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LF-11

(Proposta 2001 - 2002)

Qui di seguito e' descritta l'Iniziativa Specifica LF11. Questa iniziativa si propone di ottenere risultati innovativi nel
campo degli studi teorici e della fenomenologia della fisica della materia. Essa comprende attivita' che, utilizzando anche
metodi numerici di indagine, potenziano le connessioni interdisciplinari tra la teoria dei campi e la meccanica statistica,
con importanti ricadute anche nello studio della materia condensata.

Oggetto: Iniziativa Specifica LF-11

Partecipanti:
S. Bellucci, ricercatore INFN-LNF, 40% (anche su MI-12 al 60%)
M. Benfatto, ricercatore INFN-LNF, 100%
A. Di Cicco, Professore Associato (Incarico di Associazione LNF), 100%
R. Gunnella, Ricercatore Universitario (Incarico di Associazione LNF), 100%
C. Natoli, dirigente ricerca INFN-LNF, 100%, responsabile
A. Tenore, primo ricercatore INFN-LNF, 100%
Wu Z.Y., studioso straniero, Professore Ordinario (Incarico di Associazione LNF), 100%
Richieste per l'anno 2001 (cifre in ML): 10 (Inviti) 12 (Estero)

P R O P O S A L

This research program aims at the theoretical analysis of strongly correlated electron systems. These include the
layered cuprates and high Tc superconductors, the heavy fermion systems, the quasi one dimensional materials, the
transition metal oxides and the nanostructures and mesoscopic structures, the fullerene clusters and lattices.

The enormous recent progress both in the art of sample preparation and in the measurement techniques has produced a
wealth of high quality data on thermodynamic, transport and spectroscopic properties which often challenge the simple
textbook interpretation. This is particularly true for materials showing evidence for strong electronic and magnetic
correlation such as the materials mentioned above.

At the same time new non perturbative methods have been developed for  dealing with strongly correlated systems,
such as the Density Matrix Renormalization Group [1], the dynamical mean field theory [2] or the extension of the
Lanczos technique to finite frequences and temperatures [3].

The main goal is to apply these advanced theoretical methods to the field of strongly correlated electronic and magnetic
systems and to confront the results with experimental data. Besides this, it is worth exploring older theoretical methods,
like the equation of motion method for advanced/retarded Gren Functions, to see whether all the potentialities of this
technique have been exploited for the description of strongly correlated systems. At the same time methods borrowed
from field theory and statistical mechanics will be used to bear on the description of the essential physics in such
systems.

Possible areas of application

1.Doped Mott-Hubbard insulators

The main topics are still charge and spin flactuations and their relation to superconductivity. Several studies have been
concerned with the motion of a hole in an antiferromagnetic background, based on the t-J model or the spin-fermion
model. This latter has been mapped onto a non linear sigma model in order to identify the low-lying degrees of
freedom. We would like to investigate this aspect. Another very interesting field is the interpretation of the Fermi
surface mapping by Aebi et al [4] of Bi2 Sr2 Ca Cu2 O8+δ, who have confirmed the existence of flat bands near the
Fermi surface and shown evidence of bands which have been interpeted as sign of short range antiferromagnetic spin
fluctuations.
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In this context and for the interpretation of these data, we would like to try a method for introducing charge and spin
correlations based on an equation of motion method proposed by Natoli many years ago [5] followed by a decoupling
procedure at the relevant order of the Coulomb interaction. This method would allow the realistic description of both
aspects of the physics of correlated systems, namely correlation and itinerancy. A preliminary application of this
method to introduce correlations in an Hubbard model has been given by Castellani, Natoli and Ranninger et al [6] to
describe the antiferromagnetic insulating phase of V2O3 and has been shown substantially equivalent to the more
modern LSDA + U method [7]. The idea is to go to next order of the equations of motion to introduce interparticle
interaction in a mean field description. If succesful, this approach would allow to bypass the t-J model and would lend
itself to a description of the superconducting state by simply taking into account the non conservation of the number of
particles in the decoupling procedure (breaking of global gauge invariance). 2.Itinerant ferromagnetism
It is still not clear how the ferromagnetism of the ion group elements can be described within a simple model of
correlated electrons, especially after it has been recognized that a simple one-band Hubbard model, originally
introduced to describe band ferromagnetism, has a non-ferromagnetic ground state in nearly the entire parameter space
[8]. Clearly the existence of degenerate bands is necessery. We propose to apply the method described above for a
realistic description of these materials.

3.Heavy Fermions

Two issues are currently debated, the breakdown of the Fermi liquid theory in some of these fully three-dimensional
compounds and the sometimes puzzling magnetic behaviour at low temperatures, often connected with an unusual
superconducting state. No particular effort will be made to contribute in this field, but we shall keep an eye open for
cross-field
fertilization.

4.Manganites

These materials have stimulated a great activity after the discovery of the colossal magnetoresistance at the
ferromagnetic transition. Theoretically an important challenge is the coupling of spin and charge to lattice and orbital
degrees of freedom [9]. The standard model (Kondo lattice model) is still believed to capture the essential physics, but
recent experiments indicate that both the Jahn-Teller effect and the orbital degeneracy may have to be explicity taken
into account. An important discussion will thus be concerned with the modeling of these substances and the
interpretation of various types of experiments. Recently we have clarified the origin of the anomalous X-ray diffraction
signal at the K edge of Mn [10] in the parent compound LaMnO3. We would like to persue this line of interpretation
of spectroscopies using synchrotron radiation utilizing our expertise in the field and the new method proposed above.

5.One-dimensional conductors and quantum wires

The concept of a Luttinger liquid is now well established for one-dimensional interacting electron systems, but it is
much less clear to what extent it is applicable to experiments on quasi-one-dimensional materials. Thus the problem of
coupled chains has been intensively studied recently. A similar problem arises in quantum wires where one has to deal
with different  transverse channels. Here a particularly striking phenomenon is the
conductance quanization [11].
On the theoretical side we would like to tackle the problem of the renormalization of the Coulomb interaction in such
systems, using the renormalization group approach, with a particular attention to the low-energy behaviour of the
long-range interactions and the transition from a Fermi liquid to a Luttinger liquid phenomenology in going from a
two-dimensional to an one-dimensional behaviour. The predicted effects can be quite interesting, depending on the
filling level of the system [12,13]. The phenomenological implications of this study are relevant in the fullerene
nanostructures ( metallic carbon  nanotubules with big transverse section). Preliminary results have been presented at
the VI International Conference on path Integral from peV to TeV, Firenze, 25-29 Agosto 1998 [14].

6.Fullerene clusters and lattices

The fullerene clusters and lattices are the ground of interesting physical phenomena, which have mainly to do with their
electronic properties. Some of them already stem from the particular features of the interaction in the graphite sheet. It
has been shown that the electronic spectrum of the C60  and giant fullerenes can be understood from the frustration
introduced by the pentagon rings in the honeycomb lattice [15]. The unconventional screening properties of the
interaction inside the clusters [16] (which quite probably play an important role in the high-Tc superconductivity of the
compounds)
have their origin in the renormalization of the Coulomb interaction in the graphite sheet [17]. Recent photoemission
experiments have shown that the quasiparticle decay rate
in graphite has a linear dependence on the frequency close to the Fermi energy [18]. These measurements are
consistent with the marginal Fermi liquid behavior of the interaction, as explained in [19].

The purpose of the future research is to apply these developments to the study of the electronic properties of the
tubular fullerenes. The introduction of gauge fields, as it has been done in [15],[20], may be very useful to explain the
effect of dislocations in the lattice.
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effect of dislocations in the lattice.
In certain cases, these are known to produce metal/semiconductor junctions in a single nanotube [21].
It would be interesting to have a field theoretical model for the combined effect of several such dislocations. On the
other hand, the marginal behavior of the interaction may leave also imprints at the lower dimension of the nanotubes.
These may inherit some of the electronic properties of graphite, specially for large radius of the tubule. This makes the
study of the crossover from the marginal Fermi liquid behavior to the regime of strong correlations in one dimension a
very interesting matter of research.
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