many-body systems

Flavio Baccari, Jordi Tura, Matteo Fadel, Albert Aloy, Jean-Daniel Bancal, Nicolas Sangouard, Maciej Lewenstein, Antonio Acin, Remigiusz Augusiak
(Submitted on 26 Feb 2018)

MAX PLANCK INSTITUTE
OF QUANTUM OPTICS



Outlook
« Bell inequadities for Nonlocality deptiv

arXiv.org > quant-ph > arXiv:1802.09516
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» Conwergence analysis
» Self-testing of spir-
squeesged states
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