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We seek applications for a Research Fellowship in the Condensed Matter Physics group.  Applicants must have a PhD in theoretical physics, experience of post-graduate research and experience of field theory methods applied to condensed matter.
The School of Physics and Astronomy at the University of St Andrews is a world leading research institution and one of the top teaching departments in the UK.  Located on the North Haugh, St Andrews, the School offers an excellent working environment and currently employs 30 academic staff, 65 research staff and associated technical and administration staff.  The School has a student population of approximately 350 undergraduate and 80 postgraduate students.
The post is to perform research, as described in Appendix I, in the group of Dr. J. Keeling.  It will also involve co-ordination with the broader condensed matter physics group at the University of St Andrews, and at the Universities of Edinburgh and Oxford as part of the major EPSRC Programme Grant outlined in Appendix I.  This group comprises academic staff specialising in both experimental physics (Prof. A.P. Mackenzie , Prof S.L. Lee, Prof I.D.W. Samuel, Prof J.C. Davis, Dr. F. Baumberger, Dr. E.A. Yelland and Dr. S. A. Grigera of the University of St Andrews and Prof A.D. Huxley of the University of Edinburgh) and theoretical physics (Dr. A.G. Green, Dr. C.A. Hooley and Dr. J.M.J. Keeling of the University of St Andrews and Prof S. Simon of the University of Oxford).  Within St Andrews theoretical physics, there is also expertise in the quantum theory of light (Professor Ulf Leonhardt (http://www.st-andrews.ac.uk/~qinfo/index.html) and the theory of quantum information (Dr. Natalia Korolkova).
The successful postdoctoral fellow will work with Dr. J. Keeling on non-equilibrium quantum phenomena near criticality and/or in strongly coupled driven systems, with the aim to develop ways of understanding many-body quantum systems out of equilibrium.  Our approach will be to concentrate on specific model driven systems, which can lead to broad insights.  A range of different model systems may be considered, including quantum dots driven beyond equilibrium, energy relaxation and the effect of pumping on pattern formation in polariton condensates, metastability of superfluid flow and strong light-matter interactions in cold atoms.
The job description for this role is attached below.

	Job Description




	Job Title: Postdoctoral Research Fellow


School/Unit: Physics and Astronomy
Reporting to: Dr. J. Keeling, Lecturer in Theoretical Condensed Matter Physics
Job Family: Academic (Research)
Duration of Post: 3 years from start date 

	Working Hours: Full time/36.25 hours per week
Grade/Salary Range: Grade 6/£29,972-£35,788 pa
Reference No: SK1033
Start Date: Negotiable from 15 November 2011
Interview date: Wednesday 26 October 2011



	Main Purpose of Role


To carry out theoretical research on non-equilibrium quantum phenomena near criticality and/or in strongly coupled driven systems, as part of the EPSRC supported programme “Topological Protection and Non-Equilibrium states in strongly correlated electron systems.”
	Key Duties and Responsibilities


1. Carrying out original theoretical physics research.

2. Publishing results in international journals

3. Presenting results at international conferences (this will involve international travel on several occasions in each year)

4. Collaborating with other research fellows and research students in joint research

5. Collaborating with researchers working on other aspects of the overall programme

6. Attending collaborative meetings as required

7. Day-to-day supervision of PhD, MPhys and BSc students doing project work in our research group.

8. A modest contribution to the department’s undergraduate teaching

Please note that this job description is not exhaustive, and the role holder may be required to undertake other relevant duties commensurate with the grading of the post.  Activities may be subject to amendment over time as the role develops and/or priorities and requirements evolve.  

	Person Specification 


This section details the attributes e.g. skills, knowledge/qualifications and competencies which are required in order to undertake the full remit of this post.  

	Attributes 
	Essential
	Desirable 
	Means of Assessment

(i.e. application form, interview, test, presentation etc)



	Education & Qualifications 

(technical, professional, academic qualifications and training required) 


	A PhD in Theoretical Physics

	
	Application form / Certificates

	Experience & Knowledge

(examples of specific experience and knowledge sought) 


	Experience of field theory methods applied to condensed matter.
Experience of collaborative theoretical research work.
Experience of work as an independent researcher.
Publications in international conference proceedings or journals.
	Experience of non-equilibrium or open quantum systems.

Experience of day-to-day student supervision and undergraduate teaching
	Application form / presentation and interview

	Competencies & Skills

(e.g. effective communication skills, initiative, flexibility, leadership etc)   


	High attention to detail 
Excellent written and oral communication skills in English
Teamwork skills
Excellent time management skills
Flexibility in terms of working hours
	Leadership skills

	Application form / Presentation and interview


Essential Criteria – requirements without which a candidate would not be able to undertake the full remit of the role.  Applicants who have not clearly demonstrated in their application that they possess the essential requirements will normally be rejected at the short listing stage. 

Desirable Criteria – requirements which would be useful for the candidate to hold.  When short listing, these criteria will be considered when more than one applicant meets the essential requirements.  

	Other Information  


Interviews will be held on Wednesday 26 October 2011
We encourage applicants to apply online at www.vacancies.st-andrews.ac.uk/welcome.aspx, however if you are unable to do this, please call +44 (0)1334 462571 for a paper application form.  

For all applications, please quote ref:   SK1033
The University is committed to equality of opportunity.

The University of St Andrews is a charity registered in Scotland (No SC013532).
	Obligations as an Employee   


You have a duty to carry out your work in a safe manner in order not to endanger yourself or anyone else by your acts or omissions.   

You are required to comply with the University health and safety policy as it relates to your work activities, and to take appropriate action in case of an emergency.

You are responsible for applying the University’s equality and diversity policies and principles in your own area of responsibility and in your general conduct.

You have a responsibility to promote high levels of customer care within your own area of work/activities.

You should be adaptable to change, and be willing to acquire new skills and knowledge as applicable to the needs of the role.  

You may, with reasonable notice, be required to work within other Schools/Units within the University of St Andrews.

You have the responsibility to engage with the University’s commitment to Environmental Sustainability in order to reduce its waste, energy consumption and carbon footprint.

	The University & Town 




Founded in the 15th century, St Andrews is Scotland’s first university and the third oldest in the English speaking world. 

Situated on the east coast of Scotland and framed by countryside, beaches and cliffs, the City of St Andrews was once the centre of the nation’s political and religious life.

Today it is known around the world as the Home of Golf and a vibrant academic town with a distinctively cosmopolitan feel where students and university staff account for more than 30% of the local population.

The University of St Andrews is a diverse and international community of over 9000, comprising students and staff of over 100 nationalities. It has 7500 students, 6100 of them undergraduates, and employs approximately 1840 staff - made up of c.700 academic and c.1140 support personnel.

St Andrews has approximately 50,000 living graduates, among them Scottish First Minister Alex Salmond and the novelist Fay Weldon. It has 1000 Honorary graduates, including John Bardeen, Tony Leggett, Bob Dylan, Benjamin Franklin, The Dalai Lama and Jack Nicklaus.

The University is one of Europe’s most research intensive seats of learning – over 40% of its turnover comes from research grants and contracts.

It is the top rated University in Scotland for teaching quality and student satisfaction and among the top rated in the UK for research. 

St Andrews is consistently held to be one of the United Kingdom’s top ten universities in university league tables compiled by The Times, The Sunday Times, The Guardian and The Independent Complete University Guide. It has five times been named the top multi-faculty university in the UK in the National Student Survey. 

Its international reputation for delivering high quality teaching and research and student satisfaction make it one of the most sought after destinations for prospective students from the UK, Europe and overseas. In 2010 the University received on average 11 applications per place. 
The University is closely integrated with the town. The Main Library, many academic Schools and Service Units are located centrally while the growth in research-active physical and mathematical sciences has been accommodated at the North Haugh on the western edge of St Andrews.

As it prepares to celebrate its 600th anniversary from 2011 to 2013, the University is pursuing a varied programme of capital investment, including the refurbishment of its Main Library and a major investment in its collections, a new Biomolecular research facility and the refurbishment of the Students’ Union.
Appendix I

The goals and ethos of the Programme Grant under which the post is funded, as described in an extract from the successful proposal.
Topological Protection and Non-Equilibrium States in Strongly Correlated Electron Systems

A.P. Mackenzie, A.G. Green, F. Baumberger, J.M.J. Keeling & C.A. Hooley (St Andrews), A.D. Huxley (Edinburgh), S.H. Simon (Oxford) and J.C. Davis (St Andrews & Cornell)

The ambitious goal of this Programme is to lay the experimental and theoretical foundations for fully quantum mechanical electronics.  We will investigate the potential for performing coherent operations using exotic ‘topologically protected’ states of interacting particles, and advance the quantum non-equilibrium physics that must be understood if we are to have smaller and faster devices. 

Background

The first attempts to understand the role played by topology in physics predate quantum mechanics, and go back at least as far as an atomic theory espoused by Kelvin and others in the late nineteenth century.  The knot theories developed by Kelvin’s colleague Tait proved, nearly a century later, to be of relevance in classifying and understanding a number of fascinating many-body states in ultra-high purity two dimensional electron fluids in systems showing the Fractional Quantum Hall Effect. Xiao-Gang Wen of MIT did some intriguing work on topological order parameters, but topology remained largely the preserve of a fairly narrow field.  
The first two developments that have led to its transformation into one of the issues in modern physics came from winners of the Fields Medal, often described as the Nobel Prize of mathematics.  First, Ed Witten realised that there was a special class of quantum field theory in which topology constrains the outcome of some physical processes.  This means that the probability of two topologically equivalent processes will be the same, independent of the details by which they are carried out.  Witten’s insight led to the realisation that, in these topological systems, mathematical operations can be carried out by moving appropriate topological excitations around each other.  In particular, another Fields Medallist, Michael Freedman (and independently Alexei Kitaev) realised that some special operations create knots in the paths, and can, in principle, realise the basic operations required for quantum computation.  Further, these would be better protected from the main curse of quantum computation – decoherence – due to their topological distinction from most of the processes that might interact with them.  The elegance and theoretical simplicity of this idea caught the imagination and attention of mathematicians, physicists and industry – Microsoft created ‘Station-Q’, a research centre in Santa Barbara tasked with seeing how far it could be taken.  They, and Freedman, are supporters of this Programme.
When the Freedman / Kitaev ideas were first mooted, it seemed that the class of system in which they might be realised was fairly limited.  In practice, most of the experimental research in the field to date has concentrated on Fractional Quantum Hall systems.  Two other candidate systems were known (and will be addressed as part of this proposal), but topology was something of a niche field.  That situation has changed dramatically over the past two years with work on simple insulators.  It had been assumed since the 1930s that ‘band insulators’ (in which energy gaps are created by Fourier components of the crystalline potential) were fully understood.  Indeed, explaining their properties was an early triumph of quantum physics.  Now, we realise that these simple insulators actually fall into two topologically distinct classes.  This is more than an esoteric distinction.  The newly discovered class of materials supports surface states which, thanks to ‘topological protection’, are robust against disorder and other surface imperfections.

This breakthrough promises to transform the field.  Unusually, discovering the new physics has not resulted from the discovery of new materials.  The materials in which it has been observed so far have been known for decades; the new states were only found when enough insight had been developed to go and look for them.  The strong likelihood is that topology plays a far larger role in the physics of materials than had previously been thought, and that the next decade will see many more discoveries illustrating this.  It may not be an exaggeration to say that, having relied on classification schemes based on symmetry for over a century; we are going to have to face the challenge of treating symmetry and topology on similar footings, and understanding their interplay.  This challenging fundamental science comes hand in hand with opportunities for exploitation – indeed; there is already a host of proposals for how to use the relatively few materials that we know about so far.  
As if understanding and exploiting topology were not enough of a challenge, our research has a second important theme, non-equilibrium quantum physics, which we will study for two reasons.  First, quantum computation is only one aspect of futuristic electronics technologies. To sustain the remarkable progress of the past thirty years, components have become smaller, faster, and run much hotter.   With this trend, even beyond the quest to produce a fully quantum device, quantum mechanics will become more and more  important and systems will be driven further and further out of equilibrium in their operation.  The second reason, which links directly to the other parts of the Programme, is that topological excitations may be stabilised in non-equilibrium condensates or engineered in carefully driven systems.   Currently, however, the regime of non-equilibrium quantum mechanics is a largely unexplored field.  This combination of performing fundamental research but with concrete rather than abstract long-term goals is at the heart of our proposal.
Vision and ambition

Although the ideas behind topological quantum computation are elegant, and the number of platforms on which they might be realised continues to grow, there is as yet no clearly identified system in which to realise them.  Our vision is to find one or more platforms on which they could be carried out, and to advance understanding of the processes by which one might do so.  This is extremely ambitious – the experiences of the past five years of work on Fractional Quantum Hall systems has shown how slow progress can be – but the rewards for success would be immense.  Electronic technologies fully exploiting the laws of quantum physics are one of the dreams of modern physics and electrical engineering.  Exploiting topological effects could prove to be the best route to that goal, but it will have to go hand in hand with vast improvements in our understanding of driven quantum systems.  For this reason we will couple our work on topology with theoretical investigations of non-equilibrium quantum physics and potential links between the two.   
So far, this young field of research has focused on materials in which the intrinsic interaction strength between electrons is relatively weak.  In the Fractional Quantum Hall systems, lowering the dimensionality and working at extremely high magnetic fields maximises its effect, but studying topological effects in systems with strong interactions is largely uncharted territory with rich promise.  The UK has some of the strongest groups in the world studying strongly correlated systems, and much of what we propose will be combining that expertise with the insights gained so far from the weakly interacting materials.  In doing this, we are consciously taking on challenges that are new for most of us.  The feasibility of doing so relies on a base of infrastructure built up over a number of years, as we describe later. 
Our goals are so ambitious that we have given considerable thought to the composition of the team who will pursue them.  The PI and co-Is are each leaders of their sub-discipline, and bring complementary expertise.  Four specialise in experimental physics while four are theorists.  The recent developments that are revolutionising the field have mostly come from the USA, so we have also established a formal network of collaborators, both in the USA and Japan, to ensure that the Programme makes a rapid start.  

Research objectives

Although the adventure and long duration of this Programme mean that, by definition, its most important outputs probably cannot be predicted yet, a number of concrete objectives can be listed:

a)
Implement a scheme for preparing mesoscopic samples of the unconventional superconductor Sr2RuO4 and use them to determine whether it is a suitable platform for topological quantum computation. 

b)
Understand the conditions for the experimental realisation of a correlated topological insulator, and search for appropriate experimental signatures in identified candidate materials.

c)
Investigate artificial layered structures as potential hosts for topological excitations.

d)
Build a magneto-Kerr microscope compatible with diamond anvil pressure cells, and use it to search for topological excitations at domain walls in unconventional superconductors and, possibly, electronic liquid crystals.

e)
Understand the quantum non-equilibrium processes on which the next generation of electronics will ultimately depend.

Alongside these specific objectives come a number of conditional ones, for example the possibility of performing experiments on planar superfluid 3He, which depend on the results of existing collaborative projects involving members of our team.

Research Programme & Methodology

Our research programme centres on five main themes.  We summarise them here, and describe them in more detail, along with extensive references to the literature, in the Technical Annexes.
1.  The search for p+ip condensates.

Science and methodology:  The topological excitation that has generated most interest in the context of topological quantum computation is the ‘Majorana fermion’.  Although predicted theoretically, no unambiguous observation of a Majorana fermion has yet been made.  This is partly because the conditions for its existence in a homogeneous system are highly restrictive.  The host must be either a superfluid or a superconductor with a particularly rare order parameter.  The Cooper pairs must have internal orbital angular momentum L, and bind together in a spin triplet rather than the spin singlet pairing which exists in almost all known superconductors.  Furthermore, they must move in two dimensions, and the orbital and spin degrees of freedom of the pairs must be coupled only weakly to each other.  These conditions are thought to exist for the exotic composite fermions in particular Fractional Quantum Hall states, which have dominated the experiments so far performed in the field.  However, those experiments have brought their own set of difficulties, motivating alternative approaches.
Two further examples are thought to exist: the superconductor Sr2RuO4 and superfluid 3He in confined planar geometries.  In neither case, however, is it fully confirmed that the putative 2D p+ip order parameter is realised.  We plan to investigate this, concentrating initially on Sr2RuO4, a material about which we have world-leading expertise.  It is clear from the existing literature that the superconducting state in the large crystals that have dominated study so far contains domains, probably of ±L, corresponding to p±ip.  Their existence complicates attempts to interpret experiments, so a key first step in methodology is to produce mono-domain samples.  An obvious way to do this (in theory at least) is to work with mesoscopic crystallites.  In doing so, we will also overcome some energetic barriers to the formation of the special vortices that host the Majorana fermions.  We have performed a full feasibility test of the methodology for this project, and have proven our ability to produce and manipulate micron sized crystallites of ultra-high purity Sr2RuO4, and to write 100 nm wide metallic ‘wires’ to them.  We are also ideally placed to tackle (contingent on progress within and beyond this Programme) a series of ambitious experiments on 3He.  These experiments would take place in Cornell, site of one of only two laboratories in the world equipped to attempt them, and would be designed to complement on-going work on this problem by the Royal Holloway group in the UK.

2.  Topological insulators and strong correlation

Science and methodology:  The field of topological insulators is so young that it still presents a host of unsolved problems, particularly at the interface that interests us most, the combination of topological effects and strong correlation.  Our first thrust will be intense theoretical work aimed at addressing what we see as central questions:  Is the effective band-narrowing of strongly spin-orbit coupled systems, which promotes electron correlations, favourable for the observation of topological effects?  Can these interactions even drive the formation of a topological Mott insulator?  Do topological surface states undergo new classes of phase transition?  What are their response functions, and how can they be observed?  These and other questions will be tackled by our theory team.  
In parallel with the theoretical work, we will instigate a programme of research into one of the main candidate systems for investigating the interplay between topology and correlation, oxides of heavy transition metals.  In particular, we will begin with the iridates, in which a number of candidate compounds have already been identified.  Working initially with compounds obtained from collaborators in Tokyo and Kyoto, we will use our state-of-the-art Angle Resolved Photoemission Spectroscopy and Scanning Tunnelling Microscopy capabilities to find and characterise their topological properties.
The third strand of this project will be to investigate, theoretically and experimentally, the production of tailored topological effects in hybrid engineered structures.  This is a field of considerable current interest, with the realisation that technologically tractable layered structures hold considerable promise.  Of particular interest is a prediction by one of us (SHS) that Majorana fermions might be stabilised at the ends of semiconductor quantum wires deposited on the surface of Sr2RuO4.  

3.  Topologically protected states in domains and at domain walls

Science and methodology:  The importance of topologically protected excitations motivates a multi-faceted and co-ordinated approach to their study, and this project will concentrate on another avenue, the study of domains and domain walls in materials with complex order parameters.  Some of the most interesting and best-studied cases are unconventional superconductors, in which there are predictions that exotic phenomena will be found under externally applied pressure.  The challenge is how to observe them, since a pressure cell is a particularly difficult experimental environment.  In order to address this, we will build a unique instrument – a magneto-Kerr microscope capable of low temperature operation and imaging through the diamond anvils of high pressure cells.  It will also be capable of working at ambient pressure, meaning that it will be applicable to other novel and largely unexplored states such as the ‘electronic liquid crystals’ that have been discovered in a number of correlated electron systems over the past few years.  Fractional and multi-quantum vortices, both potential hosts for topological excitations, are among the targets for this investigation.

4.  Quantum non-equilibrium physics

Science and methodology:  In this theoretically led project, we will tackle an issue that could prove crucial in the eventual exploitation of any new quantum electronics technologies, the behaviour of many-body quantum systems out of equilibrium.  Independent of the details of how it is eventually achieved, the need to make electronics smaller and faster means that we will have to go deeper into the quantum regime and further from the normal assumption of equilibrium.  Surprisingly little is known about this field at present, so it needs to be addressed by a Programme with this scope and level of ambition.
Taking into account the youth of this field compared with that of equilibrium quantum physics, our plan is to concentrate on model driven systems.  Specific model solutions can lead to broad insights, and the chances of identifying those insights are maximised by coupling work on model systems with work in an area that points to the existence of universality.  Work on quantum criticality (being performed by AGG outside the funding of this Programme) gives promise of that universality, because quantum critical points feature dynamical scaling, and non-equilibrium states are dominantly determined by dynamics.  The range of topics that we cover will include quantum dots driven beyond equilibrium, energy relaxation and the effect of pumping on pattern formation in polariton condensates, metastability of superfluid flow and strong light-matter interactions in cold atoms.
5.  Condensed matter cosmology

Science and methodology:  The final science project is at the blue-skies end of the spectrum, and is planned to occupy only a small fraction of our time.  We think it important to have a presence in the field, however, because although speculative, it might just lead to profound advances.  Its basis is an abstract and poorly understood mapping, originating in the string theory community, between theories of gravity and special conformal quantum field theories.  Its theoretical excitement is that it maps strong coupling in one class of theory to weak coupling in another, opening a new route to solving previously intractable strongly coupled problems.  Its relevance to condensed matter physics is that the conformal field theories that form part of the mapping are those appropriate for condensed matter phenomena such as quantum criticality.  As a holographic mapping, it shares the insensitivity of topological systems to small perturbations; it is of considerable interest to investigate and understand this similarity. 
Our approach will be two-fold.  First, we will seek definite experimental predictions that come out of the new theoretical work, concentrate on those that had not previously been made by traditional condensed matter theory, and attempt to test them.  A specific recent example has been the prediction of unexpected entropic properties at very low temperatures, something that we are able to check experimentally.  In parallel, we will work with international collaborators to investigate the correspondence in more depth and, crucially, to couch it in terms more accessible to condensed matter physicists.  To do this requires insight, and it is important that such insight be developed.  At the moment the theory can almost be regarded as a convenient and intriguing mathematical trick, whose physical basis is mysterious.
