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Project title: Investigation of Atomic Collisions and Interaction Potentials in Cold Atom Systems
1.1. Project goals

- Implementation of an optical lattice operating at the Hg magic wavelength of 363 nm

- Construction of a system for controlled gas introduction into the vacuum setup

- Studies of collisional shift and broadening of narrow optical lines in ultracold Hg atoms

1.2. Outline

The aim of the project is to utilize the existing research infrastructure at National Laboratory
for Atomic, Molecular and Optical Physics (KL FAMO), in particular the dual-species Rb-Hg magneto-
optical trap system [Witl7], and to adapt/extend its experimental capabilities by implementing an
optical lattice operating at the magic wavelength for Hg atoms (363 nm) [Kat09, Katl1] as well as
integrating a system for controlled gas introduction into the vacuum chamber. The modified setup will
then be used to conduct precise measurements of collision parameters between ultracold Hg atoms and
other atomic species. The studies will focus on measuring the effects of collisional shifts and broadening
of ultranarrow optical Hg lines (so-called clock transitions) resulting from interactions with different

velocity groups of other atoms.

High-precision clock spectroscopy will be made possible by utilizing the already existing
KLFAMO infrastructure, based on the stabilization of laser systems using an ultrastable optical
cavity [Lin23] designed to operate at two different wavelengths (1062 nm and 908 nm). After frequency
doubling, these wavelengths correspond to the optical transitions from the Hg ground state to the Py

state (266 nm) and to the °P; state (227 nm).

The results of the collision parameter measurements will then be analyzed based on the
theory developed in our group, which concerns the influence of the presence of thermal Rb atoms on the
shift and broadening of the Hg 'So —’Py line [Bal26]. These results are extremely important not only for
atomic physics, as they allow a better understanding of the atomic energy structure and the potentials of
atomic interactions, but also for the development of precision metrology based on Hg clock transitions.

Knowledge of the perturbation of clock line positions is crucial in the context of improving the accuracy
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of atomic clocks [Lud15].

1.3. Work plan

- Construct, and characterize an optical lattice that traps ultracold Hg atoms while minimizing light-
induced shifts on the clock transition (M1-M12)

- Develop and integrate a system to introduce controlled amounts of gases into the ultrahigh vacuum
chamber (M12-M24)

- Quantify collisional shifts and broadening as a function of atomic density, temperature, and trap
parameters (M24-M48)

- Analysis of the experimental results; comparison of the experimental results with theoretical models

of interatomic interactions (M24-M48)
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1.5. Required initial knowledge and skills of the PhD candidate

e An excellent academic record,
e Good knowledge of quantum mechanics, atomic, molecular and optical physics,
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