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Abstract: In this publication, for a model descibed by the quantum theory of 

electromagnetic field interaction with a three-level atom, we study the Pancharatnam 

phase and the geometric phase that arises in the state vector, with an extra Kerr-like 

medium for one mode. The results demonstrate that adding Kerr-like medium has a 

significant impact on the characteristics of the Pancharatnam and the geometric phases. 

In the Pancharatnam phase, it has been shown that the information on the field statistics 

and atomic coherence are expressly provided. Numerical results show The general 

conclusions attained.  
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1.Introduction 

In quantum physics, the geometric phase 

(berry phase) [1] and the Pancharatnam phase 

[2] have a significant effect within a variety of 

quantum phenomena. The geometric phase 

relies on the quantum theory’s state space 

structure [3]  and it is very essential for and it is 

very important in all physics branches. For 

example, the Jahn-Teller effect [4], the spin-

orbit interaction [5], the quantum Hall effect [6] 

and in many topics of quantum optics [[7] - 

[11]]. Also, decoherent effect can be included 

in quantum computation by applying geometric 

phases [[12] - [25]]. Studies show the 

importance of the Pancharatnam phase in the 

spread of a light beam in which its state 

polarization changes regularly [26]. The total 

phase (or the Pancharatnam phase) includes 

both the dynamical and the geometric 

components and it obtained through a qauntum 

system’s wave function. 

The dynamical phase was previously defined 

for the state as system was Hamiltonian 

dependent. Also, the geometric phase was 

dependant on the path selected in the space 

covering all probable quantum system 

condtions. The Pancharatnam phase for a two-

level atom one mode model was studied [27]. 

Furthermore, Some researchers in the recent 

years has studied The geometric phase for a 

three-level atom crosses a double cavity [28].  

 The model consists in the current work of a 

single three-level atom with a single field of the 

mode surrounded in an ideal cavity by a 

nonlinear kerr-like medium. The Kerr-like 

medium can be specifically developed as 

anharmonic oscillator with frequency  . This 

paper will be sorted out as follows. In Section 

2, we present at any time     the model and 

the expressions for the final state vector. In 

Section 3, when Kerr-like medium impacts are 

included we display the Pancharatnam and the 

geometric phases calculations. Finally in 

section 4, we present our conclusion.  

2 Basic equation 

We consider the Hamiltonian for a single 

three-levl atom with a single mode in an ideal 

cavity       containing a Kerr-like medium 

in this cavity. The effective Hamiltonian of the 

system in the rotating-wave approximation 

(RWA)can be written as:  

       ̂  
 ̂    ( 

      ̂  
   

      ̂   
  )      

      ̂  
         ̂   

     
(1) 
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 where             ,          
    and   denotes the coupling to the third-

order nonlinearity Kerr-like medium. We have 

an atom whose levels have energies   ,    and 

  . The operators   
  ,   

  
             are the 

lowering and raising operators between the two 

levels   and  . Also,    and    are the coupling 

constants between the field and the atom. The 

initial state of the total atom-field system is  

                              (2) 

 where         is the initial state of atom 

and         is is the initial state of field. 

Anywise, we take        in the form  

                                 
              (3) 

 Where 

                               
      ,                 is the number-

state expansion coefficients and    is the 

amplitude of finding the atom in state   and 

               . At any time    , the 

wave function becomes  

                          
                                (4) 

 For simplicity, we set        , and 

hence using the following schrodinger equation 

when    .  

                             (5) 

 Now, we solve Equation.(5), so the 

amplitudes of Eq. (4) are given by:  

                                      

                             
     

               
       

                               
     

               
         

The abbreviations in that variables are given 

by the following : 
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3 Pancharatnam and geometric phases 

 The Pancharatnam phase (or the total phase 

  ) between the two state vectors       , 
       is given by [2]:  

                             
       (6) 

where 
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 In addition, the dynamical phase     is 

achieved with the time integral of the 

expectation value of the Hamiltonian during the 

time     to   for any quantum evolution from 

time     to  ,  

    
                                      (7) 

 After compensation for       , we get  
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The geometric phase under Schrodinger 

evolution is obtained by subtracting the 

dynamical phase from the Pancharatnam phase 

as follows [29].  

                 (8) 

                              (9) 

                                (10) 

 With        being the period, which is 

proportional to the expectation value of the 

photon number operator, and inversely 
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proportional to the transition photon-number  . 

After restitution for       , we get  

     ∑ 

 

    
              

           

              

                        

     
                     

     
          

  

   
      

          
                

 

                            
      

                      
          

  

   
      

          
     

4 Conclusion and results 

The pancharatnam phase and the geometric 

phase for a three-level atom in the presenence 

of Kerr-Like medium was studied in the 

previous section. For our plots we have 

assumed that         and        . 

The time   has been scaled; one unit is obtained 

by the inverse of the coupling Parameter  . We 

introduce the Pancharatnam phase and the 

geometric phase for the initial coherent field 

with different values of Kerr-Like medium 

parameter 
 

 
. In our calculations, we have taken 

 

 
           

 

 

 
Figure 1: Plots of The pancharatnam phase as a 

function of the scaled time    of the initial 

coherent field equal to  ̅     and 
 

 
 

           

 

 

 
Figure 2: Plots of The Geometric phase as a 

function of the scaled time    of the initial 

coherent field equal to  ̅     and 
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