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Breve Apresentacao e Resumo

» Postdoc e Docente Colaborador na Pos-Graduacéo INPE-Diviséo de Astrofisica.

* Minhas principais linhas de pesquisa

Interface Teoria-Observacao com :
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Nossos problemas centrais ...

1 - Atual estagio de expanséao acelerada do Universo

 Modelo mais simples: LambdaCDM

e Problemas tedéricos com Lambda

e Alternativas ?
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Alternativas ...

the scalar curvature  the cosmological constant Newton's gravitational constant
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the metric tensor

the spatial region of mass-energy-Matter being measured
as determined by the speed of Energy in vacuum

f(R) gravity, Quintessence,
Scalar-tensor theory, K-essence
Braneworlds, i

Chaplygin gas,
Coupled dark
energy,

Gauss-Bonnet gravity,
Galileon gravity,
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Apos 20 anos, LCDM ainda é o melhor que temos a nivel
observacional em termos globais. Nosso modelo de
concordancia cosmica. Varias evidéncias observacionais de

modelos melhores que LCDM na literatura, mas nada
conclusivo. Exemplo :

PHYSICAL REVIEW D 96, 103511 (2017)
Echo of interactions in the dark sector

Suresh Kumar’” and Rafael C. Nunes™'

'Department of Mathematics, BITS Pilani, Pilani Campus, Rajasthan 333031, India

zﬂe;mrmmenm de Fisica, Universidade Federal de Juiz de Fora, 36036-330 Juiz de Fora, MG, Brazil
(Received 2 March 2017; published 13 November 2017)
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Structure formation in f(7') gravity
and a solution for Hg tension

Rafael C. Nunes

Departamento de Fisica, Universidade Federal de Juiz de Fora,
36036-330, Juiz de Fora, MG, Brazil

Dark sector interaction: a remedy of the tensions between CMB and LSS data

Suresh Kumar.'-[] Rafael C. Nunes?{] and Santosh Kumar Yadav!-[]
! Department of Mathematics, BITS Pilani, Pilani Campus, Rajasthan-333031, India
Divisdo de Astrofisica, Instituto Nacional de Pesquisas Espaciais,
Avenida dos Astronautas 1758, Sdo José dos Campos, 12227-010, SP, Brazil

The well-known tensions on the cosmological parameters Hy and ez within the ACDM cosmology
shown by the Planck-CMB and LSS data are possibly due to the systematics in the data or our
ignorance of some new physics beyond the ACDM model. In this letter, we focus on the second
possibility, and investigate a minimal extension of the ACDM model by allowing a coupling between
its dark sector components (dark energy and dark matter). We analyze this scenario with Planck-
CMB, KiDS and HST data, and find that the Ho and os tensions disappear at 8% CL. In the joint
analyzes with Planck, HST and KiDS data, we find non-zero coupling in the dark sector up to 99%
C'L. Thus, we find a strong statistical support from the observational data for an interaction in the
dark sector of the Universe while solving the Hy and oy tensions simultaneously.
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Monthly Notices

MNRAS 473, 44044409 (2018) doi: 10. 1093 /mnras/stx 266 1

Probing the properties of relic neutrinos using the cosmic microwave
background, the Hubble Space Telescope and galaxy clusters

Rafael C. Nunes® and Alexander Bonilla

Departamento de Fisica, Universidade Federal de Juiz de Fora, 36036-330, Juiz de Fora, MG, Brazil

Accepted 2017 October 6. Received 2017 October 6; in original form 2017 June 22



Cosmologia com Ondas Gravitacionais

Obijetivos central : Modificacao da Relatividade geral, propriedades
de Eneraia Escura e Materia Escura.

The Gravitational Wave Spectrum
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PHYSICAL REVIEW D 98, 104055 (2018)

New observational constraints on f(T) gravity
through gravitational-wave astronomy

Rafacl C. Nunes,"” Supriya Pan,>" and Emmanuel N. Saridakis®**

'Divisdo de Astrofisica, Instituto Nacional de Pesquisas Espaciais,

Avenida dos Astronautas 1758, Sdo José dos Campos, 12227-010, SP, Brazil
Iﬂeparfmem of Mathematics, Presidency University, 86/1 College Street, Kolkata 700073, India
Jﬂepamnent of Physics, National Technical University of Athens,

Zografou Campus GR 157 73, Athens, Greece
4CASFER, Physics Department, Baylor University, Waco, Texas 76798-7310, USA

™ (Received 10 October 2018; published 28 November 2018)

We investigate the new observational constraints on f(7') gravity that arise from the effects of primordial
gravitational waves (GWs) on the cosmic microwave background (CMB) anisotropies and the BB
spectrum. We first show that on the GWs propagation in f(T) gravity we obtain only an amplitude
modification and not a phase one, comparing to the case of general relativity in the background of ACDM
cosmology. Concerning primordial GWs we find that the more the model departs from general relativity the
larger is the GW amplitude decay, and thus a possible future detection would bring the viable f(T') gravity
models five orders of magnitude closer to ACDM cosmology comparing to standard cosmological
constraints. Additionally, we use the cLASS code and both data from the Planck probe, as well as forecasts
from the near-future CORE collaboration, and we show that possible nontrivial constraints on the tensor-to-
scalar ratio would offer a clear signature of f(T') gravity. Finally, we discuss on the possibility to use the
properties of the GWs that arise from neutron stars mergers in order to extract additional constrains on the
theory.

DOI: 10.1103/PhysRevD.98.104055
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Primordial gravitational waves in Horndeski gravity
Phys. Rev. D

Rafael C. Nunes, Marcio E. 5. Alves, and José C. N. de Araujo

Accepted 31 March 2019

ABSTRACT

We investigate the propagation of primordial gravitational waves within the context of the Horndeski theories, for
this, we present a generalized transfer function quantifying the sub-horizon evolution of gravitational waves modes
after they enter the horizon. We compare the theoretical prediction of the modified primordial gravitational waves
spectral density with the aL1GO, Einstein telescope, LISA, gLISA and DECIGO sensitivity curves. Assuming
reasonable and different values for the free parameters of the theory (in agreement with the event GW170817 and
stability conditions of the theory), we note that the gravitational waves amplitude can vary significantly in
comparison with general relativity. We find that in some cases the gravitational primordial spectrum can cross the
sensitivity curves for DECIGO detector with the maximum frequency sensitivity to the theoretical predictions around
0.05 - 0.30 Hz. From our results, it is clear that the future generations of space based interferometers can bring
new perspectives to probing modifications in general relativity.
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Trabalhos em fase final de preparacao

Forecast on f(T) gravity with gravitational waves from compact binary coalescences
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Listening to the sound of dark sector interactions with the Einstein Telescope
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Propostas gerais, perspectivas e trabalhos em andamento
com Energia Escura e Gravidade modificada :

» Analise estatistica de dados cosmologicos para modelos bem
motivados e com novos ingredientes. Nao testar/fazer coisas ja bem
conhecidas/redundantes._Exemplos para investigacao:

Horndeski (and beyond) Gravity, f(T) Gravity, Massive Gravity, Novos
acaplamentos entre particulas “ja conhecidas” e suas consequéncias,
InteracOes Escuras.

* Verificar os limtes do modelo LambdaCDM + Nova fisica dentro das
atuais tensdes entre os dados de CMB e LSS.

* Analise de previsao baseada em futuros experimentos de CMB e LSS.



Propostas gerais, perspectivas e trabalhos
em andamento com GWs

Propriedades da Matéria Escura, Energia Escua e limites
da Relatividade Geral com:

Analise estatistica (Bayesiana e Fisher) para investigar eventos
ja catalogados pelo LIGO/VIRGO e simulacao para LISAe ET.

Espectro primordial e suas impressoes na RCF e
interferbmetros espaciais. Analise teorica e simulacéo
estatistica.



Propostas gerais, perspectivas e trabalhos
em andamento com Neutrinos

Problema da Hierarquia de massa em modelos alternativos.

Dark radiation e possivel nova familia de neutrinos em dados
astrofisicos e cosmologicos.

Possivel interacdo com Energia Escura.

Impressao sobre ondas gravitacionais.



G - 2

cprrcAn [N % ~5 j“ mu ALDIES
— o= s
grm:m} Gﬂq = MF“HfE HUHES
! ':E) = TESEKKUR EDERIM

ar1catomia 541 THANK YOU
oTAZaSs 0Bnla nno bl
GAALL EDE
HANKS s Wi
quj @ﬂTAKgVIElEII dank
] m:-m : mlﬁ%é‘lﬂsﬂ MULTUMESC
.g.q AR T |§HTE§EHHUR EEHIE‘FE_I:'L E%ﬂm

www . shutterstock.com - 655137100



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

