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State of the art and motivations
For the last two decades the process of high harmonic generation (HHG) has driven a massive
advance in atomic and molecular and optical physics [1]. A strong laser pulse can stimulate
the production of high energy, ultrashort (less than 1 fs) pulses of light by driving the atomic
electrons to produce high harmonics of the fundamental laser frequency. Recently, HHG was
used to generate the shortest ever light pulse- just 67 attoseconds (67 × 10−18 s) in duration [2].
The attosecond is the fundamental time scale of electronic motion. Thus by investigating
processes which evolve on this time scale we are pushing the boundaries both of our understanding
of fundamental processes and experimental techniques, and in doing so we are learning to ‘view’
electrons in real time, and to manipulate their motion with light. Furthermore, producing
ultrashort laser pulses pushes the field ever further, effectively creating an ultrafast flash gun for
photographing electrons’ motion.
The pre-eminent theory in attoscience is the so called ‘three step’ model: an electron is (1)
ionised and then (2) driven by a strong laser field, before (3) recolliding with its parent ion. Upon
recollision the electron releases its energy in the form of a high energy photon, and by analysing
this light we can obtain structural and dynamical information about the target system.
You will note that this is a very simple sounding model for what should seemingly be a
complex quantum mechanical process, and it is: in fact it’s often referred to as the ”simple
man’s” model. It has however proved immensely fruitful both in designing and interpreting
experiment. As techniques have evolved, though, it is now possible to sensitively probe the very
phenomena which this model neglects, and thus new theoretical approaches have been devised.
Recently, here at QUB, we have developed several methods of addressing these effects, and
are now among the world leaders in this field [3, 4]. Exploiting the power of massively parallel
computing resources, the methods developed at QUB represent some of the most sophisticated
techniques at the overlap of atomic and ultrafast physics.
Objectives & Methodology
The purpose of this project will be to investigate the HHG mechanism with the recently
developed R-matrix with time-dependence (RMT) codes. Specifically, we will address the newly
emerging field of XUV initiated HHG. In this scheme, instead of driving the HHG process with
a single, long wavelength pulse, two pulses are used: an initial XUV pulse that ‘instantaneously’
photoionises an electron, which is subsequently driven by a second, long wavelength pulse. The

Figure 1: The three-step model of XUV-initiated high harmonic generation: a) an XUV pulse
ionises an electron before b) it is driven by a strong, IR laser field. c) Under the correct conditions,
when the laser field changes direction the electron is driven back towards its parent ion. d) the
electron recollides with the parent ion whereupon it releases the energy it absorbed from the
laser field in the form of a high energy photon. See Ref. [3].
scheme obviously affords a greater flexibility both in selecting a particular electron to be ionised,
and in controlling its trajectory and recollision dynamics. Because of the need to describe several
electronic emission pathways in this process, RMT is uniquely placed to provide theoretical
support to cutting-edge experiments.
This scheme was the subject of a recent paper from our group [3], which is the first time that
theoretical calculations have ever led experiment in this field. And in response to this paper, the
world’s leading experimental group (The Weizmann institute) is now building an experiment to
verify our findings. Thus, this project offers the opportunity to work in concert with ongoing
experiments, to collaborate with some of the worlds leading scientists, and potentially to be
involved in a paradigm shift in attosecond science.
Required skills
The successful candidate should have a solid grounding in mathematics and physics, with a
firm grasp of quantum mechanics. A decent level of programming ability, in particular using
Fortran and/or parallel computing techniques, is desirable, but training in these aspects of the
project will be provided. Applications are especially welcomed from those with a background in
experimental ultrafast physics.
Further information
Queens University Belfast hosts an active group in the study of ultrafast processes using
R-matrix theory. This group presently comprises 2 academic staff and 3 Ph.D. students. The
group has a good record of Ph.D. student and PDRA success, both during their studies and in
their further career. The group is one of the leading users of massively parallel computing in the
UK. Through development of our own software, researchers trained in CTAMOP have gone on
to become industry leaders in the development and exploitation of parallel software.
For further information, please contact Dr Andrew Brown: andrew.brown@qub.ac.uk
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