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AIMS AND SCOPE 

The discovery of superconductivity and correlated insulating states in twisted bilayer graphene has 

opened a flurry of activities in related van der Waals materials. Suddenly, the creation of structures 

consisting of single layers of different materials acquired a twist with the potential to obtain highly 

tunable and completely novel behavior. This activity suggests the idea of άdesignerέ 

heterostructures, or άdesigner quantum materialsέ. By characterizing and controlling the interaction 

among different layers, or the interaction between monolayers and a substrate, one can envisage 

creating materials with certain properties. Interesting examples include strongly increased critical 

temperatures in FeSe or Ising superconductivity in transition metal monolayers. On the other hand, 

the combination of hybrid magnetic films with superconductors provides a thrust towards tunable 

Josephson junctions (j and p junctions) and the realization of new magnetic devices, thanks to spin 

polarized sub-bands. Advances in thin film technologies are providing highly controllable situations 

where the superconducting order parameter is entangled with magnetic degrees of freedom. These 

and related activities are the arena for an interdisciplinary debate that is opening the possibility to 

build new superconducting devices and study new behavior in quantum materials. The workshop 

intends to gather scientists working in these and related fields. 

Topics include (and are not limited to): 

ω Two-dimensional materials: superconductivity and magnetism. 

ω Thin film heterostructures. 

ω Superconductivity and magnetism in iron based materials and pnictides. 

ω Low carrier concentration quantum materials, heterostructures and devices. 

ω Junctions and Josephson physics. 

ω SQUID technology and applications. 

ω Novel developments in thin film deposition. 

ω Spin orbit and Rashba physics. 

ω Density functional calculations of interfaces and quantum materials. 

ω Photoemission and normal state property measurements. 



ω Advanced techniques: nanoscale imaging, high pressures and strain. 

THE COST ACTION SUPERQUMAP 

The COST Action SUPERQUMAP is organized by researchers from all European countries and includes 

collaborators all over the world. Superqumap started in October 2021 and will continue until 

October 2026. Superqumap will significantly shape research in superconductivity by a series of 

instruments provided by the well proven COST Action system. These includes two meetings a year, 

short term scientific missions and support to attend meetings organized by other entities in the 

same field. The management committee includes researchers from 29 countries, which share the 

common goal of advancing in the objectives of the Action. The approach is completely open to any 

researcher that can contribute to the objectives of the Action in any country. 

The Action superqumap aims to harness the results obtained recently in superconductivity and build 

a collaborative effort to provide radically new approaches to superconducting based quantum 

devices. Research has three main objectives: 

· To synthesize, characterize, model and understand superconducting materials and devices using a 

collaborative approach including techniques and capabilities available all over Europe. 

· To improve our understanding of superconductors at interfaces and in combination with other 

systems such as magnets and insulators. 

· To achieve a disruptive advance in superconducting devices for quantum technologies. 

The work is organized in three work packages, which aid to shape the meetings and networking 

activities in which researchers mutually benefit from complementary knowledge to advance in the 

objectives of the Action. 

· Work package 1: Quantum materials 

o Obtain topological and triplet superconductivity by tuning correlations and the properties at 

interfaces. 

o Understand the relationship between electronic correlations, magnetism and unconventional 

superconducting properties. 

· Work package 2: New functionalities for sensors and devices 

o Control the degree of disorder in low dimensional and low carrier density superconductors. 

o Achieve a better understanding of electronic behaviour between the extreme limits of infinity and 

zero resistance. 

o Understand transport in hybrid magnetic-superconducting devices and explore the behaviour of 

junctions made of hybrid heterostructures. 

· Work package 3: Building Quantum Systems. 

o Create and characterize novel two-level systems in superconducting junctions and devices suitable 

for quantum computation. 

o Design and test methods for their coherent manipulation in quantum devices. 



Everyone interested in contributing to the objectives of the Action is cordially invited to join us. 

Participation is very easy. First by joining a working group, which will allow us to keep you updated. 

Then, by attending one of our workshops, schools or conferences, by organizing a short term visit or 

by disseminating the results obtained in the field of the Action. Other, equally important, initiatives 

include dissemination activities, such as the promotion of books, both scientific and for the general 

public and the dissemination of our results. 
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Tuesday 29th August 

Arrival Day 

19:00-22:00 Dinner in The Lime Tree Restaurant 

  

Wednesday 30th August 

8:50-09:00 Welcome (East Building EB1.1) 

Session 1 Unconventional Superconductors (East Building EB1.1) 

Chair: Simon Bending 

9:00-9:25 S1.1 Herman Suderow: Visualizing electronic correlations in quantum materials at very low 

temperatures 

9:25-9:50 S1.2 Alix McCollam: Fermi surfaces and electronic structure of uranium-based 

superconductors 

9:50-10:15 S1.3 Christopher Bell: Controlling The Crystal Structure Of Elemental Uranium Thin Films 

10:15-10:40 S1.4 Irina Grigorieva: Magnetic-field induced phase transition in centrosymmetric 

superconductor PdBi2 

10:40-11:05 S1.5 Charles Tam: Recent progress in x-ray scattering on infinite-layer Nd1-xSrxNiO2  

11:05-11:25 Coffee Break 

https://qd-uki.co.uk/


Session 2 Spin Control (East Building EB1.1) 

Chair: Milorad Milosevic 

11:25-11:50 S2.1 Angela Wittmann: Controlling spin at hybrid molecule magnetic interfaces 

11:50-12:15 S2.2 Joaquin Fernández-Rossier: Strong magnetic proximity effect in Van der Waals 

heterostructures driven by direct hybridization 

12:15-12:40 S2.3 Juan José Palacios: Non-equilibrium spin accumulation and magneto-conductance 

in chiral systems from density-functional & group theory 

12:40-13:05 S2.4 Abdou Hassanien: Delocalized Spin States at Zigzag Termini of Graphene 

Nanoribbon 

13:05-14:20 Lunch in East Building L0 Lobby 

Session 3 Vortex Pinning & Dynamics (East Building EB1.1) 

Chair: Gavin Burnell 

14:20-14:45 S3.1 Vadim Geshkenbein: Superconducting Diodes, Surface Barriers and Critical States of 

Atomically Thin Superconductors 

14:45-15:10 S3.2 Christoph Strunk: Supercurrent diodes based on spin-orbit interaction in ballistic 

Josephson Junctions 

15:10-15:35 S3.3 Wolfgang Lang: Reentrant Zero Resistance and Ordered Bose Glass of Vortices In 

Defect-engineered YBCO Thin Films 

15:35-16:00 S3.4 Adrian Crisan: AC and DC Magnetic Response of CaKFe4As4 and EuRbFe4As4 Single 

Crystals 

16:00-16:20 Coffee 

Session 4 Superconducting Devices (East Building EB1.1) 

Chair: Jason Robinson 

16:20-16:45 S4.1 Francesco Tafuri: Ferromagnetic Josephson Junctions: Properties for  Potential 

Applications In Quantum Circuits 

16:45-17:10 S4.2 Gavin Burnell: Josephson Junctions with Perpendicularly Magnetic Anisotropy 

Barriers 

17:10-17:35 S4.3 Szabolcs Csonka: Investigation of graphene-based multi-terminal Josephson 

junctions 

17:35-18:00 S4.4 Ling Hao: NanoSQUIDs, SLUG and Graphene for Quantum Applications  

18:00-20:00 Dinner in The Lime Tree Restaurant 

20:00-22:00 Poster Session (East Building L1 Foyer) 

  

Posters (In addition see talks in S7 Young Researcher Session which will also be presented as 

posters) 



P1 Syed Akbar: Thin Film Uranium Germanides 

P2 Johnathan Bressler: Tunneling into graphene proximitized by NbSe2 at strong in plane magnetic 

field  

P3 Pablo García Talavera: Superconducting gap of PtPb4 

P4 Celia González Sánchez: Fabrication of Hybrid van der Waals Josephson Junctions based on NbSe2 

P5 Xiaodong Hu: Spin Transport through superconductor / Weyl semimetal heterodevices 

P6 Qiaodong  Sun: Electric control of spin supercurrents in hybrid Rashba structures 

P7 Ignazio Vacante: Effect of asingle impurity in a finite length Graphene Josephson Junction 

P8 Vincenzo Varrica: Circuit Quantum Electrodynamics with two-dimensional materials-based devices 

P9 Sijie Wang: Near-absolute spin-valve effect at f-orbital magnet/superconductor interfaces with 

controlled orbital-to-spin moments 

P10 Jiahui Xu: Towards quantum transport in metal and ferromagnetic semiconductor thin films 

structures with absorbed chiral molecules 

P11 Junyi Zhao: Nonreciprocal Edge Transport in Superconducting Devices with Magnetic Control 

  

  

Thursday 31st August 

Session 5 2D Magnetism & Spin Dynamics (East Building EB1.1) 

Chair: Angela Wiittmann 

9:00-9:25 S5.1 Milorad MiloǑeviŏ: From magnonics to neuromorphic computing in magnetic 2D 

materials 

9:25-9:50 S5.2 José J Baldoví: Engineering Spin Excitations In 2D Magnetic Materials 

9:50-10:15 S5.3 Saroj  Dash: Emergent Spin Phenomena in 2D Quantum Materials and Magnetic 

Heterostructures 

10:15-10:40 S5.4 Kousik Bagani: Layer dependent magnetization in 2D vdW Cr2Ge2Te6 

10:40-11:05 S5.5 Michal ValiǑka: Dramatic Elastic Response Near the Critical End Point of the 

Itinerant Metamagnets 

11:05-11:25 Coffee 

Session 6 Novel Techniques & Structures (East Building EB1.1) 

Chair: Wolfgang Lang 

11:25-11:50 S9.1 Daniele Fausti: Quantum spectroscopies for quantum materials 

11:50-12:15 S9.2 Viktor Kabanov: Dynamics of resistive state in thin superconducting channels 



12:15-12:40 S9.3 Raivo Stern: NMR In Studies of 2D Quantum Magnets: Examples of SrCu2(BO3)2 & 

BaCuSi2O6 

12:40-13:05 S9.4 Jeremy Good: Millikelvin and High Field Platforms for 2D Research 

13:05-14:05 Lunch in East Building L0 Lobby 

14:15-17:30 Conference Excursion: Guided walking tour of Bath. Coach departs from East Building. 

17:30-17:40 Coffee 

Session 7 Young Researcher Session (also presenting posters) (East Building EB1.1) 

Chair: Joe Wilcox 

17:40-17:52 S7.1 Lucas Baldo Mesa Casa: Defect-induced band restructuring and length scales in 

twisted bilayer graphene 

17:52-18:04 S7.2 Diego López-Alcalá: Exploring Spin-phonon Coupling In Magnetic 2D Metal-Organic 

Frameworks 

18:04-18:16 S7.3 Hisakazu Matsuki: Absolute superconducting spin switch with spin-orbit coupling 

18:16-18:28 S7.4 Lukas Nulens: Catastrophic magnetic flux avalanches in NbTiN superconducting 

resonators 

18:28-18:40 S7.5 Ignacio Sardinero Sánchez: Topological Superconductivity In a Magnetic-texture 

Mediated Josephson Junction 

18:40-18:52 S7.6 Katia Wurster: YBCO Heterostructures for SQUID-on-Si-Lever 

19:00-21:00 Conference Dinner in The Edge Restaurant 

  

  

Friday 1st September 

Session 8 Superconductivity in Heterostructures (East Building EB1.1) 

Chair: Sara Dale 

9:00-9:25 S8.1 Peter Liljeroth: Artificial topological superconductors and heavy fermion systems in 

heterostructures of 2D materials 

9:25-9:50 S8.2 Annica Black-Schaffer: Flat Bands and Superconductivity In Graphene Systems  

9:50-10:15 S8.3 José Lado: Moiré-enabled topological superconductors and impurity spectroscopy in 

twisted van der Waals heterostructures 

10:15-10:40 S8.4 Jose Martinez Castro: One-dimensional topological superconductivity in a van der 

Waals heterostructure 

10:40-11:05 S8.5 Alina Marinela Ionescu: Tuning the Properties of YBa2Cu3O7-x /Ferromagnet 

Heterostructures 

11:05-11:25 Coffee 



Session 9 High Field Superconductivity (East Building EB1.1) 

Chair: Alina Marinela Ionescu 

11:25-11:50 S6.1 Shu Suzuki: Fulde-Ferrel-Larkin-Ovchinnikov state in a superconducting thin film 

attached to a ferromagnetic cluster 

11:50-12:15 S6.2 Tomas Samuely: Ising Superconductivity In Misfit Layer Compounds 

12:15-12:40 S6.3 Anna Böhmer: Tuning Complex Magnetism of 122-type Iron-based Superconductors 

and Related Compounds via Interlayer Distance 

12:40-13:05 S6.4 Concluding Remarks 

13:05-14:20 Lunch in East Building L0 Lobby 

14:20-Onwards Departure 

  



SESSION 1 UNCONVENTIONAL SUPERCONDUCTORS 

 

1 - Image available at: http://webs.fmc.uam.es/hermann.suderow/  

Herman Suderow 

Universidad Autonoma de Madrid, Spain  

Visualizing electronic correlations in quantum materials at very low temperatures 

1Departamento de Física Teórica de la Materia Condensada, Instituto Nicolás Cabrera and 

Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid, 

Spain  

*Presenting author: Hermann.suderow@uam.es  

 

In this talk I will review recently acquired experimental possibilities of cryogenic Scanning Tunneling 

Microscopy, which include a very high resolution in energy and the capability to cleave in-situ at low 

temperatures ultra high-quality single crystals. I will discuss the discovery of two-dimensional heavy 

fermions (2DHF) made of 5f electrons with an effective mass 17 times the free electron mass. These 

2DHF present quantized states at terraces. The energy separation between quantized levels is of a 

fraction of a meV and the level width is set by the interaction with correlated bulk states [1]. 

Interestingly, we find a new connection between bulk and surface features, which shows that the 

surface can be used as a powerful probe to address pressing questions about electronic correlations, 

such as the hidden order problem of URu2Si2. Finally, I will also describe recent work in the layered 

type-II Weyl semimetal WTe2.  

 

http://webs.fmc.uam.es/hermann.suderow/
mailto:Hermann.suderow@uam.es


[1] Quantum-well states at the surface of a heavy-fermion superconductor, Edwin Herrera, Isabel 

Guillamón, Víctor Barrena, William J. Herrera, Jose Augusto Galvis, Alfredo Levy Yeyati, Ján Rusz, 

Peter M. Oppeneer, Georg Knebel, Jean Pascal Brison, Jacques Flouquet, Dai Aoki & Hermann 

Suderow, Nature 616, pp 465ς469 (2023).  
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Alix McCollam 

University College Cork, Ireland 

Fermi surfaces and electronic structure of uranium-based superconductors 

 

R. Leenen1, D. Aoki2, G. Knebel3, A. Pourret3, S.R. Julian4 and A. McCollam1,5*   

 

1High Field Magnet Laboratory (HFML-EMFL), Radboud University, Toernooiveld 7, 6525 ED 

Nijmegen, The Netherlands.  

2Institute for Materials Research, Tohoku University, Ibaraki 311-1313, Japan.  

3Univ. Grenoble Alpes, CEA, Grenoble INP, IRIG, PHELIQS, F-38000 Grenoble, France.  

4Department of Physics, University of Toronto, 60 St. George Street, Toronto, M5S 1A7, Ontario, 

Canada.  

5School of Physics, Kane Building, University College Cork, College Road, Cork, Ireland.  

*Presenting author: amccollam@ucc.ie  

 

Lifshitz transitions of the Fermi surface are increasingly being recognised as significant in a wide 

variety of strongly correlated and topological materials, and understanding the origin and influence 

of Lifshitz transitions has led to deeper understanding of key aspects of magnetic, transport or 

quantum critical behaviour [1-11].  

https://www.ucc.ie/en/physics/people/academicstaff/
mailto:amccollam@ucc.ie


In the ferromagnetic superconductor UCoGe, a magnetic field applied along the c-axis induces a 

series of anomalies in both transport and thermopower that may be caused by Lifshitz transitions 

[12]. A need to understand the close relationship between magnetism, superconductivity and the 

heavy electron Fermi surface in this material makes it important to explore if and why a series of 

magnetic-field-induced Lifshitz transitions occur.  

I will present the results of magnetic susceptibility measurements of UCoGe, performed at 

temperatures down to 45 mK and magnetic fields (B//c) up to 30 T. We observe a series of clearly-

defined features in the susceptibility, and multiple sets of strongly field-dependent de Haas-van 

Alphen oscillations, from which we extract detailed field-dependence of the quasiparticle properties. 

We complement our experimental results with DFT bandstructure calculations, and include a simple 

model of the influence of magnetic field on the calculated Fermi surface. By comparing experimental 

and calculated results, we determine the likely shape of the Fermi surface and identify candidate 

Lifshitz transitions that could correspond to two of the features in susceptibility [13]. I will compare 

our results on UCoGe to other recent Fermi surface measurements of UPt3 [7] and UTe2 [14], and 

discuss the evolution of the Fermi surface in connection to the development of magnetisation and 

superconductivity in these materials.  

 

[1] S. Paschen et al. Nature 432, 881 (2004).  

[2] P.M.C. Rourke et al. Phys Rev. Lett. 101, 237205 (2008).  

[3] R. Daou et al. Phys. Rev. Lett. 96, 026401 (2006).  

[4] H. Shishido et al., J. Phys. Soc. Jpn. 74, 1103 (2005).  

[5] L. Jiao et al. PNAS 112, 673 (2018).  

[6] S. Mishra et al. Phys. Rev. Lett. 126, 016403 (2021).  

[7] A. McCollam et al. J. Phys. Condens. Matter 33, 075804 (2021).  

[8] A. I. Coldea et al. npj. Quant. Mater. 4, 2 (2019).  

[9] A. Jayaraman et al. Nano Lett. 21, 1221 (2021).  

[10] W. Wu et al. Nat. Mater. 22, 84 (2022)  

[11] A. Joshua et al. Nat. Commun. 3, 1129 (2012).  

[12] G. Bastien et al., Phys. Rev. Lett. 117, 206401 (2016).  

[13] R. Leenen et al. arXiv: 2304.07024 (2023).  

[14] D. Aoki et al., J. Phys. Soc. Jpn. 92, 065002 (2023). 
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Christopher Bell 

University of Bristol, United Kingdon 

Controlling The Crystal Structure Of Elemental Uranium Thin Films   

 

R. Nicholls1, C. Bell1*, R. Springell1, G. H. Lander1 and J. Bouchet2   

 

1School of Physics, University of Bristol, BS8 1TL, UK   

2 CEA, DES, IRESNE, DEC, SESC, LM2C, F-13108 Saint-Paul-Lez-Durance, France   

*Presenting author:  

 

From a fundamental condensed matter physics point of view, the properties of uranium are of 

considerable interest. The physics of uranium's 5f electrons is combined with large spin-orbit 

coupling, charge-density wave order, superconductivity and proximity-induced magnetism, to name 

but a few of the fascinating electronic properties found in this elemental metal. In Bristol we have 

the capability to grow thin films incorporating U at ambient and elevated temperatures, giving rise 

to samples that can be (poly)crystalline, compounds, alloys, and heterostructures. In this talk I will 

give an overview of some recent work using this growth chamber [1,2] and then focus on the 

stabilization metastable hcp U on Ir and Cu buffers [3]. This hcp crystal symmetry, which does not 

exist in the bulk of U, is of particular interest due to the enhanced spin-Hall angle theoretically 

predicted [4].  

  

[1] D. Chaney et al., Tuneable Correlated Disorder in Alloys, Phys. Rev. Mater. 5, 035004 (2021).  

https://www.bristol.ac.uk/people/person/Chris-Bell-4d8c8f81-6429-435f-b6e5-021e7b7a19da/


[2] E. R. Gilroy et al., Magnetic anisotropy in Fe/U and Ni/U bilayers, Phys. Rev. B 103, 104426 

(2021).  

[3] R. Nicholls et al., Structure and Phase Transitions of Metastable Hexagonal Uranium Thin Films, 

Phys. Rev. Mater. 6, 103407 (2022).  

[4] M.-H. Wu et al., Spin-dependent transport in uranium, Phys. Rev. B 101, 224411 (2020).  
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Irina Grigorieva  

University of Manchester, United Kingdom 

Magnetic-field induced phase transition in centrosymmetric superconductor PdBi2 

 

I.V. Grigorieva*   

University of Manchester, Oxford Road, Manchester M13 9PL, UK  

*Presenting author: Irina.V.Grigorieva@manchester.ac.uk   

 

Centrosymmetric superconductor b-PdBi2 has attracted much attention recently due to its 

topologically nontrivial band structure and predicted multiband superconductivity. However, most 

studies so far ς typically conducted in zero magnetic field ς only detect a single s-wave gap. I will 

review our recent studies where we used tunnelling spectroscopy to demonstrate a magnetic-field 

driven transition from s-wave superconductivity in low magnetic field to unconventional pairing and 

a nodal gap in parallel magnetic fields above ~0.2T. Our theory shows that the transition is 

associated with local breaking of the inversion symmetry and the associated reconstruction of the 

electronic bands in magnetic field.  

  

https://www.manchester.ac.uk/discover/news/professor-irina-grigorieva-awarded-the-2019-david-tabor-medal-and-prize/
https://www.manchester.ac.uk/discover/news/professor-irina-grigorieva-awarded-the-2019-david-tabor-medal-and-prize/
mailto:Irina.V.Grigorieva@manchester.ac.uk


 

Charles Tam  

University of Bristol  

Recent progress in x-ray scattering on infinite-layer Nd1-xSrxNiO2   

 

Charles Tam1,2*, Jaewon Choi2, Xiang Ding3, Liang Qiao3, and Ke-Jin Zhou,2   

 

1Diamond Light Source, Harwell Campus, Didcot OX11 0DE, United Kingdom.  

2H.H. Wills Physics Laboratory, University of Bristol, Bristol BS8 1TL, United Kingdom  

3School of Physics, University of Electronic Science and Technology of China, Chengdu, 610054, 

China  

*Presenting author: c.tam@bristol.ac.uk  

  

Since their experimental realisation in 2019 [1] infinite-layer nickelates have emerged as a new route 

to study unconventional superconductivity. From the 2D planes of NiO2 formed of spin ½ Ni1+ 3d9 

ions, the Ni 3dx2-y2 band at the Fermi level, and strong superexchange evidenced by collective spin 

excitations in the undoped parent compound [2], it is tempting to draw analogies to the cuprate 

family of high Tc superconductors. However, progress has been limited by challenging material 

growth. For example, superconductivity has only yet been achieved in 10 nm thin films. While this 

has limited many experimental probes, resonant inelastic x-ray scattering has proved to be a 

powerful tool to probe the electronic structure and collective excitations. Here we present resonant 

inelastic x-ray scattering measurements on infinite layer nickelates, and demonstrate the presence 

of a lattice symmetry-breaking modulation characteristic of a charge density wave (CDW) in the 

undoped parent compound [3], potentially further highlighting similarities with the cuprates. Next, 

we show effect of growth conditions on the normal state CDW signals and the collective spin 

excitations. Finally, we show the superconducting state is very sensitive to growth conditions, and 

corresponds to a narrow region of intercalated hydrogen concentration [4]. These results highlight 

the sensitivity of the normal and superconducting state to growth conditions.  

  

  

[1] D. Li et al. Nature 514 624-627 (2019).  

[2] H. Lu et al. Science 373 213-216 (2021).  

[3] C. C. Tam et al., Nature Materials 21 1116-1120 (2022).  

[4] X. Ding, C. C. Tam et al., Nature 615, 50-55 (2023).  



SESSION 2 SPIN CONTROL 
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Angela Wittmann 

Johannes Gutenberg University Mainz, Germany  

Controlling spin at hybrid molecule magnetic interfaces 

 

A. Wittmann1*   

1Johannes Gutenberg University Mainz, Staudingerweg 7, 55128 Mainz, Germany   

*Presenting author: a.wittmann@uni-mainz.de  

 

Molecules offer a unique way of controlling and varying the structure at the interface making it 

possible to precisely tune the underlying interactions and hybridization at the interface by molecular 

design. There is a growing interest in utilizing the distinctive material properties of organic 

semiconductors for spintronic applications. In our work, we explore the injection of a pure spin 

current from a ferromagnetic thin film into a small molecule. We show that both the spin injection 

efficiency at the interface and the spin diffusion length can be tuned sensitively by the interfacial 

molecular structure and side chain substitution of the molecule[1].   

Recently, chiral molecules have gained significant interest in the context of the highly efficient chiral-

induced spin selectivity effect. This highly intriguing phenomenon allows for manipulation of the spin 

state of charge carriers without the need for magnetic materials or heavy elements with strong 

atomic spin-orbit coupling. The two recently studied phenomena based on chiral-induced spin 

selectivity are the chirality-dependent transmission of spins through chiral molecules and the 

enantiomer-specific adsorption and chirality-dependent induced magnetization upon adsorption of 

chiral molecules on metal thin films[2]. Here, we show signatures of spin filtering in the spin-to-

charge conversion in hybrid non-magnetic chiral molecule/metal thin film structures.   

The targeted tunability of the properties at hybrid molecule magnetic interfaces enables the 

development of novel materials systems and devices tailor-made for specific applications.   

 

https://wittmann-lab.uni-mainz.de/team-2/
mailto:a.wittmann@uni-mainz.de


[1] A. Wittmann et al., Phys. Rev. Lett. 124, 027204 (2020).  

[2] M. Ozeri et al., J. Phys. Chem. Lett 14, 48 (2023).  
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Joaquin Fernández-Rossier 

International Iberian Nanotechnology Laboratory (INL), Portugal 

 

Strong magnetic proximity effect in Van der Waals heterostructures driven by direct hybridization  

 

C. Cardoso1, A. T. Costa2, A. H. MacDonald3, J. Fernández-Rossier2,* 

1S3 Centre, Istituto Nanoscienze, CNR, Via Campi /a, Modena, Italy  

2Physics Department, University of Texas at Austin, Austin, Texas 78712, USA  

3International Iberian Nanotechnology Laboratory, 4715-310 Braga, Portugal  

*Presenting author: Joaquin.fernandez-rossier@email.com  

 

We propose[1] a new class of magnetic proximity effects based on the spin dependent hybridization 

between the electronic states at the Fermi energy in a non-magnetic conductor and the narrow spin 

split bands of a ferromagnetic insulator. Unlike conventional exchange proximity, we show this 

hybridization proximity effect has a very strong influence on the non-magnetic layer and can be 

further modulated by application of an electric field. We use DFT calculations to illustrate this effect 

in graphene placed next to a monolayer of CrI3, a ferromagnetic insulator. We find strong 

hybridization of the graphene bands with the narrow conduction band of CrI3in one spin channel 

https://www.thegraphenecouncil.org/blogpost/1501180/370608/University-of-Alicante-researchers-are-part-of-an-international-team-who-have-created-the-world-s-strongest-nanomagnet
https://www.thegraphenecouncil.org/blogpost/1501180/370608/University-of-Alicante-researchers-are-part-of-an-international-team-who-have-created-the-world-s-strongest-nanomagnet
mailto:Joaquin.fernandez-rossier@email.com


only. We show that our results are robust with respect to lattice mismatch and twist angle 

variations. Furthermore, we show that an out-of-plane electric field can be used to modulate the 

hybridization strength, paving the way for applications.  

 

[1] Strong magnetic proximity effect in Van der Waals heterostructures driven by direct 

hybridization  

C Cardoso, AT Costa, AH MacDonald, J Fernández-Rossier, arXiv preprint arXiv:2305.16813  

  

https://scholar.google.com/citations?view_op=view_citation&hl=es&user=6A_d6IAAAAAJ&sortby=pubdate&citation_for_view=6A_d6IAAAAAJ:YbLjypsZzowC
https://scholar.google.com/citations?view_op=view_citation&hl=es&user=6A_d6IAAAAAJ&sortby=pubdate&citation_for_view=6A_d6IAAAAAJ:YbLjypsZzowC
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It is theoretically well established that a spin-dependent electron transmission generally appears in 

chiral systems, even without magnetic components, as long as a strong spin-orbit coupling is present 

in some of its elements [1]. However, how this translates into the out-of-equilibrium chirality-

induced spin selectivity, which is experimentally measured in a variety of systems, is still debated. 

Aided by non-equilibrium DFT-based quantum transport calculations, here we show that, when 

spatial symmetries that forbid a finite spin polarization in equilibrium are broken, a net spin 

accumulation appears at finite bias in an arbitrary two-terminal nanoscopic device (nanojunction). 

Furthermore, when a suitably magnetized detector is introduced in the system, the net spin 

accumulation, in turn, translates into a finite magneto-conductance. The symmetry prerequisites are 

mostly analogous to those for the spin polarization [1], with the vectorial nature given by the 

direction of magnetization. Implications for two-dimensional and bulk crystals will also be discussed.  

 

[1] W. Dednam, M.A. García-Blázquez, L.A. Zotti, E.B. Lombardi, C. Sabater, S. Pakdel, J.J. Palacios, 

ACS Nano 17 (2023) 6452-6465.  
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The zigzag termini of armchair graphene nanoribbon offer unique advantages such as selective site 

functionalization, quantum magnetism and to tune the bonding of ribbon to external electrical leads. 

In the pristine form, these edges are expected to be spin active, however, due to passivation with 

hydrogen atoms, the magnetic states are quenched. Here we describe a methodology to revive edge 

states magnetism and explore the many-body interaction of delocalized ̄ electrons. These findings 

highlight a possibility of inducing magnetic ordering in passivated GNR by de-hydrogenation of 

atoms at the peripheries of zigzag termini.  

mailto:Abdou.Hassanien@ijs.si
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A superconducting  diode carries dissipationless supercurrents in one direction, but resistive normal 

currents at finite voltages in the opposite direction, a phenomenon that occurs when the critical 

current is different in magnitude depending on the polarity, . They offer perfect voltage rectification 

if an alternating current of magnitude between these values is applied.  



Despite the similar names coined, diodes and SC diodes have key symmetry differences due to their 

vastly different microscopic physics. Superconductors carry currents without voltage gradients, 

hence a time reversal operation reverts the current flow even when all spatial mirror symmetries 

that map  are broken. Time-reversal can be readily broken by any (residual) magnetic field 

or  magnetic order in the material. 

Magnetic and transport properties of atomically thin superconductors are of great 

interest, especially since  the advent of van der Waals technology. In a perpendicular magnetic field 

H, the magnetic response of these superconductors is characterized by the Pearl length Ṷ˂ = ˂ 2/d. 

For atomically thin films, this penetration depth can easily exceed the sample width, allowing 

the magnetic field to fully penetrate inside the system. The critical state of these novel 

superconductors  differs significantly from the well-know Bean state describing their bulk 

counterparts. The critical current Ic(H) is determined by a surface barrier at low fields, where it 

decreases linearly with the magnetic field. At high fields, pinning from material inhomogeneities 

plays an important role and Ic(H) decays  to a constant value given by the bulk depinning current Ip. 

In symmetric samples, the critical current displays a sharp  triangular peak at H = 0. In novel 

engineered devices whose edges are purposefully crafted to create asymmetric surface barriers, on 

the contrary, this peak shifts to a finite field value Hmax, giving rise to nonreciprocal transport and 

powerful superconducting diode effects[1,2].  

Beyond criticality, the current distribution inside the superconductor rearranges to keep the electric 

field homogeneous, creating a finite voltage across the sample. Decreasing the applied current, the 

superconductor remains in the dissipative state until I Ғ Ip, explaining the hysteretic behavior of 

recent experimental IV scans[1].  

  

[1] Y. Hou, et al., Ubiquitous superconducting diode effect in superconductor thin films. 

https://arxiv.org/abs/2205.09276  (2022). 

[2] O. V. Dobrovolskiy, et al.  Ultra-fast vortex motion in a direct-write Nb-C superconductor, Nat 

Commun 11, 3291 (2020). 

  

https://arxiv.org/abs/2205.09276
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The recent discovery of intrinsic supercurrent diode effect [1], and its prompt observation in a rich 

variety of systems, has shown that nonreciprocal supercurrents naturally emerge when both space- 

and time-inversion symmetries are broken. In Josephson junctions, the presence of the diode effect 

depends on the content of higher harmonics in the current phase relation  and the magnitude of the 

anomalous phase shift  defined by  I will report on both dc and ac-manifestations of the Josephson 

diode effect in the non-linear inductance in planar Josephson junctions, based on a ballistic Al/InAs-

heterostructure that is exposed to an in-plane magnetic field Bip [2]. At low Bip a non-reciprocal 

term is found in the inductance that is linear in Bip. At higher Bip a sign reversal of the 

magnetochiral term is observed that can be traced back to a 0-p-like transition in the current-phase 

relation [3]. We demonstrate that diode effect and  - phase shift occur together and can be 

controlled by electrostatic gating. 

  



[1] F. Ando et al., Nature 584, 373 (2020). 

[2] C. Baumgartner et al., Nature Nanotech. 17, 39 (2022). 

[3] C. Baumgartner et al., arXiv:2212.13460. 

  

https://arxiv.org/abs/2212.13460
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Many advanced superconducting thin film applications demand the creation of topological 

nanostructures, such as artificial pins for Abrikosov vortices. Ultradense patterns of such pinning 

sites can be fabricated by scanning the focused beam of a helium-ion microscope over the surface of 

epitaxially-grown thin YBa2Cu3O7-  ɻ(YBCO) films [1]. This process generates columns of point 

defects to suppress superconductivity locally. The method overcomes the severe constraints of 

traditional lithographic techniques while preserving the crystallographic framework of the material. 

  



The present ~10 nm resolution of this technique is demonstrated by ultradense pinning landscapes 

with magnetic commensurability fields up to 6 T that can be observed over a wide temperature 

range from the onset of the superconducting transition down to 2 K. Moreover, a reentrant zero-

resistance state and a method for estimating the pinning force of an individual vortex will be 

discussed. 

  

Because YBCO thin films have disordered strong intrinsic pinning, adding an ultradense periodic 

array of designed pinning centers gives rise to a novel topological phase, recently uncovered as the 

ordered Bose glass of vortices [2]. It can emerge from a vortex Mott insulator when thermal energy 

and disorder weaken the vortex correlations. The voltage-current isotherms reveal critical behavior 

and scale in the vicinity of the second-order glass transition. The latter exhibits a distinct peak in 

melting temperature at the magnetic commensurability field, as well as a sharp rise in the lifetime of 

glassy fluctuations. Angle-dependent magnetoresistance measurements in constant Lorentz force 

geometry [3] unveil a substantial increase of anisotropy compared to a pristine reference film when 

the density of vortices matches those of the columnar defects. Then, only the magnetic-field 

component parallel to the columnar defects dominates the pinning, revealing its one-dimensional 

nature. These findings affirm the concept of an ordered Bose glass phase. 

  

Acknowledgments: This work is funded by a joint project of the Austrian Science Fund (FWF), grant 

I4865-N, and the German Research Foundation (DFG), grant KO 1303/16-1, and is based upon work 

from COST Actions CA21144 (SuperQuMap), CA19140 (FIT4NANO), and CA19108 (Hi-SCALE), 

supported by COST (European Cooperation in Science and Technology) 

  

[1]   B. Aichner, B. Müller, M. Karrer, V.R. Misko, F. Limberger, K.L. Mletschnig, M. Dosmailov, J.D. 

Pedarnig, F. Nori, R. Kleiner, D. Koelle, W. Lang, ACS Appl. Nano Mater., 2 (2019) 5108. 

[2]   L. Backmeister, B. Aichner, M. Karrer, K. Wurster, R. Kleiner, E. Goldobin, D. Koelle, W. Lang, 

Nanomaterials 12 (2022) 3491. 

[3]   B. Aichner, L. Backmeister, M. Karrer, K. Wurster, R. Kleiner, E. Goldobin, D. Koelle, W. Lang, 

Condens. Matter. 8 (2023) 32. 
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The newly discovered AeAFe4As4 (where Ae is an alkali-earth metal and A is an alkali metal) 

superconductors, also named 1144 family, raised great interest due to some extraordinary 

properties, like very high critical currents and upper critical fields coupled with quite high critical 

temperature, multi-component superconductivity, low anisotropy. One of the most studied example 

is CaKFe4As4, in which, apart from the above-mentioned properties, it was estimated a very high 

pinning potential [1] at the liquid hydrogen temperature (envisaged for applications in the future 

hydrogen economy) and a very steep melting line [2]. A remarkable member of the 1144 family is 

CaKFe4As4, which, after a superconducting transition at about 36 K, has a magnetic transition at 15 

K, hense a clear coexistence of superconductivity and magnetism. We have used Quantum Design 

PPMS and SQUID MPMS systems to measure the temperature dependence of DC and multi-

harmonic AC susceptibility in various DC magnetic fields, magnetization relaxation, and magnetic 

hysteresis loops. We will present the results of the above measurements, determine some important 

properties from such measurements and, finally, will make a comparison between the two 

compositions. 

  

  

[1] A.M. Ionescur, I. Ivan, D.N. Crisan, A. Galluzzi, M. Polichetti, S. Ishida, A. Iyo, H. Eisaki and A. 

Crisan, Sci. Rep., 12 (1), (2022) 19132. 

[2] I. Ivan, A.M. Ionescu, D.N. Crisan and A. Crisan, Int. J. Mol. Sci., 24 (9), (2023) 7896. 
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We will report on special properties of hybrid Josephson Junctions (JJs), on how to engineer the 

macroscopic phase in quantum circuits, which make possible alternative layouts for the 

superconducting modules inside a more general architecture also through a comparative study of 

fluctuations and of electro-dynamical properties [1-6]. A special focus will be on junctions employing 

ferromagnetic barriers. Different types of ferromagnetic barriers give access to specific regimes. A 

phase diagram for spin nanoscale ordering at Superconductor/Ferromagnet (S/F) interfaces in 

magnetic JJs can be expressed in terms of the magnetic moment induced in the S-layer [3]. Our 

findings contribute to drive the design and the tailoring of S/F interfaces also in view of potential 

applications in quantum computing [1,7].  

 

[1] H. G. Ahmad, V. Brosco, A. Miano, L. Di Palma, M. Arzeo, D. Montemurro, P. Lucignano, G. P. 

Pepe, F. Tafuri, R. Fazio, and D. Massarotti, Hybrid ferromagnetic transmon qubit: Circuit design, 

feasibility, and detection protocols for magnetic fluctuations, Phys. Rev. B 105 (2022) 214522   

[2] R. Satariano, L. Parlato, A. Vettoliere, R. Caruso, H. G. Ahmad, A. Miano, L. Di Palma, D. Salvoni, D. 

Montemurro, C. Granata, G. Lamura, F. Tafuri, G. P. Pepe, D. Massarotti, and G. Ausanio, Inverse 

magnetic hysteresis of the Josephson supercurrent: study of the magnetic properties of thin Nb/Py 

interfaces, Phys. Rev. B 103 (2021) 224521   

[3] R. Satariano, A. F. Volkov, H. G. Ahmad, L. Di Palma, R. Ferraiuolo, A. Vettoliere, C. Granata, D. 

Montemurro, L. Parlato, G. P. Pepe, F. Tafuri, G. Ausanio, and D. Massarotti, Nanoscale spin ordering 

and full spin screening in tunnel ferromagnetic Josephson Junctions, under review (2023)  

[4] D. Massarotti, H.G. Ahmad, R. Satariano, R. Ferraiuolo, L. Di Palma, P.  Mastrovito, G. Serpico, A. 

Levochkina, R. Caruso, A. Miano, M. Arzeo, G. Ausanio, C. Granata, P. Lucignano, D. Montemurro, L. 

Parlato, A. Vettoliere, R. Fazio, O. Mukhanov, G. P. Pepe and F. Tafuri, A feasible path for the use of 

ferromagnetic Josephson junctions in quantum circuits,  Low Temp. Phys. 49 (2023) 871  

[5] H. G. Ahmad, M. Minutillo, R. Capecelatro, A. Pal, R. Caruso, G.Passarelli, M. G. Blamire, F. Tafuri, 

P. Lucignano and D. Massarotti, Coexistence and tuning of spin-singlet and triplet transport in spin-

filter Josephson junctions,Communications Physics 5 (2022) 2   

[6] A. Vettoliere, R. Satariano, R. Ferraiuolo, L. Di Palma, H. G. Ahmad, G. Ausanio, G. P. Pepe, F. 

Tafuri, D. Montemurro, C. Granata, L. Parlato, and D. Massarotti, Aluminum-ferromagnetic 

Josephson tunnel junctions for high quality magnetic switching devices, Appl. Phys. Lett. 120 (2022) 

262601  

[7] H.G. Ahmad, C. Jordan,  R. van den Boogaart, D.Waardenburg, C. Zachariadis, P. Mastrovito, A. 

Lyubenov Georgiev, D. Montemurro, G.P. Pepe, M. Arthers, A. Bruno, F. Tafuri, O. Mukhanov, M. 

Arzeo  and D. Massarotti, Investigating the Individual Performances of Coupled Superconducting 

Transmon Qubits,  Condensed Matter 8 (2023) 29   
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Josephson junctions containing ferromagnetic weak links have been of interest over the last twenty 

years due to the additional physics present when pair correlations from the superconductor 

(S)interact with the exchange field of the ferromagnet (F) and the possibility of creating equal spin, 

odd-frequency triplet states when the barrier is suitably engineered. In addition to the novel physics, 

an important potential application lies in the development of cryogenic membranes. In this talk I will 

present our recent work [1ς3] on developing junctions with barriers with perpendicular magnetic 

anisotropy based on Pt/Co multilayers and ordered alloys and discuss their potential for use in 

cryogenic computing. 

  

[1]          N. Satchell et al., Spin-Valve Josephson Junctions with Perpendicular Magnetic Anisotropy for 

Cryogenic Memory, Appl. Phys. Lett. 116, 022601 (2020). 

https://condensed-matter.leeds.ac.uk/people/gb/


[2]          N. Satchell, T. Mitchell, P. M. Shepley, E. Darwin, B. J. Hickey, and G. Burnell, Pt and CoB 

Trilayer Josephson $\pi $ Junctions with Perpendicular Magnetic Anisotropy, Sci. Rep. 11, 11173 

(2021). 

[3]          N. Satchell, S. Gupta, M. Maheshwari, P. M. Shepley, M. Rogers, O. Cespedes, and G. Burnell, 

Thin Film Epitaxial [111] Co$_{50}$Pt$_{50}$: Structure, Magnetisation, and Spin Polarisation, Sci. 

Rep. 13, 12468 (2023). 
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The Andreev spectrum of an N-terminal Josephson junction is expected to host Weyl singularities in 

the (N-1)-dimensional space of the individual superconducting phases, thus mimicing the band 

https://qi.nemzetilabor.hu/people/szabolcs-csonka
mailto:csonka.szabolcs@ttk.bme.hu


structure of topological materials [1]. Graphene is an ideal platform to realize such multiterminal 

junctions, where high quality Josepshon junctions can be formed in a planar geometry. 

First we will show the realization of high quality graphene based Josephson junctions and 

characterize their behavior using CPR measurements. Afterwards, we investigate a 3-terminal 

Josephson junction containing hBN-encapsulated graphene as the weak link connecting the 

terminals. We characterize the junction by DC transport measurements and apply RCSJ simulations 

to understand the multi-terminal behaviour. By applying current bias to 2 different leads, we obtain 

a differential resistance map with several complex features and observe the 

coexistence of normal and superconducting current paths in the graphene region [2,3,4]. 

Furthermore, we perform switching current distribution measurements to probe the switching 

mechanism in this multiterminal system. 

 

[1] R-P. Riwar et al. Nat. Comm. 7, 11167 (2016)  

 [2] G. V. Graziano et al., Phys. Rev. B 101, 054510 (2020)  

 [3] A. W. Draelos et al., Nano Lett. (2019)  

 [4] N. Pankratova et al., Phys. Rev. X 10 (2020) 

 

14 - Figure 1: Differential resistance of a 3-terminal Josephson junction (measurement ς left and simulation on the right). 
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Superconducting electronics has moved towards the nanometre scale over recent decades. The 

drive comes from the need for greater complexity, e.g. arrays of large number of similar (preferably 

identical) devices. Minimising the size of all components is the obvious route to achieving scalability 

and reproducibility. Second, maximising the signal amplitude at the input to a superconducting 

sensor often requires increasing the Ψfield of viewΩ as far as possible.  In many situations this means 

bringing the sensor as close as possible to the signal source. A third driver is the need to take 

superconducting sensors to higher operating frequencies, going beyond the usual 5GHz range, 

employed in superconducting qubits, towards millimetre wave frequencies.  This is particularly 

significant for astronomical observations, allowing the detection of single millimetre wave photons 

but also allowing a search for axion dark matter to be carried to higher masses.  A fourth driver has 



been the demonstration of Josephson junctions based on graphene barriers.  This introduces a 

further variable which can be used to tune superconducting electronics performance, namely the 

control of critical current of a weak link by means of an applied electric field.  In this talk we will 

describe how nanobridge junction fabrication by a combination of electron beam lithography and 

focussed ion beam has led to nanoscale very low noise devices operating at around 4K, and how 

these devices can impact on various quantum applications such as energy resolved single optical 

photon measurement, single spin detection, axion dark matter searches and neutrino mass 

measurement. 
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Monolayer chromium-trihalides, the archetypal two-dimensional (2D) magnetic materials, are 

readily suggested as a promising platform for high-frequency magnonics. In this talk, I will detail the 

spin-wave properties of those monolayer ferromagnets, using spin-dynamics simulations 

parametrized from the first principles. I will show that spin-wave dispersion can be tuned in a broad 

range of frequencies by strain, paving the way towards flexo-magnonic applications. Further, I will 

reveal that the ever-present halide vacancies in these monolayers induce surprisingly strong 

DzyaloshinskiiςMoriya interaction, able to scatter spin-waves, which promotes design of spin-wave 

guides by defect engineering. Finally, I will discuss the spectra of spin-waves propagating across a 

moiré-periodic modulation of magnetic parameters in a van der Waals heterobilayer, and show that 

the nanoscale moiré periodicities in such samples are ideal for realization of a magnonic crystal in 
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the terahertz frequency range. Recalling the additional tunability of magnetism in 2D materials by 

electronic gating, our results situate these systems among the front-runners for prospective high-

frequency magnonic and neuromorphic applications.  
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The recent isolation of two-dimensional (2D) magnets offers tantalizing opportunities for spintronics 

and magnonics at the limit of miniaturization.[1] Among the key advantages of atomically-thin 

materials are their flexibility, which provides an exciting avenue to control their properties by strain 

engineering, and the more efficient tuning of their properties with respect to their bulk 

counterparts. In this presentation we will provide an overview of our recent results on this 

fascinating topic. First, we will focus on the magnetic properties, magnon dispersion and spin 

dynamics of the air-stable 2D magnetic semiconductor CrSBr (TC = 146 K)[2] and will investigate their 

evolution under mechanical strain and Coulomb screening using first-principles.[3] Our results 

provide a deep microscopic analysis of the competing interactions that stabilize the long-range 

ferromagnetic order and the orientation of the spin in the monolayer.[4]  

Then, we will apply our approach to some of the derivatives of the family of transition-metal 

phosphorus trichalcogenides and we will show the possibility of tuning spin wave transport by 

https://spainculturescience.co.uk/2d-smarties-jose-j-baldovi/
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atomic-layer substitution, building a so-called Janus single-layer.[5] Finally, we will introduce novel 

hybrid molecular/2D heterostructures using sublimable organic molecules to show, as a proof-of-

concept, the potential of a chemical approach for magnon spintronics applications.   

 

 

18 - Fig. 1: Artistic representation of (left) strain-engineering of spin waves in single-layer CrSBr and (right) a coronene 
molecule on the surface of a 2D magnetic material.  
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