
Theoretical Molecular Physics

PhD students are sort to work on a number of projects in the general area of theoretical
molecular physics. All projects are available to start from September 2019; those which will run
will depend on student interest and available funding. Please contact Prof Jonathan Tennyson
(j.tennyson@ucl.ac.uk) to express interest of further more information.

1. Spectra of hot molecules
This project will run as part of the ExoMol project (see www.exomol.com). There are a
variety of possible projects such extenstion of the the highly successful method to treat
triatomic species such as water and CO2 to important open shell species such as CaOH.

2. Ultra cold chemistry
Experiments are beginning to probe chemical reactions at temperatures well below 1
K. At these temperatures quantum effects are strong. We have developed a new R-
matrix methodology and set of programs (RmatReact) to study these problems. The
PhD project will involve the study of benchmark systems such as H+ + H2. Extension
of the methodology to other processes such as radiative association and detection of
long-range bound states can also be explored.

3. Molecular absorptions in the atmosphere of the early Earth
The atmosphere of the early Earth was very different from that we find about us today.
It was both hotter and contained a very different mix of chemicals. To understand the
processes that shaped the current atmosphere and climate of the Earth, it is important
to understand how the molecules in the primordial atmosphere absorbed and emitted
light over a whole range of wavelengths (from infrared to ultraviolet). Interestingly a
new discovered class of extra-solar planets (exoplanets) known as super Earths appear
to have atmospheres similar to that believed to be present in the early Earth, raising
the possibility that such atmospheres can be directly studied. Studying these exoplanets
or modelling the early Earth requires significant quantities of laboratory spectroscopic
data characterising the radiative processes involved for each molecule as a function of
temperature. The ExoMol project was founded to provide exactly this sort of information
which is provided by quantum mechanical calculations on a molecule-by-molecule basis.
The proposed project will involve the calculation of line lists for key early Earth molecules
and testing these against available laboratory measurements. The resulting data will be
passed to modellers.

4. Electron-molecule collision processes for fusion plasmas
The ITER experiment, the latest international fusion experiment, will use beryllium walls
in key regions of the reactor vessel. This project will involve first principles quantum
mechanical calculations on electron collisions with a variety of species important for
studies of fusion plasmas.
This studentship will involve collaboration with JET/Culham Laboratory.
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