
PhD Research Projects Available in the Atomic, Molecular and Laser Physics Group, Department of 
Physics, Swansea University. 
 
 
Antihydrogen trapping and first spectroscopy 
 
The ALPHA collaboration consists of physicist based across the globe. The goal of this collaboration 
is to test CPT conservation by comparing the energy of the 1S-2S transition in antihydrogen with 
that of hydrogen. Members from the Physics Department in Swansea play a significant part in the 
building and operation of the ALPHA experiment based in CERN.  
 
Last year, ALPHA’s results of trapping antihydrogen, as described in Nature 468 (2010) 673, was 
voted Physics World 2010 Breakthrough of the Year together with results from the ASACUSA 
collaboration. This was extensively disseminated in the National and International Press. Recently, 
the media was again interested in the collaboration’s results; we can keep antihydrogen for 1000 s 
in the trap as reported in Nature Physics (2011) (doi:10.1038/nphys2025). 
 
Project proposal  
 
Since 1999, Swansea had always one or more 
students at CERN working on the antihydrogen 
experiment. Recently, we turned out one successful 
Ph.D. student now on a CERN fellowship (Eoin 
Butler), and one Ph.D. student (Andrew Humphries), 
currently finishing his thesis. We hope to hire him 
soon as a postdoc. However, presently we do not 
have a student from Swansea at CERN at this 
incredibly exciting time when we're about to do the 
first anti-atomic physics with the recently trapped 
antihydrogen atoms. We are therefore keen to have an able, independent, self-motivated student, 
who can work on the ALPHA project full time at CERN. The student would be working on the new 
upgrade to the apparatus due next year, as well as on this year’s initial experiments with micro-
wave spectroscopy. The making and starting up of a new device is the ideal moment for a student to 
join, and it would be a pity to miss this opportunity. Participating in this years run would be a crucial 
step in being able to properly contribute to the new device and it's commissioning. The extra 
subsistence needed to live in Geneva will be provided by the ALPHA collaboration. 
 
The Swansea ALPHA group, presently comprising Prof. Mike Charlton, Dr. Stefan Eriksson, Dr. Niels 
Madsen and Dr. Dirk van der Werf, has been working in antihydrogen research since 1999, some 
members even longer.  
 
 
New type of cryogenic neutron detector system 
 
According to the standard model the electric dipole moment of the neutron should be very small. 
However, there are a number of beyond the standard model theories that predict a higher 
(measureable) dipole moment. Therefore, the measurement of the dipole moment is of paramount 
importance and has been given an Alpha 5 rating (the highest) by the Particle Physics, Astronomy 



and Nuclear Physics Science Committee from STFC (Science Programme Prioritisation Report 2010-
2015). 
 
Project proposal  
 
A new PhD. student will design and implement a segmented cryogenic neutron detector to detect 
and spin analyze ultra cold neutrons in the neutron electric dipole moment experiment run by the 
CryoEDM collaboration. The student would spend a large part of the time at the Rutherford 
Appleton laboratories and in ILL in Grenoble. The travel, subsistence will be paid by the CryoEDM 
collaboration. 
 

 
 
Members of the experimental group are presently taking 
part in the biweekly, and collaboration, meetings of the 
CryoEDM group and have visited the experiment a 
number of times. Providing a student will increase 
considerably the chance of gaining future funding from 
STFC (experimental) for Swansea physics working on the 
CryoEDM experiment. 
 
 

 
 
Both Prof. Mike Charlton and Dr. Dirk van der Werf have been interested in measurements testing 
fundamental physics laws, and have been very successful in their antihydrogen research project. 
 
 
Single-electron pulses for ultrafast diffraction and microscopy 
Dr. W. A. Bryan 
 
The displacement or excitation of an electron from equilibrium is the foundation of photon 
emission and absorption, refraction, orbital coupling and bonding, plasmonics, and, vitally, charge 
transfer. Tracking atomic scale structural dynamics by ultrafast electron diffraction has been 
suggested as an alternative to optical methods as a higher spatiotemporal resolution will potentially 
be achieved, and, for the equivalent energy, electron cross-sections are around five orders higher. 
Furthermore, keV electrons are far more readily manipulated than x-ray photons. The ability to 
observe electron transfer on femtosecond (10-15 s) or even attosecond (10-18 s) time-scales will 
allow new insights into radiation damage of DNA, solar energy conversion and charge transport in 
biomolecules.  
 
Project outline 
This project will develop a new approach to dynamic structural imaging of molecules: by generating 
a femtosecond pulse of high-energy electrons, a significant diffraction signal will be produced. 
Unlike photons, electron pulses disperse through Coulomb repulsion, so, by making each pulse 
contain only one electron, the pulse could potentially be made sub-femtosecond in duration. The 
diffraction of such a pulse through a sample will be sensitive to the atomic structure and motion of 
individual electrons as illustrated below, and will have far-reaching technological applications. The 



ultimate goal of the project is the four-dimensional study of electronic motion in atoms, molecules 
and microdroplets with attosecond temporal and sub-Angstrom spatial resolution. 
During the project, the student is expected to contribute to the in-house design and construction of 
a new sub-relativistic electron gun driven by an ultrafast laser system and a radio-frequency source. 
Such electron guns are currently under development in a small number of laboratories across the 
world hence is an opportunity to 
contribute to the initiation of a new 
field. It is anticipated that first results 
from this project will lead to a 
Research Base application to EPSRC 
requiring minimal capital investment 
as a major portion of the equipment is 
already at SU and operational. This 
project will form a significant new 
research area for Swansea Physics in 
collaboration with RAL, Imperial, 
Manchester and Dublin City University.  
 
Researcher Profile 
Dr. Bryan is an Early Career Researcher with expertise in the interaction of strong-field ultrafast 
laser pulses with atoms and molecules and is a Visiting Scientist at RAL and DCU. His first Ph.D. 
student will successfully complete imminently, hence the award of a CoS bursary will facilitate 
growth into this exciting new area. The student will be exposed to national and international 
collaboration, be involved with all facets of the project and is expected to produce high quality 
publications within two years.  
 
 
 
Generating and controlling ultracold molecules with ultrafast lasers 
Dr W. A. Bryan and Dr. S. J. Eriksson 
 
The proposed project aims to extend the state of the art in two areas of physics with applications in 
many areas of science and technology by uniting ultrafast science with ultracold molecule 
preparation. Ultrafast laser techniques allow unprecedented access to structural and dynamic 
information, probing with atomic-scale spatial and temporal resolution. Furthermore, the 
nonresonant strong-field regime allows significant modification to electronic and nuclear dynamics, 
facilitating the manipulation of bound states and continuum-bound state coupling. Ultracold high-
density ensembles of molecules will have applications in quantum-gas formation, astrochemistry 
and cold controlled chemistry, precision metrology and quantum information processing, and there 
is massive interest in identifying broadly applicable production and manipulation techniques. We 
propose a programme of three interlinked routes with the common goal of creating and 
manipulating cold and ultracold molecules. 
 
Project Outline 
The first phase of the project will be to finalise the construction of a Rb magneto-optical trap (MOT) 
and characterise the ensemble of ultracold atoms. Next, ultracold Rb2 dimers will be 
photoassociated from the trapped ensemble by nonresonant femtosecond laser pulses generated 
from a Ti:sapphire laser. The existence of cold molecules will be observed by fragmenting the cold 
molecules, releasing measurable kinetic energy. The final and most generally applicable part of the 
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project will be attempting to inject laser-generated molecular ions into the Rb MOT, which will then 
sympathetically cool through repeated collisions. The ultimate goal of the project is demonstrating 
a universal method for generating cold and ultracold molecules and optically manipulating their 
state in a controlled manner.  
 
Researcher Profiles 
Bryan and Eriksson are both Early Career Researchers respectively specialising in ultrafast atomic & 
molecular physics and the trapping and manipulation of ultracold atoms. Both are expecting Ph.D. 
students to successfully complete imminently, hence the award of a CoS bursary will initiate a new 
in-house joint effort in collaboration with RAL, UCL and DCU. It is anticipated that first results from 
this project will lead to a Research Base application to EPSRC, requiring minimal capital investment 
as a major portion of the equipment is already at SU and operational. The co-supervised student will 
be exposed to national and international collaboration, be involved with all facets of the project and 
is expected to produce high quality publications within two years. 
 
 
Quantum phases in a three component ultracold Fermi gas  
 
The Cold Matter Research Laboratory, managed by Dr Stefan Eriksson is well equipped with 
instruments suitable to study a wide range of topics of current interest in atomic molecular and 
optical physics. We have a fully working laser cooling and trapping apparatus for rubidium and we 
are currently expanding the apparatus to include potassium atoms. We have recently developed a 
fabrication facility for optical nanofibres which routinely produces fibres with a few 100 nm 
tickness.  The laboratory is currently receiving funding from the Engineering and Physical Sciences 
Research Council and the Royal Society.  
 
Project proposal 
 
When the interaction between atoms in an ultracold gas is very strong, the system shares 
properties which other strongly correlated systems such as superconductors in condensed matter 

physics. When cold atoms in three different 
quantum states are trapped simultaneously it is 
possible to create a system which has a simpler but 
nevertheless similar symmetry to the quarks in the 
atomic nucleus. Recent theory predicts that a 
fermionic gas of cold atoms in three states exhibits 
similar quantum phases as is conjectured by QCD 

[1], one of the most celebrated theories in Physics. 
If this was the case we would be able to study in the 
laboratory phenomena which are otherwise 

associated e.g. with in neutron stars. This project aims to explore the phase transitions of a three 
state Fermi gas using our laser cooling and trapping apparatus. The project will utilise our 
nanofibres to detect correlations in the quantum gas with single atom sensitivity. 

 
Light is guided by the refraction of light at the radial 
step of the refractive index in optical fibres. In normal 
single mode optical fibres this step is a few 
micrometres from the centre where the doping of 
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Figure 1. A strongly interacting 3-component Fermi 

gas can arrange itself either in trions (a) or pairs (b). 

Figure 2. A nano fibre segment (not to scale). 



silica changes slightly from the fibre core to the cladding. We can create thin segments in ordinary 
fibres where the step occurs a few hundred nanometres from the centre between silica and the 
surrounding air. In this nanofibre a photon is guided as before, but interestingly most of the 
intensity of the photon is outside the fibre. A nearby object such as a single atom can now scatter 
the fibre photon and thereby reveal its presence. We plan to create arrays of fibres which can 
together reveal correlations in the original source of the atoms which in our case is the strongly 
interacting quantum gas. We are currently exploring the possibility of using these nanofibres as 
optical sensors of macroscopic objects. Students working on the single atom nanofibre detector will 
have an opportunity to interface with this aspect of the group’s work as well. 
 
Dr. Stefan Eriksson is a senior lecturer in the College of Science’s Physics Department. His research 
interests are in the field of atomic physics and optics where he has a track record of internationally 
visible research. Highlights include atom chip interferometry with Bose-Einstein condensates and 
the first trapping of antihydrogen atoms as part of the ALPHA collaboration. 
 
[1] A. Rapp et. al. Phys. Rev. Lett. 98 160405 (2007). 
 
 
Multiphoton laser cooling 
 
In contrast to traditional laser cooling methods where the optical force comes from scattering of 
ground-state atoms, recently it was demonstrated that stimulated scatterings of excited atoms can 
be explored to efficiently cool and trap atoms. This Ph.D. project intends to explore a particular 
possibility opened by the new laser cooling method, i.e., for high numerical aperture, background-
free detection of individual, ultra-cold atoms in a multi-photon magneto-optical trap. We will create 
the multiphoton trap near a metallic pinhole where background scattering of laser beams is 
prohibitively too strong for single-atom fluorescence detection in any traditional ways. If successful, 
this new setup would open exciting possibilities, e.g., in controlling atom-atom interactions 
meditated by surface plasma, in near-field multiphoton ionization, and for developing compact 
electron/ion source with unprecedented efficiency/accuracy. 
 
(Metallic pinhole development, pinhole near-field simulations, condensed matter group) 
 
 
Matterwave Interferometry in high-recoil regime 
 
Cold atoms becomes wavy in a laser field when the deBroglie wavelength becomes longer than 
optical wavelength, in other words, if the atomic recoil velocity overwhelm the thermal velocity. To 
fully explore the wave aspect of atoms with lasers for precision measurements, one may choose to 
reduce the deBroglie wavelength by slowing atoms down. Instead, this project intends to explore 
the alternative choice of increasing the recoil velocity. Equipped with UV laser expertise at Swansea 
physics, we will develop a matterwave interferometer using magnetically confined lithium atoms 
and nanosecond UV pulses. When combined with novel lithium sub-Doppler cooling techniques, the 
device may allow high fidelity manipulation of interaction-free gas of Li6 in a magnetic waveguide, 
therefore realizing a matterwave analogy of fiber optical interferometer for inertial sensing. This 
project is also developed with in mind another atomic element for deBroglie wave interferometry: 
anti-hydrogen. 
(Coherent 243 nm nanosecond pulse generation, positronium group) 
 


