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ELECTROMAGNETICALLY INDUCED GRATING                                              
IN A FOUR-LEVEL INVERTED-Y ATOMIC SYSTEM 

Dinh Xuan Khoa, Nguyen Huy Bang, Nguyen Van Phu and Le Van Doai* 

Vinh University, 182 Le Duan Street, Vinh City, Vietnam 

*E-mail: doailv@vinhuni.edu.vn 

Abstract. In this work, we study the formation of the diffraction pattern of electromagnetically 
induced grating (EIG) in a four-level inverted-Y atomic system. The influence of laser parameters 
on diffraction efficiency is also considered. It shows that in the presence of signal laser field, the 
light energy switching between the zero-, first-, and second-order diffractions can be achieved by 
tuning frequency and/or intensity of the coupling and signal fields. 

Keywords: Electromagnetically induced transparency; Electromagnetically induced grating; 
Diffraction grating. 

I. INTRODUCTION 

Diffraction grating is commonly used as dispersive elements in many optical systems for 
applications including spectrometers, switching, tuning and trimming elements in dense 
wavelength-division multiplexing, visual display technology, external cavity lasers, etc., [1]. 
The diffraction efficiency of grating is an important parameter since it will strongly influence 
the final energy delivered by the optical diffraction system. 

The coherent interaction between the laser fields with the atom can lead to quantum 
interference of transition probabilities within the atomic system. The consequence of this 
quantum interference is to suppress (destructive interference) or enhance (constructive 
interference) the total transition probability and thus radically change the absorption or 
transmission property of the atomic medium for a light field. The constructive interference of 
transition probabilities generates electromagnetically induced transparency (EIT) [2]. Under the 
EIT condition, the medium forms peculiar optical properties and thus it offers unusual 
applications such as [3] giant nonlinearity, low threshold optical bistability, and so on. 

On the other hand, based on the EIT effect, an atom sample can behave like a diffraction 
grating which is called an electromagnetically induced grating (EIG) [4]. EIG was first 
proposed in 1998 [4] and experimentally verified in 1999 [5]. Since then, theoretical and 
experimental studies of EIG have attracted great attentions [6,7] due to their potential 
applications in many fields, such as angular Talbot effect [8] and giant Goos-Hänchen shifts 
[9]. Recently, EIG has been interested in four-level systems with the support of other external 
fields such as microwave field [10] and magnetic field [11], Kerr nonlinearity [12]. In this work, 
we study the formation of the diffraction pattern of EIG in a four-level inverted-Y atomic 
system. The influence of laser parameters on diffraction efficiency is also considered. 

II. THEORETICAL MODEL 

We consider the interaction of three light fields with a four-level inverted-Y atomic 
system as shown in Fig. 1a. A weak probe laser beam (with frequency ωp and Rabi frequency 
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Ωp) applies to the transition |1↔|3, an intense standing-wave coupling field (with frequency 

ωc and Rabi frequency Ωc) couples the transition |3↔|4, and a weak signal laser beam (with 

frequency ωs and Rabi frequency Ωs) drives the transition |2↔|3. In experiment, the forward 
and backward components of the standing-wave coupling field are formed along the x-direction, 
and the probe and signal fields enters the medium in the z-direction, as shown in Fig. 1b.  

            
 

Fig. 1. (a) Four-level inverted-Y atomic system. (b) Orientations of probe                                          
and coupling laser fields propagating through the atomic sample. 

In the framework of the semicalssical theory, using the dipole and rotating wave 
approximations, the evolution of system can be represented by the following density matrix 
equations: 

 23 33 22 21 24 32 23( )
2 2 2s p c s

i i i
i      =  − −  −  + −  − ,                        (1) 

 24 34 23 42 24( )
2 2s c s c

i i
i    =  −  + −  +  − ,                                          (2) 

 34 14 24 44 43 43 34( ) ( )
2 2p s c s

i i
i      = −  + +  − + −  − ,                      (3) 

21 23 31 21 21( )
2 2p s p s

i i
i     = −  +  +  − −  ,                                         (4) 

31 33 11 21 41 31 31( )
2 2 2p s c p

i i i
i       = −  − +  +  +  −  ,                        (5) 

41 43 31 41 41( )
2 2p c p c

i i
i     = −  +  +  + −  ,                                         (6) 

where, Ωp = d31Ep/ћ, Ωc = d42Ec/ћ and Ωs = d32Es/ћ are Rabi frequency for the probe, coupling 

and signal fields, respectively; dkl is element of dipole moment of the |k-|l transition and kl is 

the decay rate of the atomic coherence ρkl, and Γkl is the decay rate of population from level |k 
to level |l. The frequency detuning of the coupling, probe and signal light beams is respectively 
defined as 43c c  = − , 31p p  = −  and 32s s  = − . 

Now we solve the density-matrix equations under the steady-state condition to find the 
solutions for density matrix elements related to the probe and signal responses up to third order. 

Under the assumption that the coupling light intensity c is much stronger than the probe light 

intensity p and signal light intensity s, therefore from Eqs. (1)-(6) we obtain: 

(a) 
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31
2 2

31

21 41

/ 2

/ 4 / 4
( )

p

s c
p

p s p c

i

i
i i i i




 

− 
=
  
  − + + 

    −  −  +  −     

.                          (7) 

When the coupling laser field is in the form of a standing wave along the x-direction (see 

Fig. 1b), the coupling Rabi frequency can be expressed as 0 sin( / )c c x =  , with ߉ = ఒ೎
ଶ ௦௜௡ థ

, 

c  is the wavelength of the coupling field, the angle  is made by the direction of the coupling 

field to the direction of the probe field, and  is the spatial frequency of the standing wave. 

The susceptibility of the atomic medium for the probe field is calculated by: 

31
31 31

0 p

Nd

E
 


= − ,                                                      (8) 

with N is the atomic density.  

From Eq. (8) we obtain the normalized transmission function of probe field for the effective 
length L of the medium as: 

21 21Im( ) Re( )( ) L i LT x e e −= .                                                                          (9) 

where, the terms 21Im( )Le −  and 21Re( )i Le   are associated with absorption and phase modulations of 
the grating, respectively. The Fraunhofer diffraction pattern of the probe field can be obtained 
by the Fourier transform of the transmission function T(x), as follows: 

2
2

2 2

sin ( sin( ) )
( ) ( ) .

sin ( sin( ) )p

M R
I F

M R

  
 

= .                                           (10) 

1

0

( ) ( )exp( 2 .sin( ) )F T x i x R dx  = − ,                                           (11) 

where θ is the diffraction angle of the probe field associated with the z-direction, R = /p, and 
M is the parameter that characterizes the spatial width of the probe field.  

III. RESULTS AND DISCUSSION  

We apply to the 87Rb atom with two ground levels |1 and |2 are assigned to the states 

5S1/2, F = 1 and F = 2, respectively, while the states |3 and |4 are chosen as 5P3/2, F = 1 and 

5D5/2, F = 1, respectively. The atomic parameters are given by: N = 1012 atoms/cm3, 32 = 42 

= 0.97MHz, 31 = 32 = 6MHz, d31= 1.6×10-29 C.m, d32= 1.6×10-29 C.m, ωp = 3.77×108 MHz. 

In Fig. 2, we demonstrate the formation of a diffraction pattern of the probe field in the 
standing wave coupling field and no the signal field. The diffraction pattern includes zero-, 
first- and second-order diffractions. When the coupling intensity is increased, the intensity of 
zero-order diffraction increases, and higher orders decrease. 
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Fig. 2. The diffraction pattern of the probe field versus coupling laser                                              

when s = 0 and c = 0. 

 

Fig. 3. The diffraction pattern of the probe field versus signal laser when c = 4MHz, c = 0. 

Fig. 3 shows the dependence of the diffraction pattern on the signal laser intensity (s). 
Also, when the signal intensity is increased, the intensity of zero-order diffraction increases 
while higher orders decrease.  

 

Fig. 4. The diffraction pattern of the probe field versus signal detuning                                                          
when c = s = 4MHz and c = 0. 

Fig. 4 shows the dependence of the diffraction pattern on the signal frequency detuning s. 
By tuning the signal frequency, the energy of the probe field is transferred from zero-order 
diffraction to first-order diffraction. 
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Finally, Fig. 5 displays the dependence of the diffraction pattern on the coupling frequency 

detuning c. Also, when changing the coupling frequency, the energy of the probe field is also 
transferred from zero-order diffraction to first-order diffraction. 

 

Fig. 5. The diffraction pattern of the probe field versus coupling detuning                                       
when s = c = 4MHz, s = 0 (a) and s = 4MHz (b). 

IV. CONCLUSION 

Probe diffraction grating has created in the four-level inverted-Y atomic medium placed in 
the standing wave coupling field. In the presence of signal laser field, the light energy switching 
between the zero-, first-, and second-order diffractions can be achieved by tuning frequency 
and/or intensity of the coupling and signal fields. 
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