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Introduction Condensed Matter and Materials Physics (CMMP) as a field is dually motivated by 

fundamental understanding and subsequent exploitation. Within SUPA, there are world-leading activities in 

both the fundamental and applied areas. CMMP impacts greatly on numerous technologies and other fields 

of science such as engineering, biophysics, photonics, chemistry and materials science. The CMMP theme 

also underpins and strongly overlaps with other SUPA themes, e.g.: 

 Photonics: light-matter interaction, quantum photonics and solid-state quantum optics 

 Energy/Photonics: photovoltaics, solid-state lighting and fuel-cells  

 PALS: statistical mechanics and soft-condensed matter 

Continued ability to create impact requires the production of people who have received internationally 

leading training in its core intellectual tools, both theoretical and experimental. Furthermore, maintaining 

internationally leading research outputs requires the ability to attract and fund the best students who are 

available on the UK, European, and world-wide markets. With this in mind, the first programme summary 

presented here focuses on PhD training. The second programme on “quantum matter and quantum 

technologies” is motivated by the dual presence of SUPA’s world-leading activities and the recent emphasis 

by EPSRC on this field. The final programme highlighted focuses on the specific techniques and 

instrumentation in development that is required to carry out experimental measurements at new levels on 

novel materials. Naturally, such a document does not capture all of the SUPA CMMP activities, and in 

particular activities that strongly overlap with other themes are not focussed on here.  
 

1. High Quality Postgraduate Education 
 

Current climate The main mechanism for funding UK postgraduate students is via the Doctoral Training 

Accounts (DTA) from Research Councils UK (RCUK). EPSRC also has Doctoral Training Centres 

(DTC) and Industrial CASE awards. Up to 10% of RCUK funding can now be spent on non-UK students. 

EPSRC has discontinued the more flexible Project Studentships which were associated with research 

grants. The EC also presents funding via Framework 7 Marie-Curie Initial Training Networks (ITN) and 

Erasmus Mundus Joint Doctoral (EMJD) programmes, which are both valid for EU nationals. Finally, the 

highly prestigious SUPA Prize offers a limited number of positions for students of any nationality.  
 

Current SUPA CMMP position Within the CMMP theme there is currently one FP7 funded ITN and 

one EPSRC funded DTC. Strathclyde (led by Trager-Cowan) is a member of RAINBOW, a partnership 

of 13 leading EU institutions developing InN-based devices. The total funding for RAINBOW includes 

19 PhD student and 8 post-doctoral fellow positions. Two of the students are based at Strathclyde. 

Secondly, the Condensed-Matter Doctoral Training Centre (CM-DTC) is a partnership between St. 

Andrews (led by Mackenzie), Edinburgh, and Heriot-Watt which has 33 students enrolled and at least 

another 13 arriving in its fourth entry cohort in September 2012. The intra-SUPA partnership has been 

enabled by the SUPA Graduate School.  Although the first cohort of students has yet to graduate, every 

indication is that the CM-DTC has been a transformative success: the quality of students is excellent (all 

have 1
st
 class honour degrees or equivalent), a full range of courses has been developed and delivered 

jointly among the three universities, a student-led outreach programme has been established, external 

courses and colloquia have been delivered by Nobel Laureates, a number of events involving a strong 

group of Industrial Associates has been held and two summer schools have been held so far. Further 

information on the CM-DTC, including available research projects, course, events held, and industrial 

associates, can be found at http://cm-dtc.supa.ac.uk/. While the CM-DTC is an outstanding success, the 

50 – 60 studentships that it will host in the first phase of its existence should not be thought of as 

satisfying the full needs of nearly forty potential supervisors spread across leading groups at three 

institutions.  Furthermore, there is not another comparable post-graduate institute throughout the rest of 

the SUPA CMMP theme.     
 

5-year aspiration: In the next five years, it is largely acknowledged that competition will increase for 

recruiting and funding outstanding post-graduate students. A clear goal for the SUPA CMMP theme is to 

increase the number of externally funded ‘training institutes’ such as ITNs, DTCs, EMJDs or others. The 

SUPA Graduate School can play a large role here as it can underpin joint-university networks.  
 

How will we get there: The first critical issue is renewed funding for the CM-DTC beyond 2013. EPSRC 

has yet to define the opportunities for renewed funding or the requirements for such a renewal. Hence, the 

http://cm-dtc.supa.ac.uk/


time is now to engage with EPSRC and the host institutions to stress the vital importance of continued 

funding for the CM-DTC and even more such centres. While the academics involved in the DTC have a 

role here, a strong voice from the senior management both at SUPA and the associated universities is 

hugely important to ensure continuity for the DTC.  

Secondly, academics within the CMMP theme need to be aggressive in making applications for 

training networks. With this motivation, Maniscalco at Heriot-Watt is leading an application (to be 

submitted May 2012) for an EMJD in Quantum Technologies between HWU, Aalto University, Chalmers 

University, Joseph Fourier University. This would fund ~ 50 4-year PhD positions over 5 years, with each 

student spending time at and receiving a joint degree from 2 of the partner universities. 
    

2. Quantum Matter and Quantum Technologies 
 

Introduction Radical ideas which exploit coherent quantum states are being developed for a diverse 

range of applications including communications, cryptography, sensing, complex system simulation, 

metrology, information processing, and energy harvesting. Progress will depend on our understanding of 

condensed matter materials. The particular details vary for each potential application, but ultimately the 

main challenge to overcome is the problem of quantum decoherence while maintaining a means to 

manipulate and read-out the quantum states. This will enable disruptive technologies which either 

improve upon their classical counterparts or provide functionality which simply does not exist today.  
 

Current state-of-the-art Numerous systems are promising for the implementation of quantum 

technologies, e.g. photons, trapped atoms, nuclear spins in molecules and liquid solutions, quantum dots, 

dopants in solids (such as the nitrogen vacancy defect in diamond and phosphorus dopants in silicon), 

superconducting quantum bits (charge, phase, and flux), rare-earth ions in crystalline hosts, and exotic 

quantum states emerging from strongly correlated electron systems. Each of these has potential benefits 

and drawbacks, and it is not possible to predict which system will emerge as the best for a particular 

application. More than likely, different systems or a hybrid of two or more systems will be used for 

different technologies, e.g. photons will be used for quantum communication but spin states for quantum 

memory. Several of these lie solely within the remit of the CMMP theme but several cross-over to the 

Photonics theme in which there is also significant SUPA activity.  
 

Current SUPA CMMP position There are significant, world-leading activities in this field at St. 

Andrews, Edinburgh, and Heriot-Watt Universities. Notably, there is a strong collaboration between the 

Mackenzie (St. Andrews) and Huxley (Edinburgh) groups working on strongly correlated electron 

systems. They have just begun an EPSRC programme grant TOPNES (Topological Protection and Non-

Equilibrium States in Strongly Correlated Electron Systems), which includes 8 co-investigators, including 

Baumberger, Keeling and Hooley (at St. Andrews), Green (UCL), S. Simon (Oxford) and Distinguished 

SUPA Professor S. Davis (Cornell / St. Andrews). TOPNES aims to secure the investigators world-

leading position and advance the new field of ‘topologically protected’ states of interacting particles and 

quantum non-equilibrium physics. The new appointments of Wahl (from Max Planck) and King at St. 

Andrews strongly complement this project and strengthen the experimental techniques in strongly 

correlated electron systems. Complementary to the work of Huxley at the Centre for Science at Extreme 

Conditions (CSEC) is that of McMahon, Gregoryanz, Perry, and Yelland, who create and investigate 

novel quantum states of matter at extreme conditions.  

Another strong activity in ‘quantum matter’ at St. Andrews is led by Steve Lee, who secured a recent 

EPSRC grant (Generation, Imaging and Control of Novel Coherent Electronic States in Artificial 

Ferromagnetic-Superconducting Hybrid Metamaterials and Devices) to use powerful imaging techniques 

involving neutron, muons, X-rays and bespoke scanning magnetic sensors to gain unique insights into 

both the basic physics at play in systems exhibiting odd-frequency triplet superconductivity as well as the 

relation between the detailed magnetic and physical structures and their exotic properties. 

Finally, the ‘quantum matter’ activities at Heriot-Watt explore solid-state quantum states through their 

interactions with light. With a recent EPSRC Challenging Engineering award (Extreme light-matter 

interaction in the solid-state for quantum technologies), Gerardot investigates single spin physics and the 

central spin problem in quantum dots using quantum optical techniques. Hadfield has partnered with two 

leading UK groups (Skolnick at Sheffield and O’Brien at Bristol) to receive two new EPSRC awards to 

implement single photon detection using superconducting nanowires. The experimental groups are 

complimented by strong quantum theory groups, each of which has recently obtained EPSRC funding. 

Together with Samuel (St. Andrews) and Cambridge Display Technologies, Galbraith (Heriot-Watt) has 

secured EPSRC funding for a theory/experiment collaboration on the role of excited quantum states in 



organic semiconductor devices. Lovett leads the Theory of Quantum Nanomaterials group investigating 

quantum information processing and energy harvesting, the Quantum Optics and Cold Atoms group led 

by Ohberg investigates Bose-Einstein condensates, degenerate Fermi gasses, and quantum magnetism, 

and the Open Quantum Systems and Entanglement group led by Maniscalco investigates quantum 

coherence with coupling to a reservoir.  
 

5-year aspiration: The aim is to enhance and grow the position of strength. We aim to have grown the 

research portfolio, retained and recruited world-class academics and continued to generate high quality 

publications. It is likely that winners among the currently investigated platforms for quantum 

technologies will begin to emerge in a 5-year timeframe. SUPA’s aspiration is to ensure it has a world-

leading presence in these sub-fields. While the activities listed above are world-leading, there is no 

guarantee that these will be the winners for future implementations. Hence, the current groups must adapt 

to stay at the forefront and new hires must be made. There are two central but closely related objective 

criteria to quantify success here.  

1) Are the research outputs of the activity world-leading (e.g. are the publications highly cited and in the 

most prestigious journals).  

2) Are the SUPA CMMP activities in this theme well funded?  

A final aspiration is to begin engaging in KT activities within the 5 year timeframe. While there are 

several international companies who have active programmes related to quantum technologies, e.g. 

Microsoft, Hitachi, Toshiba, Nokia, Element 6, IBM, and Hewlett-Packard, the fundamental aspect of the 

research above currently limits the KT to the form of on-going dialogue with industrial advisors. 

However, the investigators need to move quickly in the event of a research breakthrough with commercial 

potential in the short-term. 
 

How will we get there: To enhance the SUPA CMMP presence in quantum matter and technologies, 

continuity of funding is essential. Fortunately, EPSRC is currently designating ‘Quantum optics and 

information’ as a growth area within its Physical Sciences portfolio and lists ‘Developing quantum 

physics for quantum technologies’ as a Grand Challenge. Hence, the SUPA institutions should be 

aggressive now in securing funding and pushing suitable candidates for fellowships in this field. This has 

been a very successful approach in recent years, as Keeling, Yelland, Perry, Lovett, Gerardot, and 

Hadfield all currently hold prestigious fellowships.  

Cross-university initiatives should be further developed to take advantage of complementary expertise 

and critical mass. The St. Andrews – Edinburgh collaboration is an excellent example of this. Further 

research opportunities include developing hybrid quantum systems, developing new instrumentation for 

probing / controlling quantum matter and states, and developing devices and nanostructures with new 

functionalities. 

Finally, a more formal and rapidly developing cross-university SUPA initiative is the plan for a 

‘virtual’ Max Planck Centre (MPC) focussed on ‘Measurement and observation at the quantum limit’, 

which will link strongly to the work discussed within this programme.   
    

3. Novel materials physics and characterization tools 
 

Introduction Developing and improving novel materials and devices requires quantitative understanding 

of materials physics facilitated by advancements in characterization tools. New and improved 

characterization techniques lead to new understandings of the rich phenomena in materials which in turn 

allow significant breakthroughs in materials and device design. Specific examples here include: the rapid 

and reliable identification of defects in semiconductors, especially in very low defect material, state of the 

art modelling and data analysis, new characterization methods for studies of advanced materials’ 

functional properties - with unprecedented spatial and temporal resolution - and 3D reconstruction of 

atomic structures of nanoscale objects. 
 

Current SUPA CMMP position An impressive and wide-ranging array of characterization tools 

underpin materials development at Glasgow, Strathclyde, and Dundee. Chapman, Craven, Long, McVitie, 

McGouther, D. MacLaren, I. MacLaren, and Stamps at Glasgow develop and apply world-leading 

electron microscopy tools for both static and dynamic high resolution imaging. This enables new 

materials physics on complex oxide films, magnetic metals, and various nanostructures, which are mostly 

fabricated in-house using advanced thin-film deposition capabilities and the Kelvin Nanofabrication 

Centre. The characterization facilities are part of the EPSRC well funded SuperSTEM consortium and a 

constellation of EPSRC grants and an EU FP7 grant (IFOX) support the materials development. Strong  



KT partnerships exist with Seagate (improvement of recording head performance through materials 

optimization), Honeywell (Improving the accuracy of a thermoset polymer capacitive humidity sensor), 

Merck (polymer solar cell development), and Gatan and JEOL (electron microscope implementation). 

World-leading characterization facilities for cathodoluminescence (CL), x-ray micro-analysis, and 

electron channeling contrast imaging (ECCI) at Strathclyde are led by Trager-Cowan, Martin, Hourahine, 

and O’Donnell. The group is well funded by EPSRC grants comprising a Programme Grant, a Platform 

grant, and two responsive mode grants for the development of the characterization tools and their 

exploitation for III-nitride materials which underpin solid-state lighting and lasing devices and high 

power transistors. Several of the EPSRC grants on III-nitrides are joint with the Chemistry Dept. 

providing an important WestCHEM-SUPA collaboration. Very recently, Trager-Cowan has identified an 

opportunity to improve the ECCI and electron backscatter diffraction techniques through the use of the 

MediPix detector developed at GLA. A patent covers aspects of the ECCI work and a separate research 

exploitation partnership with Semimetrics Ltd. for the development of semiconductor characterization 

tools is in place. 

Finally, with funding from an ESRC Basic Technology grant, the Keeble group at Dundee uses 

electron magnetic resonance methods and positron annihilation techniques to give a diverse range of 

fascinating insights on the local atomic scale environment, from measuring distances between single spin 

probe molecules to detecting vacancy defects, other native point defects, and impurity atom defects. 

These techniques are primarily applied to investigate point defects in perovskite oxide materials.  
 

5-year aspiration: The continued development of characterization techniques is essential. At Strathclyde, 

clear technical goals include:  

 Produce a step change in the performance of electron backscatter diffraction (EBSD).  

 Produce a step change in the performance of electron channelling contrast  (ECCI) by optimizing 

detector and sample geometries to reveal all defects, develop techniques for automated defect 

analysis and improve interpretation of ECCI images.  

 Integrate EBSD and ECCI with CL and electron beam induced current (EBIC) for correlating 

carrier based methods and structural measurements. 

 Improving III-nitride thin films, e.g. analyse and improve semi-polar and non-polar material, 

overgrown material and high AlN or InN content layers. 

The clear objectives at Glasgow include:  

 Establish international leadership in Functional and Ferroic Materials Physics. 

 Develop new capabilities for high resolution studies of materials dynamics. 

 Develop new capabilities for functional materials deposition and patterning. 

From a KT perspective, existing plans for exploitation of the instrumentation developments will be 

vigorously pursued for both instrumentation and materials development.   
 

How will we get there: There are significant opportunities for cross-SUPA collaborations based on 

exploitation of the world-leading characterization facilities for materials development. Commissioning of 

the new MagTEM at Glasgow and new SEM at Strathclyde will underpin new research plans and the 

opening event in Glasgow (2
nd

 July, 2012) provides an opportunity for the CMMP members to meet and 

open dialogues for future collaboration and joint funding opportunities.   

 

 
 


