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	b.  Publications

X-ray Scattering
Journal Articles

Fourier-Expansion Solution of Atom Distributions in a Crystal Using X-Ray Standing Waves

L. Cheng, P. Fenter, M. J. Bedzyk, N. C. Sturchio

Phys. Rev. Lett. 90, 255503 (2003)

Cathodic Activation of RuO2 Single Crystal Surfaces for Hydrogen-Evolution Reaction

T. E. Lister (INEEL, Idaho), Y. V. Tolmachev, Y. Chu (ANL-XFD), W. G. Cullen (Univ. Maryland), H. You, R. Yonco, Z. Nagy

J. Electroanal. Chem. 554, 71-56 (2003)

Osmium Layers Spontaneously Deposited on the Pt(111) Electrode:  XPS, STM and GIF-XAS Study

C. K. Rhee (Univ. Illinois, Urbana), M. Wakisaka (Univ. Illinois, Urbana), Y. Tolmachev, C. Johnston (Univ. Illinois, Urbana), R. Haasch (Univ. Illinois, Urbana), K. Attenkofer, G. Q. Lu (Univ. Illinois, Urbana), H. You, A. Wieckowski (Univ. Illinois, Urbana)

J. Electronal. Chem.  554-555, 367-378 (2003)

Detection of a Pd-Ni Interlayer at the Pd/Ni Interface of an Epitaxial Pd Film on Cube Textured Nickel (001)

J. H. Je (ANL-MSD and POSTECH, Korea), H. You, W. G. Cullen, V. A. Maroni, C. Thieme (Amer. Superconductor, Massachusetts)

Physica C 383(3), 241-246 (2002)

Microstructure of Re2O3 Layers on Cube Textured Ni Substrates

J. H. Je (ANL-MSD and POSTECH, Korea), H. You, W. G. Cullen, V. A. Maroni, B. Ma, R. E. Koritala, M. W. Rupich (Amer. Superconductor, Massachusetts), C. L. H. Thieme (Amer. Superconductor, Massachusetts)

Physica C 384, 54-60 (2002)

Structural Analysis of Indium-Stabilized GaAs(001)-c(8x2) Surface

T.-L. Lee (Northwestern Univ., Illinois and European Synchrotron Rad. Facility, France), C. Kumpf (Universitat Wurzburg, Germany), A. Kazimirov (Northwestern Univ., Illinois), P. F. Flynn (Northwestern Univ., Illinois), G. Scherb (Max-Planck-Institut fur Festkorperforschung, Germany), M. J. Bedzyk (Northwestern Univ., Illinois and ANL-MSD), M. Nielsen (Riso Nat. Lab., Denmark), R. Feidenhans'l (Riso Nat. Lab., Denmark), R. L. Johnson (Universitat Hamburg, Germany), B. O. Fimland (Norwegian Univ. of Sci. & Tech., Norway), J. Zegenhagen 

Phys. Rev. B 66, 235301 (2002)

Orbital-Ordering Induced Phase Transition in LaVO3 and CeVO3
Y. Ren (Northern Illinois Univ. and ANL-MSD), A. A. Nugroho (Univ. of Groningen, The Netherlands), A. A. Menovsky (Univ. Amsterdam, The Netherlands), J. Strempfer (Max Planck-Institut fur Festkorperforschung, Germany), U. Rutt (Max Planck-Institut fur Festkorperforschung, Germany), F. Iga (Hiroshima Univ., Japan), T. Takabatake (Hiroshima Univ., Japan), C. W. Kimball (Northern Illinois Univ.)

Phys. Rev. B 67, 014107 (2003)

X-Ray Standing Wave Study of Si/Ge/Si(001) Heterostructures Grown with Bi as a Surfactant

W. Rodrigues (Northwestern Univ., Illinois and ANL-MSD), B. P. Tinkham (Northwestern Univ., Illinois), O. Sakata (Northwestern Univ., Illinois), T.-L. Lee (Northwestern Univ., Illinois), A. Kazimirov (Northwestern Univ., Illinois), M. J. Bedzyk (ANL-MSD and Northwestern Univ., Illinois)

Surf. Sci., 529, 1-10 (2003)

Nuclear Magnetic Resonance and Magnetization Studies of the Ferromagnetic Ordering Temperature Suppression in Ru Deficient SrRuO3
Z. H. Han (Univ. Connecticut, Storrs), J. I. Budnick (Univ. Connecticut, Storrs), M. Daniel (Univ. Connecticut, Storrs), W. A. Hines (Univ. Connecticut, Storrs), D. M. Pease (Univ. Connecticut, Storrs), P. W. Klamut (Northern Illinois Univ.), B. Dabrowski (Northern Illinois Univ.), S. M. Mini (Northern Illinois Univ. and ANL-MSD), M. Maxwell (Northern Illinois Univ.), C. W. Kimball(Northern Illinois Univ.)

Physica C-Superconductivity, 387(1-2), 256-261 (2003)

Influence of a Reactive Element on the Growth of a Thermally Grown Chromia Scale:  A Grazing Emission X-Ray Fluorescence Study

I. K.  Koshelev, A. P. Paulikas, S. Uran, M. A. Beno, G. Jennings, J. Linton, B. W. Veal

Oxid. Metals 59(5-6), 469-481 (2003)

Conference Proceedings

In-Situ Synchrotron X-Ray Studies of the Processing and Physics of Ferroelectric Thin Films

G. B. Stephenson, S. K. Streiffer, D. D. Fong, M. V. Ramana Murty, O. Auciello, P. H. Fuoss, J. A. Eastman, A. Munkholm (Lumileds Lighting, California), C. Thompson (Northern Illinois Univ.)

Proc. Symp. on Polar Oxides Properties, Characterization, and Imaging, Capri, Italy, Jun. 8-11, 2003, pp. 135-144.

In Situ X-Ray Studies of Vapor Phase Epitaxy of PbTiO3 (Invited)

G. B. Stephenson, D. D. Fong, M. V. R. Murty, S. K. Streiffer, J. A. Eastman, O. Auciello, P. H. Fuoss, A. Munkholm (Lumileds, Lighting, California), M. E. M. Aanerud (Northern Illinois Univ.), C. Thompson (Northern Illinois Univ.)

Proc. 7th Int. Conf. on Surface X-Ray and Neutron Scattering, Lake Tahoe, CA, Sep. 23-27, 2002, Physica B Vol. 336 (2003), pg. 81-89

In-Situ Studies of PbTiO3 Thin Films

S. K. Streiffer, G. B. Stephenson, J. A. Eastman, C. Thompson (Northern Illinois Univ. and ANL-MSD), D. D. Fong, O. Auciello, P. H. Fuoss

Proc. of the 11th US-Japan Seminar on Dielectric & Piezoelectric Ceramics, Sapporo, Japan, Sep. 9-12, 2003, pp. 171-178

Photoemission

Journal Articles

The Origin of Multiple Superconducting Gaps in MgB2
S. Souma (Tohoku Univ., Japan), Y. Machida (Tokyo Inst. Tech., Japan), T. Sato (Tohoku Univ., Japan), T. Takahashi (Tohoku Univ., Japan), H. Matsui (Tohoku Univ., Japan), S.-C. Wang (Boston College, Massachusetts), H. Ding (Boston College, Massachusetts), A. Kaminski (ANL-MSD and Univ. Illinois-Chicago), J. C. Campuzano (ANL-MSD and Univ. Illinois-Chicago), S. Sasaki (Tokyo Inst. Tech., Japan), K. Kadowaki (Univ. Tsukuba, Japan)

Nature 423, 65-67 (2003)

Crossover from Coherent  to Incoherent Electronic Excitations in the Normal State of Bi2Sr2CaCu2O8+
A. Kaminski (Univ. Illinois-Chicago and ANL-MSD), S. Rosenkranz (Univ. Illinois-Chicago and ANL-MSD), H. M. Fretwell (Univ. Wales, UK), Z. Li (Universite Paris-Sud, France), H. Raffy (Universite Paris-Sud, France), M. Randeria (Tata Inst. for Fundamental Res., India), M. N. Norman, J. C. Campuzano (Univ. Illinois-Chicago and ANL-MSD),

Phys. Rev. Lett. 90, 207003 (2003)

Conference Proceedings

Superconducting Coherent Quasiparticle Weight in High-Tc Superconductor from Angle-Resolved Photoemission

H. Ding (Boston College, Massachusetts), J. R. Engelbrecht (Boston College, Massachusetts), Z. Wang (Boston College, Massachusetts), S.-C. Wang (Boston College, Massachusetts), H.-B. Yang (Boston College, Massachusetts), J. C. Campuzano (Univ. Illinois-Chicago and ANL-MSD), T. Takahashi (Tohoku Univ., Japan), K. Kadowaki (Univ. Tsukuba, Japan), D. G. Hinks

Proc. of SNS 2001 Conf. Proc., J. Phys. Chem. Sol.,  Vol. 63 (12) (2002), pp. 2135-2239

c.  Purpose

Activities of this program are aimed at utilizing the nation's synchrotron radiation facilities for the study of structure and electronic properties of materials.  Our objective is to develop scientific programs at the cutting edge of synchrotron radiation science.  This program plays a leading scientific role at the Advanced Photon Source (APS).  Current investigations are carried out at the APS, the Synchrotron Radiation Center (SRC), Stoughton, WI, and utilizing the SPPS capabilities at the Stanford Linear Accelerator Center (SLAC).  The various scientific programs involve collaboration with other groups within MSD, other Divisions at Argonne and other national and international institutions. The principal research activities involve structural studies of materials, in particular surfaces and interfaces.  In-situ and time-resolved studies of materials synthesis, processing, and dynamics is a major theme. The group also has an active program in the investigation of the electronic properties of superconductors.

e.  Approach

G. B. Stephenson (40%), H. You (50%), P. H. Fuoss (100%), J. C. Campuzano (50%, joint with University of Illinois – Chicago), and M. Bedzyk (10%, joint with Northwestern University and ANL Geosciences).

This group plays a leading scientific role with the Basic Energy Sciences Synchrotron Radiation Center (BESSRC) at the Advanced Photon Source (APS), and uses other synchrotron facilities. The research program includes projects in in-situ studies of MOCVD growth of complex oxides, real-time measurements of polarization dynamics in ferroelectrics, time-resolved scattering studies of phase transitions, in-situ investigations of electrochemical interfaces, and photoemission studies of high temperature superconductors.  

X-ray Scattering
Our primary approach is to take advantage of the unique capabilities of the high-brilliance APS x-ray source, e.g. for brilliance-limited time-resolved experiments. For example, to date there have been few direct measurements of the atomic-scale processes occurring during vapor-phase processes such as MOCVD growth because the reactive vapor-phase environment is not suitable for many probes such as electron diffraction and STM. We have pioneered the use of x-ray techniques that can penetrate this environment for in-situ, real-time measurements of surface structure and morphology during growth. Likewise, we are studying liquid/solid interfaces, which are the most prevalent interfaces in our daily living and industrial environment due to the presence of water even in our air. Synchrotron x-ray techniques are uniquely suited for atomic-scale structural studies of such buried interfaces. Another project has been to develop techniques using coherent x-rays, such as time correlation spectroscopy, and apply them to problems in statistical physics. 

The Linac Coherent Light Source (LCLS) will be the first hard x-ray (8 keV) laser and will provide unprecedented capabilities in x-ray scattering and spectroscopy including peak fluxes which are six orders of magnitude higher than the APS and fully coherent x-ray beams.  We are applying our expertise in coherent x-ray scattering techniques and general x-ray technology to the development of experiments for such a fourth generation x-ray source.  In addition, we have had an active and important role in the commissioning of, and experimental program at, the Sub-Picosecond Pulse Source at SLAC.

Photoemission

The problem of high temperature superconductivity has not been solved.  Although much progress has been made in understanding the electronic structure, and angle-resolved photoemission spectroscopy (ARPES) has played a major role in this progress, much remains to be done.  We need to understand the relationship of the boson observed to be interacting with the electrons to superconductivity.  Is it a consequence, or the cause of superconductivity? And when the system undergoes the superconducting transition, where is the condensation energy coming from? Is it from the potential energy, the kinetic energy, or perhaps a more exotic source, such as the superexchange energy? ARPES can make significant contributions to these fundamental questions.

f.  Technical Progress

X-ray Scattering

Investigation of Electrochemically prepared Interfaces.  Adsorption of CO on catalytic surfaces is one of the most important issues in chemistry.  The carbon monoxide is one of the most serious poisons to the catalytic surfaces that are important for utilization of hydrogen in fuel cells and is the most important elements in water-gas-shift reactors for production of hydrogen.  By preparing the CO monolayers with electrochemical techniques, we were able to successfully obtain clean CO monolayers under high-pressure CO gas.  Therefore, we have studied a phase diagram of CO monolayers on Pt(111) surface for the near-atmospheric pressure range and near room temperature range where no other structural studies are available due to the high-pressure environments where electron-based probes are not practical.  Using grazing angle scattering technique, we have confirmed the (√19×√19)R23.4º-13CO commensurate overlayers for partial CO pressure and, also for the first time, showed that a close-packed (2x2)-3CO structure is the stable phase for near atmospheric pressure range.  The (√19×√19) structure was proposed in STM studies but remained unconfirmed in x-ray studies.  The (2x2) structure has been seen in electrochemical condition, but has not been seen under CO gas and thought to be too high density to be formed under a gaseous condition.  Our observations firmly establish the long-range order nature of the closed-packed triangular CO overlayers on Pt(111) surface.  The phase diagram also shows that CO layers do not form at 450 K or higher temperature under near atmospheric pressure.

Ultimate Size Limit for Ferroelectricity in Thin Films.  Understanding the suppression of ferroelectricity in perovskite thin films is a fundamental issue that has remained unresolved for decades.  Interface effects are expected to suppress ferroelectricity in thin films, and previous work has indicated that PbTiO3 films thinner that about 25 unit cells (10 nm) would not be ferroelectric at room temperature.  This would place severe limitations on many applications.  We have investigated the ultimate size limit for ferroelectricity by performing a synchrotron x-ray study of high quality PbTiO3 thin films as a function of temperature and film thickness, for films as thin as a single unit cell.  At room temperature the ferroelectric phase is stable for thicknesses down to 3 unit cells (1.2 nm).  These new data reveal that extrapolation of results for thicker films using Landau theory is inadequate to describe the thickness dependence of TC in ultrathin films.  The 3-unit-cell PbTiO3 sample is the thinnest perovskite film yet observed to be in the ferroelectric phase.  Contrary to previous experiments, our results imply that there is no thickness limit imposed on practical devices by an intrinsic ferroelectric size effect.

High-Tc Thin Films.  The film fabrication of ceramic superconductors is one of the most important applications of the new superconductor. Phase stoichiometry, texture, and the presence of microdomains in high quality MBa2Cu3O7_x (M-123, M = Y or a rare earth metal) thin film specimens were investigated using X-ray diffraction and Raman microspectroscopy methods. Synchrotron x-ray diffraction measurements in symmetric and asymmetric reflection geometries have shown a correlation between the interfacial strain present in each thin film specimen and the degree of twinning detected in the M-123 film microstructure.  The observed strain relief (complementing crystallite twinning) is consistent with a mechanism based on microdomain formation due to the oxygen atom reordering accompanying the transition of the tetragonal phase of M-123 to the orthorhombic phase during the M-123 film deposition/oxygenation process. 

In-situ Studies of Materials Processing.  A small, portable surface diffraction chamber that both allows for high resolution x-ray scattering measurements at high temperatures, and in both oxidizing and reducing environments has been constructed. Experiments this year have demonstrated our ability to oxidize a metal surface, and then reduce the oxide to get back to roughly the initial condition. 
Photoemission

Crossover from Coherent to Incoherent Electronic Excitations in the Normal State of high temperature superconductors.  The normal state of optimal and underdoped high temperature superconductors (HTSCs) exhibits anomalous transport and spectroscopic properties which have long been recognized as one of the central mysteries of the field. The electronic excitations are unlike those of conventional metals, where one can think of dressed electrons as quasiparticles. Instead, the response in the normal state of the HTSCs is incoherent, with no identifiable single-particle like excitations. The key question is how the strange metal evolves into the conventional one at high doping. Some models propose that the incoherent normal metal represents a new state of matter, with a crossover to more conventional behavior. Others suggest that the incoherent state is a result of underlying competing interactions, and therefore its behavior evolves continuously from the conventional one. We provided the first spectroscopic evidence for a new crossover line in the phase diagram of the HTSCs between the low temperature, overdoped side with coherent electronic excitations, and the high temperature, underdoped side, where this coherence is lost. We conclude that the electronic excitations in these two regions of the phase diagram are qualitatively different. We used angle resolved photoemission (ARPES) and resistivity measurements in an HTSC which possesses two CuO2 layers (a bilayer), and thus the issue of coherence could be probed by not only examining its planar properties as a function of doping and temperature, but also by looking for the presence of bilayer splitting; if the motion of electrons within the bilayer is coherent, then there is a formation of antibonding (A) and bonding (B) states. These are the antisymmetric and symmetric combinations of the layer wave functions. As the CuO2 planes in Bi2212 are separated by only 3.17 A° , electronic structure calculations predict a sizable bilayer splitting of order 0.3 eV. In the coherent regime, the primary effect of interactions would be to renormalize the splitting to a smaller value, without qualitatively affecting the spectrum. On the other hand, if the interactions are sufficiently strong, then we expect the coherent behavior within each plane, as well as the coherent motion within the bilayer, to be destroyed. The in-plane effect would be reflected in both the ARPES spectral line shape and in the temperature dependence of the planar transport. The out-of-plane effect would be a loss of the coherent bilayer splitting. We found evidence for a new crossover line in the phase diagram between a coherent metal phase, for lower temperatures and higher doping, and an incoherent metal phase, for higher temperatures and lower doping. The former is characterized by two well-defined spectral peaks in ARPES due to coherent bilayer splitting and superlinear behavior in the resistivity, whereas the latter is characterized by a single broad spectral feature in ARPES and a linear temperature dependence of the resistivity.

Two superconducting gaps in Magnesium Diboride.   Magnesium diboride,  MgB2, has the highest transition temperature (Tc = 39 K) of the known metallic superconductors. It has been hotly debated in the literature as to whether the anomalously high Tc can be described within the conventional BCS (Bardeen–Cooper–Schrieffer) theory. The key to understanding its superconductivity lies with understanding the structure of the superconducting energy gap associated with the formation of the superconducting pairs.  Recently, the existence of two kinds of superconducting gaps in MgB2 has been suggested by specific heat and tunneling experiments. This is in contrast to both conventional and high-Tc superconductors, which generally exhibit a single gap.  A clear demonstration of two gaps has not yet been made because the previous experiments lacked the ability to resolve the momentum of the superconducting electrons. We reported experimental evidence for two-band superconductivity in MgB2, being able to separately observe the superconducting gaps of the  and  bands, as well as a surface state band.  The gaps have distinctly different sizes, which unambiguously establishes MgB2 as a two-gap superconductor.  Soon after the discovery of MgB2, many experimental studies indicated that MgB2 should be basically a conventional phonon-mediated superconductor following the BCS theoretical description.  Recently, however, a deviation from the simple BCS framework has been inferred from heat capacity, tunneling, z-axis Raman and photoemission spectroscopy experiments using high-quality samples. The most striking deviation is the complex superconducting order parameter, referred to as the ‘multi-component superconducting gap’ or ‘multi-gap’, indicating that two or more superconducting gaps with different sizes develop simultaneously at Tc between the occupied and unoccupied electronic states.  This multi-gap behaviour has been analysed by several models based on the different roles of the  and  bands, or surface and bulk bands, or the strongly anisotropic coupling to lattice vibrations (phonons). The two-band models may be theoretically described as follows: electrons in the  bands are strongly coupled to phonons confined within the honeycombed boron layer and give rise to a large gap, whereas a relatively small gap opens in the  band due to the weaker electron–phonon coupling in these states. There has been no direct experimental evidence, however, that establishes the two different gaps originating in these two bands. Previous experiments provided information which is averaged over all momentum space, and therefore the contributions from the different bands could not be separated. It is clear from our work that the  and the surface bands have large gaps of 6–7 meV, whereas the  band shows a small gap of 1–2 meV. The work therefore concludes that the band is dominant in the superconductivity of MgB2  with a stronger coupling to phonons, while the  band is less important, with a much weaker coupling. 

g.  Future Accomplishments

X-Ray Scattering

Interfaces of catalytic and electrocatalytic metals and metal oxides.  We will develop an in-situ scattering technique with which one can examine the electronic and chemical states of adsorbates, by extending the surface resonance x-ray scattering technique that we previously developed. The measurements of electronic density of states of adsorbates have not been demonstrated for interfaces under high-pressure gas or liquid environments in the past because no electrons or soft x-rays can penetrate to buried interfaces. We have demonstrated that the surface resonance technique is sufficiently sensitive to the top-layer chemical state. In recent preliminary measurements, we have discovered that there is a clear difference between the p- and s-polarization in the resonance scattering data. The observed difference demonstrated a potential that this technique can be further developed to a new in-situ tool for electronic density of states of adsorbates. This technique will be applied to the system of CO/Pt(111) surface that we have studied. We will also develop a theoretical modeling process to analyze the data. Then this technique will be applied a wide range of systems including effect of promoters, such as Ru, Mo, and Sn, on structure/binding of CO monolayers on platinum single crystals in order to elucidate their molecular-level functions, to date, not clearly known. We will extend our studies to high-index, miscut surfaces of platinum single crystals in order to elucidate the effects of steps to sulfate and CO ordering. 

X-ray Imaging of Ferroelectric Domains.  We will develop an imaging technique using the diffracted beam from a crystal with microscopic domains. We can achieve a high-resolution image (currently ~10 micrometer) using a highly focused beam and a CCD-based microscope with a scintillating crystal. This technique will be applied to the study of ferroelectric domain evolution in single crystals of PbTiO3 and BaTiO3 as a function of electric field and temperature. 

Switching of Ferroelectric Domains. As part of our studies of growth and processing of ferroelectric films, we discovered that synchrotron x-ray scattering measurements are sensitive to the sign of the polarization of the film, owing to interference between scattering from the film and substrate. In recent x-ray measurements we have successfully used this technique to characterize polarity switching in situ. These results shed light on the mechanisms of polarity imprint and fatigue in epitaxial ferroelectric thin films. In the future we plan to extend these studies to nano- and pico-second time scales, and to investigate nanostructure size effects. 

Studies of Atomic-Scale Dynamics using Time-Correlation Spectroscopy with Coherent X-rays.   The goal of this program is to develop techniques using coherent x-rays, such as time correlation spectroscopy, and to apply them to problems in statistical physics.  During past years we studied non-equilibrium dynamics in a phase-separating glass system which revealed a new scaling law for fluctuations during domain coarsening, and equilibrium dynamics in concentrated colloids. Exploratory studies will continue using coherent soft x-rays, and using zone plates to focus coherent hard x-ray beams in order to allow studies of atomic-scale dynamics, for example in metal alloys and ferroelectrics. In the future we plan to explore fast pulse techniques to extend x-ray correlation spectroscopy to the picosecond regime, and use our zone plate focusing setup to investigate x-ray nanoprobe techniques.

Time and Spatially Resolved Scattering from Phase Change Memory Materials. After years of development, Te-Sb based memories have become widely available in rewritable compact disk media (CD-RW) and similar materials are being investigated for non-volatile memories. Although these materials have been studied extensively, the rapidity of the transitions has meant that structural studies have been unable to observe the kinetics of the transformation, particularly since the full range of kinetic response can only be achieved on the very small volumes associated with the memory cells.  We plan to study the scattering from a small volume (1 micron^3) of a 10 nm thick layer of this material and examine structural differences between the initial structural state and the written and then erased state.

X-Ray Scattering From Single, Isolated Nanoparticles.  X-ray scattering is currently a tool which explores the statistical structural properties of an ensemble of particles.  While this has been an extremely powerful approach to understanding the structural properties of materials and structure/property relationships, important details are often difficult to extract because of averaging.  In particular, when looking at collections of nanoparticles, the only information available from standard x-ray scattering is the average shape and structure of the particles. Combining this statistical information with detailed scattering from individual particles would greatly reduce the difficulty of extracting the important structural information. However, until the development of high-brightness x-ray sources like the APS sufficient x-ray intensity hadn’t been available to study individual nanoparticles. This program will directly address this challenge by developing technology to manipulate and study individual 10 nm (or perhaps smaller) particles using electromagnetic traps and, in particular, laser traps; and using that technology to study a variety of nanoparticles of both scientific and technological importance.
Photoemission 

Phase Diagram for High-Tc Superconductors.  The observation of a hidden order parameter in the high temperature superconductors raises the question of what is the full phase diagram of these materials.  There are several scenarios where there is such a subtle symmetry breaking, a) the RVB model, and b) the quantum critical point scenario.   Both of these scenarios predict the presence of yet another line in the phase diagram, namely a crossover from a coherent Fermi liquid state to an incoherent strange metal phase. Some preliminary results indicate that this long-sought after crossover line does exist.  We need to confirm these result, which will then beg the question as to what the origin of this new line in the phase diagram is.  In the quantum critical point model, it is the crossover from the disordered state to the quantum critical regime, and in the RVB scenario it signals the condensation of the bosonic degrees of freedom.   Both of these scenarios would then predict different states if superconductivity is suppressed in the overdoped regime.   We will investigate this state to see if we can differentiate between the two scenarios.

Development of ARPES at High Photon Energy.   One of the major limitations of angle resolved photoemission is the surface sensitivity of the technique.  We wish to overcome this by the development of ARPES at high photon energies.  Preliminary experiments are in progress to measure the escape depth of the electrons as a function of kinetic energy, for energies in the range 100 to 1000 eV.  These measurements will then prove invaluable in developing ARPES which is then mainly bulk sensitive.  This will expand the applicability of the technique to almost all materials.  Preliminary experiments are planned at the Advanced Photon Source to test these ideas in the next couple of years.

h.   Relationships to Other Projects

This program has extensive collaborations with ANL Materials Science programs in Condensed Matter Theory (59001), Interfacial Materials (58305), Neutron and X-Ray Scattering (58701) and the Basic Energy Sciences Synchrotron Radiation Center (58936).   Collaborative work is also carried out with the ANL Chemical Technology, MCS and APS-Experimental Facilities Divisions.  We also have collaborations with various U.S. universities (Stanford University, Northern Illinois University, University of Illinois, Northwestern University, University of Wisconsin, Lehigh University, MIT, Yale University, Boston College, University of California Santa Barbara, and University of California San Diego), national laboratories (Ames Laboratory, and SLAC), companies (Lumileds Lighting), and international universities (Tohoku Univ., Japan, Technical University of Valencia, Spain, McGill University, Canada, and Univ. of Paris-Sud, France, Paul Scherrer Institute, Switzerland). 


