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NonSignalling Systems

Alice Bob

A system                     is ....

● ... local if it can be simulated with shared randomness
● ... nonsignalling if



CHSH NonLocality

Nonlocality of                     : 

Alice Bob

“how well Alice and Bob can compute                        using    
                    , local operations and shared randomness, 
 given the input is uniformly distributed”
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(Bell, 1964 / CHSH, 1969)



CHSH NonLocality

Nonlocality of                     : 

 nonlocal   

Alice Bob

Achieving                            locally:  

● Alice sets               independent of input  
● Bob sets              independent of input  
● They compute with certainty the right
   relation (                              ) for inputs
                           |                        |

(Bell, 1964 / CHSH, 1969)



CHSH NonLocality

Nonlocality of                     : 

 nonlocal   

 quantum   

Alice Bob

(Tsirelson, 1980)
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CHSH NonLocality
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NonLocality Distillation
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Goal:



Motivation: Why considering nonlocality distillation?

NonLocality 
Distillation

Quantum Cryptography

Nonlocality is distillable

Deviceindependent 
secrecy can be amplified

Communication Complexity

“Strong” nonlocality

Distributed computations
become “trivial”



Measure of NonLocality?

Nonlocality as (free) resource

How much nonlocality do
we actually have?







Known Results about NonLocality Distillation

Impossibility Results 

 Bell's bound (“no nonlocality from locality”)
Tsirelson's bound (“no nonquantum from quantum”)
No nonlocality distillation from two isotropic 
    systems (Short, 2008)

Possibility Results 

 none!
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NonLocality Distillation Protocol

Alice Bob

Claim: There exists      such that



Distillable System
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Limited Distillability for Isotropic Quantum Systems

Proof Idea:
1. Simulate distillation circuit by quantum circuit
    by measuring certain mixed entangled states.
2. Show that there is no noninteractive entanglement 
    distillation protocol for these mixed entangled states.
3. As nonlocality and entanglement are different
    resources we lose something, the “gap”.
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Conclusions and Open Problems

● There exists distillable quantum and nonquantum nonlocality

● Isotropic quantum nonlocality at most limitedly distillable

● Infinite number of nondistillable isotropic systems       

Any Questions?

For more information see: arXiv:0808.3317 + arXiv:0809.3173

● Can isotropic systems be distilled at all?

● CHSH nonlocality “right” measure of nonlocality?   
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