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Summary

This thesis describes the study of two atomic gases close to the absolute zero of tem-
perature. At these ultralow temperatures the quantum nature of the atomic species is
essential for an accurate description of the gases. Many systems which occur in nature,
but which have not been understood completely, consist of strongly interacting fermions.
These systems are often hard to describe theoretically or to study experimentally. Ultra-
cold gases o�er a large degree of tunability and this makes such systems suited to study
quantummechanical phenomena in various regimes. In particular the interaction strength
between the two particles can be tuned by means of Feshbach resonances, which allows
to study the regime of strongly interacting fermions. For certain experimental conditions
universal behavior can be achieved, i.e. details of the 6Li-40K interactions are irrelevant
and the only relevant interaction parameter is the scattering length a.

The atomic species chosen for the work presented in this thesis are the two fermionic alkali
metals 6Li and 40K. Such a mixture of fermions with unequal mass is suited to study a
large variety of novel quantum phenomena. The mass imbalance allows to study mediated
interactions, which, for the 6Li/40K system in particular, can be used to study long-lived
p-wave trimers. Additionally, 6Li40K molecules in the groundstate of the singlet potential
have a large dipole moment, which is essential to study dipolar bosonic quantum gases.

This thesis provides a description of the realization and study of a 6Li/40K mixture. In
Chapter 1 an introduction of the �eld of ultracold gases is given from the point of view
of the performed experiments, followed by the theoretical background of the presented
work in Chapter 2. Chapter 3 gives a detailed description of the state-of-the-art machine
which has been developed to study the 6Li/40K mixture in the strongly interacting regime.
The machine incorporates a variety of novel techniques and experimental approaches to
cool an ultracold gas to degeneracy. As a point of experimental innovation in the �eld of
ultracold atoms a novel high-�ux source for cold lithium has been developed. The source
operates according to a two-dimensional magneto-optical trap (2D MOT) principle, is
bright and monochromatic. Compared to the conventional source for cold lithium, the
Zeeman slower, it yields a comparable �ux, however, its design is strongly simpli�ed.
Additionally, due to transverse loading from the hot beam, the source beam contains only
cold, capturable, atoms and has no hot background. Furthermore, the realization of a 2D
MOT loaded from an e�usive oven and the use of a light species as lithium demonstrates
the wide applicability of the 2D MOT principle.

The ability to tune the interaction strength between 6Li and 40K is crucial to perform
studies on such a system. This tunability can be realized by using Feshbach resonances.
Such resonances occur due to resonant coupling with a lithium-potassium molecular bound
state, and allow to change the interaction strength from zero to in�nity being repulsive
or attractive. The molecular bound state can have a di�erent magnetic moment than the
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free atoms, therefore resonances can occur as a function of the external magnetic �elds.
Knowledge about the magnetic �eld spectrum of these Feshbach resonances is essential to
reach the strongly interacting regime and possibly study universal behavior of the 6Li/40K
system. To describe the Feshbach resonances in the 6Li/40K system a novel theoretical
model has been developed. In Chapter 5 the model is explained in detail. The model is
intuitive and can be stepwise extended to become more complete. This allows the degree
of complexity and the corresponding accuracy to be chosen to suit the atomic species
being studied. Using two experimental input parameters the model can be used to predict
the positions and widths of all Feshbach resonances in a certain system. This possibility
has allowed us to select the optimal resonance to perform studies in the 6Li/40K system.
Chapter 6 presents a precision measurement of the position and the width of this optimal
resonance. This is performed by measuring the distillation of a weakly con�ned 6Li sample
by rethermalizing collisions with a bath of 40K. The distillation rate is a measure of the
elastic cross section and provides the observation of the asymmetric Fano-pro�le. To
this pro�le a model is �tted, yielding both the position and the width of the resonance.
The identi�cation and characterization of the optimal Feshbach resonance in the 6Li/40K
system paves the way to perform future studies on mass-imbalanced fermionic quantum
gases in the universal regime.




