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(Quantum Strategies

 Alice and Bob share quantum state |1))

3 They apply measurements {Mj : CL}
and { N} : b}

fp(aab\syt) = (| Mg ® Ny[) \

a b
\& Positive semidefinite

Operators acting on a
Hilbert space ‘H

Vectorin H ® H
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Example: CGHSH game
a,b,s,t € {0,1} Winning condition: @ © b = s.t

Classical Strategy

“  Alice and Bob always output
=0 and:b=0.

+ With probability 3/4 we have s.t=0

* Thus with probability 3/4 Alice
and Bob win

+ Maximum probability of winning
is3/4
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a,b,s,t €{0,1} Winning condition: @ © b = s.t
Classical Strategy Quantum Strategy
#  Alice and Bob always output »  |yY) = \/L@(IO()) + |11))

a=0 and b=0. : i
MS_M?:(O _01> MOl_Mll:(l O)

NO =N % (1 _11> Ng — Ni = % (—11 :1)
* Thus with probability 3/4 Alice

and Bob win % Foralls t a hwith a o b=si:

+ With probability 3/4 we have s.t=0

s t _ 142
* Maximum probability of winning W S 2v/2
is 3/4 * Wining probability is
142
o 3/4

Bell’s Nonlocality
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Hierarchy of Quantum Correlations

p(a, bls,t) = (Y| ME @ NE|y)

/ \& Positive semidefinite

Vectorin H @ H. Operators acting on a
Hilbert space ‘H

* Quantum correlations C,: finite dimensional H

* Spatial quantum correlations Cgs : infinite dimensional H

* Approximate quantum correlations C,, : Closure
» Commuting quantum correlations Cye -
pla,bls,n=(w| MiNily)  MiN,=N,M;,

Question?
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Hierarchy of Quantum Correlations
CL g Cq g Cqs g an g ch

+ Bell (1964): Cp #C,

+ Slofstra (2020): Cqa = Cus
Improved by Dykema et al and Musat & Rordam
Simplified by Coladangelo (2019)

* Coladangelo and Stark (2018): Cq # Cys

+ Ji, Natarajan, Vidick, Wright, Yuen (2020):
Cqa 7 Coc

They indeed prove MIP*=RE : : :
And refuted Connes’ embedding conjecture All inclusions are strict

Our results: Improvements in Cq # Cqs and  Cga # Cys




Main results:

. set of correlations with s €
ahd ad =

C(nA yIVB 1 A 7mB).
*

nalt € [ns]

mal,b € [mp]

» Slofstra (2020): Cqa # Cqs for parameters (185, 235, 8, 2)
Dykema et al and Musat & Rordam improved to (5, 5, 2, 2)

Coladangelo gave a simple proof for (5, 6, 3, 3)

« Coladangelo and Stark (2018): Cy4 # Cys for (4,5, 3, 3)
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Proof ideas (1): self-testing

The quantum strategy for winning the CHSH game with probability 1+\/\[

is essentially unique.
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Proofideas (1): self-testing

The quantum strategy for winning the CHSH game with probability 1*\/\[
is essentially unique.

I

1 D

= M® ® Nijy) =

4 a;t. <¢‘ b’¢> 2\/5
aéb’ ’S.t

then up to local isometries: |V)

~ |00) + «|11)

m |)) ~ 1= (|00) + a|11)) ® |¢)
wll (1) ~ —=1—(|00) + al11)) ® |4

Given |¢) the tilted-CHSH game can be played in two different ways!
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Thereis |®,) such that up to local isometries
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Proofideas (11): entanglement embezzlement

Thereis |®,) such that up to local isometries
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PI’OOf ldG dS [Van Dam & Hayden, arXiv:quant-ph/0201041]

* Embezzling vector: 1 &1

D= )
AL
Harmonic
\\/number
1 e i
« Target vector: |v) = ——(|00) + | 11)) G2 Z -

2 =

o) {2 = &= )
VEAVI V2 V3 y/m

1 1 1 1

R0, —

\/E 1 1 1 1
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Summary

+ Introduced the hierarchy of correlations
CL g Cq g Cqs g an g ch
+ We now know that all the inclusions are strict.

+ Problem: find the smallest parameters (na,npB,ma, mp) for which the
separations work.

+ We showed C4 # Cys for (4,4, 2, 2).
+ Conjecture: Cq # Cys for (3, 3, 2, 2).

» Question: can we use other features in infinite dimensions to prove
separations?
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