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Heavy fermion systems generate great interest in
condensed matter physics due to the diverse proper-
ties they present at low temperatures. Materials of
this kind, like metallic compounds containing rare-
earth or actinide elements as Yb, Ce and U, possess
two types of electrons: the conduction electrons in
the s, p and d orbitals, and the localized ones, which
stay in the f orbitals. The interaction of this elec-
trons leads to two different effects, which compete be-
tween them to determine the magnetic behavior of
the system. The first, known as the Kondo effect, is
the screening of the localizaed magnetic moments due
to the conduction electrons, which produces singlets
along the system. The second, called RKKY interac-
tion, is an indirect exchange between the spins of the
localized electrons, mediated by the conduction ones,
and tries to establish an antiferromagnetic order.
One of the models used to study the competition be-
tween these effects and focus on the resulting magnetic
behavior (non magnetic spin liquid or antiferromag-
netic phase) is the Kondo necklace. In this model, the
charge degrees of freedom are completely neglected,
and only spin degrees are kept. In order to achieve
this, the conduction electrons are replaced by a 1/2
spin chain with XY interaction. In the Hamiltonian,
the interaction between the localized and conduction
spins is characterized by the parameter J , and the XY
interaction in the conduction chain by the parameter
t.
The analysis of this model by different methods such
as quantum Monte Carlo, bosonization and density
matrix renormalization group (DMRG) has estab-
lished that, in one dimension, any finite value of J/t
gives a spin liquid phase (critical point (J/t)c = 0).
Nevertheless, the inclusion of an anisotropy η in the
XY interaction of the conduction chain can cause a
phase transition to an antiferromagnetic ordering. In
the present work we investigate the consequences of
this anisotropy in the phase diagram of the model us-
ing DMRG, so that we can treat large systems with
high precision. First, we study the ground state en-
ergy. Then, we calculate the energy gap between the
states having total spin 0 (singlet) and 1 (tripet), from
η = 0 (original Kondo necklace model) to η = 1 (fully
anisotropic model). The critical points are those in
which the gap is 0. We obtain that for any η 6= 0
a finite value of (J/t)c exists. With these results we
construct the phase diagram of the model.
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The objective of this work is to discuss the spatial
range of the effect caused by the Coulomb interaction
localized at an impurity center.

The numerical method we use, the embedded clus-
ter approximation (ECA) and the finite U slave bosons
mean fiels(FU-SBMF), are developed to treat local-
ized impurity systems that consist in general of a cen-
tral many-body interacting region weakly coupled to
a one-body non-interacting conduction band. It is
important to note that, contrary to the Numerical
Renormalization Group technique, ECA and FUSB
can work in real space.

Within this work, a comparison between ECA and
the FU-SBMF will be presented. Using these two
techniques, we will discuss the spatial length of the
Kondo screening cloud, which can be estimated as
RK ≈ ~vF /kBTK , where vF is the bulk Fermi veloc-
ity and TK is the Kondo temperature[1]. While this
expression gives the correct scale for RK it will fail
to give the exact value as the quasi-particles will not
propagate with vF. We will check, within ECA and
FU-SBMF, the validity of this relationship and a cor-
rect value for the propagation of the quasi-particles
will be introduced.

Instead of using the spin-spin correlation to de-
termine the length of the Kondo cloud, we will use
the local density of states (LDOS) on the metal host,
far from the impurity. The presence of the impurity
produce a disturbance in the LDOS of sites away
from it. In this work, we propose a way of using this
distortion to evaluate the spatial range of the Kondo
effect. We observe that the effect of the distortion
decays exponentially as a function of the distance
from the impurity. In view of that, a characteristic
length R̂K can be easily defined. When the coupling
between the impurity and the metal is increased,
we verify that R̂K ∼ 1/TK. In addition, the real
propagation velocity for the quasi-particles can be
estimated.
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in Mott insulators: Magnetoelectric be-
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Mott insulators are of growing interest in condensed
matter physics research largely because of the novel
properties that arise upon tuning electron concen-
tration away from half band filling. Among these
very important materials are high-TC cuprate super-
conductors and colossal magnetoresistive manganites.
Mott insulators are characterized by strong electron
correlations, i.e. a large onsite Coulomb repulsion
relative to the dominant electron hopping, localizing
one electron per site at half-band filling. As a re-
sult the properties of these materials are commonly
described solely in terms of their magnetic exchange
interactions, for example quantum magnet systems.

Certain classes of Mott insulator have recently
been predicted to break this paradigm. For a finite
Coulomb interaction-electron hopping ratio, the ki-
netic energy gain due to the overlap with neighboring
sites of opposite spin orientation allows for the possi-
bility of real currents resulting from hopping around a
closed loop. This provides a direct correlation between
the magnetic spin texture and the dielectric proper-
ties of a material. The simplest loop is an isolated
triangle such as the Cr-trimer systems investigated.

In this work we present measurements of the di-
electric response as a function of magnetic field of
Cr-trimer systems, which combined with recent theo-
retical developments indicates a multiferroic behavior
evidenced by a purely electronic mechanism. Mag-
netic field strengths of the order of the exchange in-
teraction (J∼t2/U) strongly perturb the spin texture,
which is evident as steps and plateaus in the magneti-
zation behavior. The corresponding shifts in dielectric
properties reveal the role of the charge degrees of free-
dom. Electron Spin Resonance (ESR) results and the
prospect of novel dipole-active ESR giving rise to the
possibility of negative refractive indices under special
conditions, which will also be discussed.
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The physical properties of cold atoms trapped in
optical lattices has been intensively studied in the
last years, ever since the Bose-Einstein condensation
of alkali atoms was observed[1]. After that, the
development in trapping and cooling techniques lead
to the realization of truly one-dimensional systems[2],
as well as the manipulation of atom-atom interactions
by Feshbach resonances, providing the oportunity to
study many-body effects therein. Several interesting
phenomena including the superfluid to Mott insulator
transition have been observed in a one-dimensional
optical lattices[3]. In the past years, many investiga-
tions have been carried out using a single species of
bosonic atoms in optical lattices [4]. Recently cold
bosonic mixtures, fermions and Bose-Fermi mixtures
in optical lattices have attracted much attention [5,6].
Mixtures of different species are very interesting since
additional phases could appear due to the interspecies
interactions[7,8]. In this work, we study two species
of bosonic atoms or equivalently, bosonic atoms
with two relevant internal states using the density
matrix renormalization group method [9] and the
von Neumann entropy to measure the entanglement.
Recently it had been shown that entanglement may
be an effective indicator of quantum phase transition
in spin and fermionc systems[10]. Here we calculate
the one-site entropy as a function of inter and intra
species interaction strengths and we identify different
phases, such as: superfluid, Mott insulator and phase
separation where different species reside in spatially
separate regions. We found that the entanglement
is able to signal quantum phase transitions between
the superfluid phase, Mott insulator phase and phase
separation state of the system.
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5 - 5 – Anderson impurity model:
Double occupancy contribution to the
magnetic susceptibility

Jaroszewicz, S.,1 Roura-Bas, P.,1 and Llois, A.M.1

1Grupo Materia Condensada, Centro Atómico
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After solving the single Anderson impurity model
(SIAM) within the non crossing approximation with
a finite Coulomb repulsion, U, and vertex correc-
tions (NCAf2v), we focus on the magnetic suscep-
tibility. Using the same diagrammatic expansion,
the main contribution to the magnetic susceptibility
comes from the singly occupied states and it can be
dressed with two factors, namely, the double state oc-
cupancy and the vertex corrections. In this work we
analyse the effect of double occupancy on the dynamic
and static susceptibility as a function of U and of the
degeneracy of the total impurity angular moment, J.

5 - 6 – Magnons versus deconfined
spinons in finite quantum frustrated an-
tiferromagnets
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We have investigated the confiability of using static
and mobile vacancies to explore the possible realiza-
tion of a fraccionalization scenario in a finite frus-
trated Heisenberg model. Recently it has been hy-
pothesized by Poilblanc et al. (Phys. Rev B 73

R100403 (2006)), that the reduction of the quasipar-
ticle weights of doped static and mobile non magnetic
impurities can be used to test the existence of a de-
confined spinons in the doped J1 −J2−J3 Heisenberg
model. The good agreement we found between the self
consistent Born approximation and exact diagonaliza-
tion spectra indicates that the quasiparticle weight
reduction in finite systems is due to the hole-magnon
coupling instead of a spinon excitation liberated away
from the hole. In the thermodynamic limit we found
that for an ample range of the Brillouin zone the spec-
tral functions are completely incoherent, thus leaving
place for non conventional scenarios.

5 - 7 – Study of shot noise in normal
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In this paper we calculate the shot noise differ-
ential and the current differential generated by the
flow of charge carriers through a standard interface
metal-insulator- superconductor. We calculate solu-
tions of the Bogoliubov - De Gennes equations in
the normal metal interfaces-insulator-superconductor,
whereas the normal metal is at x < 0’s superconductor
and the insulator is taken as a potential barrier width
on the order of (nm) that can be simulated by a Dirac
delta function in which there may be tunnels. Trans-
mission and Reflection coefficients of particles from
the current flow are determined with the help of the
solutions of Andreev reflection coefficients, electron-
hole, and reflection electron-electron, which depend
on the shot noise and current, finding the nature of
the charge carriers using the fano factor. There is a
dependence of shot noise and the current differential
in regards to the potential difference between the nor-
mal metal and superconductor and the width of the
insulating barrier, and how that behavior varies con-
sidering symmetry type parameter s, dx2

−y2 and dx,
of the superconductor.
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We present the partial results of our theoretical in-
vestigations on the effect of electronic correlations on
the structure of charge and current fluctuations on
nanometric systems.

By coupling a finite Hubbard chain to electrodes,
which then play the role of heat and electron reser-
voirs, we obtain a theoretical framework able to de-
scribe transport through a correlated electron system.

Following the non-equilibrium quantum mechan-
ics technique described by Orellana and Claro [Phys.
Rev. Lett. 90, 178302 (2003)], we can impose an elec-
tric current running through it, and thereby study its
effect on thermal and quantum fluctuations. We focus
our study on the effects of electronic correlations on
quantum fluctuations of the charge and spin currents.

Through the representation of the model in terms of
integrals over quantum fields we are able to directly
assess those fluctuations in terms of the customary
non-equilibrum quantum field theory approach paved
by the well known Keldysh formalism [Rammer and
Smith. Rev. Mod. Phys. 58, 323-359 (1986)]. This
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approach has been succesfully followed to study cur-
rent driven spin fluctuations in metals and spin sys-
tems.

This work was partially funded by Proyecto de Ini-
ciación en investigación FONDECYT 11070008, Mil-
lennium Science Nucleus Basic and Applied Mag-
netism P06-022-F.
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Vertex corrections within the finite U
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We revise the simplest possible approximations to
solve numerically the vertex equations for the Ander-
son Impurity Model within the finite U Non-Crossing
Approximation (UNCA) considering the self energies
at lowest order in 1/N , that is, within the (1/N)0

diagrammatic expansion. We introduce an approx-
imation to the vertex corrections that includes the
double energy dependence and compare it with an ap-
proximation (NCAf2v) that neglects a second energy
argument. Finally, we analyse the influence on the
estimated Kondo scale for simple electronic models.

5 - 10 – Study of the tunneling cur-
rent on an asymmetric Luttinger liquid
with a Point contact.
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We study an asymmetric Luttinger Liquid with a
point contact. We discuss the behavior of the tunnel-
ing current through the contact due to the difference
on the velocities of the right and left movers.
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