
Accepted Manuscript

Population engineering of the cesium atom fine structure levels using
linearly chirped Gaussian laser pulse

Z. Ghaedi, M. Hosseini, F. Sarreshtedari

PII: S0030-4018(18)30800-9
DOI: https://doi.org/10.1016/j.optcom.2018.09.019
Reference: OPTICS 23458

To appear in: Optics Communications

Received date : 5 July 2018
Revised date : 18 August 2018
Accepted date : 9 September 2018

Please cite this article as: Z. Ghaedi, et al., Population engineering of the cesium atom fine
structure levels using linearly chirped Gaussian laser pulse, Optics Communications (2018),
https://doi.org/10.1016/j.optcom.2018.09.019

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.optcom.2018.09.019


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Population engineering of the cesium atom fine structure 

levels using linearly chirped Gaussian laser pulse  

1
Z. Ghaedi,

 1
M. Hosseini*,

 2
F. Sarreshtedari 

1
Department of physic, Shiraz University of Technology, 313-71555 Shiraz, Iran 

2
Magnetic Resonance Research Laboratory, Department of Physics, University of Tehran, 143-

9955961, Tehran, Iran  

*Corresponding author (hosseini@sutech.ac.ir) 

Abstract:  

Population transfer between the fine structure levels of the cesium atom is 

numerically investigated when a linearly chirped Gaussian pulse interacts with the 

atom. For this purpose, the time-dependent Hamiltonian of the quantum system is 

developed and the Schrödinger equation is solved. In result the transition 

probabilities are obtained and discussed towards precise controlling of the system 

dynamics. The results show that for both single-pulse and multi-pulse cases, the 

probability of the final population distribution of levels can be flexibly controlled by 

optimal adjustment of the laser parameters. In addition, it is shown that the transition 

probabilities increase with the increasing of the pulse duration in the single pulse case 

as well as increasing the number of pulses in the multi-pulse system. 
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1. Introduction 

In this work we have investigated the population transfer between the energy levels of 

Cesium atoms using chirped laser source. The alkaline cesium with one unpaired electron in 

outer shell has many applications in atomic physics including its application in magnetic optical 

traps [1], atomic clocks, atomic magnetometers, and etc. [2, 3].  

Cesium atom in the ground state, has the zero orbital angular momentum (L=0) and because 

of the electron spin (S=1/2), the total angular momentum equals to J=1/2. For the first excited 

state (L=1), the total angular momentum equals to J=1/2 or J=3/2. Thus there are two transition 

lines corresponding to L=0 → L=1, which are typically shown as [6
2
S1/2 → 6

2
P1/2] and [6

2
S

1/2
 → 

6
2
P3/2] and are called D1 and D2 line respectively [4]. 

Although there are two transition lines, when the laser frequency is tuned to a particular 

transition, the two-level model can be approximately used for the study of the population transfer 
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