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Summary

In this Thesis we develop a theory of dynamical and kinetic properties of trapped Bose conden-
sates.

In Chapter 2 we review theoretical grounds of the physics of Bose-condensed gases. We discuss
such concepts as Bose-Einstein phase transition, macroscopic description of an interacting Bose-
condensed gas, elementary excitations and their description in terms of Bogolyubov-de Gennes equa-
tions, and vortex states in superfluids.

Then, in Chapter 3 we inspect the interparticle interaction in ultra-cold gases. First, we turn to the
discussion of three-body recombination of ultra-cold atoms to a weakly bounds level. In this case
characterized by large and positive scattering lengtha for pair interaction, in the zero temperature
limit we obtain a universal relation, independent of the detailed shape of the interaction potential, for
the (event) rate constant of three-body recombination:�rec = 3:9~a4=m, wherem is the atom mass.

Then, we develop the idea of manipulating the value and the sign of the scattering length. Since the
scattering length directly affects the mean field interaction between the atoms, this offers a possibility
to investigate macroscopic quantum phenomena associated with BEC by observing the evolution of a
Bose condensed gas in response to light. The physical picture of the influence of the light field on the
elastic interaction between atoms is the following: A pair of atoms absorbs a photon and undergoes
a virtual transition to an electronically excited quasimolecular state. Then it reemits the photon and
returns to the initial electronic state at the same kinetic energy. As the interaction between atoms in
the excited state is much stronger than in the ground state, already at moderate light intensities the
scattering amplitude can be significantly changed.

In Chapter 4 we discuss the dynamics of two trapped interacting Bose-Einstein condensates in the
absence of thermal cloud. The main goal of our work is to study the dynamics of Bose condensates
and analyze how the system can acquire statistical properties and reach a new equilibrium state. We
identify two regimes for the evolution: a regime of slow periodic oscillations and a stochastic regime
of strong non-linear mixing leading to the damping of the relative motion of the condensates. We
compare our predictions with an experiment recently performed at JILA, and argue that the occurrence
of the stochastic regime provides a route to achieving a new thermal equilibrium in the system.

In Chapter 5 we develop a finite temperature perturbation theory (beyond the mean field) for a
Bose-condensed gas and calculate temperature-dependent damping rates and energy shifts for Bo-
golyubov excitations of any energy. The theory is generalized for the case of excitations in a spatially
inhomogeneous (trapped) Bose-condensed gas, where we emphasize the principal importance of in-
homogeneity of the condensate density profile and develop the method of calculating the self-energy
functions. The use of the theory is demonstrated by calculating the damping rates and energy shifts of
low-energy excitations, i.e. the excitations with energies much smaller than the mean field interaction
between particles. The damping is provided by the interaction of these excitations with the thermal
excitations. We emphasize the key role of stochastization in the behavior of the thermal excitations
for damping in non-spherical traps. The damping rates of the lowest excitations, following from our
theory, are in fair agreement with the data of recent JILA and MIT experiments. For the quasiclassical
excitations the boundary region of the condensate plays a crucial role, and the result for the damping
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rates and energy shifts is drastically different from that in spatially homogeneous gases. We also an-
alyze the frequency shifts and damping of sound waves in cylindrical Bose condensates and discuss
the role of damping in the recent MIT experiment on the sound propagation.

Finally, in Chapter 6, we turn to dynamics of macroscopically excited Bose condensate states. In
particular, we discuss dissipative dynamics of a vortex state in a trapped Bose-condensed gas at finite
temperature and draw a scenario of decay of this state in a static trap. The interaction of the vortex
with the thermal cloud transfers energy from the vortex to the cloud and induces the motion of the
vortex core to the border of the condensate. Once the vortex reaches the border, it decays through
the creation of phonons. We calculate the characteristic life-time of the vortex state and address the
question of how the dissipative dynamics of vortices can be studied experimentally.


