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Abstract 

 Nonlinear response of optical materials to applied light field,  is one of main topics in nonlinear optics 

because it is essential for the realization of most nonlinear optical processes.In this work we studied the 

nonlinear response of two types of Five-Level atom to applied four Laser fields.Particularly,  we studied the 

effect of changing the value of Rabi frequency of one laser beams when it interacting with the Five-Levels 

atom at stander values of the others. In N-tripod type, an unexpected behavior for both the real and imaginary 

parts of the electric susceptibility have been noticed. Moreover,  for M-type, we noticed that with increasing 

the value of the strong laser field related to transition |2⟩ ↔ |3⟩,  gives rise to both values of real and 

imaginary parts of the electric susceptibility.    

Keywords- Nonlinear optical material,  Laser, Electric susceptibility, Rabi frequency. 

Introduction 

Nonlinear optics is one of the interesting fields of 

the physical studies today. It is getting an 

exclusive attention since the laser was born, 

because of the properties of the laser that give a 

big help to the nonlinear optics [Delone and others 

(1988), Sauter and others (1996) and Daniellea 

others (2003)] .  The interaction of the laser beam 

with matter phenomena is well known, although 

there are a lot of details still need to discuss.  

Nonlinear properties of matter and it is 

applications have been studied  both theoretically 

[Bai Yan-Feng and others (2012),  Daniellea others 

(2003), Chang and Lukin (2014)] and 

experimentally [Jain oth (1996), Budker and others 

(1999), Schempp (2010)].      The linear response 

for the mater as three-level atom [Ficek (2004), 

Fleischhauer and others (2005), Lazoudis d others 

(2011)], four-level atom [Eilam other (2007), 

Abdel-Wahab and Thabet (2013) Siamak Khadem 

i and Samira Alipour (2017)] have been studied. 

Furthermore , recently there was a published work 

on five-level atoms as a nonlinear responsible 

mater when it interacts with leaser [Yang Hong 

and others (2012), Ying Gu and other (2006)]. 

However, there is a lake in knowledge in the five-

levels atomic system. Furthermore, there are three 

types for five-level atoms, Multi-level cascade 

type, N-tripod type, and M-type. 

 In this work we are doing , for the first time to our 

knowledge, a compression study between two 

types of five level atomic system in a nonlinear 

response to laser field. They are M-type and N-

type five level atomic systems.  

 

 The Theoretical Treatment 

We consider a five-level atomic system in 

interaction with four monochromatic laser fields. 

The five-level system was taken in both M 

configuration case ( figure (1)), and N 

configuration case ( figure (2)). In both case the we 

consider the energy levels  |     , |     , |   ,  
|    , |    with energy Eigen values     . 
 

M_TYPE ATOMIC SYSTEM 

 

 
Fig.1- M-type five-level atomic system interacted 

with four laser fields. 

 

The four laser  fields are taken to be in resonance 

with the atomic transitions. One of them is the 

weak laser field with amplitude  Ep  and frequency 

ωp  probes the transition |1⟩ ↔|2⟩. Three strong 

laser fields of amplitudes Ec1,Ec2,  Ec3 and 

frequencies ωc1, ωc2, ωc3 are coupled to 

transitions |2⟩ ↔ |3⟩, |3⟩ ↔ |4⟩, |4⟩ ↔ |5⟩, 
respectively. 

The Rabi frequencies of the probe and the coupling 

fields are Ωp =Ep · d12/2, Ωc1 = Ec1 · d32/2, Ωc2 
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= Ec2 ·d34/2, and Ωc3 = Ec3 · d54/2, 

respectively.* 

With      is the dipole moment of transition 

  |    |  ,      is the dipole moment of 

transition   |    |  ,      is the dipole 

moment of transition   |    |  , and      is 

the dipole moment of transition   |    |  . 

The detuning of probe field is            , 

and for the strong laser fields are             , 
            , and           . 

The total Hamiltonian for the system now is  

                                                              
(1) 

Where       describes the Hamiltonian for atom 

without presenting the electric field of the light, 

which is the laser.      is the Hamiltonian of the 

interaction with the electric field of the laser. Now 

for five principle cases |   with the condition 

 |    |                |    
                    (2)                          

We can rewrite the Hamiltonian      
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The laser field is 
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So the interaction Hamiltonian 

is     
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On the other hand, the density matrix operator ρ  

can be written as [Nielsen and others (2000)]  

ρ  
   |    |                                                     ( )                                                              

Where    is the probability of the atom to be in 

case |   , and       . Using eq. (6) in Von 

Neumann's equation [18 ] with the Hamiltonian in 

eq.s (3) and (5) we can get all the elements of the 

density matrix as 
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                    (7) 

With Γij  the popula tion decay rates, and the 

coherence dephasing rates  γij = (Γi + Γj)/2 + γ
d
ij 

,with Γi =Σm Γim, Γj =Σn Γjn,  and γ
d
ij being the 

pure dephasing rate involving no population decay. 
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In a more simple form we can rewrite eq (7)  as  

 ̇                                                 (8)         

where 
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By solving eq. (8) with simple linear algebra, we 

get all the elements of the density matrix operator 

ρ  . 

At this point, we can introduce the dipole operator 

  that related to the density matrix operator as  

           (  )                      (10) 

With N is the number of atoms per volume unite, 

  the polarization  

 
  (                           
                     
       )                                                                  (  ) 

 The electric susceptibility related to the 

polarization, with the well-known relation  

                                     (12) 
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N_ TRIPOD TYPE ATOMIC SYSTEM 

 

  
 

Fig.2- N-tripod type five-level atomic system 

interacted with four laser fields. 

 

 The interaction Hamiltonian in N-tripod type five-

level atomic system interacted with the four laser 

fields can be written as  
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As before in M-type  ̇                                                                             

where 
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As in eq. (10) (           (  )), the 

polarization in this case is 

 
  (                           
                     
       )                                                                         (  ) 

and the electric susceptibility is 
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Results and Discution  

The effect of changing the value of Rabi frequency 

has been studied in both kinds of five level atomic 

system. 

In N-tripod type, figure (3) shows the real and 

imaginary parts of the electric susceptibility 

against      ⁄   at 0.8MHz for Rabi's frequency 

value of one of the coupling fields    that related 

to the transition between |3⟩ ↔ |4⟩. The figure 

shows an unexpected behavior for both the real 

and imaginary parts of the electric susceptibility, 

the real part got a jump down for one of the 

negative beaks, and as a result asymmetry situation 

appears between the two negative peaks.  
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Increasing the value of Rabi frequency to      as 

it is shown in figure (4) gives a big jump to one of 

the beaks in the imaginary part that lies in the 

negative scale of the       ⁄   , which give us a 

conclusion says that when            the peaks 

of the absorption will not be in symmetry case, and 

the difference between the two beaks is very big. 

On the other hand, a beater view has been 

appeared in the real curve of the electric 

susceptibility.  

To get a clearer view another bigger value of Rabi 

frequency has been tested in figure (5). It is clear 

that the behaviour is proven. 

The real parts of the electric susceptibility for the 

different values of Rabi frequency is shown in 

figure (6). In figure (6) the asymmetry between the 

two beaks becomes clearer with decreasing the 

Rabi frequency's value. The worst case happened 

when Rabi frequency has a value of Ω         
. The imaginary parts of the electric susceptibility 

for the different values of Rabi frequency is shown 

in figure (7). A same conclusion can be given for 

the imaginary parts.   

 

  For M-type , to study the effect of changing the 

Rabi frequencies of one of the coupling fields     
that related to the transition between  |2⟩ ↔ |3⟩, 
and         , figure (8) shows the real and 

imaginary parts of the electric susceptibility at the 

values             ,            , and 
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Fig.3- The electric susceptibility against      ⁄   

at Ω         
 

 
 

Fig.4- The electric susceptibility against      ⁄   

at Ω       
A normal Situation has been noticed, whereas 

increasing the value of     to reach     
        gives increasing values for both the 

absorption and dispersion to the electric field that 

come from the strong laser beam Ec1. More 

clearer view can be noticed in figures (10) , (11) 

for real and imaginary parts of the electric 

susceptibility, respectively. Both figures have been 

drown at                           with the 

same values of the frequencies of other strong laser 

beams (           , and               ). 
 

  
 

Fig.5- The electric susceptibility against      ⁄   

at Ω         
 

Conclusion 

The effect of changing the value of Rabi frequency 

has been studied in both kinds of five level atomic 

system, N-tripod type and M-type. In N-tripod 

type, an unexpected behavior for both the real and 

imaginary parts of the electric susceptibility have 

been noticed, increasing the value of Rabi 

frequency to      gives a big jump to one of the 

beaks in the imaginary part that lies in the negative 

scale of the       ⁄ . Moreover, when            

the peaks of the absorption will not be in 

symmetry case, and the difference between the two 

beaks is very big. On the other hand, a beater view 

has been appeared in the real curve of the electric 

susceptibility. For M-type, we noticed that with 

increasing the value of the strong laser field related 

to transition |2⟩ ↔ |3⟩,  gives rise to both values of 

real and imaginary parts of the electric 

susceptibility 
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