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Introduction 

What is the ICRA?
 Mission

Cosmology, Relativity, and Astrophysics

Events 2005 / 2013

Activities
 BSCG

 PMC

 Scientific Production 2005 / 2013

 Workshops

Popularization of Science

100th Anniversary of the Theory of General Relativity – GR-100

Research Areas

National and International Cooperations
 Brazil in the ICRANet 

 International PhD Program

Summary >
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This publication includes some activities developed by the Institute  
of Cosmology, Relativity and Astrophysics of the Brazilian Center  
for Physics Research – CBPF, between 2005 and 2013.

Those were years of intense activity, that may well be appreciated from the naive 
perspective of a quantitative description, considering that these figures are mild 
representations of how successful those events have been.

In the coming pages, some of these accomplishments will be presented as 
listed below:

> 30 events of international repercussion; > More than 100 scientific  

papers published in journals of major impact upon the international scientific 

community; 5 Brazilian School of Cosmology and Gravitation;  

> 5 complete series involving 62 courses within the Cosmology Program  

in Brazilian universities; > 6 workshops on Cosmology and related areas;  

> More than 70 activities of popularization of science geared for the general 

public and university students in different Brazilian states;  

> 11 technical and popularization of science books; More than 200 

researchers and scientists have visited the ICRA for more than one day;  

> We have more than 12 post-doctorate scholars from various countries;  

> We are advising more than 12 doctorate dissertations and 5 master thesis.

For the coming years, prospects indicate that these activities will increase, as 
can be inferred from the ongoing research projects and collaborations as well as 
national and international agreements in place, not to mention the momentum of 
events such as the BSCG, the workshops, and the scientist exchange program.

Also, a series of events is being scheduled to celebrate the centennial of 
Einstein’s announcement of the “Theory of General Relativity” in November 1915, 
which we are referring to as GR-100.

Introduction >

Galaxy cluster  
Abell 1689.  
Hubble Space 
Telescope
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The origin of the Institute of Cosmology, Relativity 
and Astrophysics (ICRA) is related with the activities 
of CBPF’s Cosmology and Gravitation Group, 
created in 1976 by physicist Mario Novello, thus 
enabling the systematic study of Cosmology in 
Brazil. The Institute has since thrived as a research 
and training center, having published countless 
scientific papers and produced a hundred doctorate 
and master theses. It has contributed significantly 
to the creation and development of various research 
groups in Brazilian universities, particularly, thanks 
to the role performed by the Brazilian School of 
Cosmology and Gravitation (BSCG), created by the 
Group in 1978, which offers intensive refresher 
courses to Brazilian and foreign researchers and 

What is the 
ICRA? >
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involves the participation of exhibitors and scientists 
from various countries.

The creation of the Institute of Cosmology, 
Relativity and Astrophysics was announced,  
by Minister of Science and Technology Roberto 
Amaral, during the 10th Marcel Grossmann Meeting, 
a conference attended by 500 scientists from 58 
countries, held in Rio de Janeiro in 2003.

In 2005, during the administration of Minister 
Eduardo Campos, the ICRA was inaugurated as 
CBPF’s coordination of Cosmology, Relativity and 
Astrophysics, chaired by Professor Mario Novello.

The work started by the Cosmology and 
Gravitation Group, in the 1970’s, was then developed 
by the ICRA and provided training to researchers, 

MISSION  |  ICRA’S INSTITuTIoNAl MISSIoN IS To CoNDuCT SCIeNTIfIC ReSeARCH IN CoSMoloGy, RelATIvITy,  

RelATIvISTIC ASTRoPHySICS, AND RelATeD AReAS, AS A NATIoNAl CeNTeR foR DoCToRATe AND PoST-DoCToRATe  

STuDIeS, AND AlSo To PRovIDe CoNTINuITy To THe TRADITIoNAl ACTIvITIeS of THe BRAzIlIAN SCHool of  

CoSMoloGy AND GRAvITATIoN (BSCG).

THe INSTITuTe IS PARTICulARly foCuSeD oN ReSeARCH IN THe AReAS of ClASSICAl AND quANTuM  

GRAvITATIoN, CoSMoloGy AND lARGe SCAle STRuCTuReS, GRAvITATIoNAl AND ANAloGue BlACk HoleS,  

GRAvITATIoNAl WAveS AND ASTRoPARTICleS, PRoMoTING exCHANGe AND CooPeRATIoN WITH NATIoNAl AND  

INTeRNATIoNAl ReSeARCH CeNTeRS.

involving systematic exchanges with advanced 
European and US centers and the development  
of a support structure for advanced research  
in their areas of expertise.

As a result of that, the ICRA earned its place 
within the international scientific community, 
particularly the European one. And that has enabled 
the institute to definitely participate in the efforts 
that eventually placed Brazil in the International 
Center for Relativistic Astrophysics Network 
(ICRANet).

Besides its research and graduate level teaching 
activities, as well as popularization of science 
efforts, the ICRA represents the ICRANet  
in South America.
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The ultimate goal of science is to generate a  
rational representation of the world. This activity 
achieves its top dimension when it proposes to 
comprehend all that exists, meaning the universe, 
considered as a unique and solidary structure. 
The branch of science that studies the universe 
is Cosmology, which is developed by applying the 
global knowledge of the laws of physics.  
Therefore, this area of knowledge is, in practice, 
the broadest domain to test the efficacy and 
coherence of those laws.

Renowned physicist victor von Weisskopf 
developed a classification for the sciences of nature 
according to their scope: the cosmic and the earth 
sciences. The distinction would then be made 
according to the order of magnitude representing 
the relevant phenomena: large or small masses, 
high or low speeds, vast or minute energies, long 
or short distances, extended or brief durations. 
Typically “cosmic” disciplines would be Astronomy 

and Astrophysics, elementary Particle Physics and, 
naturally, Cosmology, the science of the structure 
and evolution of the universe. 

Cosmology is a science that seeks to describe 
the genesis, the constitution, and the development 
of the organized whole of physical events, named 
Cosmos, that we identify in the astronomical 
universe as the most comprehensive expression  
of natural reality. Besides the physical laws known 
in laboratories, modern Cosmology relies,  
as observational support, on the evidence produced 
by the profound Astronomy and,  
as background conceptual framework,  
the Theory of General Relativity (TGR), which 
enables us to characterize the global scenario (the 
space-time continuum) where relevant cosmic 
scale physical processes occurred.

Cosmology is a vast – indeed, unique –
observatory where elementary particle phenomena 
involving very high energies may be examined, 

I C R A  |  C B P F
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since the extremely high temperatures required 
for laboratory replication of those processes are 
intangible in the current state of scientific and 
technological development. These temperatures 
and energies, however, would have been present 
in the early moments of the current universe 
expansion phase. Thus, the microcosm and the 
macrocosm, respectively represented by the theory 
of elementary particles and the global structure 
of the universe, are merging into a single and 
ambitious research project.

The inauguration of innovative measurement 
elements (gravitational wave and cosmic neutrino 
detectors, as well as new earth and special 
telescopes) will allow us to test many of our 
current basic concepts about the universe in 
broad scale – including the very Theory of General 
Relativity – which will lead to hopes that important 
new findings are soon to come.

I C R A  |  C B P F
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Events >

Events organized by the Institute of Cosmology, Relativity and 

Astrophysics (ICRA), held in 2005-2013 by means of sponsorship and/or 

partnerships with the following institutions: Brazilian Center for Physics 

Research/Ministry of Science, Technology, and Innovation (CBPF/MCTI); 

International Center for Relativistic Astrophysics Network (ICRANet), 

National Council for Scientific and Technological development (CNPq), 

Research Support Foundation of the State of Rio de Janeiro (FAPERJ), 

Financing Agency for Studies and Projects (FINEP), National Observatory 

(ON), National Laboratory of Scientific Computing (LNCC), National 

Education and Research Network (RNP).
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Events >

2013
7TH ICRA WoRkSHoP   

Brazilian Center for Physics 
Research, Rio de Janeiro,  
december 18-20, 2013

“CoSMoGoNIC MyTHS” MeeTING 
Brazilian Center for Physics 
Research, Rio de Janeiro,  
August 29-30, 2013
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Light and Color (Goethe’s Theory) – The morning after the Deluge –  
Moses writes the book of Genesis, oil on canvas, 1843 –  
Jackson William Mallord Turner (1775-1881)

known as the “painter of light” because of his intense use of contrast  
between bright colors and shade, Turner used hues and contrasts  
between colors to create highly abstract images. Countering the objectivity  
of our gaze, he painted a sensorial experience beyond the mere reproduction  
of the physical world. Through the bountiful use of colors, he represented the 
imprecision of shapes, rather than the accuracy that distinguishes objects  
in the world. on his light and Color canvas, Turner brings a profusion of bright colors 
and light, with the image composed by a contrast between light and darkness. 

One of the strangest novelties that science  
produced in the 20th Century was the hope to lay 
out a complete history of the universe, involving 
particularly its most formidable step – its origin – 
within a program that should establish  
how the creation of the universe took place.

during the year of 1957, anthropologists, historians, 
and mythologists met in Paria to compare 
knowledge and to exchange experiences as they 
examined the various projects of ancient peoples 
referring to what has been called the creation  
of the world. And then they decided not to 
proceed with any attempt to identify or to point 
at similarities or common structures from those 
different views on the origin of the world.

However, after more than half a century since then, 
it would not be undesirable nor useless  
to try and understand the similarities in the  
various versions of those myths.

In an attempt to set up an environment where  
these issues could be looked into and debated,  
Cosmo e Contexto has promoted the  
“Cosmogonic Myths” meeting, from the perspective 
of science, philosophy, mythology, literature, 
anthropology and psychology.

REfERENCES

CRATO, Nuno. Teoria da cor: Turner e Goethe. Revista Actual, nº 1591.  
disponível em:  http://pascal.iseg.utl.pt/~ncrato/Expresso/TurnerGoethe20030425.pdf 
Acesso em: 3 fev. 2014.

SCHAMA, Simon. O poder da arte. São Paulo: Companhia das Letras, 2010.

TATE BRITAIN. The unknown Turner.  
disponível em: http://www2.tate.org.uk/turner/tp_unkownturner.pdf  
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7TH SCHool of CoSMoloGy AND GRAvITATIoN 
Brazilian Center for Physics Research,  
Rio de Janeiro, August 5-9, 2013

RIo De JANeIRo MeeTING of CoSMoloGy  

AND GRAvITATIoN  
Brazilian Center for Physics Research,  
Rio de Janeiro, March 21-22, 2013

2013
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2012 

6TH ICRA INTeRNAl WoRkSHoP 

Brazilian Center for Physics Research, 
Rio de Janeiro,  
december 5-7, 2012

SoAR GRAvITATIoNAl ARC SuRvey WoRkSHoP  
Brazilian Center for Physics Research, 
Rio de Janeiro,  
November 12-13, 2012

15TH BRAzIlIAN SCHool of CoSMoloGy AND 

GRAvITATIoN  
Mangaratiba, Rio de Janeiro,  
August 19 – September 1, 2012

Events >
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2012
MARIo Novello’S 70TH ANNIveRSARy 

SyMPoSIuM  
Rio de Janeiro,  
Brazilian Center  
for Physics Research,  
August 15-17, 2012
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PRofeSSoR SéRGIo JoffIly’S 70TH 

BIRTHDAy CeleBRATIoN 

WoRkSHoP  
Brazilian Center  
for Physics Research,  
Rio de Janeiro,  
August 3, 2012

CANADA-fRANCe-HAWAII  

TeleSCoPe/MeGACAM STRIPe-82 

SuRvey [CS 82]  

Meeting National Observatory,  
Rio de Janeiro,  
July 29, 2012

Events >
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2011 

lAuNCHING THe CoSMoS & CoNTexTo CoSMoloGy 

AND CulTuRe MoNTHly eleCTRoNIC 

JouRNAl 
december 15, 2011

5TH ICRA INTeRNAl WoRkSHoP  

Brazilian Center for Physics Research,  
Rio de Janeiro, december 7-9, 2011

1ST ARGeNTINeAN-BRAzIlIAN MeeTING oN 

GRAvITATIoN, ASTRoPHySICS AND 

CoSMoloGy  
Foz do Iguaçu, October 4-8, 2011

6TH BRAzIlIAN SCHool of CoSMoloGy  

AND GRAvITATIoN  
Brazilian Center for Physics Research,  
Rio de Janeiro, July 25-29, 2011
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2011
8TH fRIeDMANN SeMINAR IN RIo  

BRAzIlIAN CeNTeR foR PHySICS ReSeARCH,  

Rio de Janeiro, May 30 – June 3, 2011

The 8th Friedman Seminar was launched at Espaço Tom Jobim,  
Rio de Janeiro, on May 30th, 2011, with the presentation of  
musician and composer Egberto Gismonti and guests, followed  
by the exhibition of photographic reproductions about the scientific trajectory  
and biography of the Russian mathematician Alexander Friedmann (1888-1925),  
entitled Friedmann – the man who made the universe expand.

Events >
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2010 

4TH ICRA INTeRNAl WoRkSHoP  

Brazilian Center for Physics Research,  
Rio de Janeiro, december, 2010

1ST MARIo Novello SyMPoSIuM  

oN BouNCING MoDelS 
Mangaratiba, Rio de Janeiro,  
November 26-30, 2010

14TH BRAzIlIAN SCHool of CoSMoloGy  

AND GRAvITATIoN  
Mangaratiba, Rio de Janeiro,  
August 30 – September 11, 2010
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WoRkSHoP DARk eNeRGy SuRvey:  

DATA CHAlleNGe 5 [DC5-DAy] 

Brazilian Center for Physics Research, 
Rio de Janeiro, April 8, 2010

2ND WoRkSHoP SoGRAS –  

SoAR GRAvITATIoNAl ARC SuRvey  

Brazilian Center for Physics Research,  
Rio de Janeiro, February 3, 2010

 

Events >
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12TH MARCel GRoSSMANN MeeTING  
Paris, July 12-18, 2009 
[Brazilian participation organized  
in partnership with ICRA/CBPF]

SoBRAl MeeTING INTeRNATIoNAl  

CoNfeReNCe THe SuN, THe STARS,  

THe uNIveRSe AND GeNeRAl RelATIvITy 

Fortaleza, Sobral, Ceará,  
May 26-28, 2009

THe DARk eNeRGy SuRvey INTeRNATIoNAl 

CollABoRATIoN MeeTING  

Rio de Janeiro,  
Brazilian Center for Physics Research,  
National Observatory  
May 26-29, 2009

2009 

3RD ICRA INTeRNAl WoRkSHoP  

Brazilian Center for Physics Research,  
Rio de Janeiro, december, 2009

5TH DARk eNeRGy SuRvey WoRkSHoP  
Brazilian Center for Physics Research,  
Rio de Janeiro, November 10-11, 2009

1ST WoRkSHoP SoGRAS – SoAR GRAvITATIoNAl 

ARC SuRvey  
Brazilian Center for Physics Research,  
Rio de Janeiro, August 10, 2009

5TH SCHool of CoSMoloGy AND GRAvITATIoN  
Brazilian Center for Physics Research,  
Rio de Janeiro, July 27-31, 2009
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2008 

2ND ICRA INTeRNAl WoRkSHoP 

Brazilian Center for Physics Research,  
Rio de Janeiro,  
december, 2008

13TH BRAzIlIAN SCHool of CoSMoloGy AND 

GRAvITATIoN  
Mangaratiba, Rio de Janeiro,  
July 20 – August 2, 2008

2ND DARk eNeRGy SuRvey WoRkSHoP – BRAzIl  
Brazilian Center for Physics Research,  
Rio de Janeiro,  
February 27-29, 2008

Events >
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Albert einstein and kurt Gödel (left) 
talking in Princeton, 1954.
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kurt Gödel (1906-1978) was born in Brno, Austria, 
currently a part of the Czech Republic.
In 1940, afraid of the Nazi army draft, after the 
annexation of Austria to Adolf Hitler’s Germany  
in 1938, he left his homeland and moved to  
the united States. Gödel became a researcher  
for the Princeton university and a member  
of the Institute for Advanced Studies,  
where he made good friends with his colleague, 
Professor Albert einstein. They used to discuss 
physics, mathematics, logics, politics and philosophy 
as they walked together to their offices at the 
Institute, and remained close friends until einstein’s 
death in April 1955. Gödel’s greatest contribution  
to science was his Incompleteness Theorem.  
His logical analyses of the concept of time and his 
mathematical research into the Theory of General 
Relativity were equally important.
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2007 

THe 2005-2007 SCIeNTIfIC RePoRT ICRANeT  

Pescara, Italy, November 27-28, 2007

1ST ICRA INTeRNAl WoRkSHoP  
Brazilian Center for Physics Research,  
Rio de Janeiro, October 9-11, 2007

kuRT GöDel WoRkSHoP: loGIC AND TIMe  
Brazilian Center for Physics Research,  
Rio de Janeiro, August 27-29, 2007

1ST CoSMoloGy, RelATIvITy AND ASTRoPHySICS 

CoNfeReNCe Fortaleza, Sobral, Ceará  
August  8-10, 2007

4TH SCHool of CoSMoloGy AND GRAvITATIoN  

Brazilian Center for Physics Research,  
Rio de Janeiro, July 16-21, 2007

1ST CéSAR lATTeS WoRkSHoP oN GAMMA RAyS  
Mangaratiba, Rio de Janeiro,  
February 26 – March 3, 2007

Events >
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2006 

12TH BRAzIlIAN SCHool of CoSMoloGy  

AND GRAvITATIoN  

Mangaratiba, Rio de Janeiro,  
September 10-23, 2006

11TH MARCel GRoSSMANN MeeTING oN GeNeRAl 

RelATIvITy  

Berlim, Freie Universität Berlin,  
July 23-29, 2006.Berlim,  
Freie Universität Berlin,  
23 a 29 de julho de 2006

2005 

BRAzIl AND THe DARk eNeRGy SuRvey: BuIlDING 

A BRAzIlIAN CoNTRIBuTIoN To THe NexT 

GeNeRATIoN of WIDe-fIelD IMAGING SuRveyS 
Rio de Janeiro,  
Brazilian Center for Physics Research,  
November 10-11, 2005  
[First Brazilian participation in the dES]
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Blanco Telescope. 
Cerro Tololo, Chile.

Events >
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Brazilian School  
of Cosmology  
and Gravitation - BSCG

The BSCG was created in 1978 by the efforts of CBPF’s Cosmology  
and Gravitation Group for development and enhancement of physicists,  
and specialized training – at doctorate and post-doctorate levels  
– of young researchers, particularly Brazilian and Latin American.

In the early BSCG sessions, nearly all students were young and came  
from Brazilian universities and research centers. Foreign researchers were 
mostly from Argentina, Colombia, United States, France, Italy, Peru and 
Russia, and they comprised one third of all participants.

The courses, seminars and debate sessions constitute a forum  
for studies and analysis on the main issues in Cosmology and related areas. 
Along the years, the BSCG has promoted integration among scientists 
and encouraged them to review and publicize the work done in major 
international research centers.

Activities  >
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THeMeS
The themes addressed in BSCG meetings involve virtually 
all of the main areas in Cosmology. The early encounters 
primarily examined the basic structure of the Theory of 
Gravitation and Astrophysics of compact objects. Later on, the 
focus was on studying elementary particles and establishing 
a standard Cosmology scenario – the term astroparticles has 
been used to denote this union. Intense debates on the two 
alternative scenarios for the creation of the Universe have 
been conducted, by means of seminars and course programs 
addressing the Big Bang and the Eternal Universe models.

Activities >

THe BSCG INTeRNATIoNAl CoMMITTee 

 Mario Novello  >  President of the Board, ICRA/CBPF

 Remo Ruffini  >  Universitá La Sapienza and ICRANet, Italy

 edward kolb  >  University of Chicago and Fermi National Accelerator Laboratory – Fermilab, USA

 edgard elbaz  >  Université de Lyon, France

 Roland Triay  >  Centre de Physique Theorique – CPT and Université de Marseille, France

 Alexander Dolgov  >  Instituto Nazionale di Fisica Nucleare, Italy

 vitaly Melnikov  >  Center of Gravitation and Fundamental Metrology, Russia 

 Bahran Mashhoon  >  University of Missouri, USA

 Santiago esteban Perez Bergliaffa  >  Universidade Estadual do Rio de Janeiro

foRMAT
The School is held for two weeks, 
every two years. Participants  
apply by means of an admissions 
system and are selected  
by a local committee.
The BSCG offers one week 
courses, advanced seminars  
on special topics,  
and debate sessions. 
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CouRSeS AND SPeeCHeS MADe By THe SCIeNTISTS WHo HAve PARTICIPATeD  
IN THe BSCG fRoM INAuGuRATIoN To 2012

1st BSCG 1978 Gravitation >  C. G. de oliveira

 Relativistic Cosmology  > M. Novello

 Group theory  > M. Maia

 Experimental gravitation  > H. Heintzmann

 Grassmann coordinates in Riemann spaces >  C. G. de oliveira

 The interaction of neutrino with gravitation  > I. Damião Soares

 Scalar and vector fields in General Relativity >  A. f. da f. Teixeira

 Cosmic microwave background radiation >  R. Aldrovandi

 Quasi-Maxwellian equations of the gravitational field >  M. Novello

 Observational features of black holes >  J. A. Pacheco

 Embeddings of space-time >  M. Maia

 Mach’s principle >  M. Gomide

2nd BSCG 1979 On the road of geometrization of electromagnetism >  M. Novello

 “Strings” in Special and General Relativity >  P. A. letelier Sotomayor

 Properties of stellar matter >  T. kodama

 Relativistic Cosmology >  M. Novello

 Introduction to the formulation of unitary field theories >  C. G. oliveira

 differential forms and the dirac equation in curved space-time >  I. Damião Soares

 Galaxies in the universe >  J. l. Sersic

 dynamics of stellar and galaxy clusters >  S. J. Codina-landaberry

 Spontaneous symmetry breaking and cosmological models >  H. fleming

 Some aspects of gauge theory >  Prem P. Srivastava
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 Gravitational theories >  C. G. oliveira

 Singularities in cosmological solutions of Einstein’s equations >  I. M. khalatnikov   
  e. M. lifshitz

 The extragalactic distance scale >  J. l. Sérsic

 The cosmological distance scale >  W. kunkel

 Classical gauge and gravitational theories >  Ruben Aldrovandi

 Pre-symplectic differential and the dirac-Bergmann formalism   
 in mechanics with constraints >  Paulo Rodrigues

 Neutron stars in theory and observation >  H. Heintzmann 

3rd BSCG 1982 The large scale structure of the universe >  G. Chincarini

 The applications of the inverse scattering  
 problem in General Relativity >  v. A. Belinski

 Pulsars >  H. Heintzmann

 Solutions of matter in General Relativity >  P. S. letelier

 Introduction to the formulation of some unitary theories  
 and the gauge theory of the group U (3,1) > C. G. de oliveira

 The electromagnetic spectrum of the cosmic background radiation > N. J. Shuch

 Gravitational coupling of neutrinos to matter vorticity II:   
 microscopic asymmetries in angular-momentum modes > I. D. Soares 

  l. C. M. S. Rodrigues

 Metric fluctuations: the macroscopic  
 equations of gravity and chaos versus anti-chaos >  M. Novello

 The angular distribution of the cosmic background radiation >  N. J. Shuch

 Quantum gravity >  B. Dewitt

 Introduction to super symmetry and supergravitation >  P. P. Srivastava

 Neutrinos in the universe >  R. opher 

Activities >
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4th BSCG 1984 Initial value problem of energy >  I. Choquet-Bruhat

 Formation of large scale in the universe >  f. lizhi

 Self-consistent Cosmology: an inflationary alternative  
 to the minkowskian quantum vacuum > e. Gunzig

 Lectures on semiclassical quantum gravity >  M. Castagnino

 Five lectures on particle Physics and Cosmology >  e. W. kolb

 Topics at the interface of particle Physics and Cosmology >  D. N. Schramm 

 Stochastic methods in Cosmology >  M. Novello 

5th BSCG 1987 Some notes on the propagation of discontinuities  
 in solutions to the Einstein equations >  k. lake

 Standard Cosmology >  G. f. R. ellis

 Nonstandard cosmologies >  J. v. Narlikar

 The program of an Eternal Universe >  M. Novello

 Vacuum in plane and curved space-time >  N. Sanchez

 The role of quantum mechanics in the specification  
 of the structure on space-time >  J. Audretsch

 Influence of the cosmological background on the mutual interaction of quantum fields >   J. Audretsch

 Lectures on particle Cosmology >  e. W. kolb

 Toward a history of Einstein’s theory of gravitation >  J. eisenstaedt

 Elements of BRST theory >  C. Teitelboim

on the right, original letter from physicist César lattes to Mario Novello.
“I am writing for the records, so we have black upon white, though I am a man of my word. I hereby support, encourage, 

and wish to effectively collaborate for the creation of an entity, an incorporated private entity if possible, geared to 
encourage research and teaching efforts on cosmology and gravitation in Brazil. I think it is more convenient, timely and 

safe that the entity be Brazilian, open to the collaboration of competent people from all countries. This is my pledge for 

success (and for some amiable times), with my best regards, César Lattes. Rio, October 29, 1988.
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Activities >
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6th BSCG 1989  Cosmic strings and the singularity problem >  v. Moncrief

 Accelerated observes and quantum effects >  S. Takagi

 Introduction to stochastic quantum theory >  f. Guerra

 Quantum effects in Cosmology >  l. P. Grishchuck

 Quantum field theory in curved spaces >  I. G. Moss

 Minisuperspaces >  M. P. Ryan Jr.

 General Relativity and Fierz-Lanczos variables >  M. Novello

 Quantum field theory in Eternal Universe >  N. Deruelle

7th BSCG 1993 Elementary particles in Cosmology >  A. Dolgov

 Quantum field theory in curved space-time >  l. ford

 Multidimensional classical and quantum Cosmology and gravitation:  
 exact solutions and variations of constants >  v. N. Melnikov

 Nonlocal electrodynamics >  B. Mashhoon

 Theoretical Cosmology >  M. Novello

 Perturbations in the expanding universe >  S. Gottlöber

 Observing the universe >  B. Jones

 Generalized quantizations of gauge theories >  I. Tuytin

 Quantum effects in Cosmology >  l. P. Grishchuck

8th BSCG 1995 Modern Cosmology and structure formation >  R. H. Brandenberger

 Particle Physics and Cosmology >  J. ellis

 Quantum Cosmology >  N. Pinto Neto

 Formation of large scale structure of the universe >  v. N. lukash

 dynamics of Inhomogeneous models near a singularity  
 in classical and quantum Cosmology >   A. A. kirillov
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 Minimal closed set of observables  
 in the theory of cosmological perturbations >  M. Novello

 Earth as a low frequency gravitational wave detector >  v. N. Rudenko

 Classical solutions in multidimensional Cosmology >  v. N. Melnikov

9th BSCG 1998  Cosmology with the cosmic microwave  
 background radiation (CMBR) >  G. Smoot

 Black holes: classical properties, thermodynamics    
 and heuristic quantization >  J. D. Bekenstein

 Physics and Astrophysics of black holes and physics of time machines >  I. D. Novikov

 Homogeneity and fractality >  l. Amendola

 Physics of the universe >  J. villumsen

 Light-front quantized field theory >  P. P. Srivastava

 Field theory of gravity >  M. Novello

 Aspects of black hole entropy >  W. Israel

 Cosmological applications of QFT in curved space-time >  v. M. Mostepanenko

 From quantum to stochastic Cosmology >  A. Starobinski

10th BSCG 2002 Methodology of observational Cosmology >  J. G. Bartlett

 New perspectives in Physics and Astrophysics 
 from the theoretical understanding of gamma-ray bursts >  R. Ruffini 
  C. l. Bianco 
  P. Chardonnet 
  f. fraschetti 
  l. vitagliano  
  M. S. xue

 Chaotic phenomena in Astrophysics and Cosmology >  v. G. Gurzadyan

 String and m-theory Cosmology >  e. J. Copeland

 Canonical quantization of General Relativity: the last 18 years in a nutshell > J. Pullin

Activities >
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 The strong-coupling expansion and the singularities  
 of the perturbative expansion, >  N. f. Svaiter

 Space and space-time >  M. lachièze-Rey

 P-branes, extra dimensions, and their observational windows >  v. N. Melnikov

 Experimental status of corrections to newtonian gravity  
 inspired by the extra dimensional Physics >   v. M. Mostepaneko

 Variable cosmological term >  I. Dymnikova

 Cosmology from topological defects >  A. Gangui

 On the possible role of massive neutrinos in cosmological structure formation >  M. lattanzi 
  R. Ruffini  
   G. vereshchagin

 Effective geometry >  M. Novello   
  S. e. Perez Bergliaffa 

11th BSCG 2004  Lectures on astroparticle Physics >  G. Sigl

 The blackholic energy: long and short gamma-ray bursts >  R. Ruffini 
  M. G. Bernardini 
  C. l. Bianco 
  P. Chardonnet 
  f. fraschetti 
  v. Gurzadyan 
  l. vitagliano  
  M. S. xue

 Gravitational waves – concepts, sources, signals and detection >  A. lee,  
  e. Howell 
  D. Coward  
  D. Blair

 dark energy >  v. Sahni

 A brief introduction to cosmic topology >  M. J. Rebouças

 Braneworlds >  R. Durrer

 Phenomenological quantum gravity >  D. kimberly   
  J. Magueijo

 Laser interferometer gravitational wave detectors – the challenges >  l. Ju  
  C. zhao

 Evolution of perturbations in bouncing cosmological models >  N. Pinto Neto
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 Local effects of Cosmology >  M. lachièze-Rey

 Functions on the sphere and multipole >  M. lachièze-Rey

 Non-linear electrodynamics in Cosmology >  M. Novello  
  S. e. Perez Bergliaffa

12th BSCG 2006  Cosmology and Physics beyond  
 the standard model >  A. D. Dolgov

 Cosmic inflation >  v. Mukhanov

 The blackholic energy and the canonical gamma-ray burst >  R. Ruffini 
  M. G. Bernardini  
   C. l. Bianco 
  l. Caito 
  P. Chardonnet 
  M. G. Dainotti 
  f. fraschetti  
  R. Guida 
  M. S. xue

 An introduction to quantum field theory in de Sitter space-time >  J. P. Gazeau

 Quantum fields in black hole space-time and in accelerated systems >  v. A. Belinski

 Singularities and quantum gravity >  M. Bojowald

 Power spectra of black holes (BH) and neutron stars (NS) as a probe of  
hydrodynamical structure of the source: diffusion theory and its application to x-ray  
 observations of NS and BH sources >   l. Titarchuk 
   N. Shaposhnikov   
   v. Arefiev 

 Euler – Poisson – Newton approach in Cosmology >  R. Triay  
  H. H. fliche

 Backreaction issues in relativistic Cosmology and the dark energy debate >  T. Buchert

 Some implication of the cosmological constant to fundamental Physics >  R. Aldrovandi  
  J. P. Beltrán Almeida  
  J. G. Pereira

 Particles and fields on de Sitter Universe >  u. Moschella

 Multidimensional gravitational models:  
 fluxbrane and s-brane solutions with polynomials >  v. D. Ivashchuk 
  v. N. Melnikov

Activities >
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13th BSCG 2008 Loop quantum gravity >  A. Perez

 dark energy >  A. Starobinsky

 Cosmological approaches to Cosmology >  J. Narlikar

 The phenomenology of large scale structures >  R. Sheth

 Quantum field theory in curved space-time >  u. Moschella

 Einstein-Maxwell solutions >  v. Belinski

 CMB Physics >  A. Challinor 
  T. villela

 Host galaxies of AGN >  A. Treves

 On the dark energy equation of state >  J. Alcaniz

 Bouncing Cosmology >  M. Novello

 did we already observe small mass black holes in the galactic center? >  P. Chardonnet

 Gamma-ray bursts >  R. Ruffini

 Nonsingular models in diverse dimensions >  v. N. Melnikov

 Critical thoughts on Cosmology / Astrobiology >  W. kundt

14th BSCG 2010 Philosophical problems of space-time theories >  G. Romero

 Introduction to string theory >  N. Berkovits

 Mechanisms to generate mass >  M. Novello

 An overview of f(R) theories >  S. Bergliaffa

 Bouncing Cosmology, quantum theory and observation >  N. Pinto Neto

 Astrophysical evidences of black holes >  f. Mirabel

 Categories as a road to fundamental Physics >  M. lachieze-Rey

 Black holes cannot blow jets >  W. kundt

 Cosmological singularity > v. Belinski

 Multipolar solutions >  H. quevedo

 Inhomogeneous Cosmology >  C. Hellaby

 Non-local gravity >  B. Mashhoon

 Theoretical aspects of black holes >  A. Helfer
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15th BSCG 2012 Cosmological perturbations theory in inflation  
 and bouncing models >  P. Peter

 Evolution equations, the initial boundary value problem  
 with applications to General Relativity >   o. Reula

 Relativistic kinetic theory and its applications in Astrophysics and Cosmology >  G. vereshchagin

 Cosmic structure, averaging and dark energy >  D. Wiltshire

 CMB anisotropies in the Planck era >  f. Bouchet

 Exploring the universe with the cosmic microwave background:  
 from the blackbody spectrum to secondary anisotropies >  A. Wuensche 

 Non-linear dynamics and associated metrics >  M. Novello

 The ontology of General Relativity >  G. Romero

 Scalar perturbations in quantum Cosmology >  f. falciano

 Quantum mechanism and Cosmology >  N. P. Neto

 Tests of relativistic gravity in space: history, recent progress and future directions >  Slava G. Turyshev

 Anorganic machines of the universe >  W. kundt

Activities >
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Minimum Cosmology Program for 
the Brazilian universities

Cosmology is developed by the application of 
the laws of physics to the universe and is the 
area of knowledge that, in practice, constitutes 
the broadest domain for testing the efficacy 
and coherence of these laws. Therefore, the 
interfaces of Cosmology with other major areas 
of Physics have been increasing in breadth and 
depth in recent decades.

 The Minimum Cosmology Program, or PMC 
as it was created by the ICRA, is meant to keep  
up with the great development of Cosmology 
and the modern theory of gravitation, enabling 
physics students to understand the fundamentals 
of the new Cosmo vision and, consequently,  
to trigger new vocations for these fields.

This program has been offered by the  
ICRA in partnership with many Brazilian 
universities by means of a basic 12-week course 
taught by researchers in federal  
and state universities as well as in research 
centers directly under the Ministry of Science, 
Technology and Innovation.

An agreement between the ICRA and  
the Research Provost of the federal university  

of Rio Grande do Sul (ufRGS) started the PMC 
in 2005. The success of this first enterprise has 
led many Brazilian universities to request ICRA 
cooperation in order to carry out the PMC in their 
physics departments. The Program has already 
been carried out by the following institutions:

universidade do Norte fluminense – ueNf / 
Centro federal de educação Tecnológica – CefeT. 
Campos dos Goytacazes,  
Rio de Janeiro (RJ)  >  2006

universidade estadual do Ceará – ueCe,  
fortaleza (Ce)  >  2007/2008

universidade federal do Amazonas – ufAM, 
Manaus (AM)  >  2009

universidade federal do Paraná – ufPR,  
Curitiba (PR)  >  2012

universidade federal do Paraná – ufPR,  
Curitiba (PR) > 2012

Instituto federal do Ceará – IfCe,  
fortaleza (Ce) > 2013
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Published in 2010, the Minimum Cosmology Program 

book organized by professors Mario Novello, Nelson 

Pinto Neto and Santiago esteban Perez Bergliaffa 

presents the objectives, methods, mathematical 

formalisms, as well as the research problems and 

themes that are most representative of Cosmology, 

Gravitation and Astrophysics, providing the necessary 

knowledge for a good understanding of the current 

status in that area.

This varied basic knowledge has been brought together 

in a single volume whose objective is to provide an 

introduction and become a reference for graduate and 

undergraduate students of all areas in physics.

The publication includes the following texts: 

Gravitation Theory [vitorio de lorenci], Cosmology 

I: Phenomenology [Martin Makler], Introduction to 

Cosmology [Mario Novello], Thermodynamics in General 

Relativity [J. M. Salim], Physics of Compact objects 

[Herman J. Mosquera Cuesta], 

Black Holes [Santiago esteban 

Perez Bergliaffa], Astrophysics 

of Gravitational Waves 

[Herman J. Mosquera Cuesta], 

Astroparticles I [Sergio e. Jorás], 

Astroparticles II [Júlio C. fabris], 

quantum Gravitation and 

Cosmology [Nelson Pinto Neto], 

Brief overview of Contemporary 

Cosmology [luiz Alberto 

oliveira], Theory of Special 

Relativity [Renato klippert], and 

Differential Geometry [Nelson 

Pinto Neto].

COURSE PROGRAM
The PMC offers the following courses:

n Gravitation Theory

n Cosmology I – Phenomenology 

n Introduction to Cosmology 

n Thermodynamics in General Relativity 

n Physics of Compact objects

n Black Holes 

n Astrophysics of Gravitational Waves

n Astroparticles I

n Astroparticles II

n quantum Gravitation and Cosmology 

n Brief overview of Contemporary Cosmology 

n Theory of Special Relativity 

n Differential Geometry

Activities >
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SCIeNTIfIC PRoDuCTIoN
The group published more than 100 original papers in the following 
international journals: Physics Report, Physical Review, Classical and 
Quantum Gravity, International Journal of Modern Physics, Physics Letters, 
Gravity and Cosmology, Europhysics Letters, Journal of Cosmology and 
Astroparticle, Journal of Physics, Astronomy and Astrophysics, Astrophysical 
Journal, Foundation of Physics.

A complete list of the papers may be obtained from the inspirehep.net 
website and by means of ICRA members’ Currículo Lattes:

 Mario novello > http://lattes.cnpq.br/5205000061462210

 nelson Pinto neto > http://lattes.cnpq.br /6196081550581346 

 JosÉ Martins saliM >  http://lattes.cnpq.br /5341090267791789 

 luiz alberto oliveira > http://lattes.cnpq.br/0154832722772626 

 Martin Makler > http://lattes.cnpq.br/6567844719949395

 FeliPe tovar Falciano > http://lattes.cnpq.br/7214193952056222

Besides publishing in the proceedings of international congresses, the ICRA 
has produced the following technical books:

2005
 | 2013

Title Publication / Institution Date Authors

Minimum Cosmology Program ICRA/Brazilian Center for Physics Research / Ministry of Science and 
Technology 2010

Mario Novello, Nelson 
Pinto Neto, Santiago Perez 
Bergliaffa (editors)

Theories and Interpretations of 
Quantum Mechanics

São Paulo: Editora Livraria da Física
Rio de Janeiro: Brazilian Center for Physics Research 2010 Nelson Pinto Neto

Non-linear Electrodynamics: 
causality and cosmological effects

São Paulo: Editora Livraria da Física
Rio de Janeiro: Brazilian Center for Physics Research 2010 Mario Novello e Érico 

Goulart

Cosmology São Paulo: Editora Livraria da Física
Rio de Janeiro: Brazilian Center for Physics Research 2010 Mario Novello

42
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WoRkSHoPS
ICRA periodically organizes workshops of different durations,  
varying from 2 to 10 days, that focus on the group’s areas of expertise.

The artiFicial black holes WorkshoP was organized in collaboration with scientists 
from New Zealand, United States and Russia, and was the first one to bring together 
researchers from three areas of Physics that investigate processes that are rather similar 
to those in gravitational Black Holes and include propagation of sound in non-linear media, 
non-linear electrodynamics, and phenomena associated with liquid helium. The possibility 
of laboratory production and control of phenomena that share some Black Hole 
characteristics is of great interest, given the operational impossibility of directly obtaining 
information on the behavior of matter in intense gravitational fields and on the very 
gravitationally collapsed objects.

The transPlanckian PhYsics WorkshoP examined the origins of primary fluctuations 
that would have acted as seeds of the current material configurations observed in the 
Universe in the form of galaxies and galaxy clusters. The possibility of addressing 
gravitational phenomena as processes of quantum nature inevitably leads to the exam of 
extremely reduced dimensions, involving fantastically big energies.

The dark enerGY surveY WorkshoP brought together physicists and astronomers 
involved with the Brazilian participation in the Observational Cosmology project.

The Gravitation and cosMoloGY WorkshoP involved scientists from São Paulo’s 
Institute of Theoretical Physics, Espírito Santo’s Federal University, and ICRA, and focused 
on current Cosmology issues, particularly on scenarios that involve the accelerated 
Universe.

Every year since 2007, the internal WorkshoP has brought together all of the ICRA 
researchers, who present their activities and share the development of their research work 
by means of seminars that are intent on circulating information and promoting interaction.

Activities >
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Popularization  
of science >
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PAPERS PUBLISHED IN JOURNALS OF SCIENTIFIC INFORMATION 

Title Journal Date Author
Higgs boson and the mass of all bodies Scientific American Brazil Sept. 2012 Mario Novello

Higgs in the highlights. Brazilian physicist says  
finding does not explain the mystery of mass  
and defends different theory

O Globo July 6, 2012 Mario Novello

Re-founding Physics Scientific American Brazil June 2012 Mario Novello

The intriguing mystery of the origin of the mass Scientific American Brazil July 2011 Mario Novello 

An overview of modern Astronomy – from the Galaxies to 
the Universe Ciência Hoje das Crianças July 1, 2009 Martin Makler

Adventures in Cosmology Ciência Hoje 2009 Nelson Pinto Neto

The Universe seen through Gravitational Lenses Ciência Hoje Oct. 1, 2009 Martin Makler

Oscillating Universe and Cosmology in Brazil Scientific American Brazil, Special Edition, 
What is the Universe made of? 2009 Mario Novello

The present of the future Revista Nosso Caminho April 2009 Luiz Alberto 
Oliveira

The great mistake Simon Singh’s book Big Bang review, 
Ciência Hoje Nov. 1, 2007 Martin Makler

What do the main theories say about variations in the 
amount of matter in the Universe? Ciência Hoje June 1, 2007 Martin Makler

 Physics re-founded by Cosmology 
Humanitas Unisinos Institute online 
journal, Universidade do Vale dos Sinos – 
Unisinos 

May 2, 2006 Mario Novello

Picture of the Universe when it was young – Part 2 Ciência Hoje May 1, 2006 Martin Makler

What is Cosmology? Revista Humanidades May 2005 Mario Novello

ICRA researchers carry out a number of activities connected to popularization  
of science for the general public. These activities are focused on Cosmology,  
Astronomy, History, and Philosophy of Science.  
Below, we have listed some of these activities held in 2005-2012. 

Activities >
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ARTICLES IN THE PRESS

Title Publication / Institution Date Authors

Before everything: Nothing O Estado de São Paulo, Aliás Sept. 17, 2006 Fred Melo Paiva

A Brazilian makes the biggest count of the Universe Folha de São Paulo, Folha Ciência April 20, 2005 Salvador Nogueira

Is a new revolution coming up? O Globo May 18, 2005 Ana Lúcia Azevedo 

INTERVIEWS

Title Publication / Institution Date Interviewees

Humanidade Exhibition 2012 Rio de Janeiro, Forte de Copacabana. 
www.humanidade2012.net June 11-22, 2012 Luiz Alberto Oliveira 

Mario Novello

Breakthroughs in Space Research Videoreportagem, Globo Ciência Dec. 2011 Martin Makler

Episode on Relativity Globo Ciência program interview July 12, 2010 Martin Makler

The Science I do, National Science and Technology 
Week www.youtube.com Oct. 19-25, 2009 Mario Novello

Roda Viva program. TV Cultura http://www.rodaviva.fapesp.br/matéria/353/
entrevistados/mario_novelo_2006.htm Sept. 2006 Mario Novello

Mario Novello and Luiz Alberto 
Oliveira, Conversations about 
Philosophy and Physics, Inventory 
of Time, Espaço Tom Jobim, Rio de 
Janeiro, July 7, 2009 
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CONFERENCES, LECTURES AND PANELS 

Title Event / Venue Date Lecturers
Creation of the Universe and God’s Particle MIDRASH Cultural Center, Rio de Janeiro Aug. 8, 2012 Mario Novello

Cosmology – from the Big Bang  
to the Eternal Universe

Regional Meeting of Sciences, NUPESC Science 
Research Center, Souza Marques Technical 
Educational Foundation, Rio de Janeiro

July 31, 2012 Mario Novello

On rest, inertia and stability
Mutations cycle of lectures – praising laziness, 
Artepensamento (UFBa, Salvador)  
SESC Paço da Liberdade, Curitiba

2012 Luiz Alberto Oliveira

What is dark matter?
Update Yourself cycle of lectures, National 
Laboratory of Computer Science (LNCC),  
Petrópolis (RJ)

June 14, 2011 Martin Makler

Cosmology challenges in the 21st Century Science and Technology Activities, Look at the Sky, 
University of Brasília (UnB), Brasília (DF) Aug. 19, 2010 Martin Makler

From the Big Bang to the Eternal universe UNISUAM Cultural Center, Rio de Janeiro June 8, 2010 Mario Novello

Fundamental issues in Cosmology Aeronautics Technological Institute,  
São José dos Campos (SP) June 2, 2010 Mario Novello

The enigma of time Time – Arts Festival / 1st time, http://tempofestival.
com.br/instantaneo/tag/palestra/ Dec. 19, 2009 Mario Novello

Conversations on Philosophy and Physics Inventory of Time, Espaço Tom Jobim, Rio de Janeiro July 7, 2009 Mario Novello
Luiz Alberto Oliveira

The Universe seen through gravitational lenses Invitation to Physics, São Paulo University’s  
Institute of Physics April 15, 2009 Martin Makler

Cosmology in the 20th Century

Regional Meeting of the Brazilian Society for the 
Progress of Science (SBPC) at Baixada Fluminense. 
Education and science for Baixada Fluminense’s 
sustainable development, Teatro SESC, Nova Iguaçú

May 8, 2008 Mario Novello

Time: though persistent, an illusion 7th School of the Brazilian Center for Physics 
Research (CBPF), Rio de Janeiro 2008 Luiz Alberto Oliveira

Where does the Universe come from? Where does it 
go? What is it made of?

Institute of Exact Sciences/Federal University of Juiz 
de Fora (UFJF), Physics Week Oct. 20-24, 2008 Nelson Pinto Neto

Where have we come from, where do we go to? Take Science Program Dec. 2008 Martin Makler

Science explained to pedestrians
Echoes of Science cycle of lectures, Federal 
University of Rio de Janeiro’s School of 
Communication

2007 Luiz Alberto Oliveira

Cosmology 10th National Meeting of Astronomy,  
Planetarium of the City of Rio de Janeiro Nov. 17, 2007 Martin Makler

Activities >
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CONFERENCES, LECTURES AND PANELS 

Title Event / Venue Date Lecturers

Dark side of the Universe Astronomy for poets II, House of 
Science / Federal University of Rio de Janeiro (UFRJ) Oct. 10, 2006 Martin Makler

Fayga Ostrower: parallel views of space and time in 
art and science 

Science Art Simposium 2006, Oswaldo Cruz 
Foundation, Rio de Janeiro 2006 Luiz Alberto Oliveira

Physics 100 years after the Einstein revolution Take Science Program Aug. 2005 Martin Makler

From the history of ideas of the Universe to the 
history of the Universe according to our ideas

8th Astronomy in Summer Cycle, National 
Observatory, Rio de Janeiro July 19, 2005 Martin Makler

Cyclical magnetic Universe Federal University of Pará (UFPA), Belém 2009 Aline Nogueira

From Astronomy to Cosmology Navy School, Angra dos Reis April 22, 2012 Eduardo Bittencourt

Possible Universes
4th International Astronomy and Astronautics 
Meeting, Federal Institute of the State of Rio de 
Janeiro (IFF), Campos dos Goytacazes (RJ)

April 2011 Josephine Rua

BOOKS, CHAPTERS IN BOOKS AND JOURNALS 

Title Publication / Institution Date Authors

Qualcosa anziché il nulla.
La rivoluzione del pensiero cosmológico

Torino; Milan: Einaudi Publishers
[Italian translation of the book What is Cosmology? 
Zahar Publishers, 2006]

2011 Mario Novello

From the Big Bang to the Eternal Universe Rio de Janeiro: Jorge Zahar Ed. 2010 Mario Novello

Cosmos and Context Electronic Journal of 
Cosmology and Culture ICRA/CBPF/MCTI Dec. 2011

Mario Novello, Eduardo 
Bittencourt, Grasiele 
Santos, Josephine Rua  
e Maria Borba (editores)

On rest, inertia and stability IN: Mutações – Elogio à Preguiça 
Ed. SESC-SP, São Paulo, 421-452  2012 Luiz Alberto Oliveira

CyberCentaurs: on the possible hybridization 
between men and machines

IN: Uma sociedade pós-humana?  
Possibilidades e limites das nanotecnologias  
Editora Unisinos, p.101-121

2009 Luiz Alberto Oliveira

Natural Literature – Contemporary Images of 
Nature

IN: Ciência em foco.
Rio de Janeiro: MAST/ Garamond/FAPERJ 2008 Luiz Alberto Oliveira

What is Cosmology? 
The Revolution of Cosmological Thinking Rio de Janeiro: Jorge Zahar Ed. 2006 Mario Novello
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Activities >

20th Century 
Cosmology 
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OTHER PRINTED MEDIA

Title Publication Date Sponsor
Friedmann: the man who expanded the Universe  
(1888-1925)

Friedmann Seminar in Rio’ information folder May 30-June 3, 2011 ICRA / CBPF / MCTI

20th Century Cosmology. From 1915 to the 21st Century Poster on the history of Cosmology ICRA / CBPF / MCTI

30 years – Brazilian School of Cosmology and Gravitation Bilingual commemorative catalog ICRA / CBPF / MCTI

ICRA – Brazil, Cosmology, Relativity and Astrophysics ICRA’s scientific activities information folder ICRA / CBPF / MCTI

1st Sobral Conference on Cosmology,  
Relativity and Astrophysics 

Informative postcard (Mica), Sobral (CE) Aug. 8-10, 2007 ICRA / CBPF / MCTI

Electronic journal Cosmos e Contexto  
on Cosmology and Culture

Informative postcard (Mica) Dec. 15, 2011 ICRA / CBPF / MCTI

EXHIBITIONS AND SCIENTIFIC FAIRS

Event Venue Date Monitors
27th International Astronomical Union (IAU)
General Assembly

Rio de Janeiro (RJ) Aug. 3-14, 2011 Mariana Penna Lima 

Astronomy at Cinelândia Cinelândia, Rio de Janeiro (RJ) Aug. 4-8, 2009
Grasiele Santos, 
coordinated by professor 
Martin Makler

60th Annual Meeting of the Brazilian Society for the 
Progress of Science (SBPC)

State University of Campinas 
(UNICAMP), Campinas (SP) July 13-18, 2008 Marcela Campista

2nd FAPERJ Fair, Interinstitutional e-Astronomy Laboratory Cultural Center for Citizenship Action 
(CCAC), Duque de Caxias (RJ) June 29-30, 2009 Mariana Penna Lima

Exhibition of the Didactic Laboratory of the 
Brazilian Center for Physics Research (LABDID/
CBPF), coordinated by professor Martin Makler, 
Science & Technology Week

Rio de Janeiro (RJ) Oct. 2012, 2011, 2010, 2009, 
2008, 2007, 2006

Aline Nogueira Araújo,
Clécio de Bom, 
Cristofher Zuñiga Vargas, 
Eduardo Bittencourt, 
Felipe Poulis,  
Gabriel Caminha,
Grasiele Santos,  
Habib Montoya,  
Josephine Rua,   
Marcela Campista,
Mariana Penna Lima,  
Sandro Vitenti

Activities >
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In 2015, the Cosmology, Relativity and Astrophysics Institute 
(ICRA/CBPf) will host an international conference to 
commemorate the centennial of the Albert einstein’s most 
fundamental work: the General Relativity (GR), a gravitation 
theory that profoundly changed Newton’s prior formulation.  
on the occasion, we shall examine his legacy, his immense 
success and his method of examining the extraordinary processes 
of the universe, whether localized, such as in the case of black 
holes, or in large scale cosmic dimensions. We shall also take 
critical stock addressing some of his difficulties and look at 
alternative proposals that have been examined since their 
creation in 1915. Beside the advanced research activities  
that will take place as international workshops and conferences, 
there will be informational activities for the public,  
in general, all over Brazil.

GR 100 >

Commemorative Event
100th anniversary of the  
Theory of General Relativity  
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one hundred years after it was established,  
it is only natural for the GR to be receiving  
so much criticism from a variety of sources.  
Since gravitation is a rather weak force  
(by comparison with the other forces of nature, 
meaning electromagnetism and the nuclear 
forces), we can easily understand why the most 
important tests to determine its properties  
are obtained from observations in the outer space, 
or even beyond the solar system.

four of the major critiques to GR are, indeed,  
in the realm of Astrophysics and Cosmology,  
and they include:

Singularity

Dark matter

Dark energy

quantization

It was einstein himself who limited the  
GR application range when he stated that,  
in the regions where the gravitational field  
is extraordinarily high and cannot be described  
by a regular function thereby enabling the 

appearance of a singularity, GR equations must 
be altered. Dark matter and dark energy are 
hypothetical properties of the substance of the 
world, created to get around the observational 
difficulties posed by einstein’s theory.  
Concerning the issue of quantizing the gravitational 
field, criticism is slightly less consistent, since it 
lies on a hypothesis (that is, every field of physics 
must be quantized) which does not have any 
observational support.

There are various proposals to change the GR, 
associated with different areas of physics,  
from the microphysics of high energies (intent  
on considering gravitation as quantizable theory), 
through the physics of condensed matter via  
analog models (whereby gravitation would be  
the macroscopic result of forces of another nature 
at the microscopic level), to changes in the GR 
dynamics (by means of theories involving  
different propagation modes such as the f(R) type) 
and others. 

Particular attention should be paid to the 
geometric scalar theory presented in August 2012 
in the 15th Brazilian School of Cosmology and 
Gravitation (BSCG), in Mangaratiba.

But before that, and also to contextualize it,  
let us go through a bit of history! At the end  
of the first decade of the 20th century, a number 
of scientists (such as Nordstrom, einstein, 
Grossmann, and others) clearly perceived that 

Activities >
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the Newtonian theory of gravitation should be 
significantly modified. formally, it derived naturally 
from the impossibility of reconciling Newtonian 
gravitation with the 1905 Special Relativity, 
particularly thanks to the property postulated 
in the Newtonian formulation of instantaneous 
gravitational force, in contradiction to a precept 
of the Special Relativity, which states that no 
propagation is faster than light.

The scientists then started to look for a new 
gravitation theory that would be a relativist version 
of the Newtonian formulation and were thus led 
to describe the gravitational field as a scalar field, 
that is, by way of a single function (therein similar 
to the Newtonian version), adapted to the new 
space-time structure that had been established 
by the Special Relativity in 1905 and that would 
replace absolute space and absolute time.

Delving into the details of the proposal many 
scientists and einstein himself pursued back in 
1913 would be inappropriate here. However, it 

is worth recording that einstein would abandon 
it before 1915 in behalf of his Theory of General 
Relativity, replacing a single scalar function  
with the 10 variables that  
are necessary to characterize the metrics  
of space-time. It has recently been  
demonstrated that einstein’s reason for 
abandoning the scalar theory, for considering  
it internally inconsistent, was wrong.

A recent review of that original proposal pointed 
at flaws in einstein’s rationale, showing how  
it is effectively possible to construct a metric  
theory of gravitation using a single scalar field.

There are major prospects to the new theory  
of gravitation, provided all consequences prove  
to be compatible with the observations.  
Anyway, we can expect significant changes, 
particularly to describing the large scale  
behavior of the universe. This is due  
to the renowned fact that every new theory  
of gravitation produces a new Cosmology.

Illustration showing A. einstein’s Theory of General Relativity by the measured 
wavelength of a light ray from the observation of an eclipse on May 29, 1919. 

Two groups of astronomers sent to the city of Sobral, in the Brazilian  
state of Ceará, and to the Western African island of Prince, photographed stars 

during the eclipse and proved that the light they emitted was subjected to some 
deviation as it passed by the Sun. Demonstrating the deviation of light rays has 
proven that light suffers the action of gravitation due to the curvature of space-

time caused by physical bodies of large mass, such as the Sun.

Activities >
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Research 
Areas >

origin of the universe:  
singularity or bouncing?

A most fantastic 20th Century discovery was that the Universe is expanding. 
Joining astronomical observations of systems beyond our galaxy with 
theoretical arguments supported by a General Relativity based gravitation 
theory, we have devised a dynamic image of our Universe. In this scenario, 
there is apparently no doubt that we live in an expanding Universe.

This gives rise to the most fundamental issue scientists have come up with: 
did the Universe have a singular beginning, with infinite physical quantities 
that render us incapable of rationally describing whatever happened there?  
Or would it have behaved differently in a remote past,  
collapsing from a large volume down to a minimum volume other  
than zero and then moving on to the current expanding phase?

In other words: did the Universe have a singular beginning a few billion 
years ago, or is it eternal? And if there really was a previous contraction 
period, what would have been the origin of the collapse? And what would  
have caused the bouncing to the current expansion phase we observe?
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Research >

Dark energy

Modern Cosmology started in the second decade of the 20th Century  
from an unexpected answer Einstein gave to the following question:  
In search for a global description of the Universe, would we be imprudent 
to apply the conventional, local Physics established in our neighborhood, 
extrapolating that validity beyond that which can be ensured by observation? 
We would certainly be within the realm of scientific tradition, doing that 
which has conventionally been done by scientists, i.e., extrapolating until we 
come across some contradiction or new result that requires some formal 
change to that description. Can we likewise address the Universe?  
Or must we introduce something else in order to develop a description  
of the Universe? do we need some additional hypothesis that is not 
contained in Physics? Shall we only introduce a property with global 
meaning, that applies to the entire universe and does not induce any 
observable phenomenon or any locally sensitive change? 
Einstein says yes to all these questions and introduces the notion of a 
cosmological constant, with the nature of a repulsive gravitational force.

In 1998, observations of distant supernovas produced observational 
evidence that may be interpreted as if the Universe were in accelerated 
expansion. Within the Theory of General Relativity, this implies that there 
must be negative pressures dominating the dynamic evolution of the 
Universe. As a consequence, the cosmological constant that Einstein  
had introduced in order to realize his cosmological model has regained  
an important role. Beside that constant, other less usual forms of matter 
have been studied as potentially responsible for the production of these 
negative pressures. The generic term dark energy has been coined  
to characterize these different forms of non-conventional energy of high 
negative pressures. Candidates to this strange property of matter  
are various, and some of the proposals include fluids with exotic  
an equation of state, non-linear electromagnetic fields,  
and modifications to the equation of General Relativity.
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Can we possibly build black holes  
in a laboratory?

The Theory of General Relativity enables an interpretation of gravitational phenomena 
as modifications to the geometry of space-time. This is so thanks to the universality  
of this force: every existing thing feels the action of the gravitational force.  
This property may be used to define what we call “existing”. We may even synthesize 
this complete comprehensiveness by stating that, “I fall, therefore I am”.

This action is the same for whatever type of matter. This is why an apple  
or an apple tree fall in the same manner in a given gravitational field.  
We should expect this interaction to contain non-linear characteristics, since the 
transmission of gravity must also possess energy and, consequently, it must feel 
the effects of the gravitational field. This comprehensiveness is, at the same time, 
a simplifying factor of its description, and it also renders gravitational processes 
difficult for laboratory control, whereby an experimenter’s task of looking into  
the properties of a given gravitational field is extremely sensitive.

In recent years, a highly skilled method to get around this difficulty came forth  
in various sectors of Physics and was given the generic name of analog methods.  
It was created after the observation that, under certain circumstances, non-universal 
processes – such as the propagation of electromagnetic waves, sound waves,  
and some particularities of liquid helium – may be described as special 
consequences of modifications to the geometry associated with the medium where 
these phenomena occur. This means that configurations of a non-gravitational nature 
may be produced, such as special cases of gravitational fields. The consequences of 
this procedure are extremely appealing, for they provide access to the behavior  
of gravitational fields, replicating them in earth laboratories.

As a remarkable example of this situation, we may mention the possibility  
of producing a laboratory analog Black Hole, formally announced by research  
centers in various countries. Some gravitational Black Hole properties – among 
which, the theoretically anticipated possibility of emitting radiation – may be tested in 
the future thanks to their laboratory replications.
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What is the origin of galaxies  
and galaxy clusters?

The Universe is structured in galaxies, each containing 
hundreds of billions of stars. The galaxies are organized  
in clusters. Galaxy clusters may contain hundreds  
of thousands of galaxies and are the biggest gravitationally 
connected structures of the universe. These structures 
originate from small early deviations from high homogeneity 
which grew because of the attractive nature of gravitation. 
These deviations from homogeneity possibly originate 
from quantum fluctuations of matter and the gravitational 
field. Recent observations allow us to distinguish different 
competitive mechanisms that can generate those primary 
seeds of inhomogeneities.

The formation and evolution of these structures directly 
depend on the cosmological model and are therefore useful  
to test models of the universe. Their structure and 
composition are closely connected to the evolution of galaxies 
and processes therein, such as supernova explosions and  
the potential existence of supermassive black holes. 
Therefore, these clusters act as some type of link between 
Astrophysics and Cosmology. These objects may be observed 
in various wavelengths, from X-rays to radio, through the 
visible spectrum as well as microwaves. Observations of each 
band enable insights into different aspects of the structure 
and composition of clusters, such as the gas, the galaxies, 
and the dark matter. The study of these objects, indeed,  
was what provided the initial evidences of dark matter.  
The current role of cosmologists is to produce theoretical 
models to build observation based realistic scenarios. 

Messier 101:  
The Spiral Galaxy

Hubble legacy Archive, 
eSA/NASA

Research >
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fundamentals of space-time

Modern physics has not provided consistent conceptual elements that are necessary to establish  
a representation of the world that is not limited to the mathematical formulation of abstract  
operators which are signs of practical rules of action in laboratories.

Based on the principle of individuation proposed by Simondon and on the light plane induced  
by the modern theory of relativity, we have attempted to establish a transdisciplinary problematic  
field that involves physical, biological and social individuation, establishing elements to inform  
the mind and afford continuity to the unfinished search of modernism.

What are the implications of quantum  
gravitation for the physical world?

However high a dose of speculation contained in a quantum theory of gravitation, there are  
situations where scientists believe a quantum approach to be crucial. One such situation lies  
in understanding the final stage of black holes and learning the whereabouts of the information 
they absorb. Another one lies in understanding the nature of space-time. Whether it is granulated 
and whether, for instance, this granulation imposes modifications to restricted as well as general 
relativities, with important effects on propagation along distant pathways of highly energetic particles 
– such as cosmic rays – where the small effects of this granulation would add up,  
generating measurable effects.

For Cosmology, as it addresses a single physical system – the Universe – that we do not control, 
finding its dynamic equations is as important as finding a reason for the specific initial conditions, 
wherefrom the Universe would have evolved: the reason for such high levels of primary homogeneity 
and isotropy, including those conditions that originated its structures. The application of quantum 
theory of gravitation to Cosmology is expected to shed some light on these issues.  
Furthermore, quantum Cosmology is a potential mechanism to explain the absence of initial 
singularity, enabling the Universe to be extended to the past infinite. This information may  
be obtained from observations of the cosmic background radiation and the gravitational waves.
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Gravitational lenses

The deviation of light caused by the space-time 
curvature provides distorted images of distant objects 
as seen from the Earth. This phenomenon is known 
as gravitational lensing, because the structures of the 
Universe act as lenses modifying the path of light  
as it crosses their gravitational field. Because it probes 
the space-time, gravitational lensing is particularly 
adequate to study dark matter and dark energy  
(which are manifest through their gravitational effect), 
and to test alternative gravitation models.

The lens effect is divided in two regimes:  
strong and weak. In strong lensing, background 
galaxies are highly magnified, distorted (forming arcs or 
rings) and/or appear as multiple images. This effect is 
generated by massive galaxies and clusters of galaxies 
when the observer, the lens (the galaxy or cluster) and 
the source (the background galaxy) are approximately 
aligned, and is clearly identified by optical means.  
The weak effect, however, corresponds to a slight 
distortion in the shape of distant galaxies that cannot  
be measured individually, requiring a large number  
of sources to be statistically significant.

ICRA researchers study these two regimes, focusing  
on the gravitational arcs. The group develops tools   
to detect and characterize these objects in astronomical 
images and use them to limit models of matter  
distribution on lenses. Theoretical studies and 
computer simulations of arcs are also made. 
Furthermore, the group tries to measure the weak 
effect produced by clusters of galaxies.

Galaxy cluster Abell 370.
very large Telescope

Research >
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observational Cosmology 

Cosmology evolves on the basis of a constant dialog between theory and observation.  
ICRA is involved in various international Observational Cosmology projects,  
such as the CFHT Stripe-82 Survey (CS82) and the dark Energy Survey (dES).  
The CS82 obtained, in 2010-2011, high resolution images in a region of the celestial  
sphere known as “stripe 82”, which is also observed by another ten projects,  
covering a broad domain of the electromagnetic spectrum.  
A combination of those data proved a panchromatic view, and 
turns that region into one of the greatest potentials for Cosmology 
and Astrophysics applications. The dES, in its turn, started 
operations in the second half of 2012 and will continue on to 2017, 
providing images in five filters with an unprecedented combination 
of area, resolution and depth, which poses the project as the most 
important of its time in optical Cosmology. due to its combination 
of multiple observables (including supernovas, clusters, 
gravitational lenses, and large scale structure), the dES is capable 
of securing more precise and complementary measures that can 
limit models of dark energy, dark matter, and gravity changes.  
Both the dES and the CS82 are particularly adequate  
for the study of gravitational lenses, from the scale of galaxies  
to the large scale structure of the Universe.

ICRA has been involved since the initial phase of these projects, 
coordinating the Brazilian participation in the CS82  
and the strong gravitational lensing of the dES.

Another project coordinated by the ICRA is the SOAR 
Gravitational Arc Survey (SOGRAS), which uses Brazilian time in 
the SOAR and Gemini telescopes to obtain images of gravitational 
arcs in galaxy clusters. Between 2008 and 2010, 51 clusters were 
observed and 8 gravitational arc systems were discovered.  
This project has great synergy with CS82 and dES, and will try  
to explore a new image quality frontier for gravitational arcs.

Telescope of the Sloan 
Digital Sky Survey.
New Mexico, uSA 
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What is the speed  
of gravitational waves?

Two of the four fundamental forces known to us are short  
range forces, the weak and the strong nuclear forces;  
and two are long range forces, the electromagnetic and the 
gravitational forces. The electromagnetic forces propagate 
in the form of waves, the so-called electromagnetic waves 
(common light, X-rays, gamma rays, radio signals, and so on).

Though it is difficult to interpret the gravitational analog  
of electromagnetic waves as we know them, due to their 
intimate connection with the geometry of space-time, 
scientists believe that there are theoretical and observational 
indications to believe in the reality of gravitational waves.

From the formal point of view, it has long been known 
that an identification of gravitational waves with field 
discontinuities through certain surfaces allows us to infer, 
from the equations of General Relativity, that these waves 
have mathematical properties that are rather similar  
to those of electromagnetic waves. Just as photons  
– the quanta of this field – have their trajectories determined 
by free pathways, the so-called null geodesics, general 
relativity predicts that the hypothetic gravitons – the equivalent 
quanta of the gravitational field – would also follow these 
special, null geodesic curves.

Though there are indications that some form  
of gravitational wave emissions might be occurring in certain 
configurations involving binary stars, no gravitational wave 
has been directly determined yet. However, the international 
community believes, thanks to the efforts of a large number  
of observational projects from around the world, that the 
direct presence of these waves will soon be observed.

Research >
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National and 
International 
Cooperations >

One of ICRA’s objectives is to promote the exchange of researchers 

and students among national and international research centers 

and institutions. This activity leads to the dissemination of scientific 

knowledge as a source of attraction to new researchers. Internationally, 

it allows ICRA researchers and their associates to interact with scientists 

from other institutions and to promote the research being developed  

in our country. These exchanges are currently taking place with  

the following research centers and universities:
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 UNIVERSITÀ LA SAPIENZA  > Rome, Italy

 CENTRE DE PHYSIQUE THÉORIQUE  > Marseille, France

 UNIVERSITÉ DE PROVENCE  > Marseille and Aix-en-Provence, France

 CENTER Of fUNDAMENTAL INTERACTION AND METROLOGY  > Moscow, Russia

 LABORATOIRE ASTROPARTICULES ET COSMOLOGIE  > Paris, France

 INTERNATIONAL CENTER fOR RELATIVISTIC ASTROPHYSICS  > Pescara, Italy

 fERMI NATIONAL ACCELERATOR LABORATORY – fERMILAB  > Chicago, USA

 INSTITUT D’ANNECY DE PHYSIQUE DE PARTICULES  > Annecy, France

 UNIVERSIDADE fEDERAL DA PARAÍBA – UfPB  > João Pessoa, PB/Brazil

 INSTITUTO DE fÍSICA TEÓRICA DA UNESP  > São Paulo, SP/Brazil

 UNIVERSIDADE fEDERAL DO ESPÍRITO SANTO – UfES  > Vitória, ES/Brazil

 UNIVERSIDADE fEDERAL DE ITAJUBÁ – UNIfEI  > Itajubá, MG/Brazil

 UNIVERSIDADE fEDERAL DO RIO DE JANEIRO – UfRJ  > Rio de Janeiro, RJ/Brazil

 UNIVERSIDADE ESTADUAL DO RIO DE JANEIRO – UERJ  > Rio de Janeiro, RJ/Brazil

Cooperations >
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Brazil in the ICRANet network
The International Center for Relativistic Astrophysics 
Network – ICRANet is composed of a host of research 
groups from 12 countries – Armenia, Australia, Brazil, 
China, France, Germany, Italy, Japan, Russia,  
South Korea, United States, and Vatican – that act 
cooperatively in the areas of Relativity, Cosmology 
and Astrophysics. Besides the periodic working 
group meetings and the information exchange among 
scientists, the ICRANet organizes, every three years,  
the Marcel Grossmann Meeting, involving  
the community of scientists whose expertise 
comprehends all areas of Cosmology and Astrophysics. 
It was named after mathematician Marcel Grossmann 
(1878-1936) who substantially helped Einstein on his 
way to developing the modern theory of gravitation.

We should particularly point at Brazil’s formal 
entrance to the ICRANet by subscribing  
the cooperation agreement on September 21, 2005,  
in Rome, which enables ICRA’s immediate participation 
in the activities developed by the research centers  
and universities associated to the network.

On October 24, 2007, the Brazilian Federal Gazette 
published the Legislative decree N. 292 whereby  
the National Congress (House of Representatives and 
Federal Senate) ratified that cooperation agreement.

On August 12, 2011, President dilma Rousseff 
promulgated the establishment of ICRANet in Brazil, 
thus formalizing the legal existence of decree N. 292, 
issued in 2007. The ICRANet headquarters  
is in Pescara, Italy.

from left to right, Marcel Grossmann, Albert einstein, 
Gustav Geissler, and eugen Grossmann, in Thalwil, zurich, 
Switzerland, May 28, 1899.



I C R A  |  C B P F

67

President luiz Inácio lula da Silva’s 
letter to Brazilian ambassador  
Dante Coelho de lima,  
September 2005.

Cooperations >
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 universitY oF nice-soPhia antiPolis, France > www.unice.fr/

 universitY oF savoie, France > www.univ-savoie.fr

 universitY oF stockholM, sWeden  > www.su.se/english/

 universitY oF berlin, GerManY > www.fu-berlin.de/en/

 universitY oF Ferrara, italY > www.unife.it/unife-en

 universitY oF roMe, italY > www.uniroma1.it/

 icranet, italY > www.icranet.org/

 observatoire de la cote d’azur, France > www.oca.eu/

 centro brasileiro de Pesquisas Físicas, brasil (icra/cbPF) > www.cbpf.br

 tartu observatorY, estonia > www.aai.ee/

 albert einstein institut, GerManY > www.aei.mpg.de/

 shanGhai astronoMical observatorY, china > english.shao.cas.cn/

 indian centre For sPace PhYsics, india > csp.res.in/ICSP-WEB/icsp-main.html

International PhD Program
The activities associated with ICRANet include the PhD scholarship  
grant program. Every year, ICRA puts together a contest for PhD 
scholarships in Relativistic Astrophysics and related areas.

Lasting 3 years, these course programs and activities cover a broad  
range of themes, including mathematical and geometrical structures  
of space-time, classical and quantum theories of fundamental interactions, 
and observational techniques in Astronomy and Astrophysics.

Coordination of the IRAP PhD is headquartered in Pescara, Italy,  
and the courses are held in consortium involving the following institutions: 
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