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1. Title: Quantum Mesoscopic Materials and Structures

2. Contact: Valerii Vinokur

3. ANL Divisions Involved: MSD
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties: Boris Altshuler (Columbia University); Heinrich Jaeger (University of Chicago); Michael Gershenson (Rutgers University); Igor Lerner (Univeristy of Birmingham, UK). 

6. Goal: Our goal is to develop a comprehensive world-class theoretical and experimental research program on an emerging class of disordered materials, arrays of metallic, superconducting or semiconducting granules.   These new artificial materials composed of interacting quantum dots have programmable electronic properties arising from the tunability of their single granule properties via confinement and charge doping and of their collective interactions via the tunneling conductance between granules.  Arrays of granules are artificial analogs of conventional 1D, 2D and 3D solids composed of atoms or molecules, except that the granules and their interactions can be tuned continuously to produce a rich variety of properties and applications.  We will expand our initial studies in the following directions:  (i) Detailed investigation of the metal-to insulator transition in granular arrays; (ii) Investigations of thermopower and thermal conductivity; (iii) Investigation of the nonlinear conductivity close to the transition; (iv) Detailed study of one-dimensional granular arrays (v) Investigations of transport in granular Fermi-liquid phase of metallic arrays; (vi) Superconductivity in granular arrays; (vii) Constructing a comprehensive theory of transport properties in the arrays of semiconductor quantum dots; (viii) Investigation of hybrid arrays made of superconductor/ferromagnet/semiconductor components utilizing not only electronic but also spin transport: the tunable bandgap of arrays will enable unique optical and electronic properties and virtually limitless applications.  We will start with developing and refining theoretical tools needed for complete description of quantum transitions and transport properties in granular disordered materials including derivation and analysis of quantum Boltzmann equation and elaboration of non-perturbative methods, followed by expansion to combined experimental-theoretical research and an intense search for means and methods of designing of novel nanostructured materials with the desired and controlled properties.
7. Costs: $900K in new operational funding 

8. Status: Partially funded by Named Postdoctoral Fellowship, initial breakthroughs in hopping conductivity and superconductivity already submitted or published.
9. Next Steps: Pending whitepaper to BES for a full program on quantum mesoscopic materials.
10. Expectations: Opening and dominating a new frontier of world-class nano-science.
11. Benefit Perspective: Scientific leadership in this emerging new direction of fundamental research in nano-science and building fundamental knowledge base for design of new materials with programmable electronic properties.  

12. Risk Perspectives: 
a. Scientific – Low: since the synergy of experiment and theory has already produced a breakthrough in understanding hopping conductivity in granular metals and superconductors and discovery of new phenomena and concepts in the area of transport of disordered solids.
b. Funding – High: BES must find new resources to fund the program at an adequate level
13. Discussion:

This program builds on ANL’s existing strengths in mesoscopic physics: an exceptionally strong team of young scientists (Andrei Lopatin and Igor Beloborodov) and collaborations with world-leading experts in mesoscopic physics, both experimentalists and theorists.  

