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The Quantum Revolution

In the early 20th century the research of Planck, Schrödinger and
many others led to what is now known as the quantum revolution.
Imagine a bowl filled with polystyrene
When electrons and photons
At the Centre for Theoretical Atomic, Molecular and Optical
balls: firing a ping pong ball into these
collide with atoms interesting
Physics (CTAMOP) we are pioneering creative and innovative
will give them momentum and change their
things can happen. Some emit
research to not only contribute to the development of new
physical state. In a similar way light
light, some gain energy, and some
technologies but to deepen our understanding of nature
particles, or photons, interact with latticeabsorb or eject electrons. These
at the most fundamental level. The equations below
trapped atoms. Detecting the photons after
events are the basis for many of the
play a key role in our work, examples of which are
this interaction gives us
technologies we have, from street
displayed in the surrounding panels.
information about the
lamps to cancer therapies. In CTAMOP
system. We are developing
we produce highly accurate structural
this method for application in
data for atoms of interest in astrophysics
Schrödinger’s equation
different areas of quantum
and nuclear fusion.
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We also study materials that can be used to
coat fusion reactors. We can use our data to
diagnose impurities that can reduce energy
output in reactors.
On the left is a
diagram showing
the theoretical
energy levels of
molybdenum,
which is already
used as a lining for
special type of
reactor called a
tokamak.

Bell’s famous inequality
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Thermodynamics is indispensable in the modern world:
all our cars and fridges rely on it! Here at CTAMOP we
are investigating how these physical laws change on the
quantum scale. Manipulating quantum properties, such as
entanglement, allows us to create more efficient and
powerful thermal machines. Our work focuses on the
competition between quantum and thermal fluctuations.
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Attosecond Physics

Antimatter

At CTAMOP we examine interactions between intense
lasers and atoms. Our main goal is to observe the realtime behaviour of electrons, something which is
incredibly difficult to do due to how fast they move.
Electrons move on the attosecond (10-18 s) timescale: to
put this in perspective there are more attoseconds in a
second then there have been seconds since the
universe began!

Quantum
Computation

Most kinds of particle have a corresponding
antiparticle, for example the antiparticle of the
electron is the positron. When a positron
meets an electron they can annihilate
each other and become pure energy.
Positrons are used in PET scanners to
create 3D images of parts of the
human body. One use of this
technology is detecting
abnormalities in brain tissue (right),
such as tumours.

Although quantum computing is still in its
infancy many theoretical models have been
proposed. At CTAMOP we are investigating
methods that exploit the counter-intuitive nature
of quantum mechanics to explore the limits of
what is computationally possible.

Our current research focuses on bound
electron-positron pairs, known as positronium
(Ps). We consider the effects of cavity
confinement (below) on the properties of Ps
and use many-body theory to study Ps
collisions with atoms.

We use sophisticated computer codes, run
We are working on theoretical proposals for a physical
on supercomputers, to describe the
implementation of quantum computation. This architecture
interaction of different laser fields with a
is particularly robust against interference from its
fluorine atom. When the atom is exposed
environment.
to a laser field, an electron is ejected.
We plot the calculated momentum of
We are also developing
this ejected electron in the figure
quantum generalisations
above.
of machine learning
algorithms (right), which will
Understanding how electrons
allow us to more efficiently
behave on this timescale has
process the always increasing
important applications in
amount of information
nanotechnology
and
generated in this big-data era.
pharmacology.
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