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	b.  Publications

Number of publications from this FWP for FY 2004: 18

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%), A. Klironomos (Postdoc) (100%), P. Sharma (Postdoc) (100%), J. Meyer (Postdoc) (100%)

f.  Technical Progress

· Stabilization of a magnetic bubble around non-magnetic impurities in cuprates was explained using spin density wave theory.

· Weak antiferromagnetism in doped cuprates was explained as an inhomogeneity effect due to oxygen dopants.

· A new crossover line in the phase diagram of cuprates was discovered from photoemission where coherence sets in for overdoped samples.

· We have discovered a large momentum anisotropy of photoemission spectra in cuprates that is associated with the anisotropic pseudogap.

· A unique method has been devised to determine and subtract off the background emission present in photoemission experiments.

· The dispersion kink for nodal electrons in cuprates can be explained by singular nodal-antinodal scattering due to spin fluctuations.

· The strong change in the Hall number near the quantum critical point of vanadium doped chromium was explained based on Fermi surface nesting.

· The question of pseudogaps in chromium was addressed using a critical spin fluctuation theory for nested antiferromagnets.

· We found that the electron-phonon interaction is enhanced in quantum wires, leading to a decrease in its conductivity.

· We have shown that low density quantum wires are unstable to Wigner crystal formation, thus explaining a recently observed conductance plateau which has a value less than that of the fundamental conductance.

g.  Future Accomplishments
In the 1970s, it was suggested that in a compensated metal with equal numbers of electrons and holes, if the difference of the effective masses is very high, the heavy carriers can form a “Wigner crystal” through which the other carriers move as a liquid. The whole structure forms an artificial metal, which can be superconducting. The advantage, compared to conventional metals, is that the heavy holes are thousands of times lighter than the ions in conventional metals, and, correspondingly the scale for superconductivity can be drastically increased without a loss in the strength of the interaction.  The proposed work will start with a reliable derivation of the critical carrier mass ratio. The next step will be the search for a possible material, for which the experience of electronic structure theorists will be utilized. If this succeeds, we will then approach experimentalists for an attempted synthesis of such metals.

We plan to study the doping and temperature dependence of the anisotropy of the ARPES lineshape in the cuprate superconductors.  The purpose is to study a conjecture we have that there is a quantum critical point in the phase diagram associated with a crossover from isotropic to anisotropic behavior.  In addition, we plan to use the data to look in detail how the Fermi surface changes as a function of doping, to see if we can determine at what doping the van Hove singularity at (,0) crosses the Fermi energy, and if so, what signature this has in the phase diagram.

Much attention has been focused on Fourier transforms of STM data, and how the resulting wavevectors from such transforms are related to ARPES data.  One problem with interpreting the STM data is that there are a variety of effects that can give rise to these transforms.  It turns out that a quantity related to the STM transforms can be directly constructed from ARPES data.  This is the autocorrelation function that compares data at a wavevector k to that at k+q, where q is the transferred momentum.  Our plan is to collect enough data to accurately evaluate this autocorrelation function and see how it compares to the STM transforms.  A successful comparison will allow us to determine which k vectors are responsible for the response at a given q vector.

Currently, there is a debate about whether the magnetic response observed by inelastic neutron scattering in cuprates is due to one-dimensional physics (stripes and ladders) or two-dimensional physics (Fermi surface scattering in the presence of a d-wave gap).  For the latter approach, there has been some success based on linear response (RPA) calculations.  So far, these calculations have been primarily used to address the low energy fluctuations.  Recent neutron data, though, have found high energy incommensurate excitations with a pattern in two dimensional momentum space rotated by 45 degrees relative to the incommensurate pattern observed at low energies. We can explain the data in optimal doped materials by a new collective mode at high energies with the observed rotation effect.  Unfortunately, it only exists below the continuum, and is therefore unable to explain the neutron results in underdoped compounds, where incommensurate excitations have been observed up to 200 meV.  Our plan is to use knowledge of the doping dependence of ARPES data to constrain the RPA results and see whether a detailed understanding of the neutron data will be forthcoming.

We wish to determine the role that Fermi surface destabilization plays in the context of quantum phase transitions. Many quantum critical systems of interest are metamagnets, and at the metamagnetic critical point, the Fermi surface rapidly changes due to field induced polarization.  What relation this has to the observed non-Fermi liquid behavior is unknown at this time.  To describe these systems, we would like to take the Stoner-Wohlfarth model for itinerant metamagnets and generalize it by including fluctuation effects.  This will allow us to determine whether non Fermi liquid behavior can be induced by a combination of spin fluctuations coupled to Fermi surface polarization.

In order to study the effect of the formation of a Wigner crystal in quantum wires, one needs to know the conditions under which the crystalline structure is formed.  This happens when the density of the electrons is much smaller than the inverse Bohr radius.  Should the formation of the Wigner crystal occur for quantum wires in a typical density range?  To find out whether Wigner crystal physics is relevant for the existing experiments with quantum wires, it is important to have a reliable way of evaluating the exchange interaction, J, for given electron density and device parameters.  To do this, we plan to calculate the amplitude of tunneling of two electrons in the WKB approximation.

The significance of the formation of the Wigner crystal is not limited to purely one dimension. To demonstrate the relevance of these ideas in higher dimensions, we will study a quantum wire wide enough to allow for two crystalline rows. We will develop the theory of the conductance of the two-row crystal and explore possible generalizations to higher numbers of rows.  We expect the conductance of the device will be determined by whether or not the two rows are locked to each other.  It is worth noting that even if the two rows remain locked at zero temperature, they will start sliding as the temperature is increased. We thus expect this system to display very interesting behavior with the conductance taking various quantized values as a function of temperature and the channel width, which can be controlled by the gate voltage.

Electric current flowing from one magnet to another leads to torques that act on the local magnetization.  This spin-transfer effect becomes important only when the size of the magnets decreases below 100 nm.   On the one hand, that makes spin-transfer an excellent tool for manipulation of magnetic moments.  On the other hand, for such small devices the thermal noise becomes significant.  We will address the issue of magnetization fluctuations by studying the simplest case of a device where coupling of the grain to the leads is via tunnel junctions.  We will start by modifying the standard golden rule approach to the calculation of the tunneling current to account for the magnetic leads.  We then will write the master equation for the distribution function of the spin of the grain.  We expect that if the applied bias is small compared to the temperature, the distribution will still have the Gibbs form but with a current-dependent effective energy.  The difference between this energy and the anisotropy energy should account for the spin-transfer phenomenon.

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, Northern Illinois University, Notre Dame University, University of Wisconsin, Duke University, Rice University, University of Colorado, and the California Institute of Technology.  In addition, collaborations exist with several foreign institutions, the University of Bordeaux (France), the SPhT, Saclay (France), the University of Karlsruhe (Germany), the ESPCI (France), 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). 










