
Accepted Manuscript

High-density limit of quasi-two-dimensional dipolar Bose gas

Volodymyr Pastukhov

PII: S0003-4916(16)30049-5
DOI: http://dx.doi.org/10.1016/j.aop.2016.05.002
Reference: YAPHY 67104

To appear in: Annals of Physics

Received date: 3 March 2016
Accepted date: 5 May 2016

Please cite this article as: V. Pastukhov, High-density limit of quasi-two-dimensional dipolar
Bose gas, Annals of Physics (2016), http://dx.doi.org/10.1016/j.aop.2016.05.002

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.

http://dx.doi.org/10.1016/j.aop.2016.05.002


High-density limit of quasi-two-dimensional

dipolar Bose gas

Volodymyr Pastukhov∗

Ivan Franko National University of Lviv, Department for Theoretical Physics

12 Drahomanov St., Lviv, Ukraine

Abstract

We consider a simple model of the quasi-two-dimensional dipolar Bose
gas confined in the one-dimensional square well potential. All dipoles are
assumed to be oriented along the confining axis. By means of hydrody-
namic approach it is shown that the general structure of the low-lying
excitations can be analyzed exactly. We demonstrate that the problem
significantly simplifies in the high-density limit for which the density pro-
file in the confined direction as well as the leading-order contribution to
the ground-state energy and spectrum of elementary excitations are cal-
culated. The low-temperature result for the damping rate of the phonon
mode is also presented.

1 Introduction

For more than decade the dipolar condensates of atoms with large magnetic
moments can be realized experimentally [1, 2, 3, 4]. Such experimental progress
stimulated extensive theoretical studies (see, for instance, reviews [5, 6, 7]).
On the other hand, it is well-known that three-dimensional Bose gas with only
dipole-dipole interaction is unstable, but presence of any trapping potential
that strongly confines system in the direction of the external magnetic (electric)
field stabilizes the system [8, 9, 10]. The reason underlying this property can be
easily understood even on the mean-field level. In this approximation, which ac-
curately describes only dilute systems, the stability condition is fully controlled
by the sign of zero-momentum Fourier transform of the effective two-body inter-
action between particles. Although this potential functionally depends on the
one-dimensional density profile in the confining direction, but at least weakly-
interacting quasi-two-dimensional dipolar Bose systems are always stable. An-
other interesting feature of such objects is the existence of maxon-roton behavior
of the excitation spectrum [11] even in the simplest Bogoliubov’s approxima-
tion. As the result the Beliaev damping of these quasi-particles disappear in

∗e-mail: volodyapastukhov@gmail.com

1

*Manuscript
Click here to view linked References



Download English Version:

https://daneshyari.com/en/article/8201670

Download Persian Version:

https://daneshyari.com/article/8201670

Daneshyari.com

https://daneshyari.com/en/article/8201670
https://daneshyari.com/article/8201670
https://daneshyari.com

