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There is currently a great deal of interest in developing an integrated ‘molecular chip’ technology - a complete tool
box for preparing and controlling the quantum states of individual molecules and small molecular ensembles near
surfaces. This interest stems from the rich internal structure of molecules and their strong coupling to electric fields
and to one another. To build such a technology poses many experimental challenges - how to produce the molecules
at low temperature, how to trap them near the surface, how to detect them with high efficiency, and how to address
and control them using radio-frequency, microwave and optical fields? This project aims to address several of these
challenges, focussing in particular on the problems of producing very large numbers of cold polar molecules, delivering
them to a molecule chip experiment, and trapping them there.

A major stumbling block for all experiments on cold molecules is the ability to produce them. Several methods
have now been developed, but they tend to result in small samples with very low density, and they tend to be highly
specific to particular molecular species. The density of molecules becomes particularly relevant as the traps become
miniaturized. We are developing a versatile source that will be able to deliver a wide variety of molecules in very large
numbers. The molecules of interest are formed inside a cryostat where they cool to low temperature by collisions with
cold helium gas. These molecules then need to be extracted from the cryostat and guided to a region of high vacuum
where they can be loaded into chip-based traps.

FIG. 1: The buffer gas cell - a versatile source of cold molecules with very high flux

First year project. The development of the buffer gas source is already underway and the first year project will
focus on guiding the molecules away from the buffer gas and to a region of high vacuum. This can be done using
either a magnetic or an electric guide. The project will combine experimental work with modelling and design. You
will detect molecules at both the entrance and exit of the guide, measure how the guiding efficiency depends on the
experimental parameters, and compare your results with those of a model of the experiment. This will allow you to
optimize the guide design and to estimate the number of cold molecules that could be delivered to a miniature trap
using this method.

PhD project. The project will focus on trapping the molecules delivered by this source. Although the molecules
produced this way will be moving slowly compared to conventional sources, they are still moving too fast to trap
directly. They can be decelerated to low speed using pulsed electric or magnetic fields. You will design and build a
short decelerator that will bring the molecular beam to rest. You will then work on the challenges of how to couple
these molecules into a microscopic trap formed above a surface, how to store them there for long periods of time and
how to detect them with high efficiency.


