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                    Abstract
We identify optimal measurement strategies for phase estimation in different scenarios in which the interferometer acts on two-mode symmetric states. For pure states of a single qubit, we show that optimal measurements form a broad set parametrized with a continuous variable. When the state is mixed, this set reduces to merely two possible measurements. For two-qubit symmetric Werner state, we find the optimal measurement and show that estimation from the population imbalance is optimal only if the state is pure. We also determine the optimal measurements for a wide class of symmetric N-qubit Werner-like states. Finally, for a pure symmetric state of N qubits, we find under which conditions the estimation from the full N-body correlation and from the population imbalance is optimal.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Phase estimation Under energy conservation
                                        
                                    

                                    
                                        Article
                                        
                                         26 April 2023
                                    

                                

                                Sen Han & Xueyuan Hu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Quantum phase estimation using path-symmetric entangled states
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 July 2016
                                    

                                

                                Su-Yong Lee, Chang-Woo Lee, … Hyunchul Nha

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ultimate precision of direct tomography of wave functions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 July 2021
                                    

                                

                                Xuan-Hoai Thi Nguyen & Mahn-Soo Choi

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Notes
	Note that at \(\theta =0\), there is a simple way to reduce the optimal POVM to the simple measurement of population imbalance. Indeed, the following transformation
$$\begin{aligned} \hat{V}=\exp \left( i\frac{\pi }{2}\frac{\hat{J}_x \hat{J}_y + \hat{J}_y \hat{J}_x}{2}\right) \exp \left( i \frac{\pi }{4} \hat{J}_y\right) . \end{aligned}$$

applied to the states (31) gives \(\hat{V} |\Psi _1\rangle = |0,2\rangle \), \(\hat{V} |\Psi _2\rangle = |1,1\rangle \) and \(\hat{V} |\Psi _3\rangle = |2,0\rangle \). In this way, we obtain the eigenstates of the \(\hat{J}_z\) operator, and the optimal measurement is based on the determination of the population imbalance. Nevertheless, to accomplish this we needed an additional operation \(\hat{V}\) acting on the state. This transformation is non-local—it correlates the particles, since the product of two angular momentum operators cannot be written as a sum of operators acting on each qubit independently.


	The elements of the angular momentum matrix, \(d_{jk}(\theta ) \equiv \langle j \vert \hbox {e}^{-i \theta \hat{J}_y} \vert k \rangle \) are
$$\begin{aligned} d_{jk}(\theta )= & {} \sqrt{\frac{j!(N-j)!}{k!(N-k)!}}\left[ \sin \frac{\theta }{2} \right] ^{j-k}\left[ \cos \frac{\theta }{2} \right] ^{j+k-N}\\&\times \, P_{N-j}^{j-k,j+k-N}(\cos \theta ), \end{aligned}$$

where \(P_{n}^{\alpha ,\beta }(x)\) is the Jacobi polynomial.
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