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1. Title: Quantum Effects in Novel Materials 

2. Contact: Mike Norman, Kostya Matveev, Alex Abrikosov, MSD

3. ANL Divisions Involved: MSD
4. Sponsor: DOE/BES
5. Outside Collaborations and Especially Interested Parties:  Juan Carlos Campuzano (UIC), Adam Kaminski and Joerg Schmalian (Ames), Julia Meyer and Mohit Randeria (Ohio State), Catherine Pepin (Saclay, France), Tom Rosenbaum (UC), Akira Furusaki (RIKEN, Japan), Leonid Glazman (Minnesota), Anton Andreev (Washington), Sasha Buzdin (Bordeaux, France)
6. Goal: Our group has taken on three grand challenges in theoretical physics.  First, the mechanism of high temperature superconductivity and related phenomena.  This has involved collaborations with the photoemission group of Juan Carlos Campuzano (UIC/ANL) and has led to novel insights into the electronic structure of the superconducting, normal and pseudogap phases of the cuprates.  Second, the puzzle of quantized transport in quantum wires at fractional conductance values.  We believe this effect is due to magnetic ordering in the wire, which would be a novelty for a quasi-1D material.  Third, the nature of quantum phase transitions in strongly correlated electron systems.  The theoretical challenge is to understand why standard theories based on Ginzburg-Landau theory fail to capture the essence of these novel transitions.
7. Costs: $2M/year
8. Status: $1.35M/year has been secured from BES ($709K of this in the form of new funding); $88K/year from ANL LDRD funds
9. Next Steps: Develop a proposal to BES on quantum phase transitions at the level of $600K/year.
10. Expectations: Here is how we expect to progress in the coming years:
a. Determine the nature of the pseudogap phase in the cuprates.  Develop a microscopic theory for the pairing mechanism in the superconducting phase.  Understand how one crosses over to the Mott insulating phase at low doping.
b. Elucidate the phase diagram of quantum wires as a function of wire width and electron density.  In particular, determine the role of magnetic order in such a phase diagram.  Calculate the consequences of this for the transport.
c. Understand the temperature dependent conductance properties of doped chromium.  Determine how the Fermi surface breaks down at the quantum critical point in heavy fermion metals.
11. Benefit Perspective: Solving grand challenge problems of fundamental interest to DOE and its missions.

12. Risk Perspectives: 
a. Scientific: High - These are all challenging problems that have taxed the minds of some of the best physicists on the planet.

b. Funding: Moderate  - We have been supported well by BES in the past few years, but need to enhance our funding significantly if we are to dominate in these areas.
13. Discussion:

One of the great successes of our effort has been its synergy with experimental programs in MSD and beyond.  Our proposed work has strong overlap with developing programs at the CNM, APS, and SNS.   Our work in superconductivity is particularly visible in light of the recent Nobel Prize of Alex Abrikosov, and this visibility can be exploited to bring us to the next level in this field.  BES has been very supportive of our new program in quantum wires, with 600K in additional funding.  And they have indicated great interest in our establishing a program at ANL on quantum phase transitions.
