Phase Separation and Dynamics of a Two
Component Bose -Einstein Condensate
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Purpose

A The goal of this work Is to attain a global
description of how two condensates
different spin interact with each other.

AWe wish to give a criteria for miscibllity
(mixing) and frequency of oscillation
between the two condensates.

A Also, the stabllity of the system Is
studied.



Introduction to BEC

All particles are waliee, with wavelength depended on momentun

De Broglie:

Heisenberg: Uncertainty in momentum and position relatddx Dp = h
In a gas, there is an average distance between atoms called the scattering leng

High
Temperature T:
thermal velocity v

density d~
"Billiard ball="

Low
Temperature T:

De Broglie wavelength
hdB=h/my = T-12

“Wave packets”

T=Terit:
Bose-Einstein
Condensation

AdB =

"Matter wave overlap”

DR =+

DxDp = h



Properties of a BEC

A In BECs, bosons occupy the same quantum mechanical
ground state.

A All atoms in the BEC act as one and move Iin unison.

A The condensate displays wave properties which can be
modeled using the Nonlinear Schrodinger Equation (NLS)

A Two component BECs are when two sets of atoms, each |
different spin state are formed into a BEC together. They
Interact with each other, and typically repel each other.

A The dynamic 07200 (ms). n be modeled
using two cofCuuEgs




BECinaQuasil -Dtrap

A The external is generated by a magnetic trap and is very narrg
In the transverse direction,<w,=w,.

A The system is quastdimensional and two degrees of freedom
can be integrated out of the NLS.

BEC Density Cross Sections




Coupled Nonlinear
Schrodinger Equations (NLS)
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Renormalized Equations

By rescaling time, space,
the wave function, and
coupling constant,

we can undimensionaliz
the system and get:




Variational Model

A The Lagrangian is a functional that represents the
energy of the system.

A When the variation of the Lagrangian is minimized,
the optimum solution is obtained.
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L,,= InteractiorLagrangian E = Mechanical energy of system
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frequency D, and

has amplitude A,
frequency

position B, width

A The wave packet
W, phase C,

modulation E.
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Euler - Lagrange Equations

A The Lagrangian is evaluated for the trial function
yielding:
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A Equations of motion (ODES) can be obtained for each
parameter of the trial function through the Euler
Lagrange equations
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Analogy to Lorenz Equation

QA !

A, T OAT OUGO OUOOAIT 1T &£ OEOAA Al (
equations were obtained by approximating tiNavierStokes

equations, a set of five coupled partial differential equations.

A In our case, we used the VA to obtain
ODEs describing the motion of our
solution form the system of PDEs



Continuous Dynamical Systems

A The fixed points, f on continuous dynamical
system are obtained by:

A A fixed point is stable when reh|f<0, for alib X h Wh 8 h
and unstable otherwise-ere,| . represents the
eigenvaluesf J.

A Note the difference here compared to discrete dynamics
that our criticaleigenvaluas O rather than 1



Phase Portraits

In a system of ODEs, we can plot the orbits on a phase portrait
We plot a arrowfield which shows the direction that an orbit will take.
As an example, we look at different possibilities in-dientional system (J2x2):




