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(Invited) Superconducting Fundamentals and Theory 

Stephen Blundell  

University of Oxford, UK  

I will give an overview of the theories that have been constructed to describe superconductivity in materials. 

This will include the London equations, the BCS model and the Ginzburg-Landau approach, and I will also 

highlight unsolved issues. 

(Invited) Work on superconductivity in the Oxford Materials Department: trying to translating basic science 

into practical solutions  

Chris Grovenor 

University of Oxford, UK  

Materials scientists work at the interface between the demands of engineers for materials to satisfy their 

practical, in service requirements and the physics and chemistry of materials that control the fundamental 

limits of what a material can actually do.  Some materials are easy to work with and process, but nature 

normally decides that materials with the most impressive performance 

(electrical/mechanical/superconducting) are extremely difficult to process with the correct microstructure 

and hence properties. 

 

This talk will introduce two areas of recent interest in the Materials Department where we have been asked 

fundamental materials questions by our colleagues and partners in industry. The first on how to make 

resistance-free joints in high temperature superconducting wire and the second on how to predict the 

lifetime of high temperature superconducting windings in the magnets that contain a fusion plasma in a 

magnetic bubble. In both cases the superconducting community can learn a lot from other fields that may 

have been exploring similar issues in different classes of materials. 

(Invited) Superconducting Materials I 

Susannah Speller  

University of Oxford, UK  

This lecture will introduce type II superconductors and magnetic flux lines and will focus on the basic 

principles of optimising materials performance by controlling microstructure.  Various case studies will be 

used to explore how advanced materials engineering is used to obtain high performance low temperature 

and high temperature superconductors for practical applications.  The main focus is on materials capable of 

carrying high current densities, but we will also touch upon thin film superconductors for small-scale device 

applications.  

(Invited) Superconducting Materials II: Bulk superconductors – an introduction 

John Durrell  

University of Cambridge, UK  

The obvious application of superconducting materials is in the form of wires, and this has been the subject of 

much materials research effort. However, it is also possible to employ superconductors in bulk form. Just as 



superconductors in wire and tape form can replace conventional copper conductors, bulk superconductors 

can be used as replacements for rare-earth permanent magnets, but with trapped magnetic fields an order 

of magnitude larger. In addition, bulk superconductors can be used to provide passively stable magnetic 

levitation, by exploiting their flux pinning properties. It is this latter property which is often encountered in 

popular demonstrations of superconductivity, often coupled with an entirely incorrect explanation for stable 

levitation involving the Meissner effect. 

In this summer school talk I will provide a broad overview of the materials science of bulk superconductors 

and key factors affecting their performance and suitability for applications. I will then review some of the key 

active areas of current research in the material science of bulk superconductors. My talk will conclude with a 

review of the applications of bulk superconductors, which range from the highly speculative, such as motors 

for long distance air travel, to the fully commercialised, such as bearings for high speed centrifuges. 

(Invited) European Magnetic Field Laboratory: Science and Technologies 

Amalia Patane 

University of Nottingham, UK  

The European Magnetic Field Laboratory (EMFL) unites, coordinates and reinforces all existing European 

large-scale high magnetic field research infrastructures in a single body. It includes the Laboratoire National 

des Champs Magnétiques Intenses (LNCMI) with sites in Grenoble and Toulouse, the High Field Magnet 

Laboratory (HFML - Nijmegen) and the Hochfeld-Magnetlabor (HLD - Dresden) providing access to the 

highest continuous and pulsed magnetic fields in Europe. The research conducted at the EMFL is 

multidisciplinary, merging concepts from Physics, Chemistry, Biology, and Engineering. Researchers at the 

EMFL can use several experimental techniques in magnetic field, such as thermal and electrical transport, 

thermodynamic characterization, magnetization, optical spectroscopy, and magnetic resonance. Magnetic 

fields can also be used in conjunction with a free electron laser (FEL) at the HLD-Dresden (FEL-ELBE) and at 

the HFML-Nijmegen (FELIX). This lecture will review recent advances at the EMFL with a focus on high 

magnetic fields as a powerful means of understanding and manipulating matter for science and 

technologies. 

(Invited) Superconducting Materials III (Electronic and superconducting properties of iron-based 

superconductors) 

Amalia Coldea 

University of Oxford, UK  

Iron-based superconductors are a new family of high temperature superconductors with large critical 

temperatures that can exceed nitrogen liquid temperatures and extremely high and isotropic upper critical 

fields.  

In this talk, I will discuss their superconducting properties which originate from the details of their electronic 

structure and the unconventional pairing interaction. I will also present upper critical studies up to 90T, the 

magnetization studies to determine the critical current densities and magnetotransport data under strain and 

pressure to characterize new single crystals [1,2,3,4,5]. I will also describe efforts to develop powders for 

wire fabrication [6]. Another exciting discovery for this class of materials is the high temperature two-

dimensional superconductivity of a monolayer of FeSe on a doping substrate. I will discuss the progress 

made to develop thin flakes devices from single crystals of FeSe [7]. This work is supported by the Oxford 

Centre for Applied Superconductivity. 

https://www.cfas.ox.ac.uk/
https://www.cfas.ox.ac.uk/
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(Invited) The Synthesis and Chemical Control of New Superconductors 

Simon Clarke 

University of Oxford, UK 

The chemistry of a range of systems displaying superconductivity will be surveyed briefly. The main focus will 

be on the factors controlling superconductivity in iron arsenide and selenide superconductors, but the 

chemical ideas will be extended to the control of superconductivity in other systems, particularly layered 

chalcogenides. Synthetic methods for realising members of the class of iron based superconductors, and 

other classes of superconductor will be described. In particular the focus will be on compounds containing 

iron selenide layers with electropositive metals and small molecules such as ammonia in the interlamellar 

space, which have been characterised using neutron diffraction investigations [1,2] and in-situ X-ray powder 

diffraction investigations carried out during synthesis [2]. The control of the physical properties through 

chemical transformations including absorption of small molecules [2,3] will be described, and the interplay 

of magnetism and superconductivity as a function of composition will be compared with that of the iron 

arsenide members of the class [4]. These will be related to measurements on iron selenide films. Further 

new results relating to the use of detailed characterisation to correctly identify the superconducting phase in 

structurally complex mixtures will be discussed in the context of superconductors derived from bismuth 

selenide [5]. 
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(Invited) Superconducting Materials in conductor forms 

David Larbalestier 

Florida State University, USA  

 

(Invited) Applications of Superconductivity 

Martin Wilson  

MNW Consulting, UK 

The School features 17 lectures on the application of superconductivity – 5 on electronics and 12 on heavy 

current applications.  In this brief introduction I will present the overall commercial picture and then give 

some attention to those applications not covered by other speakers.  Market surveys show that activity in 

superconductivity worldwide is dominated by magnets and high current applications, with superconducting 

electronic devices so far claiming only a small share of the market.  Scientific research was the first 

application to use superconductivity, with NMR spectroscopy becoming the first area for commercial 

products.  This research naturally led to the use of NMR for medical imaging, now known as MRI, and MRI 

scanner magnets now dominate the market sector with ~ 75% of the total worldwide business in 

superconducting products.  Large scale applications are dominated by particle accelerators and 

thermonuclear fusion.  Other heavy current applications include magnetic separation, maglev, induction 

heating, bearings, power generation, energy storage, transformers and fault current limiters.  

Some 35 years after their discovery, high temperature superconductors HTS have finally started to make a 

commercial impact and their use is now growing.  Prospects for the application of HTS will be discussed. 

(Invited) The design and optimization of superconducting magnets from the viewpoint of an engineer and an 

operations perspective 

Bruce Strauss 

IEEE-CSC, USA  

The short sample criterion for a superconducting wire has been around for sixty years.  This talk will examine 

other design and acceptance criteria for superconducting devices.  Factors that affect performance and 

reliability will be factored into the multifaceted considerations for the design of commercial and large 

systems. 

(Invited) Superconducting Circuits for quantum Information Processing  

Yuri Pashkin 

Lancaster University, UK 

Development of quantum technologies and quantum information processing in particular, dictates the 

necessity of finding a proper physical system that could satisfy stringent requirements on quantum 

coherence of individual components, their scalability, good controllability of device parameters, ease of 

fabrication, etc.   Superconducting nanoelectronic devices are among the most promising for many 

applications in which quantum behaviour becomes important and may satisfy all the requirements imposed. 



Superconductors possess two properties that are crucial prerequisites for the observation of quantum 

effects: (i) they can carry dc current with zero resistance and (ii)  have a gap in the energy spectrum. While 

the first property ensures dissipationless charge transport in the material, the second property protects 

charge carriers, the Cooper pairs, from low-energy excitations. This gives a possibility to prepare, manipulate 

and measure quantum states in superconducting circuits and use them for practical purposes. Also, the 

fabrication process for superconducting electronics is well established. 

In my talk I will present the basics of superconducting qubits and compare their various realisations. Besides 

explaining the physics of the superconducting devices, I will also pay attention to some technical issues 

involved. 

(Invited) Superconducting detectors and electronics 

Alessandro Casaburi 

University of Glasgow, UK  

Light is composed of packets of energy called photons, as recognized by Albert Einstein. Low energy photons 

(infrared) can travel very long distances without being strongly adsorbed or scattered by atmosphere/water 

when emitted in biological reactions or by astronomical objects like stars or asteroids. Hence, infrared single 

photon sensors are a key enabling technology in astronomy, advanced spectroscopy/diagnostics, remote 

sensing and imaging and also are very important in environmental monitoring and long distance (deep 

space) optical communication. Recently, single photon sensing has become crucial also in Photonic 

Quantum Information Sciences where individual photons are used to encode, manipulate and transfer 

information to allow for more efficient computation and potentially unconditionally secure communication. 

In this talk I will show how superconducting materials allowed to realize the most sensitive single infrared 

photon detectors, especially superconducting nanowires single photon detectors - SNSPDs. These sensors 

outperformed all the other semiconducting technologies in terms spectral sensitivity, detection efficiency, 

timing jitter, count rate and background noise allowing to satisfy the stringent requirements of the 21st 

century applications. I will then briefly review the advances made in materials growth, nanopatterning 

techniques, design and cryogenic engineering that enabled SNSPDs to become so popular in the last 

decade thanks to their easiness in integration with different photonic platforms and user friendly operation. 

Finally, I will update on different strategies to efficiently scale up superconducting detectors in array/camera 

configuration, and will highlight the paralle of common challenge in quantum computing technology, to offer 

a step-change for users working in the field of advanced imaging, remote sensing, communication and 

quantum computing. These will span from the use of superconducting and semiconducting cryogenic 

electronics to recently proposed cryogenic optical links.  

(Invited) Superconducting and Quantum Technologies at Oxford Instruments 

Matt Martin 

Oxford Instruments NanoScience, UK 

(Invited) Technology Roadmap for Superconductor Electronics 

Scott Holmes 

IEEE-CSC, USA 



In 2018, Cryogenic Electronics and Quantum Information Processing (CEQIP) became an international focus 

team (IFT) within the International Roadmap for Devices and Systems (IRDS). The scope includes 

superconductor electronics for analog, digital, and quantum information processing. The updated 

roadmapping process is driven both bottom-up by devices and top-down by systems application 

requirements. Models, metrics, and benchmarks predict device and system performance and guide 

technology roadmapping to meet application requirements. The process for developing roadmaps for 

superconductor electronics is described along with highlights from the 2021 IRDS report. 

(Invited) Design and Engineering of Superconducting Qubits 

Kyle Serniak 

MIT, USA 

Quantum processors based on superconducting quantum bits (qubits) are a leading candidate technology to 

realize gate-model quantum computation. As these processors increase in size and complexity, significant 

research effort is spent improving the performance of these devices at the single- and two-qubit level in order 

to reduce computational errors. Recent advances in materials quality, electromagnetic design, and 

Hamiltonian engineering work in concert to further the goal of making superconducting qubits more robust. 

This talk will provide an introduction to the theory, design, and fabrication of practical superconducting 

qubits and give context for the current progress and technical challenges in the field. 

(Invited) Measurements Techniques for Superconducting Materials and Applications 

Damian Hampshire 

Durham University, UK  

 

Figure 1:  The (16) Nb3Sn toroidal field coils)  - each coil weighs 290 tonnes.  Each starts with 1100 wires ~ 

0.81 mm diameter that are twisted into a 40 mm tube to form a conductor 820 m long.   

To make world-class high-field measurements on superconductors in high magnetic fields you need a 

combination of a good scientific environment, experience of in-house design of instruments, access to 

international high-field facilities, world-class research students and post-docs, funding, hard work, intuition 

and some luck. Durham has housed the European Reference Laboratory in which we have made thousands of 

different transport and magnetic measurements on Nb3Sn wires in high fields for the TF coils of the ITER 

program.   



 

 

 

 

 

 

 

Figure 2: The critical current of Nb3Sn as a function of magnetic field, temperature and applied strain.   

This talk will review the most important types of measurements in applied superconductivity. It will include 

visualisation of the flux-line-lattice in high fields superconductors, some comments about the experience 

gained making the reference laboratory measurements and detailed considerations of how to make both room 

temperature measurements and cryogenic measurements on both low temperature and high temperature 

superconductors at high-field International facilities and in-house.   

(Invited) Cryogenics for Superconducting Applications  

Charles Monroe 

Monroe Brothers Ltd., UK  

 

(Invited) Finite Element Modelling of Superconducting Applications 

Chris Riley 

SIMULIA Opera, Dassault Systemes, UK 

The lecture will introduce the main modelling technique used in the design of superconducting electrical 

coils for commercial and research applications. The superconducting capability is, primarily, used to carry 

larger currents than possible with copper coils to produce magnetic fields necessary for the operation of the 

equipment. 

After a review of requirements for some of the major applications of both low (LTS) and high temperature 

superconducting (HTS) coils at application level, the latter part of the lecture will concentrate on models 

where the superconducting nature of the material must be included. 

In electromagnetic field modelling at application level, the superconducting properties of the material are not 

usually captured and superconducting coils can be treated identically to resistive coils, allowing the 

magnetic field from coil systems in free-space to be calculated by the Biot-Savart equation. However, in 

most practical magnetic systems, other materials also exist (shields, cryostats, vacuum vessels, magnetic 

cores, structural steel etc.) and the Biot-Savart expression alone is not sufficient to calculate the field, 

requiring a discrete numerical model to be used. 
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The most commonly used is the finite element method (FEM). Solutions of magnetic field equations using 

FEM will be briefly explained. A range of examples, including MRI systems, accelerator magnets, fusion 

devices and electrical machines will illustrate the advantage of this method, as well as some of the 

multiphysics design issues associated with using superconducting coils in these applications. 

The second part of the lecture will cover application modelling where the superconducting properties of the 

coil must be included. Superconducting quench in LTS coils is an important consideration for designers and 

a pragmatic approach to simulating this using FEM will be explained. Modelling of a quench in an HTS wire 

will also be covered. 

(Invited) Superconducting Applications – Cables 

Joseph V. Minervini 

Novum Industria LLC, USA 

Both low and high temperature superconductors are usually produced as small round wires or flat tapes with 

dimensions on the order of 1-12 mm.  Although these wires can carry very high currents relative to their 

cross-sectional area, i.e., very high current density, the absolute value of current they carry may be in the 

range of some tens to hundreds of amperes, depending on the local magnetic field and temperature.  There 

are many large-scale applications that would be infeasible if conductors were limited to these relatively low 

value of currents. For example, in the cases of power transmission and power conditioning, high energy and 

nuclear physics accelerator magnets, or magnets for magnetic confinement fusion, currents in the range of a 

few kiloamperes to tens of kiloamperes are required. For these applications, the single wires or tapes must 

be bundled into larger cables to operate at these higher currents. The manufacturing and electrical behaviors 

of these large cables are much more complex to understand because they introduce issues such as non-

uniform current distribution among the wires, and different types of ac losses during magnet ramping or 

during pulsed or ac operation. The construction of these cables is also usually very different for each type of 

application and operating conditions. This lecture will introduce you to superconducting cables for these 

various applications and describe, why they look the way they do, how they perform, and how to 

manufacture them. 

(Invited) The US Magnet Development Program – Progress and Roadmap 

Soren Prestemon 

Lawrence Berkey National Laboratory, USA 

 

(Invited) Superconducting Technology for High Energy Physics and Accelerators 

Luca Bottura 

CERN, Switzerland 

Superconducting magnet and RF technologies are fundamental ingredients that fuel advances in High Energy 

Physics (HEP), and more in general particle accelerators for scientific, industrial and medical applications. In 

this lecture we will review the reasons why superconductivity is necessary in frontier accelerators such as the 

LHC, or for future realizations such as the ILC or FCC. We will then enter into the details of superconducting 

magnets for beam lines and detectors, and superconducting RF cavities. A special focus will be given to 



recent advances and perspective of future developments, e.g. high field LTS and HTS magnets and high-

gradient RF structures. 

(Invited) Design Principles of Superconducting Magnets - part I: Magnetic Configurations and Quenching 

Martin Wilson 

MNW Consulting, UK 

Because they have no Ohmic dissipation, superconducting magnets are able to reach high fields, but unlike 

conventional electromagnets they cannot use an iron yoke to shape the field because iron saturates at ~ 

1.8T.  In the absence of iron, the field must be shaped entirely by the winding configuration.  The different 

windings needed to produce solenoid, dipole and toroidal field shapes will be described, together with the 

electromagnetic forces and resulting stresses produced in the windings and their supporting structure. 

Quenching occurs when a point within the magnet windings goes from superconducting to resistive 

state.  Intense Ohmic heating ensues and the resistive zone grows by thermal conduction so that the magnet 

current decays via the growing internal resistance.  If the current does not decay quickly enough, the 

temperature at the point where the quench started may be high enough to destroy the magnet.  Methods of 

calculating quench behaviour and of protecting against damage by quenching will be described.  The 

resistive zone in an HTS winding grows much more slowly than in an LTS winding, which makes the quench 

protection problem much more difficult and requires new ideas to protect the magnet from damage. 

  

(Invited) HTS conductors R&D and Characterization for Applications 

Carmine Senatore 

Université de Genève, Switzerland 

Since the discovery of HTS, scientists had to face many challenges to develop these materials in a useful 

conductor form, and yet only three – Bi2Sr2CaCu2O8-x, Bi2Sr2Ca2Cu3O10-x and REBa2Cu3O7-x (RE = rare earth) – 

are available commercially. The challenges revolved around the complexity of making high Jc in polycrystalline 

materials, because of the intrinsic electronic anisotropy and of the great current blocking effects of randomly 

oriented grain boundaries. This lecture focuses on the recent progresses in REBa2Cu3O7-x (REBCO) coated 

conductors (CCs), which have paved a way for the development of all‐superconducting magnets capable of 

generating fields in the range of 30 T, i.e. well beyond the limits of LTS technology. The performance of REBCO 

CCs is strongly influenced by fabrication route, conductor architecture and materials, and these parameters 

vary from one manufacturer to another. This lecture presents an overview of the relevant electromagnetic, 

electromechanical and thermophysical properties of state‐of‐the‐art REBCO CCs and discuss the implications 

for the design of high field magnets.  

(Invited) Superconducting Technology for Fusion 

Joseph V. Minervini 

Novum Industria LLC, USA 

The world scientific community has spent decades developing and refining magnetic confinement fusion theory 

and experimental devices for the ultimate goal of safely, effectively, and economically generating power from 

a nuclear fusion reaction. Magnet systems are the ultimate enabling technology for these types of fusion 

devices. Powerful magnetic fields are required for confinement of the plasma, and, depending on the magnetic 



configuration, dc and/or pulsed magnetic fields are required for plasma initiation, ohmic heating, inductive 

current drive, plasma shaping, equilibrium, and stability control. All design concepts for power producing 

commercial fusion reactors rely on superconducting magnets for efficient and reliable production of these 

magnetic fields. Future superconducting magnets using high field, high-temperature superconductors (HTS) 

are now being developed and can significantly enhance the feasibility and practicality of fusion reactors as an 

energy source. Their application would enable a new generation of compact fusion experiments and power 

plants, dramatically speeding the development path and improving the overall attractiveness of fusion energy. 

This talk will describe the present use of superconducting magnets for fusion devices and describe how several, 

small start-up companies, funded by private investment, are creating the future now by developing high-field, 

high-temperature superconductors magnets. This will enable a new generation of compact fusion experiments 

and power plants, dramatically speeding the time for fusion to generate electrical power on the grid and 

improve the overall attractiveness of fusion energy. 

(Invited) HTS Technology for Spherical Tokamaks  

Greg Brittles 

Tokamak Energy, UKl 

Tokamak Energy Ltd are a UK company developing spherical tokamaks and novel REBCO-HTS magnet 

technology in the pursuit of commercial fusion energy in the 2030s. This talk will provide an overview of their 

magnet development programme, including discussion of fabrication, testing, and multiphysics simulation of 

HTS coils of increasing scale and complexity. 

(Invited) Design Principles of Superconducting Magnets – part 2: Stabilization, Filamentary Wires and AC 

Losses 

Martin Wilson 

MNW Consulting, UK 

A common experience in building LTS magnets is that they quench before reaching the current and field 

expected from the critical properties of the superconductor.  Furthermore, the magnet performance usually 

improves after repeated energizations, an effect known as 'training'. The problem is thought to be caused by 

sudden small releases of energy within the winding which, combined with the extremely low specific heat of 

materials at low temperature, can produce temperature rises of several degrees.  The magnetic instability, 

known as 'flux jumping', can release enough energy to trigger a quench, but can be cured by making the 

superconductor in the form of fine filaments.  Conductor motion can also release energy and must be avoided 

by careful mechanical design of the magnet winding.  Techniques for improving performance are generally 

known as stabilization. HTS magnets are more sable because specific heats are much higher at higher 

temperatures. 

Because flux motion through hard superconductors is a dissipative process, all superconductors suffer from 

ac losses in changing magnetic fields.  HTS and LTS conductors are affected equally, but the problem is more 

serious for LTS because refrigeration costs are higher at low temperatures.  Fine filaments can reduce ac losses 

by reducing the distance that the flux moves through the superconductor.  For convenient handling, many fine 

filaments are embedded in a resistive matrix and made into a composite wire.  If high currents are needed, 

many filamentary wires are made into a cable.  In both these situations, the filaments are coupled together 

magnetically, which causes undesirable behaviour.   The steps needed to minimize coupling in filamentary 

composite wires and cables will be described. 

(Invited) Superconducting Electrical Machines 



Mark Ainslie 

University of Cambridge, UK 

This lecture will give an overview of some of the design principles and considerations necessary for the 

design of superconducting electrical machines. Starting with the basic operating principles and uses of some 

commonly-used electrical machines, the use of different forms and types of superconducting materials in 

electrical machines will be discussed. This discussion will include superconducting material requirements, 

some of the technical challenges faced and cryogenic cooling options. There have been a number of projects 

around the world that have demonstrated the technical feasibility of superconducting machines in various 

forms and some of these will be used as case studies. Finally, some commentary will be made on the future 

outlook of superconducting electrical machines. 

(Invited) Superconducting Applications - MRI  

M'hamed Lakrimi 

Siemens Magnet Technology, UK 

 

(Invited) EcoSwing, the world’s first full-scale superconducting generator field-tested in a wind turbine 

Marc Dhallé 

University of Twente, Netherlands 

 

(Invited) ASCEND (Advanced Superconducting and Cryogenic Experimental powertraiN Demonstrator): a first 

step towards cryogenic electric propulsion? 

Ludovic Ybanez 

Airbus, France 

Cooling at cryogenic temperature conventional electric technologies and using "high temperature" 

superconductivity technologies are promising to significantly increase performance of electric systems. With 

the ASCEND project, AIRBUS intends to demonstrate the potential and feasibility of a cryogenic and 

superconducting powertrain to breakthrough aircraft electric propulsion performance. 

During the last years, through several projects, Airbus has evaluated these technologies and will use this 

project to confirm the feasibility at powertrain level and to accelerate their maturity in order to optimise 

propulsion architecture ready for low-emission and zero-emission flight. The results should show the 

potential to halve system mass and electrical losses, reduce the volume and complexity of system 

installation compared to current systems as well as reduce voltage below 500V 
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