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Abstract. In this work, we study the system of three spin qubits exhibiting pure 

Dzialoshinskii- Moriya interaction, shortly DM interaction. The dynamics and the concurrence 

- the measure of the entanglement, are analyzed. It is found that higher the DM interaction 

strength, shorter will be the duration of two-qubit gate operations.    

1.  Introduction 

Entanglement, a weird nature of quantum mechanics, is found to useful for information processing 

tasks [1]. The interaction between two particles can generate entanglement. Such two qubit operations 

become the two qubit gates which are necessary for the realization of quantum computers. Heisenberg 

magnetic spin interaction models are studied extensively for the realization of two qubit operations. 

For instance,       gates can be implemented with isotropic Heisenberg exchange interaction of 

strength   [2].  

Dzialoshinskii-Moriya (DM) interaction is a result of spin orbit coupling in the spin chain systems 

which leads to anisotropic antisymmetric exchange DM interaction. In most of the materials, DM 

coupling parameter D is very small compared to the exchange interaction strength  . However, many 

magnetic compounds with dominant DM interaction have been found and known as pure DM chain [3, 

4]. Recently, the possibility of realizing        gates with DM interaction with much shorter time 

than using Heisenberg interaction is exhibited [5].   

In this work, we study spin chain model of two spin particles coupled by an intermediate ancilla 

qubit with pure DM interaction [6]. Concurrence, a measure of entanglement is studied along with the 

dynamics of the system [7]. It is found that higher the DM interaction strength    shorter will be the 

duration of gate operations. This is a desired feature of any gate operations from the perspective of 

decoherence time. We highlight the results in the conclusion of the paper. 

 

2. DM interaction 
We consider a system of three spins qubits such that two spin qubits are coupled through an 

intermediate ancilla qubit (see Fig. 1). The system is described by the Hamiltonian only with DM 

interaction:  

           
    

   
 

   
 
  

     
    

   
 

   
 
  

                                               (1)                                              

where   
    

 
         denotes Pauli matrices related with first, second and the ancilla qubit with 

exchange coupling strength    and    along   axis.  
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Figure  1.  Two spin qubits coupled with the help of an intermediate ancilla qubit. The ancilla system 

allows the two qubits to evolve and helps to generate entanglement between them. 

 

The Hamiltonian takes the following matrix form:  

 

          

    
            
             
    

                (2) 

 

The time evolution of a state under this Hamiltonian is given by                       with      
        and the initial state of the two particle system is represented in the computational basis as        

                                                         with       
    

 .  

Therefore, the coefficients of time evolved state are  

                                                                                        (3a) 

                                                                                         (3b) 

                                                                                            (3c) 

                                                               (3d) 

where       
    

    . Having known the coefficients     we can study entanglement and 

dynamics of the states evolved under DM interaction. 

3. Entanglement and dynamics 

Entanglement, one of the nonlocal features of quantum mechanics, can be quantified by concurrence, 

which is defined as [7] 

                                             .                        (4) 

It is known that determinant of reduced density matrix           where                       is 

related to concurrence in the following way [6]: 

                
 

 
                                                         (5) 

Thus the range of         is between 0 and 1/4 as the range of concurrence is between 0 and 1.While 

the concurrence is zero for product states, the maximally entangled states reaches the maximum value 

of one. Hence,         can also be thought of a measure of entanglement. 

The concurrence of the time evolved state under the influence of the Hamiltonian   is 

                                                
 

 
   

       
                        (6) 

For the choice of initial state              , the concurrence takes the form  

                                                        (7) 

and the probability densities assume the form 

                                                                                    (8a) 

                                                                                       (8b)                                                                    

                                                                                        (8c)                                                                    

                                                                                      (8d) 
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Concurrence can take the maximum value of one, when   
 

     
    

  
  Correspondingly, the state of 

the system becomes       
 

     
    

  
    

 

  
                which is a Bell state. Similarly, the initial 

state        reaches a Bell state at   
 

     
    

  
  

For the initial state              , concurrence can take the minimum value of zero, when   
 

    
    

  
  At this time, probabilities become  

                                                          
 

    
    

  
  

 
                           (9a)     

                                                          
 

    
    

  
  

 
                     (9b)     

                                                          
 

    
    

  
  

 
                      (9c)     

                                                          
 

    
    

  
  

 
                           (9d)     

 

That is, the initial state         is swapped to       . Similarly, the initial state        is swapped to        at 

  
 

    
    

  
  

It is worth mentioning that       gates can be implemented with isotropic Heisenberg exchange 

interaction of strength  ,  in which         [6] as well with DM interaction with interaction of 

strength  , in which         [7] where      . The present analysis indicates that 

                             (10) 

This suggests that gate operations can be achieved in a much shorter duration.  

 

4. Discussion 

In this work, we have analyzed pure DM interaction in a system of two spin particles coupled by an 

intermediate ancilla qubit which facilitates the DM interaction between the two spin particles. It is 

found that ancilla system helps to achieve the gate operation much shorter time. In other words, higher 

the DM interaction strength, shorter will be the duration of two-qubit gate operations.  
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