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Scientific context and objectives
(1/2)

« Background / Problem statement: to exploit recent spectacular
progress in design and fabrication of nanostructured superconductors,
In order to develop and implement such flux and condensate
confinement patterns, that not only substantially improve the
superconducting critical parameters, but should also lead to novel
functionalities of these nanopatterned materials and device

 Brief reminder of MoU objectives:
“to 1T nvest i gatnmnoscidleeconinerheatoftthe Gdopet h e
pairs and flux on superconductivity and flux behavior in order to
enhance the superconducting critical parameters (critical current, field
and temperature), through nanostructuring thus enabling novel
functionali ti es and new application
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Scientific context and objectives
(2/2)

e Research directions:

e Streamline science and technology in the field of superconductivity and
contribute to the development of novel applications of nanostructured
superconductors beneficial to European industry and society

e Hi ghl I g ht smmbvaflve appra@aoh: s

European Virtual Institute with shared experimental facilities, theoretical support, etc.
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Working groups

WG 1: Design and fabrication of NanoSC
(H. Suderow — Spain)

WG 2: Characterization of NanoSC
(S. Bending — UK)

WG 3: Modeling of NanoSC
(A. Buzdin — France)

WG 4. SME* & Industry relations
(F. Tafuri — Italy)

WG 5: Action management
(J. Vanacken — Belgium)

* Small and Medium Enterprises
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Results vs. Objectives

 Progress towards reaching the Action scientific objectives during the past year:

Superconducting nanostructures and the relation between their quantized states and Tc‘s

Interface superconductivity and electrical field effects in ultrathin layered and gated
structures and devices

Application of nanomodulated templates, originally developed for fluxon confinement, for
making new photonic metamaterials

Fluxonics devices based on vortex manipulation, Josephson junctions and arrays
Nanopatterned superconductors and superconductor-based hybrids

New superconducting devices

Nanostructured multiband superconductors

Novel nanoscale mechanisms for superconductivity (theory)

Enhancing direct visualization techniques

Power applications of nanostructured superconductors and new fabrication techniques

e Added value of networking

European Virtual Institute (EVI) - 1 training school (Vortex VIIl), 1 workshop (Imaging), 1
conference (planned in 2014 -Applications) - 7 STSM’s @2013, 7+ STSM’s @2014:

Clear increase of collaboration, contact hours and joint scientific output
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Significant Highlights in Science
and Networking (1/4)

« VORTEX VIl training school (Rhodes, 21-26 September 2013)
total 132 participants, 33 ESR’s, 55 self-supporting

« Workshop on Advances in nanostructured superconductors:

materials, properties and theory in Miraflores de la Sierra (Spain),
total 48 participants, 13 ESR’s (4-7 May 2014)

« 7 STSM’s (2013) & + 7+ STSM’s in 2014
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Significant Highlights in Science
and Networking (2/4)

Experimental confirmation of duality between a Josephson
junction and a superconducting nanowire governed by quantum
fluctuations; observation of Coulomb blockade in

superconducting nanowires in high-impedance environment
(K. Arutyunov)

 Reduction of vortex creep in YBCO nanocomposites by local
strain effects (T. Puig)

 Revision of materials challenges for coated conductors for power
applications and European efforts (T. Puig.)

 Observation of the defective structure of the 248 intergrowth of
YBCO nanocomposite films and identification of the consequent
carrier doping variation (T. Puig)
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Significant Highlights in Science
and Networking (3/4)

Effects of pressure up to 30 GPa on superconducting properties
of YB6, the superconductor with Einstein lattice (P. Samuely)

A new unexpected effect of the vortex attraction in a hybrid
superconductor / ferromagnet system has been predicted.
(A. Buzdin)

The long ranged singlet proximity effect has been proposed for
efficient critical current control in S/F/S Josephson junctions.
(A. Buzdin)

High Tc nanostructures, nanowires and nano-junctions;
feasibility studies for hybrid devices with YBCO electrodes
(F. Tafuri)
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Significant Highlights in Science
and Networking (4/4)

Studies on phase diffusion and macroscopic quantum effects in
NbN and YBCO Josephson junctions, dissipation in phase slip
events (F. Tafuri)

Phase dynamics in NbN/GAN/NbN Josephson junctions and
macrocopic quantum phenomena(M. Blamire)

Increase of Jc and photoresponse in HTS nanowires
(G.P. Pepe)

Unconventional junctions, topological insulators and Majorana
fermions (F. Tafuri)

Al/BiSe/Al Josephson junctions, fabrication and properties
(F. Tafuri & K. Kadowaki)

Stable single & multiquanta vortices have been visualized in
type-l superconductors (V.V. Moshchalkov)
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Revision of materials challenges for coated
conductors for power applications and
European efforts (T. Puig)
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Stable single & multiguanta vortices have been
visualized in type-l superconductors
(V.V. Moshchalkov)

Type-2 Type-1.5
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Future Plans

o —-# STSM — especially for young researchers (ESR)

« Maintenance & upgrade of EVI;
added value via complementary facilities and expertise

U Gender balance:
Statistical analysis with reference & observable parameters ; Promote
female researchers in STSM & PhD/PDM candidate selection ;
Promote female researchers in conference/school participation

 ~ Future events:
- Conference in school format (F. Tafuri) [execution by conference
organizer] on COST Action MP-1201 main topics -Applications, Fall
2014 (September)
- MC meeting (during conference)
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Appendix

* The following three slides should be prepared for
Information only in case of questions from the DC but
should NOT be presented
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Action Parties

5 Grant Holder:
F.Z. Jdulich

Roger Wordenweber
Germany

O Parties
ENon-COST

2014: AT, BE, CH, CZ, DE, DK, EE,
ES, Fl, FR, GR, HR, IL, IT, NL, NO,
PL, PT, S|, SK, TR, UK

2016
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Action participants
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Action participants

% Female Gender Issue Balance
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Use of COST Instruments

Activity (No.) Year 3 Year 4
MC/WG Meetings 2 1
STSMs 7 7+
Training Schools 1 0
(Sept 2013)

Workshops or 0 5
Conferences
Joint Publications 70+ (SCI) 80+ (SCI)

(13 Ackn. MP1201) | (33 Ackn. MP1201)
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