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John Y. H. Soo'*, Bruno Moraes!, Benjamin Joachimi!, William Hartl OM mass concentrations and magnitude gaps of galaxy systems in the
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loav Waga: pioneiro da energia
escura no Brasil

THE ASTROPHYSICAL JOURNAL, 414:436-448, 1993 Septermber 10
@© 1993. The American Astronomical Society. All rights reserved. Printed in U.S.A.

DECAYING VACUUM FLAT COSMOLOGICAL MODELS: EXPRESSIONS FOR SOME
OBSERVABLE QUANTITIES AND THEIR PROPERTIES

I. WAGA
Universidade Federal do Rio de Janeiro, Instituto de Fisica, C.P. 68528, 21943 Rio de Janeiro, RJ, Brazil
Received 1992 November 25 ; accepted 1993 March I8

ABSTRACT

Flat cosmological models with a cosmological term varying as A = R~ % + BH? + y are investigated. Exact
expressions for observable quantities are obtained and some of their properties discussed. The lookback time-

redshift, the luminosity distance-redshift, the angular diameter distance-redshift and the comoving volume
derivative-redshift diagrams for some selected world models are also presented.

Subject heading: cosmology: theory

Antes das Supernovas do tipo la (1998)....



loav Waga: pioneiro de lentes no
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Decaying A cosmologies and statistical properties of gravitational lenses

L. F. Bloomfield Torres' and I. Waga"?

"Universidade Federal do Rio de Janeiro, Instituto de Fisica, Rio de Janeiro — RJ — Brasil — 21943
*NASA/Fermilab Astrophysics Center, Fermi National Accelerator Laboratory, Batavia, IL 60510, USA

Accepted 1995 October 12. Received 1995 September 25; in original form 1995 April 18

ABSTRACT

In this paper we investigate the statistical properties of gravitational lenses for
models in which a cosmological term decreases with time as Aoca ™", where a is the
scale factor, and m is a parameter (0 <m < 3). We show that for given low values of
the present matter density parameter Q_,, there is a wide range of values for m for
which the lensing rate is significantly smaller than that in cosmological constant (A)
models. We also show that models with low Q_, and m = 1 have a high likelihood of

reproducing the observed lens statistics in the Hubble Space Telescope Snapshot
Survey (HSTSS).

Key words: cosmology: theory — gravitational lensing.



loav Waga: pioneiro de lentes no
Mon. Not. R. Astron. Soc. 309, 465-473 (1999) B r a S i 1

Weak gravitational lensing by voids

Luca Amendola,"* Joshua A. Frieman'~ and Ioav Waga'*

'NASA/Fermilab Astrophysics Center, Fermi National Accelerator Laboratory, PO Box 500, Batavia, IL 60510, USA
*Osservatorio Astronomico di Roma, V. del Parco Mellini, 84, 00136 Roma, Italy

3Department of Astronomy and Astrophysics, University of Chicago, 5640 S. Ellis Avenue, Chicago, IL 60637, USA
*Universidade Federal do Rio de Janeiro, Instituto de Fiisica, Rio de Janeiro, RJ 21945-970, Brazil

Accepted 1999 June 2. Received 1999 April 12; in original form 1998 December 3

ABSTRACT

We consider the prospects for detecting weak gravitational lensing by underdensities (voids)
in the large-scale matter distribution. We derive the basic expressions for magnification and
distortion by spherical voids. Clustering of the background sources and cosmic variance are
the main factors that limit in principle the detection of lensing by voids. We conclude that
only voids with radii larger than ~100 2~ ' Mpc have lensing signal-to-noise ratio larger than
unity.

Key words: cosmology: theory — gravitational lensing.



loav Waga: pioneiro de
supernovas no Brasil

PHYSICAL REVIEW D VOLUME 57, NUMBER 8 15 APRIL 1998

Constraints from high redshift supernovae upon scalar field cosmologies

Joshua A. Frieman
NASA/Fermilab Astrophysics Center, Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, Illinois 60510

and Department of Astronomy and Astrophysics, University of Chicago, Chicago, Illinois 60637

loav Waga
Universidade Federal do Rio de Janeiro, Instituto de Fisica, Rio de Janeiro, RJ, 21945-970, Brazil
(Received 8 September 1997; published 27 February 1998)

Recent observations of high-redshift type Ia supernovae have placed stringent constraints on the cosmologi-
cal constant A. We explore the implications of these SNe observations for cosmological models in which a
classically evolving scalar field currently dominates the energy density of the Universe. Such models have been
shown to share the advantages of A models: compatibility with the spatial flatness predicted by inflation; a
Universe older than the standard Einstein—de Sitter model; and, combined with cold dark matter, predictions
for large-scale structure formation in good agreement with data from galaxy surveys. Compared to the cos-
mological constant, these scalar field models are consistent with the SNe observations for a lower matter
density, (),,~0.2, and a higher age, Hyt,=1. Combined with the fact that scalar field models imprint a
distinctive signature on the cosmic microwave background anisotropy, they remain currently viable and should
be testable in the near future. [ S0556-2821(98)03106-3]

PACS number(s): 98.80.Cq
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Conselhos de Ioav

® 1996: curso de cosmologia
® 2001: 2dF ou SDSS?
® 2002: volta do Fermilab

Inicio da colaboracao
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Unificacao Materia - Energia Escuras

® Muitos candidatos, mas nenhuma deteccao no laboratoério
(evidéncias apenas astrofisicas)

® Porque duas componentes desconhecidas?
Unificacao da matéria e energia escuras

=> Unifying Dark Matter ou Quartesséncia (loav) 0

® p < 0 e aumentando com
a densidade =

estabilidade
(cs2 = dp/dp > 0)
® Conservacao da Energia

(p+p)P=p

p =f(p)

densidade “congela”

Makler, 2001 (tese)



Unificagao Materia - Energia Escuras

® Energia Escura + Materia Escura: modelo “de
concordancia” mais simples

® Unificacao ME + EE: Quartesséncia

P(p) == [ -1(3,0 ")

adiabatico
Fluido efetivo K-essence
4(a+1)
p=_M L=_\/1_au¢ "¢ (paraa=1)
pOL

* Modelos sao consistentes com os dados?

* Que valores dos seus parametros sao permitidos pelas
observacoes?

» Obter resultados o0 mais geneérico e abrangentes possiveis



convexa

Unificagao Materia - Energia Escuras

® Energia Escura + Materia Escura: modelo “de
concordancia” mais simples

® Unificacao ME + EE: Quartesséncia

P(p)  e== [ —1(3,0 ")

adiabatico
Fluido efetivo K-essence
4(a+1)
p=_M - L=—\/1—8M(|) "¢ (paraa=1)
P
YL ® Modelo de Born-Infeld
p= e extendido
[log (p/M )] -
L=—aX?+BX +7
A _ap |
P = M CXP( M4) X = %90"‘305;@(/5;,3




Primeiro trabalho com Ioav:
Primeiros Limites Observacionais em Quarteséncia

Makler, Oliveira, Waga, Phys.Rev. D68 (2003) 123521

1
| . Analise Combinada:
| ® Dados de SNIa, lentes,
0.8 | galaxias FR IIb e raios-
X
0 &l | ®Limites mais fortes a
M | partir da métrica de
0, | - fundo
0.4 | ® GCG consistente com
os dados, incluindo
0 - “gas Chaplygin” e
| ACDM
| | ® Parametros do modelo
OC————F 335 3 hointervalo esperado



Regime Linear: Espectro de Poténcia

Reis, Makler, Waga, CQG, 2004

50000 + _ || Espectro dos barions | , .
I P Caracteristica geral de
i SN | modelos de convexos:
IS oS )
10000 NG _
o X upressao (e
8 5000 | oscilacoes) na
= \\N componente de
= N\l quartesséncia para
S \N perturbacoes
Al 1000 r N - . ] o
\ adiabaticas
500 _ |
® [nconsistente com
\\i dados de: og + P(k)

002 005 01 02 05 1
k(h Mpc?) Sandvik et al., Phys. Rev. D69, 123524 (2004)
Beca et al., Phys.Rev. D 67, 101301 (2003)

~Quartéssencia Logaritmica = Reisetal, Phys.Rev. D 68, 061302 (2003)




Quartessencia nao adiabatica

Reis, Waga, Calvao, & Joras,
Phys.Rev. D68 (2003) 061302

® Flutuacoes
Intrinsecas de
entropia tal que

Cseff — O

® Consistentes
com dados do
SDSS e 2dF

® Qutra solucao:
funcao degrau

Amendola, Makler, Reis, Waga, PRD 2006

50000

10000 -

P(k) [h-"Mpc]?

500 :

Reis, Makler, Waga, CQG, 2004

5000 -

1000

X

0.02

005 0.1 0.2 0.5
k(h Mpc)
Quartéssencia Logaritmica

1



Aglomeragao nao lienar

o Regime linear ok para ¢ & = ()

50000 -

o Assimetria (regime nio linear) §, = <6 3>/<6 2>2 10000 |

5000 -

o Parametros da quartesséncia em
acordo com outros dados levam a

P(k) [h-"Mpc]?

1000

S, ~15-20

o O modelo ACDM prediz (em acordo | § ~ § 002 005 01 02 08
com as observagoes): 3
. . A ~ Chaplygin
o Assimetria na componente barionica: generalizado
SBb ~ 3 | cf=0 |

» Deveriamos olhar a distribuicao de
mateéria total

=» Lentes gravitacionais ..
Teste “definitivo” para a quartesséncia

0.6 0.7 0.8 2.9 1

Estruturas ndo lineares + lensing =2 strong lensing = arcos




Available online at www.sciencedirect.com
SCIENCE @DIRIOT‘
PHYSICS LETTERS B

ELSEVIER Physics Leuers B 555 (2003) 1-6

ceff=0

(n2o adiabatico)

ou indistinguivel
de ACDM

www.elseviercom/ocate/npe

Constraints on the generalized Chaplygin gas from supernovae
observations

Martin Makler *°, Sérgio Quinet de Oliveira®, Ioav Waga "

T — PHYSICAL REVIEW D 68, 123521 (2003)

Observational constraints on Chaplygin quartessence: Background results

Martin Makler, Sérgio |

e — PHYSICAL REVIEW D 69, 101301(R) (2004) |
INSTITUTE OF PHYSICS PUBLISHING CLASSICAL AND QUANTUM GRAVITY

R. R. R. Reis, M. Makler, and 1. Waga

. T — T ——
Matter power spectrum for convex quartessence
R R R Reis', M Makler'?
L ————————— PHYSICAL REVIEW D 71, 043515 (2005)

Extended Born-Infeld dynamics and cosmology

M. Novello,! M. Makler,'* L. S. Werneck," and C. A. Romero’
R — EE—
PHYSICAL REVIEW D 74, 063524 (2006) N P——— ] -

Is it possible to observationally distinguish adiabatic quartessence from ACDM? , Navalha de Ockham

 Falseabilidade

L. Amendola,’ M. Makler,” R.R.R. Reis,” and . Waga®




A new hope in the Dark

arxXiv:1809.07409
New Scalar Field Quartessence

Robert Brandenberger,!'[{ Rodrigo R. Cuzinatto,? L[] Jiirg Frohlich,®[] and Ryo Nambal:§§

! Department of Physics, McGill University, Montréal, QC, H3A 2T8, Canada
“Instituto de Ciéncia e Tecnologia, Universidade Federal de Alfenas, Rodovia José Aurélio Vilela,
11999, Cidade Universitdaria, CEP 37715-400, Poc¢os de Caldas, MG, Brazil
Institute of Theoretical Physics, ETH Ziirich, CH-8093 Ziirich, Switzerland
(Dated: September 21, 2018)

We propose a cosmological scenario involving a single scalar field, ¢, that is a source of Dark
Matter as well as Dark Energy. The Lagrangian density of ¢ contains a second field x, for simplicity
assumed to be a scalar. For fixed values of x, the potential of ¢ decays exponentially at large
positive ¢-values. While ¢ is not coupled to Standard Model fields, x is assumed to couple to
them. Hence, the Green functions of x depend on the temperature of the local equilibrium in the
expanding universe. We assume that the coupling of x to ¢ is such that, at temperatures larger than
some critical temperature T¢, ¢ is trapped near the origin, and excitations of ¢ about the origin
form Dark Matter. After a phase transition at the temperature 7., the trapping force disappears
and ¢ rolls towards large field values. A homogenous component of ¢ appears and acts as Dark
Energy. Within overdense regions, such as galaxies and galaxy clusters, the kinetic temperature is
sufficiently high such that the phase transition does not occur. Thus, at the present time, ¢ can
decribe both Dark Energy and Dark Matter.
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Participacao Brasileira no DES

DARK ENERGY
Survey

Por que o DES?

® Projeto em fase inicial
» Envolver pessoas

/ /) ~ = . 7 —~
7 Wi ® Historico de colaboracao
e g J] com Fermilab

e ' o CBPF
pessoal
® Medio porte
® |nstrumento versatil:

Outros interesses
astrofisica brasileira




“II Workshop Darle Energy Susvey - Brazil

. 27-29 Eevereiro de 2008, ICRA/CBPE, RID de Janeiro, RI* ¥

| D g S . * ' R . -

| e .

’ E 3 .

\ 4 .
) ¢ » -
: Pes-BRAZIL . ‘ -

-
WWW.DES-BRAZIL.ORG ™

[I Workshop do Dark Energy Survey - Brazil

27/02: Parte I: Ciéncia e Desaftios do DES
28-29/02: Parte II: Reunidao de trabalho do DES-Brazil

Para mais informacgdes ¢ inscri¢des para a parte I: www.des-brazil.org (no menu reunioes)

LLocal: Auditério Min. Jodo Alberto Lins de Barros, Centro Brasileiro de Pesquisas Fisicas

Comité organizador: Martin Makler (CBPF), Paulo Pellegrini (()asilio Santiago (UFRGS), Thyrso Villela (INPE)

~ P53 ICRA Fa\ —— 0 &
\] 01C k\ B [a S| | "-‘ CBPF Ciincla @ Tecnologie !.!-%




UNIVERSIDADE FEDERAL DO RIO DE JANEIRO o * ¢

CENTRO DE CIENCIAS MATEMATICAS E DA NATUREZAe ° °
“: INSTITUTO DE FISICA Lo .
UFRJ http://www.if ufrj.br .o 6 .
Aos membros do consoreé* ’

@0
o 6‘

o A nao nos permite
.utlth de forma adequada.
“@ RV que a melhor solugao ¢ sairmos

[ «r1¢10 O. Calvao
* foav Waga

~o8ta crlada para
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Centro Brasileiro aékl/’esquisas Fisicas

DARK ENERGY SURVEY

\ ’ S ' o .
Leitura
das CCDs

Plano Diretor do CBPF

2011-2015



DARK ENERGY CAMERA
AND SURVEY

DARK ENERGY
SURVEY

- Plano Focal - : =
< 500 Megapixels, : ’ 2T\
9@ Field: ~ 3 deg2 i__ 1 @ i:
G 0.27 Ipixel 1 |
< Red sensitive CCDs 5
¢ ~ 1.8 Tb/night

- Blanco 4m telescope
< 30% of CTIO in 5 yrs (5625 nights)

Sg i, Z, Y=24624.1,244, 238,
21.3

- photometric redshifts

- accuracy: dz < 0.02toz =1
2
- Coverage: 5000 deg

- Current median seeing < 0.9”

- Survey started November 2012



Imagens miltiplas, grandes deformacoes, magnificagio, atraso
temporal

Geodésicas nulas

brilho superficial conservado : S .
s, Telescépios gravitacionais
acromatico

estrutura de galéxias e aglomerados 3 matéria escura e barions

informagdes complementares sobre a cosmologia e testes da gravidade

efeito forte de lentes, gravidade fraca

arcos gravitaclenais



ARCOS NO DES

SJURVEY DARK ENERGY
SURVEY

< Esperamos ~ 10° arcos no DES
(a partir de simulagoes e dados atuais)
< Propriedades medias das lentes
< Follow-up
< DES utiliza simulagoes no nivel das imagens: |
< galaxias + estrelas, absorgao, atmosfera, instrumento, etc.

- teste do processamento + analise cientifica
< Data-Challenges (201 1/12: DC6)

< Arcos simulados

< lestes extensivos nas areas com arcos simulados

< Arcfinders conseguem rodar com o volume de
dados do DES!

27



* Seleciona halos de catalogo
» Fatia plano das fontes em bins de z

* Seleciona posicoes e “lenteia” fontes
finitas

* |dentifica os arcos
» Adiciona arco a imagem e cria tabela

DARK ENERGY

- - SURVEY
source size high local

(half-light) ™\

magnifcation

| Lens Sersic —_—

ot e 0 T e R T source from

RN RS | UDF catalog
6 b e T Projected lens

» Plane
caustic sources close to caustic

Select source positions

WCS

— “Sextracted” arc

“postage stamp”
= arc parameters -=>
“truth table”

With Poisson

noise

PSF convolved

image




’ DARK ENERGY SURVEY @

DARK ENERGY

SURVEY DARK ENERGY
S1IRVEY

- Criagao e co-coordenagao do Strong LensmgWorklng
Group 9T

- Previsoes estatisticas para o DES

- Simulagoes de arcos para o DES:
AddArcs + PaintArcs/Arcfitting

- Caracterizagao e compragao de buscadores automaticos
de arcos

- Modelagem inversa

- Descoberta e modelamento de sistemas de arcos no DES
(dezenas de sistemas encontrados nos dados de Science
Verification)

29



Area do DES e sistemas com arcos

SDSS Stripe 3
.o J
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Overiap redsnft surveys
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$& Fermilab |Soor paet

Weloome to the Fermllab Center for Parﬂde
Astrophysics.

News & Events

Jo.aph Lazio (JPL)
mber 9 2:30PM, Dark Side 6W,

iery Monday, at 12:30PM, DEC 9 ONLY in Dark
de 6W, Wilson Hall, NOTE SPECIAL LOCATION

Monthly Highlights iy "

'Th'rough a lens darkly (and strongly)

Photo: Courtesy of DES. Examples of strong lensing systems Imaged In the DES science
verification (SV) data. Previously known strongly lensed, bluish-colored arcs are visible In the
DES Images of three rich galaxy clusters. Top row, from left: Bullet Cluster, RXC
J2248.7-4431 and El Gordo. A nearly complete Einstein ring Is visible In another cluster
lensing system (bottom left), which was previously found by Fermilab sclentists. Finally, two
new candidate systems discovered In the DES SV data are also shown: one with a glant blue
arc (bottom middle) and one with multiple blue images (bottom right).’

The Dark Energy Survey collected more than 34,000 exposures during its
science verification (SV) phase, from November 2012 to February 2013. It also
began lIts first official season of observations on Aug. 31. Among the millions of
astronomical objects imaged by DES so far, there are rare instances of "strong
lensing"” systems, where the effects of general relativity, Einstein's theory of
gravity, are demonstrated in visually striking fashion.

When a foreground "lens" object is by chance very closely aligned on the sky
with a much more distant background "source" object, the light from the
source may be significantly deflected as it passes by the lens, due to the
aravitvy of the lencina ohiect's macee Thie etrona lencina effect leade to hia




Sources at different redshifts

[ constrain not only the mass distribution but also the cosmology.

The angular diameter distance ratio for 2 (or more) images from
different sources defines the ‘family ratio’

_ - D(z.zs) D(0, ze)
=(21. 2e1. Zeo: S, O wx ) = — —
(21, Za1, 227 Sh, L, wx) D(0, z1) D(z1. 22)
Jullo et al., Science (2010) showed that is possible to constrain
Cosmology with Strong Lens systems, in a competitive way, applying this
method to the cluster Abell 1689
* 8 different source families with redshifts from 1.15 to 4.86

e ~ |/40 - 1/80 systems expected to be double source plane strong
lenses

[4] ~20 in DES!!



o 5 Abell 1689-like clusters at redshifts 0.2 to 0.6 with two multiple image
families at redshift 1.5 and 2.0

© modelled the mass distribution and the cosmology “all together”.

© Flat LCDM cosmology, and free w (DE equation of state parameter)
© Conservative error on the multiple image positions of 0”.5

0.0




DARK ENERGY
SURVEY

Feb. 10, 2015
Dr. Martin Makler
Centro Brasileiro de Pesquisas Fisicas
Rio de Janeiro, Brasil

Dear Martin,

I am writing to regretfully inform you that the Dark Energy Survey (DES) Management Committee has
not approved your application for Associate Membership in the DES Collaboration. This decision, which
comes after an extended period of discussion and examination, has not been an easy one to reach. The
primary considerations were two-fold, namely that (1) you and your group did not actively contribute to
the infrastructure tasks taken on by DES-Brazil when it joined DES, including the Science Portal, Quick
Reduce, and Quality Assurance pipelines, and (2) your participation level in DES has fallen off
substantially over the last several years, while Associate Members are expected to be active participants in
and contributors to the collaboration.

According to the DES policies, your access to DES data and your Builder status are both contingent upon
your membership status. Therefore, with the termination of your membership in DES, your data access
and Builder status will end as well. Any students or postdocs of yours will also no longer have access or
be able to participate in the project. In order to enable you and them to wrap up any current DES activities,
your membership end date has been set as March 31, 2015.

I note that if you wish to continue participating in any DES activities beyond that date, or you wish to
have any of your students or postdocs participate, you will need to have someone in DES sponsor you or
them as an External Collaborator on a specific project or projects.

Again, this has been a difficult process, and I am sorry it did not turn out differently. I wish you all the
best in your research career.

Yours Sincerely,
Joshua A. Frieman Luiz Inacio falou

Director of the Dark Energy Survey Luiz inacio avisou
Fermilab Center for Particle Astrophysics

Professor of Astronomy & Astrophysics
Kavli Institute for Cosmological Physics
The University of Chicago



COSMOLOGICAL CONSTRAINTS
Frontier Field Cluster AS1063 (aka RXJ2248)

RX)2248 (z=0.35), HST/ACS _
(B.Caminha et al. 2016a,b) +
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Total of 17 families (10 spectroscopic) g

48 (30) multiple imageés, Zrange= 1.0-6.2 o

2016

MUSE SV programme + GO (PI: K.Caputi)

(Karman et al. 2015)
(W.Karman et al. 2016, arXiv/160601471)

Caminha et al,,

Strong lensing
RXJ2248

Planck
release 2

1 arcmin2 FoV

2.6 A resolution (4800-9300 A)
0.2 arcsec/pxl

Exp.=5 hrs




Distance ratios from the ground!?

Example: RXC |2248.7-443 |

Planck
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E

9

()

3,

=

=
HFF: magAB ~ 29, 7 filters + MUSE HFF degraded to FWHM = 0.6,
(including 5 new families) mag = 25 (7 families, | 7 multiple

images), assuming known redshifts

® ~ 20 systems would yield the same constraints

® Better for systematics and comparison to simulations

WIW ‘Byuiwe) ' ‘wog "D



Novos limites com Abel S1063

- Dobro de familias de imagens multiplas
- Comparacao e combinacao com outros observaveis

Bom, Makler, Caminha, Vitenti, Penna-Lima (2018, in prep.)

Limites exclusivamente
de Strong Lensing:

SL (AS10603)
Jai +0.062
it +0.030

Unico sistema!

Teste de consisténcia
Refsdal

Futuro promissor,
especialmente para DM




RESUMO

o Energia Escura e Quartessencia (de cabo a rabo)

DARK ENERGY

o DES e Lentes Gravitacionais

’ o Em tempos tao sombrios, sabedoria, serenidade,
equilibrio e realismo otimista em politica global e
cientifica

o Grande impacto em diversos momentos da
. carreira e da vida

© Obrigado e um forte abrago!!!




