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Summary

When atoms are cooled to temperatures close to absolute zero (about 150 nanokelvin
in our case), their quantum statistics become apparent. Depending on whether the total
number of constituent protons, neutrons and electrons is even or odd, the atom is a
boson or a fermion, respectively. When being trapped and cooled in an external potential,
bosons condense into the quantum mechanical ground state and can be treated as a
coherent matter wave called a Bose-Einstein condensate (BEC). Fermions on the other
hand are subject to the Pauli exclusion principle, which prohibits two identical fermions
from occupying the same quantum state. Therefore, in a cold Fermi gas, all quantum
states up to a certain energy are occupied by exactly one atom. Most experiments with
quantum gases (BECs and Fermi gases) are performed in traps that allow motion in all
three dimensions. The focus of this work in on one-dimensional (1D) bosonic quantum
gases, in which the atoms are confined such that they can only move along a single
direction.

One-dimensional quantum gases feature phenomena not present in their 2D or 3D coun-
terparts. For example, a 1D Bose gas becomes more strongly interacting as the density
decreases. Under specific conditions these 1D systems can be described by exactly solvable
models, whereas the description of systems with higher dimensionality inherently relies
on approximations.

In spinor quantum gases, the atoms can occupy multiple internal states. This offers the
opportunity to study the interplay between internal (spin) and external (motion) degrees
of freedom. This interplay is important in generally relevant and challenging phenomena
such as quantum magnetism.

In our experiments, exclusively performed with a specific, bosonic isotope of rubidium,
87Rb, we create a two-component (spinor) Bose gas in a 1D potential. The states involved
are the two clock states of 87Rb that experience the same magnetic trapping potentials.
At the heart of our experimental setup is an atom chip, a micro-fabricated wire pattern
on a silicon substrate used to generate magnetic potentials. It allows for trapping of atoms
in strong magnetic gradients at a distance of a few to a few hundred micrometers from
the chip surface. A 1D potential is formed by strongly increasing the confinement in the
two spatial dimensions perpendicular to the field-generating wire. In this way the motion
of the atoms is restricted to only one dimension.

To achieve the aforementioned conditions for a two-component Bose gas, besides ultra-
cold temperatures and low atomic densities, control over the interatomic interactions is
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required. Traditionally, interactions among ultra-cold atoms are controlled via Feshbach
resonances by changing the background magnetic field. Since the magnetically trappable
states of 87Rb do not have any convenient Feshbach resonances, we developed a novel ap-
proach to tuning the interactions between atoms in 1D gases by means of radio-frequency
dressed potentials.

By applying radio-frequency fields, we couple the original state to all states within the
same hyperfine manifold, resulting in a modified (dressed) potential. The coupling depends
on the ellipticity of the RF polarization through the sign of the g-factor of the atomic
state. Since the clock states have opposed g-factors and we can tune the RF polarization,
the dressed potentials are state-dependent.

In 1D Bose gases, the effective interactions between atoms depend on the trapping po-
tential. We exploit the state-dependence of RF dressed potentials to tune the effective
inter- and intrastate atomic interactions. This technique provides access to the point of
spin-independent interactions where exact quantum many-body solutions are available
and the point where spin motion is frozen. As the main result of this work, we show
the corresponding time evolutions of the spin polarization derived from state-selective
absorption images. A simulation based on coupled 1D Gross-Pitaevskii equations yields
excellent agreement with the data.

This technique developed in this work paves the way for new experiments on 1D many-
body physics. The natural next step is to extend our studies to Bose-Fermi mixtures.
The corresponding design of the next generation experimental apparatus is presented
in the last chapter. In a wider sense, tuning interactions in 1D Bose gases could lead
to accuracy improvements in (atom chip based) atomic clocks and prove beneficial to
quantum computing schemes.


