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1. Title: Quantum Kinetics in Nanoscale Materials
2. Contact: Eric Isaacs (CNM) and Valerii Vinokur (MSD)
3. ANL Divisions Involved: MSD, CNM
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties: Boris Altshuler (Columbia University); Tom Rosenbaum (University of Chicago); Paul Evans (University of Wisconsin); Gabriel Aeppli (University College, London); Yuri Galperin (Oslo University, Norway); Michael Kiselev (Wurzburg University, Germany).

6. Goal: To establish a new world-class research program on the kinetics of quantum phase transitions, dynamics of quantum fluctuations, and mechanisms of quantum dissipation with the focus on the features brought by the nanoscales: confinement effects, enhanced role of quantum fluctuations, effects of decoherence and noise, and opportunities opened by new functionalities of hybrid materials.  Our program will integrate experiment and theory, focusing on the development of new synchrotron-based coherent and nanofocusing x-ray techniques combined with transport measurements for elucidation of quantum fluctuations in magnets and the non-equilibrium quantum theory that elucidate these fluctuations.  Our focus will be on systems in which quantum kinetics are driven by spin fluctuations such as domain wall dynamics in chromium under pressure and tunneling in granular conductors.  The particular topics of our program will include: (i) Developing experimental techniques based on x-ray microprobe and coherent scattering techniques at the Advanced Photon Source to study the simple quantum magnet Cr1-xVx where quantum critical behavior is governed by spin tunneling across naturally occurring domain walls; (ii) Developing microscopic description based on experimental studies of spin tunneling in single granules, quantum transport in regular granular arrays and quantum wires, and spin-domain dynamics in Cr1-xVx and LiHoF4; (iii) Investigation quantum dissipation processes in nanoscale systems; (iv) Study of the charge and spin transfer and influence of quantum fluctuations on thermodynamics and transport properties in the hybrid systems; (v) Comprehensive study of quantum noise and decoherence effects in qubits; (vi) Quantum criticality in hybrid magnetic molecular solids.
7. Costs: $1.5M operational funding 
8. Status: Partially funded by Strategic LDRD “Quantum Critical Behavior in Nanostructured Materials.”
9. Next Steps: Whitepaper to BES for a full program on quantum mesoscopic materials.
10. Expectations: Maintaining world-class international nano-science program.
11. Benefit Perspective: Continuing scientific leadership in the area of new directions emerging from fundamental research in nano-science.  

12. Risk Perspectives: 
a. Scientific – Low: The synergy of experiment and theory had already produced important concepts in the area of noise and decoherenece effects and in understanding the quantum dynamics of domain walls.  The experience accumulated by MSD/CNM team guarantees successful development and further pursue of quantum kinetics.
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 and CNM facilities, collaborations with the world-leading experts in the mesoscopic physics, both experimentalists and theorists, and utilizing resources of the Materials Theory Institute visiting program.
