LA-UR-12-23724

Approved for public release; distribution is unlimited.

Title: Tiny Bubbles in my BEC
Author(s): Blinova, Alina A.
Intended for: LANL Student Symposium, 2012-08-07/2012-08-08 (Los Alamos, New Mexico,

United States)

e
)
» Los Alamos

MATIONAL LABORATORY
EST.1543

Disclaimer:

Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National

Security, LLC for the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.
By approving this article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to

publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes.

Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the

U.S. Departmentof Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish;
as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.



Abstract

Ultracold atomic gases provide a unique way for exploring many-body quantum
phenomena that are inaccessible to conventional low-temperature experiments.
Nearly two decades ago the Bose-Einstein condensate (BEC) -- an ultracold gas of

bosons in which almost all bosons occupy the same single-particle state -- became
experimentally feasible. Because a BEC exhibits superfluid properties, it can provide
insights into the behavior of low-temperature helium liquids.

We describe the case of a single distinguishable atom (an impurity) embedded in a
BEC and strongly coupled to the BEC bosons. Depending on the strength of impurity-
boson and boson-boson interactions, the impurity self-localizes into two
fundamentally distinct regimes. The impurity atom can behave as a tightly localized
“polaron,” akin to an electron in a dielectric crystal, or as a “bubble,” an analog to an
electron bubble in superfluid helium. We obtain the ground state wavefunctions of
the impurity and BEC by numerically solving the two coupled Gross-Pitaevskii
equations that characterize the system. We employ the methods of imaginary time
propagation and conjugate gradient descent. By appropriately varying the impurity-
boson and boson-boson interaction strengths, we focus on the polaron to bubble
crossover. Our results confirm analytical predictions for the polaron limit and uncover
properties of the bubble regime. With these results we characterize the polaron to
bubble crossover. We also summarize our findings in a phase diagram of the BEC-
impurity system, which can be used as a guide in future experiments.
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Overview

» What is a BEC?
»Why is it useful and interesting?

» Background theory and what we want to know
» Numerical method we used to find out

» Results
» Summary & Looking beyond



What is a Bose-Einstein Condensate?

Room Temperature
Classical Behavior

A= Low Tempearture
Wave packets

A wavefunction gives the probability Critical Temperature

of finding a particle at a given location Partial BEC

Critical Temperature when

A = distance between atoms T=0K
Pure BEC
"Giant matter wave"
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Why use the BEC?

“The quantum behavior of atomic objects (electrons, protons, neutrons,
photons, and so on) is the same for all.” — Richard Feynman
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We can tune the interactions between
atoms in a BEC

a Weak interactions §+» Strong interactions
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Impurity Atom in a BEC



Background Theory

System’s total energy given by energy functional.:
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= 5 relevant parameters:
= OB : density of BEC

« AB : impurity — boson interaction strength e e

= ABB: boson — boson interaction strength e "VVg
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= impurity and boson masses: — =1
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= Rescaled parameters:
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Method

Minimize the energy functional E[¢, y]

Using Lagrange Multipliers:
El6, x1- Er(fx"xch— ) —Ea(fqb“cbcﬂ/ - Ny

Normalization: f)(")(dl/ =1 fgb" ¢dV = Np =number of bosons

Using the gradients:
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Results 1
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Results 2: BEC-Impurity Phase Diagram
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Summary

» BEC’s can help us understand other many-body systems

» We study the case of a single impurity atom in a BEC
» Our numerical results characterize the polaron — bubble crossover

» Phase diagram as road map for experimentalists

Future Directions

» Experimental confirmation of our results
» Simulations of dynamics of BEC-Impurity systems

» 2-D systems
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