Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like
. . . - Modelling 0 rid scenarios wi
The Dynamic of Trapped Bose-Einstein SLE23 onspormocel £+ B sheat
. stabilization of anomalous transgort
Condensate Under NO|Se I. Voitsekhovitch, P. Belo, J. Citrin et al.

- Fe K-Edge X-ray absorption near-edge

. . . . spectroscopy (XANES) and X-ray
To cite this article: Eren Tosyali and Fatma Aydogmus 2018 J. Phys.: Conf. Ser. 1141 012124 diffraction (XRD) analvses of LiFePO . and

its base materials
C Latif, V S | Negara, W Wongtepa et al.

- The dependence of tokamak L-mode

confinement on magnetic field and plasma
size, from a maanetic field scan
experiment at ASDEX Upgrade to full-
radius integrated modelling and fusion
reactor predictions

C. Angioni, N. Bonanomi, E. Fable et al.

View the article online for updates and enhancements.

G N & | Discover

how sustainability

The e : intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.119.131.178 on 24/04/2024 at 12:20


https://doi.org/10.1088/1742-6596/1141/1/012124
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/0029-5515/54/9/093006
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/985/1/012021
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://iopscience.iop.org/article/10.1088/1741-4326/acc193
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuWzDzDH_cTr1IvOVu-8-9cpdQn1FHtGqoKtNPGTX58nWB-2wl3BmKhPNisu9I-sdSlfGBtfoXEPDuF6pQOY2g7T6QDVnK-igHanQ2Z8LDGuuZcrv9qK5-gbITfcyyWAmx1I3Js_FHhpHpf8ikZaJcImDuU1tzuyj8J0ld1el148B1h-Q1IFJksxShUm2UfTs32MN1PfWE7eHPFUg6MEGCTSDzFAUjSqmdqxAsu5zPOmupyslu57CrS9VBBefsaq9KyDCUveMh01yr8AQxGZlogZp14V7ictSUMGB8qAc3Px-6sdYEMUDwBSFxWfXyjTEyKoYWF_MHkRBFnsSx8QMs&sig=Cg0ArKJSzMYYorQJ6zYq&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

International Conference on Mathematical Modelling in Physical Sciences 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1141 (2018) 012124  do0i:10.1088/1742-6596/1141/1/012124

The Dynamic of Trapped Bose-Einstein Condensate
Under Noise

Eren Tosyali
Vocational School of Health Services, Istanbul Bilgi University, Istanbul, TURKEY

E-mail: eren.tosyali@bilgi.edu.tr

Fatma Aydogmus
Department of Physics, Istanbul University, Istanbul, TURKEY

E-mail: fatma.aydogmus@cern.ch;fatmaa@istanbul.edu.tr

Abstract. It is known that Bose-Einstein Condansate is well described by the non-linear
Schrodinger equation known as the Gross Pitaevskii Equation (GPE) with the macroscopic
wave function which evaluates with time and space. Many studies have been performed on
nonlinear properties in Bose-Einstein Condansate. In this study, we present some numerical
results of the Gross-Pitaevskii Equation with the external potential under noise. The phase
portraits and Poincaré sections of the system are simulated numerically both with and without
noise.

1. Introduction

It is known that Bose— Einstein condensate (BEC) was predicted by Einstein and Bose in 1924
theoretically [1, 2]. But BEC was conceived for the first time experimentally by Cornell and
Wieman in 1995 [3]. After the discovery of BEC experimentally, it has become an attracted topic
for scientist. Physicists especially started to observe condensation using the relatively advanced
cooling techniques. The condensate is well described by a mean field theory and a macroscopic
wave function, solving the nonlinear Schrédinger equation so-called Gross— Pitaevskii equation
(GPE) [4, 5] that includes a nonlinear term representing particle-particle interactions [6, 7].
The GPE is not easy to solve analytically due to the external trap potential and nonlinearity of
interactions which makes the solutions rich so the numerical simulations are performed generally
[7, 8,9, 10, 11, 12]. In this paper, we investigate the chaotic solutions of the BEC system in the
tilted Gaussian optical lattice potential under noise numerically.

2. Model

It is well known that BEC is well described by the Gross-Pitaevskii Equation (GPE) with the
macroscopic wave function ¥ = W(z,t) which evaluates with time and space [4, 5]. The 1-D
Gross-Pitaevskii equation is given as

0 h? 92

5 V(@) + [Vear (@) + 910 19 (@,6) | ¥ (2,1), M

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

International Conference on Mathematical Modelling in Physical Sciences 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1141 (2018) 012124 do0i:10.1088/1742-6596/1141/1/012124

where m is the mass of the atoms of the condensate, g1p describes the interaction between
atoms in the condensate and given by

gsp
2ma?

T

gip = = 2ashw,, (2)

gsp = % where ay is s-wave scattering length between atoms. It is positive for repulsive
interaction and negative for attractive interaction (in our case a < 0). Vg is the external
trapping potential. We choose the external trapping potential as below,

Vewt () = V(x) + Fa. (3)

Where V() is the optical potential and F is the inertial force. This force, which generates a
tilted optical potential, accelerates the atoms in the x direction and leads to the atoms tunnelling
out of the traps [6, 13]. In this paper, we consider the optical potential as Gaussian optical lattice
potential. We construct a potential which involve Gaussian peaks along the = direction in spatial
phase by using Fourier transform procedure. Each Gaussian peaks described by Eq. 4. A is
amplitude of each Gaussian peaks and g and o are the system parameters.

Fe) = A5 (4)

in order to generate Gaussian pulse potential, we define a step length

J— Tmax — xmin’ (5)
n

Tmaz aNd Tymin are maximum and minimum border for numerical calculation. n defines the
step length. We create B matrix by evaluating f(x) from %40 t0 Tmin as below,

2
_ (@Emin—H)

Tmin Ae 202
B= (6)
— (Zmaz—mz—#)Q
Tmax — TT Ae 202

The discreet Fourier Transform of B matrix is given in Eq. 7

_ (xmin_“)2 —27izpyink
Ae 202 e n
C= (7)
_ (Zmaz*ZT*H)Z —2mi(x —zz)k
Ae P e mnaz

From C' matrix, we fnd EQ. 8 that generates one dimensional Gaussian Pulse potential.

o~ Arg(C; ) ®)

rr

‘/ea:t(m) = % + % j; AbS(CJ)COS (U)

here jazr = g’% + 1.
In order to obtain a simple description and a better understanding of the BEC dynamics, we
consider ¥ as [12]
(1) = D (a)en )
here p is the chemical potential of the condensate and ®(z) is a real function independent of
time. ®(x) is normalized to the total number of particles in the system, i.e.,
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Figure 1. Gaussian Pulse Potential (a) without tilt term, (b) with tilt term.

/ﬁ@(mn2¢n:zv (10)
where N is the particle number. Substitution of Eqs.(8) and (9) into Eq.(1)
ho 02 9
@) = - L a@) 4 Vi o+ 1p002f?] 0(0) (1)

which can also be written in the following form where (veyr = %,UQ = 2727‘/2,7 = QZLT#A‘ =

2mE ;) = 2190) - Setting the solution of Eq. (11) of form

B2 h
() = ¢(x)e ™) (12)
Inserting Eq. (12) into Eq. (11),
d? do\?
e+ o( %) = o+ co-rrulol]o (132)
d de
— (2¢°— ) =0. 13b
dz ( ¢ dw) 0 (13b)
Eq. (13b) denotes the existence of a flow density,
do
= 2¢°— 14
J =252 (14)
If we put J into Eq. (13a), we have a nonlinear equation as below.
d?¢  J? 2
w-l‘wz Uext+<x_’7+77|¢|]¢- (15)

It is difficult to obtain the exact solution of Eq. (15) due to its complexity therefore numerical
solutions were performed. For numerical solution we can reduce Eq. 15 in to first order coupled
equations by adding an external white noise term

b1 = o (16a)

. 2
¢>2=4J753+ Vewt + Cx =y +1161%] 61+ D6 (x) (16b)
1

Here D is the amplitude of white noise and § produce the noise.
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3. Numerical Results

We present some numerical results of the Gross-Pitaevskii Equation with the external potential
under noise. In this section, we present the chaotic solutions of the BEC system with the
Gaussian optical potential first without noise after under white noise. Fig.2 shows that the
Poincaré sections with ¢1[0] = 0.1,¢2[0] = 0.8 initial conditions. Fig.2 (a) display the signature
of regular structure of system for the parameterssets are ¢ = 1075, J = 0.8, w = 10w, v = 0.5,
n = —1, 0 = 210.52, A = 0.2 and (b) display chaotic structure of system for the parameterset
(=001,J=08 w=10mr,y=0.5,n=—-1,0 =210.52, A=0.2
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Figure 2. (a) Regular Poincaré sections (b) regular spatial evulotion of BEC for ¢ = 107°
(¢) chaotic Poincaré sections (d) chaotic spatial evulotion of BEC for ( = 0.01. for the
parametersets: J = 0.8, w = 10w, v = 0.5, n = —1, 0 = 210.52, A = 0.2, and the intial
condition: ¢1[0] = 0.1,¢2[0] = 0.8 without noise.

For chaotic cases we add white noise to the system. In Fig.3 we show Poincare display of
BEC for (a) D = 0.01, (b) D = 0.05, (c)=D = 0.1, (d) D = 0.2 respectively for parameter
sets: ( =0.01, J =08 w=10m, v=0.5,n = —1, 0 = 210.52, A = 0.2 and with same initial
condition in Fig. 2.



International Conference on Mathematical Modelling in Physical Sciences 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1141 (2018) 012124 do0i:10.1088/1742-6596/1141/1/012124

Figure 3. (a) Regular Poincaré sections (b) regular spatial evulotion of BEC for ¢ = 107¢
(c) chaotic Poincaré sections (d) chaotic spatial evulotion of BEC for ¢ = 0.01. for the
parametersets: J = 0.8, w = 10w, v = 0.5, n = —1, 0 = 210.52, A = 0.2, and the intial
condition: ¢1[0] = 0.1,¢2[0] = 0.8 without noise.

4. Conculusion

In summary, we have studied the BEC with the tilted Gaussian optical lattice potential under
white noise. The chaotic numerical solutions of system are investigated by constructing the
Poincaré sections depending on the system parameters. Numerical solutions indicate that the
system continues to exhibit chaotic behaviors with different noise variances. The behaviors of
system under noise show small changes in phase space for not large values of noise. These
instabilities of the system refer to negative interatomic interactions.
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