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	b.  Publications
Number of publications from this FWP for FY 2006: 12

c.  Purpose
Condensed matter theory research contacts the materials research program at ANL through a mix of individual theoretical studies, and collaborative studies with the experimental groups. These frequently involve detailed modeling of complex materials and phenomena for which new theoretical methods and concepts are developed as needed.

e.  Approach
A. Abrikosov (100%), A. Koshelev (50%), K. Matveev (100%), M. R. Norman (100%), V. Vinokur (50%), I. Paul (Postdoc) (100%), A. Melikyan (Postdoc) (100%), J. Rech (Postdoc) (100%)

f.  Technical Progress
· A model for the pseudogap phase in cuprates has been developed where gap formation turns on at T*, with Tc representing a percolation threshold.  This model reproduces the unique dome-like shape of Tc with doping.

· We have calculated the autocorrelation of ARPES spectra in the cuprates and found them to be dispersionless in the pseudogap phase.  This is similar to behavior seen by Fourier transformed STM spectroscopy.

· We have found that the autocorrelation of ARPES spectra in the cuprates in the superconducting phase has an anomalous dispersion that reflects the coupling of electrons to collective excitations.

· We have generalized the autocorrelation analysis to calculate two particle response functions using ARPES data. In the superconducting phase we reproduce the novel hourglass dispersion of the spin excitations seen by inelastic neutron scattering.

· We have found that the truncated Fermi surface seen in the pseudogap phase of the cuprates (the Fermi arcs) has a length that scales linearly with temperature, implying a nodal metal at zero temperature.

· We have found that the Fermi arcs seen in the pseudogap phase of the cuprates collapse suddenly to the point nodes of the d-wave state when going below the superconducting transition temperature.

· Analysis of optical data in the cuprates reveals that the power law behavior seen in the conductivity at high frequencies is indicative of electrons interacting with a broad spectrum of bosonic excitations.

· We have solved the Kondo volume collapse model and found an unusual bifurcation of the first order critical line due to volume fluctuations, leading to the presence of an isolated quantum critical point in the pressure-temperature phase plane.

· We have solved the Kondo-Heisenberg model and found the presence of a novel quantum critical point where the Kondo temperature vanishes.  The critical Kondo fluctuations lead to marginal Fermi liquid behavior.

· We studied quantum wires in the regime where the spin exchange J is small compared to the Fermi energy and found that when the temperature is large compared to J, the tunneling density of states near zero bias falls off as a power law of the voltage.
· We studied the excitation spectrum of quantum wires near the transition from 1D to quasi-1D behavior and showed that only one gapless mode exists near this transition at any interaction strength.
g.  Future Accomplishments
The conductivity of metals with random impurities is not a self-averaging quantity, and only its probability distribution has physical meaning.  In previous work this distribution was calculated under the assumption that the impurities can occur at any point in space.  Instead, we will analyze the case when each impurity is in an arbitrary unit cell but the location within the unit cell is fixed.

We plan to study a variety of theories of cuprates to see which of them are consistent with our recent discovery concerning the linear temperature dependence of the Fermi arcs in the pseudogap phase.  To be tested are theories based on charge density wave formation (including d-density wave states), preformed pairs scenarios, RVB states (flux phases), and those models based on truncation of the Fermi surface due to hot spot formation.

Recent Fourier transformed STM data have been interpreted as giving the momentum dependence of the bosonic interactions responsible for high temperature superconductivity.  Our plan is to develop a general theory for this Fourier transform, and in particular analyze the interplay between impurity and bosonic scattering (i.e., vertex corrections).

A systematic study of photoemission data in the cuprates will be done to address the important issue of whether one energy gap, or two energy gaps, determines the excitation spectrum in the underdoped region of the phase diagram.

Recent photoemission data in the cuprates reveal the presence of a “waterfall” in the dispersion that connects the low energy states near the Fermi energy to the high energy states near 1 eV.  We plan to address this dispersion by calculating the spectral function of electrons interacting with a broad spectrum of bosonic excitations.

We will address the issue of stripe formation versus checkerboard formation in the charge response of the cuprates by calculating the various coefficients of the Ginzburg-Landau free energy using ARPES data as input.

We plan to perform a detailed study of the velocity of spin excitations in quantum wires as a function of the electron density to compare to recent data.  We will also address the effects of spin-orbit coupling on the ordering of spins in quantum wires.  In addition, we plan to study the corrections to the conductance of quantum point contacts due to interactions to address the much debated 0.7 conductance plateau seen by experiment.
h.  Relationships to Other Projects

This program involves collaborations with ANL Materials Science programs on Superconductivity and Magnetism (58906), Magnetic Thin Films (58918), Photon Science at Synchrotrons (58926), Neutron and X-Ray Scattering (58701), Naturally Layered Manganites (58802), Laterally Confined Nanomagnets (58830), and Emerging Materials (58916); and with university programs at Northwestern University, University of Illinois at Chicago, Ohio State University, University of Wisconsin, Duke University, University of Washington, Iowa State University, and University of Minnesota.  In addition, collaborations exist with several foreign institutions, including the SPhT, Saclay (France), the INFN (Italy), and RIKEN (Japan).

The research accomplishments and plans of A. Koshelev and V. Vinokur can be found in the Superconductivity and Magnetism FWP (58906), which in addition connects with programs on Dynamics of Granular Materials (58806) and Mesoscopic Superconductivity (58823).
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m. ES&H Considerations:  Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply



