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The Initiation of PhD Program (1989)  



The First Generation 
(1993) 



The Next Generations 



Diversity 



The quality 

Physical Review? Very Common, 

PRL? Rather common, 

Science, Nature, PNAS? (sometimes)  













Science Without Borders 
•  The IICQI series 

•  2007,2008,2010,2012 







The Science Part 



Entangled versus Separable States 

Pure States 



Local Quantum Uncertainty 



Entangled versus Separable States 

Mixed States 



How much Entanglement? 
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Bell Pair 



Separable States 

A More Manageable Measure 



Quantum Correlations in 
Separable States 

Can separable states show some kind of quantum 
correlations? 



Mutual Information,  
a Measure of Classical Correlation 
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Mutual Information,  
a Measure of Classical Correlation 
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How to quantify the classical correlation 
 in a probability distribution? 

A 

B B 

A 



Classical Correlation 

( )  log Pi i
i

H A P= −∑

Shannon Entropy 

Conditional Entropy 



Classically Correlated States 

Orthogonal States 



What about states like: 

Non-Orthogonal States 
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Which extract Maximum classical correlation 
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Vedral and Henderson, JPA (2001) 
Olivier and Zurek, PRL (2001) 



More Manageable Measures? 

Classically Correlated States 

Dakic, Vedral and Brukner, PRL (2010) 
Abad, Karimipour, Memarzadeh, PRA (2013) 



A Measure based on Local Quantum Uncertainty 

Tufarelli, Girolami, Vasile and Adesso, PRL (2013) 
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Werner States 

Mani, Karimipour, Memarzadeh, PRA (2015). 

W ↑↑ W ↑↓
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Alice Bob 
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Alice Bob 



The Parallel Mixture is more correlated  
than the anti-parallel mixture! 

Only when all three directions are present! 
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There is no Universal NOT operation which can do: 
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But why the parallel Mixture is more correlated? 

We do not know! 
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( )1
3

ZZ XX YY ZZ→ + +

But why we should we be surprised?  
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Because we do the same quantum 
operations on states which have equal 

classical correlations! 



3 More observations 
 in favor 

 of the parallel mixture. 



1- Parallel Spins are more useful for QI tasks. 

Cubitt,  Verstraete, Dur and Cirac, PRL (2003) 



2- Parallel Spins are more fragile against noise. 
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3- It is harder to prepare the parallel mixture? 



How to communicate a direction? 

Gisin and Popescu, PRL (1999) 
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Using parallel Spins? 

Gisin and Popescu, PRL (1999) 

n
3 1,
2 2j j jn nφ ψ−= +



Using anti-parallel Spins? 

Gisin and Popescu, PRL (1999) 

n



1- If you want to set up a common direction with say a 
satellite, use anti-parallel spins. 



2- If you want to share a separable spin state for doing QI 
tasks, use parallel spins.  



3- Your bill for classical and quantum correlations is not 
yet balanced.  

3’- We do not yet understand the measure of quantum 
correlation.  



For a while, to a master we have gone 
 

For a while, in our mastery we have flown 
  

In the end, listen to what became of us 
 

From dust we came, with wind have gone 

Khayyam (Persian poet 10th Century) 



(X)H = The average number of yes and 
no questions to reach the ball 



A Measure based on Local Quantum Uncertainty 

​(#$)↓' =− ​1/2 *+(​[√⁠' ,$]↑2 ) 

01(')= ​min↓$ (#​$↓' ) 

QC 
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How to communicate a direction? 

or 

Gisin and Popescu, PRL (1999) 
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How to communicate a direction? 
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How you agree on a direction? 

Gisin and Popescu, PRL (1999) 


