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Gianluca Allemandi

Cosmological applications of first order alternative theories of gravity

Abstract: In this talk we describe the cosmological applications of alternative
theories of Gravity in the Palatini formalism. In more detail we solve modified
cosmological solutions in the case of f(R) Lagrangians and show the cosmological
consequences (generalized Friedmann equations). We discuss the cosmological
constant problem and the Dark Energy Dominance effect in the framework of
f(R) theories. We describe the limit of this theories at solar system level
and the compatibility with standard tests of General Relativity. We give an
overview on the Post-Newtonian approximation of f(R) theories and the physical
consequences.

Moreover we study the cosmological applications of Ricci squared Lagrangians
in the first order Palatini formalism and the generalized Friedmann equations.
Some hints in the direction of quantum cosmology are analyzed.

Martin Bojowald

Loop Quantum Cosmology

Abstract: Loop quantum cosmology is based on techniques which have been
developed for a background independent quantization of gravity. In cosmological
situations, they give rise to several basic effects which in turn have many physical
applications. The formalism will be reviewed in a self-contained manner, showing
the emergence of quantum effects from the mathematical foundation as well as
their naturality in a background independent theory. These effects have immediate
consequences for the evolution of the early universe in inflationary stages and also
for more complete universe scenarios including cyclic models. Most applications
are based on effective equations which will be put in the general context of higher
curvature formulations of gravity.

Salvatore Capozziello

Dark Energy Models toward Observational Tests and Data

Abstract: An impressive amount of different astrophysical data converges
towards the picture of a spatially flat universe undergoing a today phase of
accelerated expansion. The nature of the dark energy dominating the Hubble
flow of the universe is still unknown and a lot of different scenarios are viable
candidates to explain such a cosmic acceleration. Methods employed to test these
cosmological models are based on distance measurements to a particular class of
objects (e.g. SNela), on look back time to galaxy clusters and the age of the
universe. In particular, the characterizing parameters of different classes of dark
energy cosmological models are constrained to see whether they are in agreement
with data. We critically compare and discuss these models and methods.
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Michal Dyrda, B. Kinasiewicz, M. Kutschera and A. Szmaglinski

Gravitational energy of the neutron stars

Abstract: Recently, there is new interest in studying gravitational energy in
General Relativity with the aid of various energy complexes. The gravitational
field energy is well defined for selfgravitating fluid bodies which gravity makes
spherical. We consider non-rotating neutron stars as laboratories of strong
gravitational field physics. We calculate the gravitational field energy for neutron
stars using several different methods. We consider Einstein-Tolman pseudotensor,
Mpgller pseudotensor and Landau-Lifshitz pseudotensor. In quasi Cartesian
coordinates only the first two complexes give positive gravitational field energy.
We show that Landau-Lifshitz pseudotensor is not physically acceptable because
we find that outside the star in Schwarzschild space-time Landau Lifshitz complex
gives negative gravitational field energy density. For maximum mass neutron stars
we calculate that gravitational field energy contribution to the neutron star mass
is up to one half. To find this we perform numerical calculations with several
realistic equations of state for dense matter in neutron stars. We also calculate
the gravitational energy contribution to the neutron star mass as a difference of
its gravitational mass and matter energy which is uniquely defined. We find that
gravitational energy calculated this way agrees with that obtained by applying
pseudotensors.

Lorenzo Fatibene

Covariant formalism for Chern-Simons theories

Abstract: We shall review a geometrical bundle setting suitable to discuss global
properties of Chern-Simons theories in any odd dimension. Conservation laws will
be also defined and discussed in view of Nother theorem. In particular we shall
present a global Lagrangian (really global, not global modulo divergences) for
Chern-Simons theories depending on two connections. A physical interpretation
of such framework (in particular of the auxiliary connection one needs to introduce)
will be discussed.

Mauro Francaviglia

The Variational Approach to Alternative Theories of Gravity

Abstract: The course splits into three parts:

Metric Theories of Gravitation (second and higher order formalism)

We discuss the variational derivation of field equations for general Lagrangians
f(R) depending in an arbitrary way from the scalar curvature of a metric,
including Hilbert Lagrangian. Fourth order equations are discussed in their general
structure. We explain in which sense the Hilbert Lagrangian is degenerate and
why. First order equivalents of the Hilbert Lagrangian are introduced by different
techniques: (a) background fixing; (b) augmented variational principles. Purely
affine theories a la Eddington are shortly introduced to explain the Legendre
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transformation technique. Legendre transform is then applied to Lagrangians f(R)
to show that they are equivalent to scalar-tensor theories by a general conformal
transformation. The conformal field is interpreted as a curvature effect due to
non-linear terms in the Lagrangian.

Metric-Affine Theories of Gravitation (first order a la Palatini

formalism)

We discuss the variational derivation of field equations for general Lagrangians
depending on both a metric and a torsionless connection. So-called ”Palatini
method” is reviewed and discussed. We show equivalence in the case of the Hilbert-
Palatini Lagrangian. Lagrangians depending on non-linear curvature invariants
are then introduced and we discuss ”universality” of Einstein equations for a large
class of Lagrangians depending on the scalar curvature or higher order invariants.
Both cases with or without matter are considered. Bimetric structures equivalent
to metric-affine structures are considered for some specific classes of Lagrangians,
including f(R) and f (Ricci squared).

Lovelock and Chern-Simons Lagrangians in Gravitation

We discuss in lager detail the case of Lagrangians which depend quadratically on
curvature invariants, including so-called Stelle Lagrangian, Lovelock Lagrangians
and Gauss-Bonnet Lagrangians. These are in turn related with so-called Chern-
Simons Lagrangians. We shortly discuss the general framework for Chern-Simons
sheafs of (local) Lagrangians and a way of globalizing them by: (a) background
fixing; (b) augmented variational principles.

Janusz Garecki

On energy and momentum of the Friedman universes

Abstract: Recently some Authors concluded that the energy and momentum of
the Friedman universes, flat and closed, are equal to zero locally and globally (flat
universes) or only globally (closed universes.

Such conclusion originated from coordinate dependent calculations performed
only in special comoving coordinates called Carthesian coordinates by using
energy-momentum complexes, matter and gravitation.

It is known that the energy-momentum complexes which exist in general
relativity (GR) can be reasonably use only in the precisely defined asymptotically
flat spacetimes (at null or at spatial infinity) to calculate global energy and
momentum. But this is not the case of the Friedman universes. Thus, by using
energy-momentum complexes, one cannot conclude that the Friedman universes
are energetic nonentity.

The coordinate-independent calculations performed with the help of the our
averaged relative energy-momentum tensors support the view that the Friedman
universes are not energetic nonentity.
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Wilodzimierz Godlowski

Accelerated Cosmological Models in First-Order Non-Linear Gravity
tested by distant Supernovae SNIa data

Abstract: Recent supernovae of type Ia measurements and other astronomical
observations suggest that our universe is in accelerating phase of evolution at
the present epoch. While a dark energy of unknown form is usually proposed as
the most feasible mechanism for the acceleration, there are also some alternative
conception that effects arising from generalization Einstein equation can mimic
dark energy trough a modified Friedmann equation considered. In this work we
investigate some observational constraints scenario in which this modification is
taken from modified Einstein equation with generalized Lagrangian in minimal
intersection with perfect fluid and consequently modified Friedmann equation in
Palatini formalism. We mainly concentrate on the constraints of model parameter
from distant supernovae but other constraint from the age of oldest in the Universe
are also considered. We obtain also the confidence level on two additional model
parameter (n,Qon,0). We that conclude while the FRW model of First-Order Non-
linear gravity survives several observational test like SNIa observation and baryon
oscillation peaks. Hence we obtain preferred value of €1, o ~ 0.3. For deeper
statistical analysis we apply Akaike and Bayesian information criteria of model
selection for comparison prediction of the model with prediction of concordance
ACDM model.

Pawel Gusin

Evolution of the D3-brane for dynamical embeddings

Abstract: The Dirac-Born-Infeld (DBI) action of the 3-dimensional brane for
its dynamical embeddings and the gauge fields has been studied. The evolution of
both the D3-brane and the ambient space has been obtained. For the special
constraint put on the transverse coordinates a family of the contracting and
expanding spaces has been found.

Richard Kerner

Non-commutative generalization of Born-Infeld lagrangian

Abstract: We propose to extend the non-abelian generalization of Born-Infeld
lagragian to the non-commutative geometry of matrix valued functions on a
manifold where not only the usual SU(n) gauge field appears, but also a natural
generalization of the Higgs multiplet of scalar fields along with the double-well
fourth-order potential. The matrix realization of non-commutative geometry
provides a natural framework in which the notion of a determinant can be easily
generalized. This is why we are able to introduce a Born-Infeld like lagrangian as
a root of sufficiently high order of the determinant of linear combination of metric
and gauge field tensors.
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Jerzy Krél

We show that static, soliton-type configurations can exist in this model. We
also discuss the possibility of using this version of Born-Infeld lagrangian with
time-dependent generalized Higgs fields in Cosmology.

The talk is based on joint papers with Thierry Masson, Emmanuel Sérié and
Antonio Troisi.

Spacetime structure and topos theory

Abstract: The appearance of methods of sheaves, derived categories,
Grothendieck groups in description of wrapped D-Branes spectra and in general
gauge/gravity correspondence, seems to be a very important feature of the
theories. From the other point of view, sheaf-like constructions constitute the core
of special categories which are Grothendieck topoi. Any Grothendieck topos can
serve as a universe of discourse for all mathematics: it carries its own set theory and
internal logic based on Heyting algebras rather than Boolean ones. Gauge/gravity
correspondence exhibits the very structure of spacetime and gravity. We analyse
the proposition that spacetime at sufficiently small distances is modelled by special
topoi. Depending on the topos used, one can address the issues of: presence
of quantum mechanical effects at the micro- scale, background independence,
renormalization in quantum gravity, the existence of functional measures and a
formulation of quantum field theories on dynamical metric backgrounds.

Jerzy Lukierski

Noncommutative Space-time and Quantum Relativistic symmetries

Abstract: After presenting noncommutative space-time as appearing in physical
models we consider the deformed Minkowski spaces with constant, linear and
quadratic commutators of coordinates. The Hopf-algebraic language will be
outlined as describing quantum symmetries. Three classes of twisted Poincareé
algebras providing the description of deformed space-time models will be
presented. We discuss briefly the description of dynamics on noncommutative
space-time in classical mechanics and field theory.

Luca Lusanna

The Chorogeometrical Structure of Special and General Relativity:
a Revisitation of Canonical Geometrodynamics

Abstract:
A. The chronogeometrical structure of special relativity

The 143 and 3+1 points of view. Clock synchronization conventions and their
gauge equivalence. Mpgller admissible 341 splittings of Minkowski spacetime
and relativistic non-inertial frames. Radar 4-coordinates and their operational
definition. Parametrized Minkowski theories for isolated systems (particles,
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strings, fields, fluids), the rest-frame instant form of dynamics and its Hamiltonian
treatment with Dirac constraint theory. Relativistic kinematics for closed and
open systems: centers of mass and relative variables, rotational kinematics,
relativistic theory of orbits, Mgller radius, multipolar expansions. Darwin and
Salpeter potentials from classical electrodynamics of particles with Grassmann-
valued electric charges for the regularization of self-energies. Quantum mechanics
of scalar and spinning particles in non-inertial frames. The Torre-Varadarajan
No-Go theorem for the Tomonaga-Schwinger evolution of scalar fields.

B. The chronogeometrical structure of general relativity

The double role of the metric tensor. ADM canonical metric and tetrad gravity
in non-compact Christodoulou-Klainermann spacetimes with suitableboundary
conditions.  Dynamical clock synchronization conventions and their gauge
equivalence (no Wheeler-DeWitt-Kuchar interpretation). The weak ADM energy
as Hamiltonian (no frozen time formalism). Gauge fixings, non-inertial frames
and Hamilton equations. The rest-frame instant form of tetrad gravity and
its deparametrization to the rest-frame instant form of parametrized Minkowski
theories. The Shanmugadhasan canonical transformation: the separation of gauge
variables (generalized inertial effects) from the Dirac observables (generalized
tidal effects). The Hamiltonian expression of Weyl scalars (the Newman-Penrose
formalism) and Bergmann observables. The Hamiltonian linearization of tetrad
gravity and post-Minkowskian background-independent gravitational waves in a
non-harmonic 3-orthogonal gauge. The inclusion of matter. Towards the 2-body
problem in general relativity. Einstein’s Hole Argument and the objectivity of
spacetime point-events. We show that static, soliton-type configurations can exist
in this model. We also discuss the possibility of using this version of Born-Infeld
lagrangian with time-dependent generalized Higgs fields in Cosmology.

Edward Malec

Stationary accretion of selfgravitating perfect fluids

Abstract: We analyze the stationary accretion of polytropic perfect fluids onto
a black hole with the inclusion of selfgravity of the fluids. The analytic and
numerical investigation shows that most of the characteristics of the sonic point
remain the same for test fluids and for selfgravitating fluids. For any system
exerting backreaction, with the free parameter being the relative abundance of
the fluid, the mass accretion rate achieves maximal value when the mass of the
fluid is 1/3 of the total mass. Fixing the total mass of the system, one observes
the existence of two weakly accreting regimes, one over-abundant and the other
poor in fluid content.

Sergey D. Odintsov

Singularities in phantom cosmology and modified gravity models

Abstract: We review the various models of modified gravity: f(R) gravity,
string-inspired dilaton gravity, modified Gauss-Bonnett gravity, etc. It is shown
that some of these models may comply with Solar system tests. It is demonstrated
that they provide gravitational alternative for dark energy, thanks to terms
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which grow with decreasing curvature. They successfully describe (cosmological
constant, quintessence or phantom) cosmic acceleration as well as transition from
deceleration to acceleration. The relation of such models with scalar-tensor gravity
as well as their representation as inhomogeneous equation of state is also reviewed.

Zbigniew Oziewicz

Categorical relativity

Abstract: The main idea: the relative velocity (not necessarily constant) is
defined as the morphism in groupoid category of observers (and not as the
parameter in the isometric Lorentz boost). The objects of this category, called
observers, are metric-free, and generate the Frobenius algebra (that is not a
Clifford algebra). The new concept ‘observer-independence’ is separated from
old ‘Lorentz-invariance’. Lorentz invariance is not broken, instead, the Lorentz
invariance is conceptually separated from observer-independence.

Victor N. Pervushin

The Hamiltonian approach to General Relativity and CMBR
primordial spectrum

Abstract: The Hamiltonian formulation of general relativity (GR) is considered
in finite space-time and a specific reference frame given by the diffeo-invariant
components of the Fock simplex in terms of the Dirac — ADM variables.

The evolution parameter and energy invariant with respect to the time-
coordinate transformations are constructed by the separation of the cosmological
scale factor a(z®) and its identification with the spatial averaging of the metric
determinant, so that the dimension of the kinemetric group of diffeomorphisms
coincides with the dimension of a set of variables whose velocities are removed by
the Gauss-type constraints in accordance with the second N6ther theorem. This
coincidence allows us to solve the energy constraint, fulfil Dirac’s Hamiltonian
reduction, and to describe the potential perturbations in terms of the Lichnerowicz
scale-invariant variables distinguished by the absence of the time derivatives of
the spatial metric determinant. It was shown that the Hamiltonian version of the
cosmological perturbation theory acquires attributes of the theory of superfluid
liquid, and it leads to a generalization of the Schwarzschild solution.

The astrophysical application of this approach to GR is considered under
supposition that the Dirac — ADM Hamiltonian frame is identified with that of the
Cosmic Microwave Background radiation distinguished by its dipole component
in the frame of an Earth observer.
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Wlodzimierz Piechocki

Probing cosmic singularity with elementary objects

Abstract: We assume that evolution of the universe consists of the sequence
of classical and quantum phases. Some analyses of the quantum phase will be
presented. They will be based on examination of classical and quantum dynamics
of elementary objects in spacetime with the cosmic singularity. Our model has
been inspired by string/M theory.

For more details see: P. Malkiewicz and W. Piechocki, gr-qc/0507077.

Izabela Prochnicka

Massless Gravitons on 3-Brane with Induced Finstein-Hilbert Term

Abstract: Among recently proposed brane world models, one can distinguish
two different ideas, which exhibit few cosmologically interesting features, called
DGP model and RSIT model. DGP model consists of a flat 3-brane embedded in
5-dimensional flat bulk. The original (tuned) RSII model consists of a flat 3-brane
embedded in 5-dimensional bulk with negative curvature.

As it seems to be interesting to investigate what happens with gravitational
field if we combine these two models, i.e. if we include brane-induced gravity
either to the action of RSII tuned model, or to the action of RSII detuned model,
I would like to present and discuss the results of these investigations.

Hans-Juergen Schmidt

Fourth-order gravity: equations, history, and application to
cosmology

Abstract: The field equations following from a Lagrangian L(R) will be deduced
and solved for special cases. If L is a nonlinear function of the curvature scalar,
then these equations are of fourth order in the metric. Then we shortly present
the history of these equations beginning with the paper of H. Weyl from 1918, who
first discussed them as alternative to Einstein’s theory. In the third part, we give
the details how within fourth-order gravity with L= R + R2 the inflationary
phase of cosmic evolution turns out to be a transient attractor. Finally, the
Bicknell theorem, i.e. the conformal relation from fourth-order gravity to scalar-
tensor theory, will be shortly presented. For more details see: H.-J. Schmidt,
gr-qc/0407095.
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Leszek M. Sokolowski

General relativity, gravitational energy and spin-two field

Abstract: In my lectures I will deal with three seemingly unrelated problems: i)
to what extent is general relativity exceptional among metric gravity theories? ii)
is it possible to define gravitational energy density applying field-theory approach
to gravity? and iii) can a consistent theory of a gravitationally interacting spin-
two field be developed at all? The connecting link to them is the concept of a
fundamental classical spin-2 field. This field is introduced as a small perturbation
of any fixed spacetime metric, then one treats it as a specific matter field which
may interact gravitationally. As long as the field is free and propagates in flat
spacetime, its theory is consistent. The spin-two field is gauge invariant while its
energy-momentum tensor is gauge dependent. Furthermore, when one attempts to
couple the field to gravity the resulting equations of motion reveal insurmountable
inconsistencies. It is therefore commonly believed that a linear spin-2 field
(different from linearized gravity) is unphysical. A nonlinear spin-2 field has
appeared several times in various approaches to gravity in which gravitational
interaction is described as a tensor field in flat Minkowski space. Such theories,
being dynamically equivalent to general relativity, are aimed at providing these
results which are difficult to arrive at in the framework of Einstein’s theory; first
of all to admit a good notion of gravitational energy density. Here one meets
two problems: why does the linear gauge invariant spin-2 field have a gauge
dependent energy-momentum tensor and furthermore, is there any other linear
spin-2 field with the same propagation equations in Minkowski space as those for
the previous field and having also a gauge invariant stress tensor? We give a
generic theorem showing that the (variational) energy-momentum tensor acquires
a symmetry of the underlying Lagrangian if and only if the Lagrangian has this
symmetry in a generic curved spacetime; it is insufficient to have it only in flat
spacetime. In this sense a Lagrangian field theory in Minkowski space is not self-
contained. As a consequence one gets a no-go theorem (first proved by Deser and
McCarthy): a linear gauge invariant spin-2 field, which is dynamically equivalent
to linearized general relativity, cannot have a gauge invariant energy-momentum
tensor. Thus any attempt to define gravitational energy density within a field-
theoretical formulation of gravity must fail.

This conclusion seems to support the common belief that Nature avoids the
consistency and other problems of fundamental spin-2 fields (and higher spin fields)
by simply not creating them. However a certain kind of necessarily nonlinear
spin-2 field arises in a natural way from vacuum nonlinear metric gravity (NLG)
theories (i.e. Lagrangian being any scalar function of Ricci tensor) as a component
of a multiplet of fields describing gravity. Any Lagrangian different from R
generates fourth order field equations and hence gravity has altogether eight
(rather than two) degrees of freedom. The ’particle content’ of these degrees of
freedom may be exhibited by decomposing the unifying metric field of the fourth
order theory into a multiplet of fields with definite spins. The decomposition is
accomplished by using a specific Legendre transformation. One gets a triplet: a
physical spacetime metric (2 d.o.f.), a scalar field and a spin-2 field (5 d.o.f.).
The Legendre transformation reduces the fourth-order theory to a second order
one. Actually there are two different Legendre transformations giving rise to two
different (dynamically equivalent) versions of the resulting theory. Both versions
take on the form of Einstein’s theory for the spacetime metric with the other two
fields of the triplet acting as a 'matter’ source in Einstein field equations. For
a specific quadratic form of the original Lagrangian the scalar field disappears
and the propagation of the metric is governed by the nonlinear massive spin-2
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field alone. Thus NLG theories generate a consistent gravitational interaction for
this special spin-2 field. The two versions of the spin-two field theory, though
dynamically equivalent, are physically inequivalent and we will give arguments
that one of them, usually named ’Einstein frame’, is physically more acceptable.
The theory is not easy to handle with since the equations of motion and the energy-
momentum tensor are quite complicated, nevertheless a simple but nontrivial
solution has been found. The main defect of the theory is that the energy density
for the field is indefinite; this fact gives in the linear approximation the ghost-
like nature of the spin-2 field, which was found almost thirty years ago. Recent
arguments given by Hawking and others show that ghosts may not be so harmful
to classical stability issues as has been expected for many years.

Marek Szydlowski

The geometry of dynamics of cosmological models with dark energy

Abstract: It is constructed the space of all the FRW cosmological models
filled with dark matter and dark energy violating the strong energy condition
px + 3px > 0. In this construction the particle-like description of dynamics
of the FRW models is applied. The dynamics of these models is reduced to
the two-dimensional systems of the Newtonian type on the phase plane (a,a)
where a is the scale factor and a dot means differentiation with respect to the
cosmological time. It is shown that the space of all dark energy cosmological
models can be investigated in terms of the potential function o the fictitious
particle moving in the potential V(a). The space of all cosmological models
(called multiverse) with dark energy has a structure of the Banach space with a
well defined distance between any two models. We argue that notion of structural
stability can be helpful in investigation of cosmological models with acceleration as
its generic property. We find two concurrence classes of models which form some
open and dense subsets in the multiverse, ACDM and phantom models. We also
demonstrate that all cosmological models which contain a bouncing phase instead
of an initial singularity are nongeneric in the multiverse. We find that there is a
unique differential type of the potential function which give rise to an accelerating
cosmology in a generic case. Moreover we demonstrate that this potential can be
reconstructed from SNIa data.

Dimitri Vassiliev

A teleparallel model for the neutrino

Abstract: We work in a Weitzenbock spacetime, that is, a flat metric compatible
spacetime with torsion. The metric and connection of such a spacetime are
described by a coframe which plays the role of the unknown of the theory. We
choose as our Lagrangian the wedge product of the lightlike element of the coframe
and the axial (totally antisymmetric) component of torsion. Fixing the metric and
varying the coframe we derive the corresponding field equation. We prove that
this field equation is equivalent to the Weyl equation.
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