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Abstract: This paper will focus mainly on angular frequencies of the laser beams and the role which these 
frequencies play in term of values and shapes of the optical lattice trapping potential OPLP induces through 
the working field.  We present here a theoretical treatment of two-dimensional optical lattice potential 
2DOPLP which are usually used in experimental that lead to produced Bose-Einstein condensation BEC in 
ultra cold gases. This analysis will also focus at specific points will give us the overall view of the region of 
confinement that the 2DOPLP have employed. 
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I. Introduction 

The Bose-Einstein condensation (BEC) of trapped atoms was experimentally realized [1–3]. At the present time, 

BEC has been achieved for 12 atomic species: 1H, 4He, 7Li, 23Na, 39K, 41K, 52Cr, 85Rb, 87Rb, 133Cs, 170Yb, and 
174Yb. Quantum degeneracy in trapped Fermi gases was achieved for 40K and 6Li atoms [4–6].   Progress lately 

has demonstrated that a Bose- Einstein condensate (BEC) in an optical lattice is a captivating intermittent system, 

where the physics can be as rich as in fermionic intermittent regime, the fundamental subject of condensate matter 

physics. In such a bosonic regime, individuals have watched surely understood and since quite a while ago 

anticipated wonders, for example, Bloch motions [7] and the quantum stage move in the middle of superfluid 

Mottinsulator [8].  All but the more vitally, there are new marvels that have been either watched or anticipated in 

this framework, for instance, nonlinear Landau-Zener burrowing between Bloch groups [9, 10] and the 

unequivocally repressed transport of one dimensional BEC in an optical lattice [11]. Optical lattice with cold 

atoms give an uncommon probability of making system with a wide assortment of properties, which can be 

controlled in a few ways. Most importantly, the lattice parameters themselves can be differed in a wide range.  

Optical lattice properties can likewise be directed by forcing extra outer possibilities. In specific, arbitrary outer 

fields can be utilized, delivering confused optical lattice.   By method for exchanging external fields, one can 

control the movement of nuclear mists. Utilizing exceptional resounding exchanging fields makes it conceivable 

to make an abnormal condition of matter, the non-ground-state Bose-Einstein condensates. These rich possibilities 

of controlling cool atoms in optical lattice make this item of high significance for different applications.  In any 

case, the last can get to be practicable as it were being founded on compelling and right hypothetical examinations. 

Optical lattices denote a quick stepped existing and interdisciplinary field of examination.  An optical lattice is 

just an arrangement of standing wave lasers. The electric field of these lasers can attach with atoms - the particles 

sentinel a potential and along these lines accumulate in the potential minima. On account of a normal one-

dimensional setup, the wavelength of the contradicting lasers is picked so that the light shift is negative. This 

implies the potential minima happen at the power maxima of the standing wave. Moreover, the common beam 

width can oblige the framework to being one-dimensional.  To keep the atoms from appropriating over too huge 

a separation, the lattice is superimposed with an extra trap. This trap is produced by a dipole laser bar centered at 

the position of the particle cloud, perpendicular to the bar pivot; this marks a Gaussian power profile. For little 

trips from the trap focus this is a close harmonic trap. Along the bar hub, the catching frequency is too low, 

however: atoms could spread out numerous 100 µm. To close the trap in this bearing, a second (and later a third) 

opposite laser beam is engaged onto the atom cloud.  If one of these laser beams is now collimated after passing 

through the atom cloud and retro-reflected on a mirror, the intensity and thus the trap-depth at the trap centre is 

doubled; but now a standing wave forms, with its first node at the surface of the retro-reflecting mirror. The 

interference pattern extends back to the atom cloud, producing an intensity modulation with a distance of half the 

laser wavelength between intensity maxima.  A 2D or 3D lattice is formed by also retro-reflecting the other laser 

beams. The standing waves intersect and lattice sites are where all standing waves have an intensity maximum. 

Consider the oblate traps of one standing wave as parallel planes. Then two perpendicular groups of planes 

intersecting with each other form an array of cigar-shaped traps in a regular 2D lattice. A third group of parallel 

planes divide these 2D lattice sites into spherically symmetric traps arranged in a 3D optical lattice [2-10]. In some 

literatures, many authors investigated the effect of gravitation [11] by adding the gravitational potential as an 

external interaction.  In this paper, we analyze how the frequency of laser beams can control the optical lattice 

external trapping potential which are typically used in experiments of BEC. 
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II. Theory 

Bose-Einstein condensates of unbiased particles are quantum objects permitting the immediate perception of 

essential impacts of quantum mechanics on a plainly visible scale. Far-detuned laser light can be utilized to design 

various types of possibilities with an uncommon control of the powers applied on a quantum framework. These 

two focuses legitimize our enthusiasm for the trial investigation of Bose-Einstein condensates in optical potentials 

with the mean to explore central issues frequently conceived with regards to solid state material science. The 

nearby similarity between the intermittent potential seen by an electron moving in a solid crystal  and the optical 

lattice potential seen by a laser cooled molecule permits us to apply dense matter formalism to the atomic physics 

issue. A full quantum hypothesis of laser cooling in optical cross lattice begins with the Hamiltonian [12-14]: 

𝐻 =
𝑃2

2𝑀
+ 𝑈0(𝜀𝐿(𝑟). �̂�)

†
(𝜀𝐿(𝑟). �̂�)                                                                               (1) 

Where, �̂� ≡ ∑ 𝐶𝑚𝑔

𝑚𝑔+𝑞
|𝑒;  𝐽𝑒  , 𝑚𝑔 + 𝑞〉〈𝑔; 𝐽𝑔 , 𝑚𝑔|𝑒𝑞

∗
𝑞,𝑚𝑔

                                              (2) 

Here P and r refer to the atom's center of mass, 𝜀�̅�(𝑟)  is the laser polarization at r, 𝐶𝑚𝑔

𝑚𝑒is short-hand for the 

Clebsch-Gordan coefficient coupling the states |𝐽𝑔, 𝑚𝑔〉  and |𝐽𝑒 , 𝑚𝑒〉 , and eq are the spherical basis vectors 

(q=0,±1). 

The above Hamiltonian, Eq. (1) administers only the coherent progress of the atom. To treat laser cooling one 

must squeeze dissipative processes, i.e. optical pumping between ground state sublevels. The preparatory point 

for most handlings of this problem is the main equation for the atomic density operator ρ following adiabatic 

elimination of the excited state [15], 
𝑑𝜌

𝑑𝑡
=

1

𝑖ℏ
[𝐻, 𝜌] −

1

2
𝛾𝑠{Λ, 𝜌} + 𝛾𝑠 ∑ ∫ 𝑑2𝑘𝑠𝑁ℎ(𝑘𝑠){𝑊ℎ(𝑘𝑠)𝜌𝑊ℎ

†(𝑘𝑠)}ℎ                         (3) 

The first term is the coherent Schrödinger evolution administrated by the Hamiltonian and the last two are the 

dissipative progressions. The second term signifies population decay, i. e. depletion of each ground state due to 

optical pumping into all others, with {,} the anti-commutate and the operator Λ ≡ (𝜀𝐿(𝑟). �̂�)
†

(𝜀𝐿(𝑟). �̂�). The 

third term is a population serving term due to optical pumping replacing the populations of each of the ground 

states. Here the operator 𝑊ℎ(𝑘𝑠) = (𝑒𝑖𝑘𝑠⊙𝑟𝑒ℎ. �̂�)
†

(𝜀𝐿(𝑟). �̂�) represents absorption of a lattice photon, tailed by 

emission of a fluorescence photon with wave vector ks and helicity h along the quantization axis. The function Nh 

(ks ) is the probability distribution for a fluorescence photon with helicity h to propagate along the direction ks.  If 

one scales all energies by the recoil energy, we see that the master equation depends solely on two dimensionless 

parameters, 𝑈0 ≡ 𝑈0/𝐸𝑅 , and 𝛾
𝑠

≡ ℏ𝛾𝑠/𝐸𝑅 . The first parameter determines the time scale for the coherent 

processes such as the oscillation of atoms deeply bound at the bottom of the wells, and the second determines the 

time scale for the dissipative processes such as optical pumping. In principle, all information is contained within 

Eq. (3), which is an exact description of the atom-laser dynamics in the low saturation limit. The main equation 

(3) is a full quantum picture of the atomic dynamics, together with external degrees of freedom. In certain 

situations, one can shorten the problem by treating the center of mass coordinates as classical variables. This semi-

classical  estimate is valid when the broaden in Doppler shifts due to the quantum uncertainty in momentum is 

small associated with the natural line-width, and when the spatial coherence length of the atomic wave function 

is small compared with the optical wavelength.  In addition the internal degrees of freedom must slow down much 

faster than the external degrees of freedom so that one can treat the atom as a typical particle suffering an 

instantaneous force.  This approximation seem to be comparable with the early BEC experiment results, in that 

experiments, a quadratic harmonic oscillator well was used to trap the atoms. Recently more advanced and 

complicated traps have been applied for studying BECs in laboratories [16, 17, 18, 19]. In this paper, we will 

analysis a typical optical lattice potential trapping potentials which are widely used in current BEC experiments: 

𝑉𝑜𝑙𝑝𝑡(𝜏) = 𝑆𝜏𝐸𝜏𝑠𝑖𝑛2(�̂�𝜏𝜏),             (4) 

Where �̂�𝜏 = 2𝜋/𝜆𝜏 is the angular frequency of the laser beam, with wavelength  λτ, that creates the stationary 2D 

periodic lattice, Eτ=(ℏ2�̂�𝜏
2)/2m is the recoil energy, and Sτ is a dimensionless parameter characterizing the intensity 

of the laser beam. The optical lattice potential has periodicity Tτ=π/�̂�𝜏 =λτ /2 along the τ-axis (τ= x; y; z). The 

choices for the scaling parameters t0 and x0, the dimensionless potential V (r) with γy = t0ωy and γz = t0ωz, the 

energy unit 𝐸0 = ℏ/𝑡0 → 𝐸0 = ℏ2/𝑚𝑟0
2, and the interaction parameter 𝛽 = 4𝜋𝑎𝑠𝑁/𝑟0 for external optical lattice 

trapping potentials are reads as follow: 𝑡0 = 1/𝜔𝑟 , 𝑟0 = √ℏ/𝑚𝜔𝑟 , 𝑘𝑟 = 2𝜋2𝑟0
2𝑆𝜏/𝜆𝜏

2 ≡ 𝑆𝜏𝐸𝜏 , 𝑞𝜏 = 2𝜋𝑟0/𝜆𝜏 , 

𝜏 = 𝑥, 𝑦, 𝑧.  With this assumptions on can rewrite equation (4) as: 

𝑉𝑜𝑙𝑝𝑡(𝑥, 𝑦, 𝑧) = 𝑘𝑥𝑠𝑖𝑛2(𝑞𝑥𝑥) + 𝑘𝑦𝑠𝑖𝑛2(𝑞𝑦𝑦) + 𝑘𝑧𝑠𝑖𝑛2(𝑞𝑧𝑧).         (5) 

In two dimensions equation (5) will reduce to 

𝑉𝑜𝑙𝑝𝑡(𝑥, 𝑦, 𝑧) = 𝑘𝑥𝑠𝑖𝑛2(𝑞𝑥𝑥) + 𝑘𝑦𝑠𝑖𝑛2(𝑞𝑦𝑦)                  (6) 

   

III. Result and Discussion 

In this section we will present results for angular frequencies of the optical lattice trapping potential usually used 

in experimental which lead to develop the atom Laser.  A computer programs have written to calculate the 
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distribution of the optical-Lattice trapping potential along the axis of interest.  It is assume that the working region 

of this potential is the XY-plane.  Optical lattice potentials are applied along X-axis and Y-axis the shape of these 

potentials are presented in figures below, moreover it is worth to mention that this study are contacted under a 

fixed value of the anisotropy which is assume equal to 0.5, where this value of the anisotropy are used by most 

researcher in this filed.  Figure (1a) shows a two dimensional view of the OPLP with the angular frequency of the 

laser beam equals to π/2, this figure is draw with a projection in contour form to show exactly where the peak of 

the laser beam will take place and the oscillations of the beam.  One can conclude from this figure that the OPLP 

forms from the laser beam are oscillate more rapidly when the dimensionless angular frequencies equal to π/2.  

Figure (1b) the distributions of the OPLP along the X-axis when the dimensionless angular frequency equal to 

π/2,  the range of the working field are started at -10 to 10 arbitrary unit,  one can count 10 peaks in this rang, this 

means almost 100 peaks of laser beams distributed over an area of 20x20 arbitrary units.  It is expected that these 

type of distribution of laser beam over the working field will generate what is called an optical lattice potential 

OPLP most likely the distributions of the lattice inside the solid media.  As, the angular frequency of laser beam 

change from π/2 to π/4 the number of peaks of laser beam will reduce from 100 peaks to 25 peaks only as shown 

in figure (2).   This reduction of the peaks continue and will became only 16 peaks when the angular frequency 

has value of π/6 as shown in figure (3), moreover the number of peaks become only 4 peaks as the angular 

frequency of laser beam take the value equal to π/12.  It is clear from these figures that as the value of angular 

frequency decrease the distribution of the OLP are broadening which means that the shape of potentials are change 

but still resolves its maximum values as well as the sinusoidal oscillations and Gaussian distributions.    One can 

conclude from these figures that the distributions of OLP along X-axis is matching in its principles and wavering.  

The relation connecting the average values of the interaction of the OPLP and the dipole-dipole of varying depths 

on the formation and dynamics of vortices in rotating dipolar Bose-Einstein condensates and the angular frequency 

seem to be follows a power law equation that is: 

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑜𝑟𝑡𝑖𝑐𝑒𝑠 ≈ 4 ∗ (1.03746)𝑞 ,           (7) 

With inaccuracy of order of 0.9766, this presented in figure (5).  The nonlinearity presented by this figure means 

that their exist an  induced shift of the frequency which can be described by the multiscale perturbation theory 

developed for the Mathieu’s equation [20] Here, we interested of the extended periodic stationary states of the 

interacting condensates in the form of nonlinear.  To develop a comprehensive pictures about these vortices more 

calculation are carried out in two dimensions. The contour level of the OPLP are shown in figures (1-4) for angular 

frequency acquire the values (π/2, π/4, π/6, and π/12), with anisotropy set a fix value of 0.5.  In all these figures 

the distributions of the optical lattice trapping potential is a circularly symmetric and at the centre is near harmonic.  

The OPLP trap has great flexibility and possible for a range of applications for example ideal circumstances are 

provided for accuracy measurements because the atoms are restrained in a region of low optical field strength in 

deficiency of any external field. Moreover, the 2D trap can be straight forward applied as a guide for atoms. We 

expect the OPLP trap to amplify the atomic phase space density and expectantly to realize Bose Einstein 

condensation BEC.  Actually the optical lattice is distorted by frequency modulating one of the lattice beams on 

time scales much faster than typical hopping times, which is experimentally straightforward. The modulation 

generates a time-dependent force that averages to zero.  The knowledge of a complete frequency which generates 

an optical lattice provides us with important clues on the existence and stability regions of different types of BEC 

localized states that may be excited in an optical lattice. 
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Figure (5) 

Number of vortices as a function of laser beam angular frequency 
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