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1 – The usefulness of x-ray magnetic circu-
lar dichroism for spintronics
materials
Alouani, Mebarek1

1IPCMS, UMR 7504 CNRS-ULP, 23 rue du Loess, Strasbourg,
France

In the first part of the talk we will show that in a non-
polar geometry for non-cubic ferromagnetic materials, the
x-ray absorption dichroism spectrum is composed of a
non-magnetic contribution (natural dichroism) emanating
from the reduced crystal symmetry and a magnetic con-
tribution from spin-orbit coupling and spin polarization.
Their computation at the L2,3 edges of the half metal CrO2
chromium site, illustrates that the agreement with exper-
iment is possible only when both dichroic contributions
are taken into account. Moreover, it will be shown that x-
ray magnetic dichroism sum rules can be applied directly
to extract the spin and orbital magnetic moments only af-
ter removing the natural dichroism from the full spectrum.
The method is then used to investigate the electronic struc-
ture and x-ray magnetic circular dichroism of the impor-
tant material Sr2FeMoO6 for spintronics. It is found that
the compound is half-metallic ferrimagnet with a well de-
fined gap in the minority spin channel. The opposite direc-
tion of spin magnetic moments in Fe site and Mo site gives
direct confirmation of ferrimagnetic ordering and settles
the controversy existing between the earlier experimental
works. Furthermore, the overall comparison obtained be-
tween the theory and experiment ensures that the density
functional theory is sufficient for the description of the ex-
perimental data. The second part of the talk will be devoted
to Fe/MgO/Fe heterojunction. We will show that the dif-
ferent structural defects observed in Fe/MgO samples, i.e.,
the roughness at the interface and the presence of FeO lay-
ers, are responsible of the reduced experimental tunneling
magneto-resistance (TMR) compared to that of the perfect
junction. We will show again that the use of XMCD is cru-
cial for accessing the existence or not of FeO layers at the
Fe/MgO interface.

2 –Fast Monte Carlo method and its Appli-
cations
Altbir, Dora ,1 Vargas, P,2 Castro, J.D.A.,3

and Mej́ıa-López, J4

1Departamento de F́ısica, Universidad de Santiago de Chile
2Departamento de F́ısica, Universidad T́ecnica Federico Santa
Marı́a
3Instituto de Fisica, Universidade Federal do Rio de Janeiro
4Facultad de Fisica, P. Universidad Católica de Chile

In the last decades, the study of the magnetic properties
of nanostructures has become one of the most active areas
of research in Condensed Matter Physics. Such systems
exhibit rather interesting properties, which result from the
combination of several factors such as finite size and quan-
tum interference effects, as well as competition between
the interactions which the magnetic moments within the
structures are subjected to.

Regarding magnetic nanoparticles, interest has been fo-
cused on the determination of their internal magnetic struc-
ture, of fundamental importance for practical applications.
From the theoretical point of view, the determination of the
internal magnetic structure is by no means a simple task.
Particles in the size range currently produced may have
over 107 magnetic moments, which are subjected to both
short-ranged (exchange and anisotropy) and long-ranged
(dipolar) interactions. As a consequence, with present
standard computational facilities, the determination of the
magnetic configuration of such particles based on the in-
vestigation of their individual magnetic moments becomes
prohibitively time-consuming. Therefore, one has to re-
sort to approximations in order to deal with these systems
theoretically.

In this communication we present an alternative ap-
proach for the study of magnetic nanostructures. It com-
bines the standard Monte-Carlo and scaling techniques to
allow the magnetic properties of nanostructures to be ob-
tained from results of calculations for much smaller sys-
tems. We illustrate the method by applying it to the well
known problem of determining the single domain limit of
a cubic magnetic particle with an easy axis parallel to one
of the cube directions. The existence of scaling relations
which when combined with the Monte-Carlo technique
provides a fast and reliable method for investigating the
magnetic properties of nanostructures represents a useful
tool for studying magnetic nanostructures. The potential
of the method is illustrated presenting results for different
nanoparticles array.
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3 –Transport properties of mesoscopic sys-
tems driven by harmonically time-dependent
fields
Arrachea, Liliana 1

1Departamento de Fisica de la Materia Condensada,
Universidad de Zaragoza, Pedro Cerbuna 12 (50009) Zaragoza,
Spain

Electronic quantum transport through mesoscopic sys-
tems has been traditionally analyzed as a response to dc-
voltages. The paradigmatic setup corresponds to the sys-
tem under consideration placed between two reservoirs
with a chemical potential difference that represents an ex-
ternal voltage.

There are, however, alternative possibilities to induce
net charge and spin transport, using time-dependent fields
as generating sources. Several interesting examples of this
kind have been recently realized experimentally. In par-
ticular, charge and spin directed currents were induced
in quantum dots operating with out-of-phase oscillating
gates. In addition, dc electronic current has been generated
in carbon nanotubes under the action of surface acustic
waves, as well as in mesoscopic ratchet systems, where an
asymmetric semiconductor structure is rocked by ac volt-
ages. The striking feature of these devices is that directed
transport is generated in the absence of a dc driving force.

In this talk, a formalism based in Keldysh non-
equilibrium Green’s functions to treat this type of systems
will be briefly presented and the behavior of the quantum
particle and energy transport will be discussed in the con-
text of several devices of interest.

4 – Covalent liquids: from Peierls distor-
tion to phase change technology
Bichara, Christophe1

1Centre de Recherches en Matière Condenśee et Nanosciences,
CNRS, Marseille, France

Some sp-bonded elements and their alloys display a par-
ticularly complex thermodynamic behavior in the liquid
state: first order liquid-liquid transition in liquid Phospho-
rus under pressure, closed loop miscibility gap in liquid
STe alloys, reentrant local order upon melting of the GeTe
compound, negative thermal expansion (density anomaly)
in Te rich GeTe alloys. The academic interest for these sys-
tems is now stimulated by the recent development of new
data storage technologies (R/W DVD´s and PC-RAM´s)
based on the ”phase change” of alloys such as Ge2Sb2Te5.
Focusing on two examples, this presentation will show
how the atomic structure and thermodynamic properties
of these liquids are controlled by their electronic struc-
ture. First, combining experimental data (neutron scatter-
ing, EXAFS) and first principles molecular dynamics, the
density anomaly in liquid GeTe alloys, is shown to be dif-
ferent from what is known for water and other ”tetrahe-
dral” liquids: it results from a symmetry recovery of a dis-
torted local octahedral environment. I will then show that
distinguishing between tetrahedral and (distorted) octahe-
dral liquids is a useful concept since most of the alloys with
good phase change capabilities belong to the second cate-
gory. This is substantiated by a series of neutron scatter-
ing experiments and by first principles molecular dynamics
studies of GeSbTe alloys.
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5 – Helicity broken magnetic structures on
metal surface
Blügel, Stefan1

1Institut für Festk̈orperforschung, Forschungszentrum Jülich,
D-52425 J̈ulich, Germany

Electrons in the vicinity of magnetic surfaces are in a
space asymmetric and time-inversion broken state. This
causes a number of interesting phenomena[1-2], which had
been little investigated. It bares similarities to semicon-
ductor heterostructures, in which the Rashba spin-orbit ef-
fect allows the manipulation of spin-polarized electrons
in a two-dimensional electron gas (2DEG) by an elec-
tric field. On surfaces this might be a tiny effect. We
discuss circumstances under which the zero-field splitting
of the surface band structure can be observed by current
photoemission experiments. On magnetic metal surfaces
an additional exchange splitting separates the zero-field
split surface band structure. This permits the disentangle-
ment of the surface magnetic structure[3] from the bulk
one. Electrons propagating in the vicinity of the poten-
tial asymmetric environments such as of surfaces or in-
terfaces or in ultrathin films or nanostructures can give
rise to an important antisymmetric exchange interaction,
known as Dzyaloshinsky-Moriya (DM) interaction. Al-
though this interaction, favoring spatially rotating spin
structures, is known for nearly 50 years, its consequences
for the magnetic structure in low-dimensional magnets re-
mained nearly unexplored. Theoretical models consid-
ering isotropic exchange, magnetic anisotropy and the
DM interaction display a rich phase diagram of magnetic
phases with complex magnetic phases depending on the
strength of the different contributions. We show by first-
principles calculations[4] based on the vector-spin density
formulation of the density-functional theory (DFT) that the
DM interaction is indeed sufficiently strong to compete
with the interactions that favor collinear spin alignment.
We[5] predict new magnetic phases in thin films which had
been overlooked during the past 20 years.

[1] Yu. M. Koroteev,et al., Phys. Rev. Lett.93, 046403
(2004).

[2] J.I. Pascual, G. Bihlmayer, Yu. M. Koroteev,
H.-P. Rust, G. Ceballos, M. Hansmann, K. Horn,
E. V. Chulkov, S. Bl̈ugel, P. M. Echenique, and Ph. Hof-
mann, Phys. Rev. Lett.93, 196802 (2004).

[3] O. Krupin, G. Bihlmayer, K. Starke, J. E. Prieto, K.
Döbrich, S. Bl̈ugel, G. Kaindl, Phys. Rev. B.71, 201403
(2005).

[4] Ph. Kurz, F. F̈orster, L. Nordstr̈om, G. Bihlmayer,
and S. Bl̈ugel, Phys. Rev. B69, 024415 (2004).

[5] M. Heide, G. Bihlmayer, S. Bl̈ugel, unpublished.

6 – Scanning Probe Studies of Manganite
and Multiferroic Materials
De Lozanne, Alex L.1

1University of Texas at Austin

Over the past decade we have developed scanning force
microscopes capable of operating down to 4K. The latest
of these instruments has the capability of finding a particu-
lar place in the sample and following it from room temper-
ature to the lowest temperatures in applied magnetic fields
up to 8 Tesla. This unique capability has made it possi-
ble for us to study the formation and coexistence of para-
magnetic, charge-ordered and ferromagnetic phases in a
single crystal ofLa.25Pr.375Ca.375MnO3 over a wide range
of temperature and field. The power of real-space tech-
niques is demonstrated in the observation of the interac-
tion of these phases with twin boundaries and defects, as
well as the determination of characteristic length scales
and shapes. Our most important conclusion is that after
zero-field cooling the macroscopic magnetization is a mea-
sure of the volume fraction of the ferromagnetic phase,
which seems to rule out the classic spin-glass model for
this material.

This research is a collaboration between the groups led
by S.-W. Cheong (Rutgers) and by A. de Lozanne (UT
Austin), supported by the National Science Foundation.
For details, see the November 2006 issue of Nature Ma-
terials (Wu et al.).
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7 – Equilibrium size distribution of one-
dimensional surface clusters: scaling prop-
erties, influence of elastic-like relaxation and
fracture process
Tokar, V.I.1 and Dreysśe, H.2

1Institute of Magnetism, National Academy of Sciences, 36-b
Vernadsky street , 03142 Kiev-142, Ukraine
2IPCMS-GEMM, UMR 7504 CNRS, 23 rue du Loess, F-67034
Strasbourg, France

The length distribution of one-dimensional atomic rows
self-assembled on a crystal surface in thermal equilibrium
at low coverage is calculated both in the framework of an
analytical theory[1] and with the use of the Monte Carlo
simulations. In the case of interatomic interactions re-
stricted to nearest neighbor atoms the distribution exhibits
the scaling properties formally similar to those found in the
theories of irreversible growth. The difference consisted in
the behavior of the scaling functions which in the equilib-
rium case was monotonously decreasing while in the case
of irreversible growth exhibits a monomodal character. We
found that our scaled distribution described without any fit-
ting parameters the monotonous distributions recently ob-
served in the growth of Ga rows on Si(001) by Albao et al.
[Phys. Rev. B72, 035426 (2005)] [2]. Elastic effects are
supposed to play a key role in the strained epitaxy. As an
example the statistical distributions of sizes of the chains
of Ag atoms self-assembled on the steps of a vicinal Pt sur-
face as established experimentally and calculated within a
lattice gas model by Gambardella et al. [Phys. Rev. B 73,
245425 (2006)] is discussed. It is suggested that the dis-
crepancy between the theory and experiment may be due
to additional interatomic interactions inside the clusters .

Finally the fracture process occuring during the epitax-
ial process is studied. It is argued that in large strained
monolayer-high islands the most weakly bound could be
the interior atoms furthest from the island boundaries.
This means that at elevated temperatures the detachment
of atoms from the islands could start in their interiors
and not at the boundaries as the bond counting arguments
would suggest. This may lead to the island fracture. The
growth kinetics were simulated with a simple 1+1 dimen-
sional model. Bimodal island size distributions and N-
shaped temperature dependence of the total number of is-
lands similar to those observed in metal heteroepitaxy were
found .

[1] V.I. Tokar and H. Dreysśe, Phys. Rev B68 (2003)
195419; Phys. Rev. E68 (2003) 011601; Phys. Rev. E72
(2005) 031604; Rev B72 (2005) 035438

[2] V.I. Tokar and H. Dreysśe, Phys. Rev B74 (2006)
under press

8 – Gadolinium nitride GdN: revival of
an old compound by x-ray absorption spec-
troscopy
Felsch, Wolfgang1

1I. Physikalisches Institut, Universität Göttingen,
Friedrich-Hund-Platz 1, 37077 G̈ottingen, Germany

Since the first experimental studies of GdN in the early
sixties its electronic and magnetic properties are discussed
controversially. Rediscovered by recent theoretical work
the material has attracted new interest. General agreement
exists by now that in its ground state GdN is a ferromagnet
(Tc∼ 60K), and a narrow-gap semiconductor in its param-
agnetic phase. But it is not clear if belowTc it is a semicon-
ductor, or a semimetal, or even a halfmetal with complete
spin polarization. All three cases were predicted by theory.
Here, a study is reported of GdN thin films by core-level
x-ray absorption spectroscopy (XAS) and x-ray magnetic
circular dichroism (XMCD). Two types of samples were
investigated: (i) Films with the lattice parameter, the Curie
temperatureTc and saturation magnetization of the bulk
material. Their electrical conductivity is thermally acti-
vated down to the onset of magnetic ordering where is ev-
idence of a transition to metallic behavior. The ordered 4f
moment extracted from the XMCD spectra at the GdM4,5-
edges is consistent with the8S7/2 configuration ofGd3+;
it varies with temperature as the macroscopic magnetiza-
tion. The experimental K-edge XAS spectra of N in this
compound indicate the presence of N p character of the
low-lying unoccupied conduction-band states, pointing to
hybridization of the N 2p and Gd (5d,6s) states. Com-
pared with the theoretical partial density of vacant N p
states these spectra show considerable disparities that are
not well understood. The exchange field generated by the
Gd f electrons in the ferromagnetic phase of GdN induces
a magnetic polarization of the N p band states, as can be
concluded from the observation of strong magnetic circu-
lar dichroism at the N K edge of nitrogen. It indicates the
presence of an important spin-orbit interaction in the final
N p states. (ii) Films with a unit-cell volume 8.6% above
that of bulk-like layers. Their Curie temperature is reduced
by 50%. An intricate observation is that the ratio of the
Gd L2 andL3 edge amplitudes is up to three times higher
than the value expected from the degeneracy of the 2p3/2
and 2p1/2 core states, which is observed for the bulk-like
layers. We suggest that the effect may be related to the dif-
ferent weight that the crystal-field-split Gd-5d final states
(t2gandeg) have in the absorption process at these edges,
and to the modification of the special electronic band struc-
ture of GdN upon lattice expansion. This hypothesis is
supported by the observation that theL2 absorption edge
is shifted to lower energies upon ferromagnetic ordering
while theL3-edge position remains inert.
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9 –The Role of Charge Order in the Mech-
anism of High Temperature Superconductiv-
ity
Fradkin, Eduardo 1

1Department of Physics, University of Illinois at
Urbana-Champaign, 1110 West Green Street, Urbana, Illinois
61801-3080, USA

The focus of this paper is a “dynamic inhomogeneity-
induced pairing” mechanism of high temperature super-
conductivity (HTC) in which the pairing of electrons orig-
inates directly from strong repulsive interactions. Repul-
sive interactions can be shown, by exact solution, to lead
to a form of local superconductivity on certain mesoscale
structures, but the strength of this pairing tendency de-
creases as the size of the structures increases above an
optimal size. Moreover, the same physics responsible for
pairing within a structure provides the driving force for the
Coulomb frustrated phase separation that leads to the for-
mation of mesoscale electronic structures in many highly
correlated materials. From this perspective, the formation
of mesoscale structures (such as “stripes”) in the cuprate
superconductors may not be a problem for the mechanism
of superconductivity but rather a part of the mechanism
itself. This mechanism is not based, as is the BCS mech-
anism, on the pairing of preexisting well defined and es-
sentially free quasiparticles. Rather, it is based on the
physics of strong correlations and low dimensionality. In
this approach, coherence and quasiparticles areemergent
phenomenaat low energy, not an assumed property of the
“high energy physics” from which this state derives.

10 – Aspects of strongly correlated elec-
trons
Fulde, Peter1

1Max Planck Institute for the Physics of Complex Systems,
Nöthnitzer Str. 38, 01187 Dresden, Germany

Some recent progress in the theory of strongly corre-
lated electrons will be discussed. One specific example
concerns our understanding of 5f electrons in intermetallic
systems containing, e.g., U ions. Here a dual model based
on strong intra-atomic Hund’s rule correlations gives ex-
cellent results for the low energy excitations, i.e., the Fermi
surface and the large anisotropic effective mass of the sys-
tem.

Another example are strongly correlated electrons in
frustrated lattices like the pyrochlore, checkerboard or
kagome lattice. At certain lattice fillings excitations with
confined fractional charges may exist. Although one can
at present not point out any specific material where these
excitations could be observed, the model calculations pro-
vide interesting perspectives.
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11 –Dynamic phase separation in mangan-
ites
Ghivelder, Luis1 and Parisi, F.2

1Instituto de F́ısica, Universidade Federal do Rio de Janeiro,
Rio de Janeiro, Brazil
2Unidad de Actividad F́ısica, Centro At́omico de Constituyentes,
CNEA, Av. Gral. Paz 1499, San Martı́n 1650, Pcia. de Buenos
Aires, Argentina.

The phenomenon known as phase separation, the coex-
istence at different length scales of ferromagnetic metal-
lic and antiferromagnetic charge and orbital ordered insu-
lating domains, have recently dominated the literature on
manganese oxides, the so called manganites. In this talk,
after reviewing the basic aspects of the physics of mangan-
ites, we will show magnetization and transport measure-
ments on samples of (LaPr)CaMnO, one of the prototype
materials for the study of phase separation. We focused
our attention on the dynamic properties of the phase sep-
arated state, with emphasis on time relaxation measure-
ments which unveils the equilibrium ground state of the
system. Within this framework we discuss some particu-
lar features of the phase separated state, such as its glass-
like behavior and ultrasharp magnetization jumps. Finally,
we construct an H-T phase diagram, where frozen and dy-
namic phase separation regions are clearly distinguished.

12 – Study of strongly correlated electron
systems by X-ray magnetic scattering with po-
larization control
Giles, Carlos1

1Instituto de F́ısica ”Gleb Wataghin”, UNICAMP, C.P. 6165,
13083-970 Campinas-SP, Brazil

The advent of synchrotron radiation and optical ele-
ments for polarization control has opened the way to the
full use of X-ray magnetic scattering techniques. Intrinsic
properties of synchrotron radiation like the energy tunabil-
ity and the high degree of polarization of X-rays are fun-
damental for studying charge, orbital and magnetic prop-
erties of materials. Since microscopic magnetism arises
from the unpairing of electrons on their electronic band
structure, X-rays as an electronic probe is also a probe
to magnetic properties, especially in a microscopic scale
with small samples and high Q resolution and with chem-
ical and electronic site specificity. Polarisation effects are
difficult to observe in the X-ray range because the com-
plex refractive index is close to unity. Nevertheless they
could be observed close to the absorption edges where they
are enhanced by resonant effects [1]. These enhanced ef-
fects could be observed in scattering and absorption ex-
periments giving rise to new techniques as X-ray reso-
nant magnetic scattering [2] and X-ray magnetic dichro-
ism. The resonant exchange scattering technique gives
spectroscopic information with the unique feature of being
a coherent elastic-scattering process with no complicated
final-state effects. In this presentation we are going to re-
vise the application of this recent and powerful technique
to explore the intricate connection between charge, orbital
and magnetic ordering in magnetic materials. In particu-
lar we investigated the magnetic structure of Sm2IrIn8 by
X-ray magnetic scattering with polarization analysis [3].
The experiments were performed on the 4-ID-D at the Ad-
vanced Photon Source (APS), and ID-20 beamline at the
European Synchrotron Radiation Facility (ESRF). Below
TN = 14.2 K, additional ((2n+1)/2, k, l) reflections were
observed (with n, k, l integers). Such peaks were dramat-
ically enhanced at the Sm LII and LIII edges, at E= 7313
and 6716 eV respectively, due to resonant effects. All these
properties of the superstructure reflections are consistent
with an antiferromagnetic (AFM) structure with a wave
vector τ = (1/2,0,0). The direction of the magnetic mo-
ment was determined as lying in the ab plane and rotated
by about 18 degrees by performing an azimuthal depen-
dence at the dipolar resonant peak. Results of the effect
of a 10 T field on the magnetic structure will be also de-
scribed.

[1] K. Namikawaet al., J. Phys. Soc. Japan54, 4099-4102
(1985); G. van der Laanet al., Phys. Rev. B34, 6529 (1986).

[2] M. Blume, J. Appl. Phys.57, 3615 (1985); C. Vettier, J.
Magn. Magn. Mater.129, 59 (1994).

[3] C. Gileset al., in preparation (2006).
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13 –High-resolution powder diffraction as
a probe for cooperative electronic phenomena
in advanced
materials
Granado, Eduardo1

1Instituto de F́ısica ”Gleb Wataghin”, UNICAMP, C.P. 6165,
CEP 13083-970, Campinas, Brazil, and Laboratório Nacional
de Luz Śıncrotron, C.P. 6192, CEP 13084-971, Campinas, Brazil

With the advent of synchrotron light sources, the scope of the
powder diffraction technique has experienced great advances, be-
coming an increasingly powerful tool for detailed in-situ or ex-
situ studies of physical and/or chemical processes in advanced
materials. Particularly, the high angular resolution makes it pos-
sible to investigate subtle structural changes as a function of a
given thermodynamical variable, caused by electronic effects that
may couple with the crystal lattice. Some recent examples will
be discussed, including an orbital ordering transition driven by
spin-orbit coupling in the double perovskite Ba2FeReO6 and the
identification of subtle, though important, structural anomalies in
the multiferroic systemRMn2O5 (R= Y, Bi, rare earth).

14 – The Mott-Hubbard transition revis-
ited
Garćıa, D.J.,1 Miranda, E.,1 Hallberg, Karen,2

and Rozenberg, M.J.3

1Instituto de Fisica Gleb Wataghin, Unicamp, CEP 13083-970
Campinas, SP, Brazil
2Instituto Balseiro and Centro Atomico Bariloche, CNEA,
(8400) San Carlos de Bariloche, Argentina
3Laboratoire de Physique des Solides, CNRS-UMR8502,
Universite de Paris-Sud, Orsay 91405, France and
Departamento de Fisica, FCEN, Universidad de Buenos Aires,
Ciudad Universitaria, Pabellon 1, Buenos Aires (1428),
Argentina.

We study the Hubbard model at half filling and away from
particle-hole symmetry using a new numerical method for the so-
lution of the Dynamical Mean Field Theory self-consistent equa-
tions. This new technique is based on the accurate calculation of
the associated impurity problem using the Density Matrix Renor-
malization Group technique. The new algorithm makes no a pri-
ori approximations and is only limited by the number of sites that
can be considered. We obtain accurate estimates of the critical
values of the metal-to-insulator and insulator-to-metal transitions
and provide evidence of substructure in the Hubbard bands of the
correlated metal. In addition, we demonstrate the capabilities of
this precise method by obtaining the frequency dependent optical
conductivity spectra.
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15 – Nonpolar resistance switching of
a metal/binary transition metal oxides/metal
sandwich:
homogeneous/inhomogeneous transition of
current distribution.
Inoue, Isao H.1

1Correlated Electron Research Center (CERC),
National Institute of Advanced Industrial Science and
Technology (AIST),
AIST Tsukuba Central 4, Tsukuba 305-8562, Japan

Exotic features of a metal/insulator/metal sandwich is brought
to light from a physical point of view; here the insulator is one
of the strongly correlated binary transition-metal oxides (TMO)
such as Fe2O3, CoO, NiO and CuO. The sandwich exhibits an
unusualresistance switchingreversibly between two states: one
is a highly resistive off-state and the other is a conductive on-
state.

Resistance switching phenomena of metal/conventional-
oxide/metal sandwiches have been studied for half a century, but
our samples show clear difference from the well-known exam-
ples, especially at the following three points. 1)Current–voltage
(I–V) duality : precipitous change of resistance with large hys-
teresis appears both in d.c.-voltage and d.c.-current sweep mea-
surements equally. 2)Non-volatile threshold switching: al-
though it looks like the typical threshold switching due to the
spatio-temporal pattern formation, neither S-type nor N-type neg-
ative differential conductance is seen in theI–V curve. Moreover,
the switching is absolutely non-volatile. 3)Nonpolar switching:
both of the switchings from on- to off-state (“reset”) and from
off- to on-state (“set”) can be done without changing the polarity
(unipolar switching), while they can be equally done by alternat-
ing polarity (bipolar switching); thus, it seems the switching does
not depend on the polarity of the applied current or voltage.

These novel features are challenges for phenomenological
and microscopic models of resistance switchings, and could be
the basis for a drastically innovative nonvolatile memory device.

A part of this work was conducted in AIST Nano-Processing
Facility. This is a collaboration work with Shuichiro Yasuda,
Hisashi Shima, Hiro Akinaga and Hide Takagi. I would like to
thank M. Yamazaki and T. Manago for their technical support, M.
J. Rozenberg, M. J. Śanchez, A. Sawa, T. Fujii, K. Fujiwara, M.
Kawasaki, H. Akoh, and Y. Tokura for useful discussions. Finan-
cial support was partially provided by New Energy and Industrial
Technology Development Organization (NEDO), and Grant-in-
Aid for Scientific Research from MEXT, Japan.

16 –Quantum Fluctuations and Exchange
Bias
Mata, G.J.,1 Pestana, E.,1 Dreysśe, H.,2 andKiwi, Miguel 3

1Departamento de F́ısica, Universidad Siḿon Boĺıvar, Apartado
89000, Caracas 1080A, Venezuela
2IPCMS - GEMME, 23, rue du Loess BP43, 67034 Strasbourg
Cedex 2 France
3Facultad de F́ısica, Pontificia Universidad Católica de Chile,
Casilla 306, Santiago, Chile

The theory of exchange bias is reviewed in order to analyze
the mechanisms that have been put forward to explain the phe-
nomenon. Particular emphasis is given to quantum fluctuations.
In fact, ground-state fluctuations reduce the zero-temperature
magnetic moments of the spins in a quantum antiferromagnet. In
the neighborhood of surfaces, interfaces, and other defects which
break translational symmetry, these fluctuations are not uniform.
Consequently, the magnetic moments of up and down spins do
not compensate each other exactly–as they do in a bulk antifer-
romagnet. At a surface or interface this leads to a small mag-
netic dipole density. The corresponding dipole field can account
for the magnitude of observed exchange anisotropies. At finite
temperatures localized surface (interface) excitations are popu-
lated and change the dipole density, making the exchange field
temperature-dependent. In a pure antiferromagnet fluctuations
may induce a net surface magnetization, that should be observ-
able in nano-particle magnetization measurements for which the
surface to volume ratio is not negligible.
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17 –Magnetic quantum phase transitions
Löhneysen v., Hilbert1, 2

1Physikalisches Institut, Universität Karlsruhe, D-7128
Karlsruhe, Germany
2Forschungszentrum Karlsruhe, Institut für Festk̈orperphysik,
D-76021 Karlsruhe, Germany

In a number of metallic systems with strong electronic correla-
tions, long range magnetic order can be tuned to zero temperature
by an external parameter such as pressure, chemical composition
or magnetic field. At such a quantum phase transition (QPT), the
quantum energy of critical fluctuations becomes a relevant energy
compared to the thermal energy, leading to unusual non-Fermi-
liquid (NFL) behavior in thermodynamic and transport proper-
ties, and possible new phases. We will discuss two examples of
unusual feature near a QPT: (i) Highly anisotropic magnetic fluc-
tuations in CeCu6−xAux observed by inelastic neutron scattering
arise when approaching the QPT occurring atx = 0.1, despite
the fact that long range-incommensurate order forx ≥ 0.15 is
three-dimensional. These fluctuations extend over a large con-
centration range 0≤ x ≤ 0.2 on either side of the QPT. (ii) In
MnSi the QPT can be tuned by hydrostatic pressurep. The long-
wavelength helical magnetic order atp = 0 (wavelength 180̊A)
it retains its periodicity when approaching the QPT but loses its
orientation, as observed via elastic neutron scattering under pres-
sure. This “partial melting” is reminiscent of orientational order
in chiral liquid crystals and presents a truly novel magnetic phase.
How this partial order is related to the NFL behavior in the elec-
trical resistivity has yet to be established. We speculate that the
appearance of new phases arises from the “electronic softness”
of matter a QPT, due to competing interactions, thus resembling
features of soft matter.

18 – Magnetoelectric effects in multifer-
roics
Loidl, Alois 1

1Center for Electronic Correlations and Magnetism, University
of Augsburg, 86135 Augsburg, Germany

Magneto-electric phenomena were investigated for two dif-
ferent classes of multiferroics: The coupling of dielectric and
magnetic properties and the simultaneous occurrence of long-
range magnetic and polar order are discussed for rare-earth man-
ganese perovskites and for chromium spinels. In addition to the
pure rare-earth manganites, we investigated Eu:YMnO3 where
the multiferroic phases do not interfere with the rare-earth mag-
netism. In this perovskites, special attention is being paid to
the occurrence of fundamentally new excitations, i.e. electro-
magnons, which can be characterized as spin waves excited by
an ac electric field. We provide experimental evidence for a
strong coupling of electromagnons to phonons and further, that
as a function of magnetic field optical weight can be transferred
from these new excitations to a low-lying phonon branch. At
the same time this transfer of optical weight results in consid-
erable changes of the index of refraction allowing the tuning of
the refractive index by moderate magnetic fields. For the sec-
ond class, multiferroic chromium spinels, we discuss the simul-
taneous occurrence of colossal magneto resistance and colossal
magneto capacitance in ferromagnetic CdCr2S4 and antiferro-
magnetic HgCr2S4 which revals a complex helical spin struc-
ture at low temperatures. Both compounds exhibit short range
polar order only, which can be characterized as relaxor-like fer-
roelectricity. A detailed investigation of the phonon properties
demonstrates that these multiferroics are not characterized by soft
phonon modes as observed in classical ferroelectrics, but rather
by significant changes of the effective plasma frequencies of the
IR-active modes as function of temperature.

11



Invited Talks

19 – Thickness-dependent magnetic struc-
ture of ferromagnetic/antiferromagnetic all-
manganite multilayers
Niebieskikwiat, Darı́o,1 Hueso, L.E.,2 Borchers, J.,3

Mathur, N.D.,2 and Salamon, M.B.1

1Department of Physics, University of Illinois at
Urbana-Champaign, Urbana, IL 61801, USA
2Department of Materials Science, University of Cambridge,
Pembroke Street, Cambridge CB2 3QZ, UK
3NIST Center for Neutron Research, National Institute of
Standards and Technology, Gaithersburg, MD 20899, USA

Polarized Neutron Reflectometry (PNR) and magnetom-
etry measurements have been used to obtain a compre-
hensive picture of the magnetic structure of a series of
La2/3Sr1/3MnO3/Pr2/3Ca1/3MnO3 (LSMO/PCMO) superlat-
tices. Five repetitions of the ferromagnetic (FM) LSMO (thick-
ness 11.8 nm) and the antiferromagnetic (AFM) PCMO layers
(thicknesstA between 0 and 7.6 nm) were grown by pulsed laser
deposition on atomically flat SrTiO3 substrates. All our multi-
layers exhibit the FM transition of the LSMO layers atTC ∼ 340
K. However, the presence of the LSMO-PCMO interfaces pro-
duces a reduction of the magnetic moment of the LSMO layers
as compared to the pure LSMO film. This effect is related to
the existence of a magnetically disordered layer on the LSMO
side of the FM-AFM interfaces. As shown by the magnetic pro-
files obtained from PNR, the magnetization of the first few Mn-O
monolayers on the LSMO is reduced as compared to the inner
FM volume of LSMO. In the PCMO layers a FM contribution is
also observed related to the presence of FM nanodomains embed-
ded within the predominant AFM matrix. This FM contribution
was found to be maximized at intermediate thicknessestA ∼ 3
nm. We ascribe this behavior to the accommodation of the FM
droplets at the matching condition between layer thickness and
domain size, where the FM nanodomains would find the opti-
mal strain conditions within the PCMO layers. This evolution of
the magnetic structure has important implications for the trans-
port properties of these superlattices, where the metallization of
the nominally insulating AFM layers was shown to play a fun-
damental role in the magnetoresistance response of this kind of
tunneling devices.

20 –Revisiting the Fermi Golden Rule: Lo-
calization, Quantum Diffusion and Survival
Collapse in Resonant States
Pastawski, Horacio M.1

1Facultad de Mateḿatica, Astronoḿıa y F́ısica, Universidad
Nacional de Ćordoba

Nanosystems are never isolated, hence, the excitations have a
survival probabilityP00(t) which typically decays with the Fermi
Golden Rule (FGR) that neglects memory effects. Three surpris-
ing effects arise beyond these approximations.

1) Survival collapse due to Non-Markovian effects[1].
When an excitation of energyεo decays into the continuum spec-
trum of the environment whose dynamics is solvable, one finds
the three dynamical regimes of the survival probabilityP00(t).
a) The decay starts quadratic, as expected for a finite Hamilto-
nian second moment until a time proportional to the spectral den-
sity of the final states, astS' ~No(εo). b) Then the survival is
described by a self-consistent Fermi Golden Rule (SC-FGR).c)
At long-timest >> tR the pure survival probability is overrun
by an inverse power law identified with the return probability at
tR≈ α(~/Γo)ln[βB/Γo] whereB is the bandwidth andα,β > 1 .
At this last cross-over,P00(t) can drop several orders of magni-
tude. This survival collapse, last a brief period~/B.

2) Quantum Coherence in spite of strong interactions.De-
coherence appears as the progressive disappearance of interfer-
ences from the excitation under the action of an uncontrollable
perturbation whose effectiveness is provided by chaos in the un-
perturbed system. An effective way to quantify decoherence is
through the Loschmidt Echo, and the application of the FGR
provides a tool to quantify this decay. We find that too fast fluc-
tuations of the environment can lead to better coherence in the
dynamics. This counter intuitive result is confirmed by experi-
ments.

3) Quantum Dynamical Phase Transition.Decay is not al-
ways the only ingredient and one might need to consider the in-
coherent return of probability. We solve explicitly one of such
cases using the Keldysh formalism. We found that a Dynamical
Phase Transition can take place whenΓ describing the interac-
tion with the environment becomes of the order ofδε, the level
spacing producing the dynamics. Beyond that value the dynam-
ics becomes completely frozen through the Quantum Zeno Effect
and the systems start a very slow relaxation to equilibrium. We
present a detailed description of this effect and the experimental
results showing the dynamical phase transition.

[1] E. Rufeil Fiori and H. M. Pastawski, Chem. Phys. Lett.
420, 35-41 (2006)

[2] F. M. Cucchiettiet al., Phys. Rev. E74, 026207 (2006)
[3] G. A. Álvarezet al., J. Chem. Phys.124, 1 (2006)
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21 –”Illuminating” quantum Hall fluids
Pinczuk, Aron1

1Dept. of Appl. Physics& Appl. Mathematics and Dept. of
Physics, Columbia University, New York, NY, USA and Bell
Laboratories, Lucent Technologies, Murray Hill, NJ, USA

Electron fluids in the quantum Hall regimes support low-
energy excitation modes above the liquid ground states in two-
dimensions. The excitations manifest the physics of fundamental
interactions in these emergent quantum phases.

Inelastic light scattering methods at very low temperatures (be-
low 1 Kelvin) offer unique experimental venues to study low-
lying excitations due to changes in the charge and the spin de-
grees of freedom of the fluids. The light scattering experiments
access directly low-lying ”quasiparticle” excitations above the
fluid ground states.

This talk presents an overview of recent results that reveal
physics of the electron fluids that is not accessible by other meth-
ods.

Light scattering spectra reveal key features of energy vs. mo-
mentum relations of quasiparticle excitations. The experiments
offer insights on translational symmetry in the quantum fluids, on
magnetoron excitations and on quasiparticle excitations that are
linked to the famous magneto-transport anomalies of the quan-
tized Hall effects. The excitations are probed in diverse states
of the electron liquids, to provide insights on quasiparticle prop-
erties and on the phase transformations between quantum fluid
states.

22 – Exploring the sub-nanometer scale
in magnetic materials with the microemulsion
technique
Rivas, Jośe1 and Ĺopez-Quintela, M.A.1

1Laboratory of Magnetism and Nanotechnology. Research
Technological Institute. University of Santiago de Compostela.
E-15782Santiago de Compostela, Spain.

Most of materials show a dramatically change in their prop-
erties at the nanometer/subnanometer level. In particular, metal-
lic clusters (“particles” formed byNatoms< 100 atoms) are one
of the most promising and exciting research areas because they
combine the scientific with the application interest. From the sci-
entific point of view, there are many controversial points about
the exact stability, structure/geometry and properties of these tiny
nanoparticles. For example, according to theoretical calcula-
tions, different geometries -very different from the bulk- seem to
be stable: forNatoms< 10/12, planar geometries are preferred,
whereas forNatoms> 10/12, 3D structures with compact, non-
compact and five-fold symmetries are found to be the most stable
ones, depending upon the conditions and approximations used
for the theoretical calculations[1]. A number of new fascinat-
ing properties seem to appear at these scales. As an example,
fluorescence[2], catalysis[3], magnetism[4], and circular dicro-
ism[5] have been already reported. However, all these studies are
very limited because of the procedures used for the cluster syn-
thesis. Only very small amounts of highly polydisperse samples
can be obtained after difficult separation procedures[6]. We have
recently developed a novel method for the synthesis of clusters
which allows their production in relatively large amounts[7-8].

[1] Häkkinen, H; Moseler, M; Landman, U., Phys. Rev. Lett.
2002,89, 33401.

[2] Zheng, J.; Zhang, C.; Dickson, R.M., Phys. Rev. Lett.
2004,93, 77402.

[3] Hurata, M.et al., J. Catal. 1993,144, 175.
[4] Yamamoto, Y.et al., Phys. Rev. Lett. 2004,93, 116801.
[5] Schaaff, T.G.; Whetten, R.L., J. Phys. Chem. B 2000,104,

2630.
[6] See e.g. Petty, J.T.et al., J. Am. Chem. Soc. 2004,126,

5207; Negishi, Y.; Tsukuda, T. J., Am. Chem. Soc. 2003,125,
4046.

[7] López-Quintela, M.A.; Rivas, J. Spanish patent application
No.P200502041, 2005.

[8] Guill én-Villafuerte, O.et al., Angew. Chem. Int. Ed.
2006,45, 4266.
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23 – Electronic phase separation and
CMR-effect in manganite films
Samwer, Konrad,1 Moshneaga, Vassily,1 Sudheendra,
Lakshmana,1 and Damaschke, Bernd1

1I.Physik. Institut Universitaet Goettingen Fr.-Hund Platz 1
D-37077 Goetingen Germany

Epitaxial La3/4Ca1/4MnO3/MgO(100) (LCMO) thin films
show an unusual rhombohedral (R-3c) structure with a new per-
ovskite superstructure at room temperature due to the CE-type
ordering of La and Ca with modulation vector q = 1/4. A-
site ordered films were found to be electronically homogeneous
down to the 1 nm scale as revealed by scanning tunnelling mi-
croscopy/spectroscopy. In contrast, orthorhombic and A-site dis-
ordered LCMO demonstrate a mesoscopic phase separation far
below the Curie temperature (TC).In a manganite film with-
out quenched disorder, we show texturing in the form of in-
sulating and metallic stripes above and below Curie tempera-
ture (Tc), respectively, by high resolution scanning tunneling
microscopy/spectroscopy (STM/STS). The formation of these
stripes involves competing orbital and charge orders, and are
an outcome of overlapping electron wave-functions mediated by
long-range lattice strain.

24 – Spin and Molecular Electronics in
Atomically-Generated Orbital Landscapes:
the Smeagolproject
Sanvito, Stefano1

1School of Physics, Trinity College, Dublin 2, IRELAND

Density functional theory has revolutionarized our way to do
materials science and it is now a fundamental asset for research
in Physics, Chemistry, Biology and Nanoscience. This is mainly
due to a combination of conceptual simplicity, rigorous theoreti-
cal foundation and efficient numerical algorithms. TheSmeagol
[1,2] project (www.smeagol.tcd.ie) has the ambitious goal of set-
ting the same revolution in the field ofab initio quantum trans-
port.

Smeagol, in its present form, calculates theI -V characteristics
of nanoscale two-probe devices from first principles. It combines
a non-equilibrium transport algorithm capable of evaluating the
effects of a steady state current on the electronic structure of the
device with density functional theory implemented on a local-
ized atomic orbital basis set.Smeagolis constructed with three
main goals in mind. First it must be accurate. For this reason
exchange and correlation potentials including strong correlation
corrections (LDA+U or LDA+SIC) have been implemented and
demonstrated effective for the transport. Secondly, it must be
able to scale, and therefore capable of accessing massive parallel
machines. Finally it must be reasonably user friendly to serve a
large community.

In this talk I will review the basic ideas behind theSmeagol
project and present some of our results. In particular I will tackle
three problems. First I will discuss transport through simple
molecules attached to Au leads, and demonstrate that a compu-
tational undemanding method for self-interaction correction can
yield results in good agreement with experiments. Then I will
move to molecular spin-valves and show how organic molecules
can serve as elements in spin-devices, with performances and ver-
satility superior to standard inorganic materials. Finally I will
tackle the problem of the conductivity of DNA and demonstrate
that simulations of devices exceeding several thousands atoms
are in the reach ofSmeagol’s computational capabilities.

[1] Towards Molecular Spintronics, Alexandre Reily Rocha,
Victor Garcia-Suarez, Steve W. Bailey, Colin J. Lambert, Jaime
Ferrer and Stefano Sanvito, Nature Materials4, 335 (2005).

[2] Spin and Molecular Electronics in Atomically-Generated
Orbital Landscapes, Alexandre Reily Rocha, Victor Garcia-
Suarez, Steve W. Bailey, Colin J. Lambert, Jaime Ferrer and Ste-
fano Sanvito, Phys. Rev. B.73, 085414 (2006).
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25 – Non-Fermi liquid behavior in heavy
electron system due to nested Fermi surface
Schlottmann, Pedro1

1Department of Physics, Florida State University, Tallahassee,
FL 32306, USA

Landau’s Fermi liquid theory has been successful in describ-
ing the low energy properties of most normal metals. Numerous
U, Ce and Yb based heavy fermion systems display deviations
from Fermi liquid behavior, known as non-Fermi liquid behav-
ior, which can be tuned by alloying (chemical pressure), hydro-
static pressure or the magnetic field. In most cases the systems
are close to the onset of antiferromagnetism and the non-Fermi
liquid behavior is attributed to a quantum critical point (QCP).

A nested Fermi surface together with the remaining interaction
between the carriers after the heavy particles are formed may give
rise to itinerant antiferromagnetism. The model under consider-
ation consists an electron pocket and a hole pocket, separated
by a wave vectorQ, and Fermi momentakF1 andkF2, respec-
tively. The order can gradually be suppressed by increasing the
mismatch of the Fermi momenta, defined as 2δ = vF |kF1−kF2|,
and a quantum critical point is obtained asTN → 0.

The mismatch of the Fermi vectors,δ, has the following con-
sequences: (i) The specific heat overT and the magnetic sus-
ceptibility increase with the logarithm of the temperature asT
is lowered.1 (ii) For the tuned QCP the linewidth of the quasi-
particles is sublinear inT and ω.2 (iii) The specific heat and
the linewidth display a crossover from non-Fermi liquid (∼ T)
to Fermi liquid (∼ T2) behavior with increasing nesting mis-
match and decreasing temperature.2 (iv) The dynamical conduc-
tivity displays deviations from the normal Drude behavior. (v)
For small q, the dynamical spin-susceptibility,χ′′(ω,Q + q),
(relevant for neutron scattering) has a peak atω ≈ ±2δ. The
height and width of the peak are a function ofT and δ. For
smallerω the response has a pseudo-gap. (vi) With increasing
q the gap inχ′′(ω,Q+q) is gradually closed and forvFq > 2δ a
quasi-elastic peak develops. (vii) While the specific heat, homo-
geneous susceptibility and the quasi-particle linewidth are only
weakly dependent on the geometry of the nested Fermi surfaces,
the momentum-dependent dynamical susceptibility is strongly
affected by the shape of the Fermi surface.

Work supported by the U.S. Department of Energy under grant
DE-FG02-98ER45707.

1 P. Schlottmann, Phys. Rev. B68, 125105 (2003).
2 P. Schlottmann, Phys. Rev. B73, 085110 (2006).

26 – Magnetic order and two-band trans-
port in MnAs epitaxial films
Steren, Laura B.,1 Milano, J.,1 Garćıa, V.,2 Marangolo,
M.,2 Eddrief, M.,2 and Etgens, V.H.2

1Centro At́omico Bariloche and Instituto Balseiro, CNEA, 8400
S.C. de Bariloche, Argentina.
2Institut des NanoSciences de Paris, UMR CNRS 7588,
Universit́es Paris 6 et Paris 7, Campus Boucicaut, 140 rue de
Lourmel, 75015 Paris, France

Metallic MnAs is a promising material for uses in
semiconductor-based spintronic devices. In fact, bulk MnAs is
ferromagnetic at room temperature and has an hexagonal struc-
ture (alpha) whose lattice parameters match very well with those
of GaAs. The bulk material undergoes a first order transition
at T*=40 C between the low temperature hexagonal ferromag-
netic phase and a paramagnetic orthorhombic one. We have been
studying the physical properties of MnAs epilayers, finding that
they are strongly affected by growth conditions and substrate. In
this talk, I will present some recent results about the magnetic
and magnetotransport properties of MnAs films grown on GaAs
of different orientation. I will introduce new evidences about
the coexistence of the alpha and beta phases below T* in thin
films. Moreover, we showed through FMR experiments that the
alpha-phase is oriented perpendicular to the substrate surface for
MnAs/GaAs(111) films while it lays along the substrate plane for
MnAs/GaAs(100) ones. A detailed study of the thermal and an-
gle dependence of the films coercivity reveal the existence of dif-
ferent activation mechanisms for domain movements in the sam-
ples. On the other hand, the magnetoresistance and the Hall effect
results put in evidence the coexistence of both, hole and electron
carriers in the films. The temperature dependence of the ordinary
Hall constant and the transverse magnetoresistance allow us to
identify a transition between electron- and hole-dominated trans-
port regimes. The field dependence of the transverse magnetore-
sistance is analysed in terms of size effects and cyclotron orbital
motions.

L. B. S. and J.M. are members of CONICET.
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27 – Microwave processing of materials:
current limitations and hopes
Vaucher, Śebastien1

1Empa, Swiss Federal Laboratories for Materials Science and
Technology, feuerwerkerstrasse 39, CH-3602 Thun, Switzerland.

The increasing availability of nanopowders, is calling for ad-
vances in processing technologies materials, in order to convey,
press, and consolidate nanomaterials, while retaining their struc-
tural confinement. While conventional sintering fails, faster sin-
tering methods such as spark plasma sintering (SPS), and mi-
crowave assisted sintering are promising alternatives. However,
a careful control of the process remains limited today. Direct
access to parameters such as temperature, chemistry and mi-
crostructure could be helpful to understand microwave heating
in more details, with the ultimate goal of defining more clearly
the areas in which microwave can offer unique features. Here
we show that complex temperature distribution in a sample un-
der irradiation can be adresse at several scales. While microwave
radiometry can be used to follow volumetrically the thermal tra-
jectory of microwave heated aluminium powder, in-situ Raman
spectroscopy is shown to evidence microscale thermal gradients
between diamond and silicon grains in a binary powder mixture.
Finally, perspectives and preliminary results of microstructural
analysis obtained from Xray micro-tomography are presented,
that complement the thermophysical methods and should offers
the visualisation of the structural changes at least at the micron
scale.
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28 – X-Ray Spectroscopy of Transition
Metal Oxides
Abbate, M.1

1Departamento de Fisica, Universidade Federal do Parana,
Caixa Postal 19091, 81531-990 Curitiba PR, BRASIL

The main purpose of this work is to study the electronic struc-
ture of various transition metal oxides. These highly correlated
compounds present a broad range of very interesting physical
properties; for instance: High-TC Superconductivity, Colossal
Magneto-Resistance, and Metal-Insulator Transitions. The tech-
niques used here are X-ray photoemission (PES) and X-ray ab-
sorption (XAS) spectroscopy. These spectra provide direct in-
formation on the occupied and unoccupied electronic structure.
The experimental data are interpreted in terms of band structure
and cluster model calculations. These theoretical methods gives
useful and complementary information on the electronic struc-
ture. The motivation is to understand the microscopic origin of
the physical properties of these materials. The convenience and
importance of this approach will be illustrated using a few se-
lected examples: (a) magnetic ordering in Ca1−xSrxRuO3, (b)
metal-insulator transition in VO2, (c) intermediate spin state in
SrCoO3, and (d) band width control in Ca1−xSrxFeO3.

29 – Nanoscopic transport and the Kondo
effect
Anda, Enrique1

1Pontificia Universidade Católica do Rio de Janeiro,
Departamento de F́ısica Rio de Janeiro, Brazil

It is well known that transport in a quantum dot connected
to leads is largely determined by the electronic correlation that
exists at the spatially confined region of the dot. At low tem-
peratures the interaction appears in transport as Coulomb block-
ade phenomena, while at lower temperatures the transport prop-
erties are completely modified due to the low energy antiferro-
magnetic local-spin-conduction-spin correlations characteristics
of the Kondo regime. These properties appear with larger com-
plexity in the presence of two or more quantum dots depending
upon the topology in which this quantum dots are organized. We
discuss these properties in general and concentrate our attention
to the discussion of a break-junction device constituted by Plat-
inum and Hydrogen.
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30 –Spectroscopic fingerprints of the frus-
trated magnetic order in Li2VOSiO4

Hamad, I.J.,1 Manuel, L.O.,1 and Trumper, A.E.1

1Instituto de F́ısica Rosario and Universidad Nacional de
Rosario, Bv 27 de Febrero 210 Bis (2000) Rosario, Argentina

We have analyzed theoretically the photoemission spectra of
the insulating compoundLi2VOSiO4. Recently, this compound
has been proposed as the first experimental realization of the frus-
tratedJ1−J2 Heisenberg model. Although it is well known that
Li2VOSiO4 is magnetically ordered in a collinear arrangement
belowTc = 2.8K, there is some controversy about the values of its
exchange interactionsJ1 andJ2. Using a generalizedt−J model
to compute the spectral functions, we have obtained a complex
spectral structure that can be traced back to the presence of ferro-
magnetic and antiferromagnetic chains in the collinear magnetic
structure. We also discuss the possibility to use ARPES experi-
ments as a way to discern among the different exchange interac-
tion parameters reported in the literature.

31 –Spin injection into novel
materials
Hueso, Luis E.1

1Department of Materials Science, University of Cambridge,
CB2 3QZ Cambridge, UK and ISMN-CNR, 40129 Bologna,
Italia

Spin electronics exploits the magnetic nature of the electron,
and is commercially exploited in the spin valves of disc-drive
read heads. There is currently widespread interest in using indus-
trially relevant semiconductors in new types of spintronic devices
based on the manipulation of spins injected into a semiconduct-
ing channel between a spin-polarized source and drain. How-
ever, the transformation of spin information into large electrical
signals is limited by spin relaxation such that the magnetoresis-
tive signals are below 1 per cent. I will present results of large
magnetoresistance (MR) effects (61 per cent at 5 K) in devices
where the non-magnetic channel is a multiwall carbon nanotube
that spans between epitaxial electrodes of the highly spin po-
larized manganite La0.7Sr0.3MnO3 (LSMO). This improvement
arises because the spin lifetime in nanotubes is long due the small
spin-orbit coupling of carbon, because the high nanotube Fermi
velocity permits the carrier dwell time to not significantly exceed
this spin lifetime, and because the interfacial barrier is of an ap-
propriate height. I will also present recent magnetoresistance re-
sults in vertical hybrid organic-inorganic spin valves with LSMO
and Co as bottom and top electrodes, and an Alq3 organic semi-
conductor as spin transport layer. These results open a way to
incorporate new materials in the exciting field of spintronics.
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32 – A spin polarizer made of a diluted
magnetic semiconductor quantum well
Makler, S.S.,1 Ritter, C.F.,1 and Lima, I.C.C.2

1Instituto de F́ısica - Universidade Federal Fluminense, Niterói
- RJ - Brazil
2Instituto de F́ısica - Universidade do Estado do Rio de Janeiro,
Rio de Janeiro - RJ - Brazil

In this work we present results for the transport properties of a
spin polarizer consisting of a resonant tunneling diode in which
the well is made ofGa1−xMnxAs. This is a diluted magnetic
semiconductor (DMS) ofp type.

The magnetization of the well produces totally polarized nar-
row resonant peaks separated by approximately 0.15eV . This
splitting is bigger than the produced by the highest stationary
magnetic field obtained in a laboratory. As a consequence we
get a spin polarized current when one of these peaks is below the
Fermi level and above the bottom of the band.

Today is possible to make semiconductors that are ferromag-
netic at room temperature. Therefore the device described here
could be used as a spin polarizer, analyzer and other spintronic
applications. The material used here has a Curie temperature less
than 115K. However this system has the advantage that it can be
easily integrated into the well knownGaAs/AlAstechnology.

The Mn2+ cations have a magnetic moment ofS= 5/2 ~.
In addition, when theMn ion substitutes aGa3+ it gets an ex-
tra electron. Thus it is an acceptor. Homogeneous samples of
Ga1−xMnxAs alloys with x up to 10% have been produced by
molecular beam epitaxy at low temperatures, avoiding the for-
mation ofMnAsclusters that could turn the material to be non-
magnetic. Forx≈ 0.05 theGa1−xMnxAsalloy is p-type metallic
and, depending on its width, also ferromagnetic.

As a first approach to the problem, only the lower lying levels
(heavy holes states) were considered. Heavy holes are responsi-
ble for the main part of charge neutrality and magnetism of the
Ga1−xMnxAs layer.

In the present work we considered also the light holes. In spite
of the fact that they are more excited levels they contributes sig-
nificantly because all the well profile is lowered to fulfill charge
neutrality and the excited levels are close to the Fermi level of the
emitter. Besides, the contribution of the light holes to the current
is the most important because they can tunnel easier due to their
small effective mass.

Our system is described by a tight-binding Hamiltonian that
includes the kinetic energy, the double barrier profile, the electric
contribution due to the applied bias, the magnetic energy due to
the well magnetization, the hole-impurity attraction and the hole-
hole repulsion. The last three terms are treated in the mean field
approximation. The charge distribution of the system and the
potential profile are calculated selfconsistently.

Our results show that the system works as a very efficient spin
filter.

33 –Electric field induced inversion asym-
metry on resonant tunneling devices: spin-
effects
De Carvalho, H.B.,1 Galvão Gobato, Y.,2 López-
Richard, V.,3 Brasil, M.J.S.P.,4 Marques, G.E.,2

Henini, M.,5 Eaves, L.,5 and Hill, G.6

1Instituto Nacional de Telecomunições, Santa Rita do Sapucai,
Brazil
2Departamento de F́ısica, Universidade Federal de São Carlos,
São Carlos, Brazil.
3FFCLRP, Departamento de Fı́sica e Mateḿatica, Universidade
de S̃ao Paulo, Brazil.
4Grupo de Propriedades Opticas, Instituto de Fı́sica Gleb
Wataghin, Universidade de Campinas, Campinas, Brazil.
5School of Physics and Astronomy, University of Nottingham,
Nottingham, UK.
6EPSRC National Centre for III-V Technologies, University of
Sheffeld, Sheffeld, UK.

Experimental evidences of hole spin-splitting, beyond the Zee-
man effect, have been obtained for GaAs/AlAs double barrier
structures. Simultaneously, voltage-controlled spin selection us-
ing this non-magnetic tunneling device, under an applied mag-
netic field, has been studied. Thus, effects of spin-orbit interac-
tion in two-dimensional systems has become the focus of follow-
ing investigations concerning spin-related phenomena.

In this work, we present a bias-voltage dependent spin-
splitting of the quantum well states in a p-type GaAs/AlAs
double-barrier structure observed by magneto-optical measure-
ments. Under the external bias, the effects of the valence band
admixture, Rashba spin-orbit interaction and magnetic field have
been experimentally and theoretically studied during the charg-
ing and discharging processes. By optical detection, the electric
field induced modulation of the spin-splittingf has emerged as a
direct measure of the charge accumulation effects.

The simultaneous investigation of optical and transport prop-
erties at high magnetic and electric fields, has enabled a thorough
characterization of the main processes that affect the system re-
sponse. The present work, being a combination of theoretical and
experimental results, can be of general interest by working on the
solution of problems such as the search for mechanisms able to
control the charge buildup and spin-related properties.

This study calls the attention upon the processes where the
spin-degree of freedom is effectively coupled to the electric field
in non-magnetic tunneling devices. The fact that the main effect
of the present observation can be attributed to the behavior of
holes highlights the importance of valence band contributions to
the electronic and transport properties of the system.
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34 –Exciton-phonon complexes and optical
properties in CdSe nanocrystals
Menéndez-Proupin, E.,1 Cabo-Bizet, N.G.,2

and Trallero-Giner, C.2

1Departamento de F́ısica, Facultad de Ciencias, Universidad de
Chile, Casilla 653, Santiago, Chile
2Facultad de F́ısica, Universidad de La Habana, Vedado 10400,
La Habana, Cuba

A method to calculate the quantum states of exciton-phonon
complexes in semiconductor nanocrystals is presented. The
exciton-phonon complexes are built from a basis set made of
products of phonon states and electron-hole pairs, which are
coupled through the electron-phonon Fröhlich interaction, and
the electron-hole Coulomb and exchange interactions. In CdSe
nanocrystals, the conduction band electrons are described by the
effective mass equation, while the holes are represented by the
spherical 4×4 Baldereschi-Lipari Hamiltonian. It is shown that
a flexible and complete electron-hole basis, not limited to the
1s−1S3/2 octet, is essential to obtain converged eigenvalues and
the correct polaron shift to the exciton energy. An study of the
spectral properties is presented; in particular the spectral region
which involves the lowest exciton-phonon complex eigenstates is
analyzed in details. Specifically, the non-adiabatic nature of the
exciton phonon dynamics in the examined nanocrystals is clearly
shown by the obtained vibron eigenstates.

35 –Memory effects and peak effect in type
II superconductors
Pasquini, G.,1 Luna, D.,2 Eismann, B.,3 and Bekeris, V.1

1Laboratorio de Bajas Temperaturas, Departamento de Fı́sica,
FCEyN, Universidad de Buenos Aires; CONICET; Argentina
2Laboratorio de Bajas Temperaturas, Departamento de Fı́sica,
FCEyN, Universidad de Buenos Aires, Argentina
3Ecole Normale Superieure, Paris, France

Memory effects (ME) in the solid vortex lattice (VL) are ob-
served in a wide range of superconducting materials. A large
amount of experimental and theoretical work has been devoted to
understand this phenomenology that has remained, however, con-
troversial until now. In the vicinity of the anomaly known as the
Peak Effect (PE) both the VL mobility and the measured critical
current density are found to be dependent of the dynamical his-
tory of the sample, in both low Tc (LTS) and high Tc (HTS) su-
perconductors[1,2,3]. Experiments inYBa2Cu3O7 (YBCO) crys-
tals have shown that the mobility of the VL increases after assist-
ing the system with a symmetric ac field (or current) of moderated
amplitude. On the other hand, after an asymmetric ac field assists
vortices, the VL becomes less mobile[2,3]. These salient features
indicate that ME in these samples cannot be ascribed to an equi-
libration process, but have their origin in the oscillatory charac-
ter of vortex dynamics, probably related to the organisation of
the lattice after nearest neighbour re-accommodation or induced
plastic VL deformation. Recently, we have shown evidence that
this case the PE is a dynamic anomaly observed in the non-linear
response, and is absent in the Labusch constant derived from the
linear Campbell regime[4]. However, this behaviour seems not to
be extensive to other systems as the traditional LTSNbSe2.

In this work the ac response in the PE region ofNbSe2 and
YBCO samples are presented and compared. Very salient differ-
ences in the linear response behaviour and the ME characteristics
indicate that a different physics governs the PE phenomena in
both cases.

[1] See, for example: W. Herderson et al., Phys. Rev. Lett.81,
2352 (1998); Y. Paltiel et al, Nature 403, 398 (2000).

[2] S.O. Valenzuela and V. Bekeris, Phys. Rev. Lett.84, 4200
(2000); Phys. Rev. Lett. 86, 504 (2001).

[3] G. Pasquini and V. Bekeris, Phys. Rev. B71, 014510
(2005).

[4] G. Pasquini and V. Bekeris, Supercond. Sci. Technol.19,
671 (2006).
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36 –An Atomistic Simulation Study of the
Texture and Adsorption Properties of Disor-
dered Porous Carbons and Ordered Zeolite-
Grown Nanostructures
Pellenq, R.J.-M.,1 Fuhr, J.,2 Jain, S.,3 Roussel, T.,1

Bichara, C.,1 and Gubbins, K.E.3

1Centre de Recherche en Matière Condenśee et Nanosciences,
Campus de Luminy, 13288 Marseille, cedex 09, France
2CONICEA, Bariloche, Argentina
3Bio and Chemical Engineering Dpt, North Carolina State
University, Raleigh, USA

We first present realistic molecular models of disordered
porous carbons using a simulation protocol based on Reverse
Monte Carlo (RMC) which incorporates an energy constraint.
We use the empirical reactive bond-order potential (AREIBO) to
model the interactions between carbon atoms and between car-
bon and hydrogen atoms. The radial distribution functions of
the simulated models are in good agreement with experiment on
natural and activated saccharose cokes. The bond angle distri-
bution and the neighbor distribution show that the models cap-
ture the correct chemistry of the carbon atoms, depending on
their local environment. We characterized the resultant carbon
models by calculating the ring statistics, surface area and geo-
metric pore size distribution. We also performed Grand Canon-
ical Monte Carlo (GCMC) simulations of argon and hydrogen
confined in the resulting models. In the case of lithium doped
structures, using ab initio calibrated potentials, we predict a H2
storage amount of 3 percents in weight at room temperature and
100 bars. In a second part, we present a GCMC study to obtain
carbon replica from a silica template. Many experimental studies
have been reported on obtaining carbon replica using different
templating materials like SBA-15, MCM-41, Zeolites etc. The
formation of these templated carbons is a two fold process. A
carbon rich precursor in vapor or liquid phase is first deposited
inside the porosity of the matrix template. The adsorbed pre-
cursor is then carbonized by heating at a high temperature in an
oxygen free environment to produce a carbon-matrix composite.
Finally, the matrix is removed by treating with an acid. In this
work we developed molecular models of the carbon replica by ad-
sorbing carbon vapour in the porosity of template porous oxides
matrix (AlPO4-5, Y, silicalite, MCM41, SBA-15) using GCMC
simulations. The carbon-carbon interactions were modelled us-
ing both the AIREBO and Tight Binding potentials. The matrix-
carbon interactions were modelled using the PN-Traz potential
for physisorption. We further studied the stability of the resultant
carbon replica by removing the matrix template and relaxing the
final carbon replica using molecular dynamics simulations. We
then performed a structural analysis of the structures of the re-
sultant carbon replicas. In the case of AlPO4-5, we demonstrate
the stability of the smallest single wall carbon nanotubes (0.4 nm
in diameter) in agreement with experiment [Wang et al, Nature,
408, 50 (2000)].

37 –Surface Neel anisotropy in a magnetite
nanoparticle: MonteCarlo simulation
Mazo-Zuluaga, J.,1 Mejı́a, J.,2 andRestrepo, J.1

1Grupo de Estado Śolido y Grupo de F́ısica y Astrof́ısica
Computacional, Instituto de Fı́sica, Universidad de Antioquia.
A.A. 1226 Medellı́n-Colombia
2Facultad de F́ısica, Pontificia Universidad Católica, Av. Vicũna
Mackena 4860 Santiago-Chile.

Magnetic properties exhibited by nanoparticles are strongly
dependent upon the average coordination number which is
strongly reduced as finite size effects become more pronounced.
Moreover, the influence of surface anisotropy upon such proper-
ties is still a subject of controversy. In this work, we investigate
the magnetic properties of magnetite spherical shaped nanopar-
ticles by using the standard Monte Carlo-Metropolis method.
The employed model is based on a three-dimensional classical
Heisenberg hamiltonian with magnetocrystalline anisotropy, sur-
face Neel anisotropy and interactions within the first magnetic
coordination shell. The inverse spinel structure has been simu-
lated in a realistic way with free boundary conditions to take into
account surface effects for a 5nm diameter nanoparticle. The dif-
ferent superexchange interactions involving tetrahedral and octa-
hedral sites are also considered. The effect of surface anisotropy
upon the spin configuration at very low temperatures reveal vari-
ations with respect to a single domain phenomenology.
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38 – Zero-field Kondo splitting and quan-
tum critical transition in double quantum
dots
Sandler, N.,1 Dias da Silva, L.G.G.V.,1 Ulloa,
S.E.,1 and Ingersent, K.2

1Ohio University
2University of Florida at Gainsville

Whenever a magnetic impurity atom is embedded in a metal,
free electrons in the conductor screen its magnetic moment giv-
ing rise to the well-known Kondo effect. Considering a double
quantum dot system, and using NRG methods, we show that the
Kondo state can be strongly affected by ”filtering” its connec-
tion to the surrounding electrons. This ”filtering” process is the
cause of a zero-field splitting of the Kondo resonance, which in
contrast to the splitting produced by a finite magnetic field, re-
sults in a higher Kondo temperature. This unusual Kondo effect
can be understood in terms of a coherent interference between a
Kondo state in one dot and a single-particle resonance in the other
dot. Furthermore, we show that the double dot system exhibits a
regime where the Kondo impurity is linked to a pseudo-gapped
host where the Kondo effect vanishes. A continuous tuning of
the double dot system allows access to the quantum critical point
separating Kondo and non-Kondo phases.

39 –Recognition of a pre-critical behavior
in the proximity of critical points in Ce-base
systems
Sereni, J.G.1

1Div. Bajas Temperaturas, Centro Atómico Bariloche - CNEA,
8400 San Carlos de Bariloche, Argentina

Peculiar thermal behaviors of Ce-lattice compounds close to
their critical points are reported, which allow to identify a pre-
critical region (x∗ < x < xcr) in concentration-driven systems.
Different measured temperature dependencies ofCm/T are com-
pared, detecting that the onset of the non-Fermi-liquid behav-
ior occurs much closer tox∗ thanxcr. A systematic change in
theCm/T(T) dependence is observed before to reach the critical
point together with a significant reduction of the expected entropy
gain. A generalized power law function, proposed to compare
different systems, allows to identify a low temperatureCm/T(T)
anomaly that only involves about 1%RLn2 of entropy.
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40 – Spin relaxation in the impurity band
of n-type semiconductors
Tamborenea, P.I.,1, 2 Weinmann, D.,2 and Jalabert, R.A.2

1Departamento de F́ısica, FCEN, Universidad de Buenos Aires,
Ciudad Universitaria, Pab. I, C1428EHA Ciudad de Buenos
Aires, Argentina
2IPCMS, UMR 7504 (CNRS-ULP), 23 rue du Loess, BP 43,
67034 Strasbourg Cedex 2, France

We study spin relaxation in weakly doped III-V semiconduc-
tors close to the Mott metal-insulator transition. This is the
regime where the largest spin lifetimes have been measured. Tak-
ing into account the effect of the spin-orbit interaction in the hy-
drogenic donor states, we build a model for the spin-dependent
impurity band. This model is an effective tight-binding network
composed of random impurity sites which are coupled by spin-
dependent hopping integrals. While the two-center hopping inte-
grals without spin-flip are known to govern the electronic trans-
port, their spin-flip counterparts are shown to vanish by symme-
try reasons. Since spin dynamics is dominated by the three-center
hopping integrals, large values of the spin lifetime are obtained.

41 –Electric field effects on spins: inhomo-
geneous semiconductor spintronics∗

Csontos, Dan1 andUlloa, Sergio E.1

1Department of Physics and Astronomy, and Nanoscale and
Quantum Phenomena Institute, Ohio University, Athens, OH,
USA

Recent successful demonstration of spin injection from a di-
luted magnetic semiconductor to a nonmagnetic semiconductor
has given a great boost to all-semiconductor spintronics. While
the electron spin is of central importance in all of these processes,
the charge of the electron and its influence on spin transport can-
not be neglected. Charge carrier interactions, drift and diffu-
sion are expected due to externally applied, or intrinsic, built-in
fields, doping concentration variations and material design. Yu
and Flatt́e [1] proposed that the spin diffusion length depends on
the magnitude and sign of the electric field, and this was recently
observed. It has also been shown that spin-polarized transport
and injection are very sensitive to applied bias [2], and to differ-
ent structural parameters such as doping concentrations and layer
thicknesses. These considerations pose the fundamental ques-
tion: What is the influence of purely electrical effects on spin
injection, transport and detection in semiconductor spintronics?

We discuss the influence of electrical effects on spin transport,
and the propagation of spin polarized electrons in the presence
of inhomogeneous electric fields [3]: There is a dramatic depen-
dence on electric field gradients, in addition to the influence of
electric fields, which has been previously discussed [1]. Even
small deviations from charge neutrality can give rise to dramatic
changes in the effective spin diffusion length. We show that the
spin diffusion length can be comparable to the screening length in
inhomogeneous electric fields, thus significantly suppressing the
propagation of spin polarized carriers. Conversely, electric field
gradients may also enhance the spin diffusion length, depending
on their sign and magnitude.

A generalized drift-diffusion equation which describes
nonequilibrium spin density propagation in the presence of in-
homogeneous electric fields is derived and compared with self-
consistent numerical calculations using a spin-dependent Boltz-
mann equation approach. Our results show that purely electrical
effects may have a profound impact on all things related to semi-
conductor spintronics, such as spin injection, spin transport, and
spin detection, three key ingredients for the realization of spin-
tronic devices.
∗This work was supported by The Indiana 21st Century Research
and Technology Fund.
1. Z.G. Yu, and M.E. Flatte, Phys. Rev. B66, 201202(R) (2002);
ibid. 235302 (2002).
2. G. Schmidtet al., Phys. Rev. Lett.92, 226602 (2004).
3. D. Csontos, and S.E. Ulloa, condmat/0602284, cond-
mat/0607471, Physica E32, 412 (2006).
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42 – Magnetic properties of transition
metal doped TiO2 and SnO2

Weissmann, Mariana,1 Errico, L.A.,2 and Renteŕıa, M.2

1Depto. de F́ısica, Comisíon Nacional de Enerǵıa Atómica,
Avda. del Libertador 8250, 1429, Bs. As., Argentina.
2Departamento de F́ısica, Fac. de Cs. Exactas, Universidad
Nacional de La Plata, C.C. 67, 1900, La Plata, Argentina.

Dilute magnetic impurities in semiconductors (DMS) produce
novel materials that may be ferromagnetic at room temperature
and are therefore appealing for spintronics. This is a rapidly de-
veloping research area because the electron spin may play a sep-
arate role, in addition to the usual charge degree of freedom. In
2001, Co-doped TiO2 thin films with the anatase structure were
reported to be ferromagnetic even above 400 K. These results
have motivated intensive experimental and theoretical studies on
the structural and electronic properties of these materials. How-
ever, many questions remain open regarding the underlying mi-
croscopic mechanism of long-range magnetic order. Moreover,
the location and distribution of the impurities in the host lattices
is still unclear.

In 2003, we started a systematicab initio study (using DFT-
based methods) of structural, electronic, and magnetic properties
of magnetic impurities in rutile TiO2. We found that magnetic
moments appear for Mn, Fe, and Co, but not for Ni. We also
reported the unexpected observation of significant room temper-
ature ferromagnetism in a semiconductor doped with a nonmag-
netic impurity, Cu-doped TiO2. This result was also found ex-
perimentally in thin films and indicates that magnetic ions are
not essential to obtain ferromagnetism and that it is not due to
impurity clustering.

In the present work we present a new series of calculations,
performed with theab initio full-potential linearized-augmented-
plane-wave method (FP-LAPW), in doped TiO2 and SnO2 as a
function of the dopant, its concentration and also vacancy con-
centration. We find that magnetism depends strongly on the im-
purity location (substitutional or interstitial) on vacancy concen-
tration and in some cases on the impurity concentration.

[1] Y. Matsumotoet al., Science291, 854 (2001);
[2] L. A. Errico, M. Weissmann and M. Renterı́a, Phys. Rev.

B 72, 184425, 2005;
[3] S. Duhaldeet al., Phys. Rev. B72, 161313(R), 2005.
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Löhneysen v., H., 11
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Mejı́a-López, J, 3
Mejı́a, J., 23
Menéndez-Proupin, E., 22
Milano, J., 15
Miranda, E., 9
Moshneaga, V., 14

Niebieskikwiat, D., 12

Parisi, F., 8
Pasquini, G., 22
Pastawski, H.M., 12
Pellenq, R.J.-M., 23
Pestana, E., 10
Pinczuk, A, 13

Renteŕıa, M., 26
Restrepo, J., 23
Ritter, C.F., 21
Rivas, J., 13
Roussel, T., 23
Rozenberg, M.J., 9

Salamon, M.B., 12
Samwer, K., 14
Sandler, N., 24
Sanvito, S., 14
Schlottmann, P., 15
Sereni, J.G., 24
Steren, L.B., 15
Sudheendra, L., 14

Tamborenea, P.I., 25
Tokar, V.I., 6
Trallero-Giner, C., 22
Trumper, A.E., 20

Ulloa, S.E., 24, 25

Vargas, P, 3
Vaucher, S., 16

Weinmann, D., 25
Weissmann, M., 26

29


