
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Study of multi-level atomic systems with the
application of magnetic field
To cite this article: Jianping Hu et al 2018 J. Phys.: Conf. Ser. 1000 012127

 

View the article online for updates and enhancements.

Related content
International Workshop on Physical and
Chemical Processes in Atomic Systems

-

Negative Differential Resistance Arising
from Tunneling Current through Multiple
Quantum Dots
David M.-T. Kuo

-

DC-Free Coding of Run-Length-Limited
Codes for Multi-Level Optical Recording
Systems
Joohyun Lee and Jaejin Lee

-

This content was downloaded from IP address 185.13.33.109 on 05/10/2018 at 10:57

https://doi.org/10.1088/1742-6596/1000/1/012127
http://iopscience.iop.org/article/10.1088/1742-6596/751/1/011001
http://iopscience.iop.org/article/10.1088/1742-6596/751/1/011001
http://iopscience.iop.org/article/10.1143/JJAP.47.8291
http://iopscience.iop.org/article/10.1143/JJAP.47.8291
http://iopscience.iop.org/article/10.1143/JJAP.47.8291
http://iopscience.iop.org/article/10.1143/JJAP.45.1097
http://iopscience.iop.org/article/10.1143/JJAP.45.1097
http://iopscience.iop.org/article/10.1143/JJAP.45.1097
http://oas.iop.org/5c/iopscience.iop.org/257627201/Middle/IOPP/IOPs-Mid-JPCS-pdf/IOPs-Mid-JPCS-pdf.jpg/1?


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890 ‘’“”

National Conference on Mathematical Techniques and its Applications (NCMTA 18) IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1000 (2018) 012127  doi :10.1088/1742-6596/1000/1/012127

Study of multi-level atomic systems with the application of 
magnetic field 

                    Jianping Hu, Subhankar Roy and M Ummal Momeen                                                  
 School of Advanced Sciences, VIT University, Vellore Campus, Vellore- 632014,     
 Tamil Nadu, India. 

 E-mail: jianpinghu@hotmail.com; ummalmomeen@gmail.com 

Abstract. The complexity of multiple energy levels associated with each atomic system determines 
the various processes related to light- matter interactions. It is necessary to understand the influence 
of different levels in a given atomic system. In this work we focus on multi- level atomic schemes 
with the application of magnetic field. We analyze the different EIT windows which appears in the 
presence of moderately high magnetic field (~ 10 G) strength. 
 
                        

1. Introduction 
Multiple energy levels in a given atomic system influences the processes related to light-matter 
interactions [1]. Interaction between magnetic and optical fields in an atomic medium results in 
interesting phenomena related to non-linear magneto-optical rotation [2]. In this work we include the 
optical fields which can enhance the polarization rotation in an atomic medium. We analyze the effect   
of  different magnetic fields in the presence of additional optical fields. It has been understood that there 
should be a significant improvement in the  birefringence effects with the application of magnetic and 
optical fields [3]. Optical pumping mechanism exhibits an unequal population distribution for different 
ground state Zeeman sublevels. This type of  anisotropic system shows birefringent effects for the 
incoming linearly polarized probe beam. The plane of polarization for the incident linearly polarized 
beam is rotated after passing through the atomic medium with the applied fields. This is similar to the 
Faraday effect [4]. The additional optical fields produces number of EIT subsystems. This has been 
studied for the 87Rb and 85Rb atoms with the external magnetic field. Density matrix formalism has been 
adopted to write the equations for multiple energy levels associated with the rubidium atomic system. 

 
2. Theoretical Formalism 
87Rb  three-level � system is depicted in figure 1. A circularly polarized pump beam induces birefringence 
effects while a linearly polarized probe beam detects the anisotropy in an atomic medium. �P and �c are 
the Rabi frequencies for the probe and control laser beams. �1 and �2 are the probe and control laser detuning 
frequencies. Zeeman shifts in the ground and excited states are denoted as �g and �e respectively. Zeeman 

shift = F B Fg m B�
.  

The density matrix elements are calculated from the Liouville equation [ , ]
d i

H
dt

� � �� �	[�, ][ , ]   (1) 

http://creativecommons.org/licenses/by/3.0
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The Hamiltonian for the given atomic configuration is 
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Rabi frequency,    .E��
� �            (3)       � 

is the dipole moment for the appropriate atomic transition and E is the electric field. The probe Rabi 
frequencies are very much smaller than the strong pump frequencies.  
According to the steady state condition we can assume that 

1aa� �� ; 0bb cc� �� �� �             (4)    
Under the weak probe conditions, we can incorporate electric dipole and rotating wave approximations. For 
a three-level system we can  obtain the density matrix equations. The steady state solution for the non 
diagonal element of a density matrix ciai�ciai�  as
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Where �P is the Rabi frequency for the probe laser and �c is the Rabi frequency for the control laser. �1 
and �2 are the detuning terms. After applying the magnetic field, there are Zeeman shift terms in the ground 
state �g and the excited state �e are included in the following equations. 

 
1

1 1

1 1 2
7

1 1 1
1 2 2 1

2

4[ ( 2 ) ]
[ [( ) ( )] ]

a a

c a

e g c a
g g b a

i

i
i

�
�

�

�
�

� � � �� �	 �
� �� � � � � �	

1 1a1�
1 1c1� �

     

 

 
2

2 2

2 2 2
8

1 2 2
1 2 3 2

2

4[ ( ) ]
[ ( ) ]

a a

c a

e c a
b a

i

i
i

�
�

�

�
�

� �� �	 �
� �� �	

2 2a2�
2 2c2� �

 

3
3 3

3 3 2
9

1 3 3
1 2 4 3

2

4[ ( ) ]
[ (( ) ( )) ]

a a

c a

g c a
g g b a

i

i
i

�
�

�

�
�

� � � �	 �
� � � � � �� �	

3 3a3�
3 3c3� �

 



3

1234567890 ‘’“”

National Conference on Mathematical Techniques and its Applications (NCMTA 18) IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1000 (2018) 012127  doi :10.1088/1742-6596/1000/1/012127

4
1 1

3 1 2
9

1 3 1
1 2 4 1

2

4[ ( ) ]
[ ( )] ]

a a

c a

g c a
b a

i

i
i

�
�

�

�
�

� �� �	 �
� �� �	

1 1a1�
3 1c3� �  

5
2 2

4 2 2
10

1 4 2
1 2 5 2

2

4[ ( ) ]
[ [ ( 2 )] ]

a a

c a

e c a
g b a

i

i
i

�
�

�

�
�

� �� �	 �
� � � � � �	

2 2a2�
4 2c4� �  

6
3 3

5 3
1 5 3

2
[ ( 2 ) ]

a a

c a
e g c a

i

i

�
�

�

�
� � � � � �	

3 3a3�
5 3 [ (c5� �

�
        (6) 

Here 	 ‘s are  decay constants. � is the Rabi frequency, it is calculated for different atomic transitions by 
considering the corresponding laser intensity. 

 

 
 
 

 
 
 
 
 
 

 
 

 Figure 1. Three-level system 
 

The pump field is very much stronger than the probe laser field. In general, this can be studied as a � type 
three-level EIT system. A linearly polarized probe beam can be considered as a combination of  clockwise 
and counter clockwise circularly polarized components. There are different three-level subsystems which 
can be individually solved for multiple Zeeman sublevel systems. There are three � type EIT systems for 
(+, +)  polarization scheme in the case of 87Rb. Likewise there are two � type EIT systems and a  two-
level system in the (+, -) polarization scheme. The energy level diagrams for these configurations are 
shown in figures 2 and 3. The mismatch between these number of 3 level and 2 level subsystems in a given 
polarization configuration ((+, +) and (+, -))   lead to  a  circular asymmetry. This circular asymmetry 
stimulates the birefringence in an atomic medium. The Zeeman levels of F=1, F=2 and F'=2 in 87Rb are 
denoted as |ax>,   |by> and |cz>, where x=1, 2, 3; y=1, 2, 3, 4, 5 and z=1, 2, 3, 4, 5.  
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 Figure 2.  � type EIT subsystems for the (+, +) pump and probe polarization       
         scheme. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 3. � type EIT subsystems for the (+, -) pump and probe polarization scheme. 
 
In 85Rb, five different � type EIT subsystems are present for the (+, +) polarization scheme. Likewise there 
are four different � type EIT subsystems and a  two-level system in the (+, -) polarization scheme.  
Faraday rotation  

           (7) 

3. Results and discussion                                                                                                                            
EIT  windows appear when we apply the magnetic field. When the magnetic field is relatively strong (in 
comparison with intermediate range) to split the resonances, then the asymmetry saturates. In this case the 
birefringence effects do not depend on the magnitude of the applied magnetic field. It is shown in figure 4 
for the (+, �) control- probe polarization configuration at 10 G magnetic field. It is found that there are 
three separate resonances for 87Rb, which is also predicted in the calculation. There are three EIT windows 

mF’=-2 mF’=-1 mF’=0 mF’=1 mF’=2 

mF=-1 mF=0 mF=1 

mF=-2 mF=-1 mF=0 mF=+1 mF=+2 

3� systems 

+ 

|b1> |b2> |b3> |b4> |b5> 

3�
|a1> 

ystems
|a2> |a3> 

mF’=-2

|c1> 
mF’=-1

|c2> 
mF’=0

|c3> 
mF’=1

|c4> 
mF’=2

|c5> 

mF=-2 mF=-1 mF=0 mF=+1 mF=+2 

mF’=-2 mF’=-1 mF’=0 mF’=1 mF’=2 

mF=-1 mF=0 mF=1 

2� systems 2�
|a1> 

systems
|a2> |a3> 

|c1> |c2> |c3> |c4> |c5> 

|b1> |b2> |b3> |b4> |b5> 

Re( )
2

l�� � �
�

� �� �



5

1234567890 ‘’“”

National Conference on Mathematical Techniques and its Applications (NCMTA 18) IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1000 (2018) 012127  doi :10.1088/1742-6596/1000/1/012127

for the (+,+) control- probe polarization configuration, which is denoted as Re(�+) in figure 4 and two EIT 
windows for the (+,-) control- probe polarization configuration, which is denoted as Re(�-). The resultant 
anisotropy is Re(�+-�-), which follows the trend of experimental curve. 

 

 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
 

 Figure 4. 87Rb Optical/magnetic field induced rotation at 10G 
  

In the case of 85Rb, similar measurements and calculations are made for the (+, �) control- probe 
polarization configuration at 10G magnetic field. It is noticed that there are five peaks in the experimental 
curve and the calculated results follow the experimental curve. This is shown in figure 5. There are five EIT 
windows for the (+,+) control- probe polarization configuration, which is denoted as Re(�+) in figure 5 
and four EIT windows for the (+,-) control- probe polarization configuration, which is denoted as Re(�-). 
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 Figure 5.  85Rb Optical/magnetic field induced rotation at 10G  
 

4. Conclusions 
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Rotation in the intermediate field region shows the signature of additional EIT windows. It is also found 
that the circular asymmetry and linear asymmetry induce birefringence effects, which are observed in the 
87Rb and 85Rb atomic systems at intermediate magnetic fields. Three EIT windows for 87Rb and five EIT 
windows for 85Rb are observed from the calculation which qualitatively agrees with the measurement 
results. 
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