
           
 
 

    
    
  

      
        

             
               
                
                  
                  
                 
measures implies also how desirable is to properly use an operationally-dened entanglement measure rather than to apply
formally-dened standard measures. In fact, the problem of estimating the degree of entanglement of a bipartite system cannot
                 


 

               
          
            
            
              
     
It is a commonly accepted fact that the entropy of entanglement of two systems, which is dened to

                
                    
            
            
           
  
It should be stressed that classication of entanglementmeasures ofmixed states and effectivemethods

               
     
            

      

           



               

    

              
       

                
concurrence [9] dened as

    






 

                 

               
          

       



    

           
             

          

      

    

  


  

              
      

             
to a “distance” of an entangled state from separable states. Precisely, the REE can be dened as
      

        

         

  


  

              
      

                
Holt (CHSH) [16], we use the modied Horodecki measure [17,19]:

   


      

                 
      

        
            

           



               

                

        

                 

    

                 

     
             

               
 

       

      

                   
 

         

is satised for arbitrary states   . The question is whether this condition is fullled for all “good”
 

             
measures should fulll this condition. For example, in Ref. [14] it was stated that: “For consistency, it
                     

For qubits in pure states, condition (10) is always fullled, since all good measures are equivalent.

              
This was rst shown numerically by Eisert and Plenio [18] by analyzing their results of Monte Carlo
           
To our knowledge, the rst analytical examples of two-qubit states violating condition (10) were given

in Refs. [19,23]. In Ref. [24], to nd analytical examples of extreme violation of Eq. (10), we applied
                  
 
                

             
      
             

             
two measures, cannot be transformed into each other with 100% efciency by applying local quantum
             
              
   



               

              
                
      

     

      

     

               
               
                 

      

       

      



       

        

       

              
of classication of states according to various entanglement measures. They could also enable a deeper
      

          

              
                
         

As a rst attempt to nd such an example, let us compare two different pure states:

  
  

  
  


  

  
  

  
 

fullling the condition

  






    






 

              
                  
          

  
     



               

                 

                      
        a good example of states satisfying the conditions specied in
 
                 

               
                
i.e., violate Bell’s inequality to different degree. Specically, the nonlocality     
   

    


        

                 
               
               , fullling the conditions
           

                 
     

     

       

     

                
   

            
           

  


    



   

  



      


     

   


               
 
                

              
               
             
                    



               

                    
                      
                        
                      
  

                    
that entanglement decays in this model fulll the inequalities:

       

       

        

                
               
         


       

time. Thus, in this specic dissipation model, the most fragile to dissipation is     
                  
              
                 
clearly conrm the relativity of state ordering by          
the rst demonstration of this property in a real physical process.

       

Here, we analyze decay of Werner’s state, which can be dened for     



        


  

                    

                
Thus, one can dene Werner-type state as follows (   



        


  

             



               

                   

             

          

   0.1. For clarity, the scale of gure (b) is enlarged in comparison to gure (a).

              
               
               
Let us ask more specic question related to Problem 3:

                

                 
                 

   

               

                       
                  
                 
    

       

              
    at a xed value of another entanglement measure        
   

                  
                    
               
                  
                  

                  
                
dened as a mixture of the maximally entangled state [e.g., the singlet state      



               

                 
                       
                          

                       
                       
                       
  

    

        

              

        



         

                 
           


  

 
      


  

 
      

     

    

 
            

        

   

 
     

                  



               

                   
                  
                      
    

                   
    


    

      
 

                        

   

      


     





             

            


 
         




  



 


                     

                  
                    
                      
               

                     
           
              

                 
                 
   



               

 

              
              
             
               
            
           

              
        be uniquely classied by entanglement
               
        
                 

          
            
standard approaches based on formally-dened measures. We nd the problem of dening operational
             
Noh et al. [34,35]. The idea is to dene entanglement (or phase) measures in terms of what actually is,
   
We hope that the discussed problem of non-unique ordering of states according to formally-dened

entanglement measures can stimulate investigations of operationally-denedmeasures oriented for some
specic experiments.



               
  

        

              
been proposed an efcient method to calculate the REE for arbitrary mixed states even in the case of two
                 
             
    
               

the REE for two qubits. The problem is equivalent to nding the closest separable state    
                

                      
variable to represent the phase of a quantum eld, and many candidates have been studied. Our analysis suggests that this
                 
                  
            



               

              
of nding an analytical formula for             
 
               

           

 





 


  



  

  

               

 
   


   


  


  

     

              

                  
              
  ̌̌          
                
complex operational separability criteria for which convex optimization methods (known as semidenite
programs) can be applied efciently. One can also use an iterative method based on Ishizaka formula [40,
37] for the closest entangled state for a given separable state in order to nd the closest separable state
                 
           



        
            
              
              

  
               
        
               


               
        
             
        
        
             
               
           
               
             
           
        
                   
           
                    

       



               

        
           
           
     ̌      
                 
               
                
          
        
           
               
    ̀             
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