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Relatividade Geral

> Fontes de Ondas Gravitacionais
> Deteccao de Ondas Gravitacionais
> Objetos compactos

> Relatividade Geral Algebrica e Numerica




Teorias alternativas
a Relatividade Geral

Algumas motivacoes:
> Expansao acelerada

> RG nao é quantizavel



Fontes de Ondas Gravitacionais
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Point particle binary system with
components of different masses in the
linear regime of the characteristic
formulation of general relativity
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Abstract
A smdy of binary systems composed of two point particles with different
masses In the linear regime of the characteristic formulation of general rela-
fvity with a Minkowski background i1s provided. The present paper gen-
eralizes a previous study by Bishop er al. The boundary conditions at the
world tubes generated by the particles’s orbits are explored, where the metric
variables are decomposed in spin-weighted spherical hammonics. The power
lost by the emission of gravitational waves 1s computed using the Bondi News
function. The power found is the well-known result obtained by Peters and
Mathews using a different approach. This agreement validates the approach
considered here. Several multipole term contributions to the gravitational
radiation field are also shown.
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RESEARCH ARTICLE

Gravitational radiation by point particle eccentric
binary systems in the linearised characteristic
formulation of general relativity

C. E. Cedefio Montaifia! - J. C. N. de Araujo!

Received: 1 October 2015 / Accepted: 3 March 2016
© Springer Science+Business Media New York 2016

Abstract We study a binary system composed of point particles of unequal masses
in eccentric orbits in the linear regime of the characteristic formulation of general
relativity, generalising a previous study found in the literature in which a system of
equal masses in circular orbits is considered. We also show that the boundary conditions
on the time-like world tubes generated by the orbits of the particles can be extended
beyond circular orbits. Concerning the power lost by the emission of gravitational
waves, it is directly obtained from the Bondi’s News function. It is worth stressing
that our results are completely consistent, because we obtain the same result for the
power derived by Peters and Mathews, in a different approach, in their seminal paper of
1963. In addition, the present study constitutes a powerful tool to construct extraction
schemes in the characteristic formalism to obtain the gravitational radiation produced
by binary systems during the inspiralling phase.
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THE INFLUENCE OF QUANTUM VACUUM FRICTION ON PULSARS

JAZIEL G. COELHOI, JoNas P. PEREIRA2’3, AND JosE C. N. DE ARAUJO!
! Divisio de Astrofisica, Instituto Nacional de Pesquisas Espaciais, Avenida dos Astronautas 1758, 12227-010 Sao José dos Campos, SP, Brazil;
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Depdrtment of Physics, Astronomy and Geosciences, Towson University, 8000 York Road, Towson, MD 21252-0001, USA
Received 2016 February 10; accepted 2016 April 1; published 2016 May 26

ABSTRACT

We first revisit the energy loss mechanism known as quantum vacuum friction (QVF), clarifying some of its
subtleties. Then we investigate the observables that could easily differentiate QVF from the classical magnetic
dipole radiation for pulsars with accurately measured braking indices (n). We show that this is particularly the case
for the time evolution of a pulsar’s magnetic dipole direction (¢») and surface magnetic field (By). As is well known
in the context of the classic magnetic dipole radiation. n < 3 would only be possible for positive
(By/By + ¢/tan ¢), which, for instance, leads to By > 0 (¢ > 0) when ¢ (B,) is constant. On the other hand,
we show that QVF can result in very different predictions with respect to those above. Finally, even if By has the
same sign in both of the aforementioned models for a pulsar, then, for a given ¢, we show that they give rise to
different associated timescales, which could be another way to falsify QVF.
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Gravitational wave emission by the
high braking index pulsar PSR
J1640-4631

José C.N. de Araujo, Jaziel G. Coelho and Cesar A. Costa
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Abstract. Recently, a braking index for the pulsar PSR J1640-4631 has been measured.
With a braking index of n = 3.15 4+ 0.03, this pulsar has the highest braking index ever
measured. As it is well known, a pure magnetic dipole brake yields n = 3, whereas a pure
gravitational wave (GW) brake yields n = 5. Therefore, each of these mechanisms alone can
not account for the braking index found for PSR J1640-4631. Here we consider in detail that
such a braking index could be accounted for if the spindown model combines magnetic dipole
and GW brakes. Then, we briefly discuss the detectability of this pulsar by aLIGO and the
planned Einstein Telescope. In particular, we show that the amplitude of the GW that comes
from our model is around a factor four lower than the amplitude modeled exclusively by GW
energy loss. Another interesting outcome of our modeling is that it is possible to obtain the
ellipticity from the braking index and other pulsar parameters.
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Gravitational waves from pulsars with measured braking index

José C. N. de Araujo’, Jaziel G. Coelho”, Cesar A. Costa®

Divisao de Astrolisica, Instituto Nacional de Pesquisas Espaciais. Avenida dos Astronautas 1758, Sdo José dos Campos,
SP 12227-010, Brazil

Received: 28 April 2016 / Accepted: 22 August 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract We study the putative emission of gravitational
waves (GWs) in particular for pulsars with measured braking
index. We show that the appropriate combination of both GW
emission and magnetic dipole brakes can naturally explain
the measured braking index, when the surface magnetic field
and the angle between the magnetic dipole and rotation axes
are time dependent. Then we discuss the detectability of these
very pulsars by alLIGO and the Einstein Telescope. We call
attention to the realistic possibility that aLIGO can detect
the GWs generated by at least some of these pulsars, such as
Vela, for example.
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GRAVITATIONAL WAVES FROM PULSARS AND THEIR BRAKING INDICES:
THE ROLE OF A TIME DEPENDENT MAGNETIC ELLIPTICITY

Josgé C. N. pE Araulo, JazieL G. CoeLHO, aAND CEsar A. Costa
Divisdo de Astrofisica, Instituto Nacional de Pesquisas Espaciais, Avenida dos Astronautas 1758, 12227-010 S&o José dos Campos, SP,
Brazil; jearlos.dearaujo@inpe.br, jaziel.coelho@ inpe.br, cesar.costa@inpe.br
Received 2016 July 12; revised 2016 August 5; accepted 2016 August 8; published 2016 QOctober 25

ABSTRACT

We study the role of time dependent magnetic ellipticities (eg) on the calculation of the braking index of pulsars.
Moreover, we study the consequences of such a €z on the amplitude of gravitational waves (GWSs) generated by
pulsars with measured braking indices. We show that, since the ellipticity generated by the magnetic dipole 1s
extremely small, the comresponding amplitude of GWs 1s much smaller than the amphtude obtained via the

spindown limit.
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PHYSICAL REVIEW D 94, 081101(R) (2016)
Coherent observations of gravitational radiation with LISA and gLISA

Massimo Tinto~
Jet Propulsion Laboratory, California Institute of Technology,
4800 Oak Grove Drive, Pasadena, California 91109, USA

José C.N. de Araujo’
Divisdao de Astrofisica, Instituto Nacional de Pesquisas Espaciais, Avenida dos Astronautas 1758,
Sdao José dos Campos, Sao Paulo 12227-010, Brasil

(Received 15 August 2016; published 26 October 2016)

The geosynchronous Laser Interferometer Space Antenna (gLISA) is a space-based gravitational wave
(GW) mission that, for the past 5 years, has been under joint study at the Jet Propulsion Laboratory;
Stanford University: the National Institute for Space Research (LN.P.E., Brazil); and Space Systems Loral.
[f flown at the same time as the LISA mission, the two arrays will deliver a joint sensitivity that accounts for
the best performance of both missions in their respective parts of the millihertz band. This simultaneous
operation will result in an optimally combined sensitivity curve that is “white” from about 3 x 10~ Hz to
I Hz, making the two antennas capable of detecting, with high signal-to-noise ratios (SNRs), coalescing
black-hole binaries (BHBs) with masses in the range (10 — 10%)M . Their ability of jointly tracking, with
enhanced SNR, signals similar to that observed by the Advanced Laser Interferometer Gravitational Wave
Observatory (aLIGO) on September 14, 2015 (the GW150914 event) will result in a larger number of
observable small-mass binary black holes and an improved precision of the parameters characterizing these
sources. Together, LISA, gLISA and aLIGO will cover, with good sensitivity, the (107 — 10%) Hz
frequency band.
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PHYSICAL REVIEW D 94, 024032 (2016)
Gravitational waves in f(R.T) and f(R.T?) theories of gravity

M. E.S. Alves.

Instituto de Ciéncia e Tecnologia, UNESP—Univ Estadual Paulista, Sdo José dos Campos,
Sdo Paulo 12247-016, Brazil
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Sdo José dos Campos, 12228-900 Sdo Paulo, Brazil
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(Received 5 May 2016; published 14 July 2016)

There is a host of alternative theories of gravitation in the literature, among them the f(R,T) and
f(R,T?) theories recently elaborated by Harko et al. In these theories, R, T and 7% are respectively the
Ricci scalar and the traces of the energy-momentum tensors of matter and of a scalar field. There is already
in the literature a series of studies of different forms of the (R, T) and f(R, T?) functions as well as their
cosmological consequences. However, there have been no studies so far related to gravitational waves.
Here we consider such an issue, in particular, studying the putative extra polarization modes that can appear
in the scope of such theories. Different functional forms of f(R,T?) are considered and the gravitational
waveforms are found for the extra polarization modes in the cases in which they are present.
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ABSTRACT

We investigate the cosmological production of gravitational waves in a nonsingular flat cosmology pow-
ered by a “running vacuum” energy density described by p, = pa(H), a phenomenological expression
potentially linked with the renormalization group approach in quantum field theory in curved space-
times. The model can be interpreted as a particular case of the class recently discussed by Perico et al.
(2013) [25] which is termed complete in the sense that the cosmic evolution occurs between two ex-
treme de Sitter stages (early and late time de Sitter phases). The gravitational wave equation is derived
and its time-dependent part numerically integrated since the primordial de Sitter stage. The generated
spectrum of gravitons is also compared with the standard calculations where an abrupt transition, from
the early de Sitter to the radiation phase, is usually assumed. It is found that the stochastic background
of gravitons is very similar to the one predicted by the cosmic concordance model plus inflation ex-
cept at higher frequencies (v = 100 kHz). This remarkable signature of a “running vacuum” cosmology
combined with the proposed high frequency gravitational wave detectors and measurements of the CMB
polarization {B-modes) may provide a new window to confront more conventional models of inflation.

© 2016 Elsevier B.V. All rights reserved.
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