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1. Title: Complex Nanoscale Superconductivity

2. Contact: Wai-Kwong Kwok, MSD

3. ANL Divisions Involved: MSD, CHM, CNM
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties: Heinrich Jaeger (University of Chicago); Boldizsar Janko (Univ. of Notre Dame); Kazuo Kadowaki (Tsukuba University, Japan); Simon Bending (University of Bath, UK); Francois Peeters (University of Antwerp, Belgium); Zhili Xiao (Northern Illinois University); Andreas Rydh (Stockholm University, Sweden);  Victor Moschchalkov (Katholieke Universiteit Leuven, Belgium)

6. Goal: Our focus is to build a world-class research program, which explores the complex phenomena that are induced by proximity and confinement effects in novel superconducting hybrid materials structured at the nanoscale. Using nanotechnology tools for physics, we engineer novel structures whose small dimensions and electronic tunability facilitate the exploration of dramatically new physical properties and responses to external fields and currents. The current program focuses on (i) investigation of novel vortex confinement effects in nanostructured normal/superconducting and magnetic/superconducting hybrids fabricated by nanosculpturing pristine single crystals, (ii) characterization of a new class of shape-controlled superconducting, magnetic and semiconducting meso-crystals synthesized via self-assembly using kinetic electro-deposition and (iii) development of a new principal means to extract Terahertz emission from meso-scale anisotropic high temperature superconducting mesas with metallic Bragg gratings. The program includes innovative synthesis methods, which combine materials science, chemistry and nanotechnology, highly sophisticated characterization techniques such as UHV/low temperature/high magnetic field STM and nano-calorimetry, and analytical and computational theory.  Proximity and collective effects at the nanoscale constitute a rich research area which may hold the key to achieving advances such as extremely high temperature superconductivity, new urgently needed Terahertz sources for use in medical and materials diagnostics and in security screening, and basic science understanding of transport in superconducting quantum wires.  Our program seeks to advance these fronts through the critical synergy of novel synthesis, sophisticated characterization and world-class theory and simulation.
7. Costs: $1.9M continuing operational funding 
8. Status: Partially funded by LDRD proposals on Terahertz emission and quantum transport.
9. Next Steps: Whitepaper to BES for a full-fledged program on nano-superconductivity.
10. Expectations: Development of world-class nano-superconductivity science program building critical mass and synergy across MSD, CNM and international partners (JSPS-Japan).
11. Benefit Perspective: Scientific leadership of emerging area with fundamental and applications value.  

12. Risk Perspectives: 
a. Scientific: Low – the powerful synergy of synthesis, experiment and theory has continuously led to a steady discovery of new phenomena and concepts.
b. Funding: High because BES must find new resources to fund the program at an adequate level
13. Discussion:

This program builds on ANL’s existing strengths in superconductivity and vortex physics, which was built upon the critical synergy of synthesis, experiment and theory.  It raises our world-class vortex physics program [2003 Kammerlingh-Onnes (experimental) and John Bardeen (theoretical) awards] to a new level by leveraging the use of new nanoscale fabrication and characterization techniques.  It will produce a comprehensive theory/experiment program able to compete and collaborate very effectively on the world stage. 
