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Valongo Observatory
Astronomy Department of the
Federal University of Rio de Janeiro

* 60 years forming undergraduate Astronomy students
— the only one in Brazil until very recently
* >10 years of Master Program, ~5 years of PhD program
* Demographics:
— 14 professors
— ~5 postdocs
— 12 master students
— 10 PhD students

— 20 new undergrads/semester




Astronomy 1n Brazil

80 institutes in total

(based on the Brazilian
Astronomical Society 2011

census)
UFRN  +3
UESC ]
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+22 other institutes, including SOAR! _




Astronomy 1n Brazil

Gemini North/South (8m) 80 institutes in total
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Galaxy formation:
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alaxy formation: The classical view

Planck collaboration

Formation of t
large-scale structure
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HST

Galaxy formation: The classical view

(ISM): gas
Non-linear

feedback,

The interstellar medium

and stars

Drocesses:

mechanical & radiative

urbulence,

magnetic fi

elds

Gastrophysics



Galaxy formation: The classical view

S A .~ Cosmologists |

7 39 DARK ENERGY

\23% DARK MATTER

3.6% INTERGALACTIC GAS

0.4% STARS, ETC.




Galaxy formation: The classical view

Extragalactic
. Astrophysicists |

7 39 DARK ENERGY

\23% DARK MATTER

3.6% INTERGALACTIC GAS
4% STARS, ETC.
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Galaxy formation: The classical view

But dark matter Is a

fundamental ingredient

om 21 cm B4
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Galaxy formation: The classical view

Baugh (2006)

Key:

O dark matter
‘ hot gas
. cold gas

Classical view:
gas collapse ana
disk formation




High redshift:

A different paradigm



High-redshift: a different paradigm

lookback time {(Gyr)

02 4 6 8
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Madau & Dickinson 14

The universe was
forming stars more
rapidly in the past



Protoclusters and the Establishment of the
(Gralaxy-Environment Relation

Galaxy cluster

Observalorio
do Valongo

Universidade Federal
do Rio de Janeiro

Proto-cluster

Toy model (Yi-Kuan Chiang, U. Texas)

Karin Menéndez-Delmestre
Valongo Observatory

Federal University of Rio de Janeiro, Brazil



Galaxy properties are connected to the environment
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Galaxy properties are connected to the environment

 Morphological segregation .' S 4
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Galaxy properties are connected to the environment

* Morphological segregation
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Fraction of spirals
(star-forming galaxies)
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Denser environments



What’s the origin of the galaxy-environment relation?
Nature or Nurture? (that is the question...)

Nature?

« The environment establishes different initial conditions for different
galaxies

* Galaxies are intrinsically different from the beginning
* The formation of ellipticals occurs at high-z in the densest regions



What’s the origin of the galaxy-environment relation?
Nature or Nurture? (that is the question...)

Nature’ . : ~ _

: : : - _ NGC4522

* The environment establishes differen N HionR  «
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* Galaxies are intrinsically different
* The formation of ellipticals occurs
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Nurture? Kenney et al. 2003

* Galaxies follow different evolutionary paths, depending on their local
environment.

* Dense environments transform actively star-formging galaxies into
more quiescent galaxies via interactions and removal of gas



What’s the origin of the galaxy-environment relation?
Nature or Nurture? (that is the question...)

Nature?

* The environment establishes different initial conditions for different
galaxies

* Galaxies are intrinsically different from the beginning
* The formation of ellipticals occurs at high-z in the densest regions

Nurture?

* Galaxies follow different evolutionary paths, depending on their local
environment.

* Dense environments transform actively star-formging galaxies into
more quiescent galaxies via interactions and removal of gas

BOTH?
* There are isolated galaxies with low star formation rates

AN

a the environment is not the only determinant!



What’s the origin of the galaxy-environment relation?

* Need to look back at the peak epoch of galaxy formation,
where initial conditions

likely set the stage for
the establishment of lookback time (Gyr)

the galaxy-environment 024 6 8 10
relation. '

Outstanding challenges
remain to identify and
characterize overdense
regions in the distant
universe.

2 3 4 5 678
redshift




How to 1dentify galaxy-overdense regions?
At low redshift:
(D Galaxies

— Optical/near-IR/mid-IR: look for the in already-
established clusters

(Gladders & Yee 2000)

-SPARCS151641+554513
.ZSpe( =1.16 .
02900 + 260 kgns ' ¥
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How to 1identity galaxy-overdense regions?

At low redshift:

1) Galaxies
@ Gas

— X-ray: trace the hot intracluster gas (e.g., Chandra, XMM)

v

Abell 6565

IMNCS J1149,5-223

ADEtt 2029 oo xomnr

CHANDRA X-RAY DSS OpPTICAL

. | &

£Aball 1689

Chandra images
Credit: NASA/CXC/MSFC/M.Bonamente et al.

CLJ1226.943332 «Abell 1514




How to 1dentify galaxy-overdense regions?

At low redshift: Abell 2319 Planck/ESA

143 GHz el7 GHz 353 GHz

— Sunyaev-Zeldovich effect using CMB experiments (SPT, ACT,
Planck)
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How to 1dentify galaxy-overdense regions?

At low redshift:
1) Galaxies

@ Gas

— X-ray: trace the hot intracluster gas (e.g., Chandra, XMM)

— Sunyaev-Zeldovich effect using CMB experiments (SPT, ACT,
Planck)

(3 Gravitational lensing
— Currently expensive, but, e.g., ESA’s Euclid mission, ~2020

>

NASA/ESA



How to 1dentify galaxy-overdense regions?

At low redshift:

M Galaxies
* Optical/near-IR/mid-IR: look for the red sequence in already-
established clusters (Gladders & Yee 2000)
2 Gas

— X-ray: trace the hot intracluster gas (e.g., Chandra, XMM)

— Sunyaev-Zeldovich effect using CMB experiments (SPT, ACT,
Planck)

No perfect approach... out to z~1-2
(though extending further with follow-up of SZ-detections)

By the nature of these techniques, (most of) of these
clusters are already "formed"”



Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large

scale structure atz~ 25

Largest black holes
(and biggest
galaxies) at high
redshift, so likely
progenitors of BCGs!

W Starc/Early-tyoe BCG
/ Y-y
* Stars/Early-tyoe non-BCG

K Stars/late-type Br]ght N3342
. e Cluster
C F cn-BCG

MN13a07

® Gastlotervs Galaxies
A Masers/Early type
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Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure at(@« Qe'n5mans+02, Kurk+04, Overzier+05)

Ha emitting gz‘;\laxies
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Protocluster at z~2.2 around radio galaxies with Subaru Telescope
(Shimakawa+14)



Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure at(@« Qe'n5mans+02, Kurk+04, Overzier+05)
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Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure at(Zqs Zr9mans- pulE G,
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Approach:

Look for “more normal” galaxies
in the vicinity of these tracers

Protocluster at z~2.2 around radio galaxies with Subaru Telescope
(Shimakawa+14)



Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure at(Zqs Zr9mans- pulE G,

« W
() @
i .,— <) v
g eAC o .
- .
Approach:

Look for “more normal” galaxies
in the vicinity of these tracers

Protocluster at z~2.2 around radio galaxies with Subaru Telescope
(Shimakawa+14)



Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure atzs- 25

* Protocluster galaxies are already more evolved than those in
the field - accelerated formation in dense regions

More =*

Already evidence . :
massive °

for enhanced
evolution

LBGs at
LZ~2.3

-3
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Redshift

Steidel et al. 2005

Redshift




Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure atzs- 25

* Protocluster galaxies are already more evolved than those in
the field - accelerated formation in dense regions

Quite successful
approach

‘ emitters
at z-2.2

s Ly-a &l Around
emitters §l radio galaxy
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Protocluster tracers at higher redshitts

* Radio galaxies and quasars have been used to map the large
scale structure at@g, \?en5mans+02, Kurk+04, Overzier+05)

* Protocluster galaxies are already more evolved than those in
the field - accelerated formation in dense regions

HOWEVER:

1. These tracers represent a short stage in the life of a galaxy (-~ 10/
years)

2. Radio fluxes drop with redshift
— strong observational bias towards more evolved structures

Many additional forming clusters... We need more abundant
(somewhat less extreme) tracers!



High-Redshift Ultra-luminous Galaxies —

untapped tracers of large-scale structure

* More abundant than QSOs by a factor of ~5-10
— Submillimeter-selected ULIRGs




High-Redshift Ultra-luminous Galaxies —

untapped tracers of large-scale structure

* More abundant than QSOs by a factor of ~5-10
— Submillimeter-selected ULIRGs

Why is the submm selection so special?

“Normally”, the further a galaxy is,
the fainter it appears




High-Redshift Ultra-luminous Galaxies —

untapped tracers of large-scale structure

* More abundant than QSOs by a factor of ~5-10
— Submillimeter-selected ULIRGs

Why is the submm selection so
special?

 “Normally”, the further a galaxy
is, the fainter it appears

* (negative) K-correction in the \
submm/mm beats the odds! : 1601

350um

— As we search for galaxies . sonum
further and further away, the RN ~ 1.1mm

1.3mm

submm/mm flux stays
approximately the same!

SMGs are just as submm-bright at z~1
as they are at z-5 - key to inspect
the very distant universe!




Submm Galaxies: Signposts of Protoclusters

(an on-going 1nvestigation...)

Co-Is: Peter Capak (Caltech, EUA), Andrew Blain (Leicester, UK),
Kartik Sheth (NRAO, EUA), Thiago S. Goncalves (Valongo/UFRJ),

Claudia Scarlata (U. Minnesota, EUA), Aldee Charbonnier (Valongo/
UFRJ), Harry Teplitz (Caltech, EUA), Paulo A. Lopes (Valongo/UFRJ)
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Submm Galaxies: Signposts of Protoclusters

(an on-going 1nvestigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps

(1) Identification of overdensity members Narrow-band selection
of Lya emitters

16h-field (z~2.4)
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o
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Ly-a
candidates




Submm Galaxies: Signposts of Protoclusters

(an on-going 1nvestigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps
(D ldentification of overdensity members

COSMOS SMG at z~4.5

080 Redshift peaks
SMG|SMG around SMGs

secled Flux Cenzity
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Submm Galaxies: Signposts of Protoclusters

(an on-going investigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps
(D ldentification of overdensity members
(2 Characterization of overall significance of the overdensity

— use studies of Lya emitters in the field (i.e, outside of
overdensity) at similar redshifts as a control comparison

(e.g., Large Lyman Alpha Survey; Rhoads et al. 2000)




Submm Galaxies: Signposts of Protoclusters

(an on-going 1nvestigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps
(D ldentification of overdensity members
(2 Characterization of overall significance of the overdensity

— use studies of Lya emitters in the field (i.e, outside of
overdensity) at similar redshifts as a control comparison

HDF-North - SMGS i
at z=1.99 |

j Tracers of halos with more modest
Miseal  masses, caught in an active period

- SMGs appear to trace a wider
range of environments!

| Chapman+09



Submm Galaxies: Signposts of Protoclusters

(an on-going 1nvestigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps
(D ldentification of overdensity members
(2 Characterization of overall significance of the overdensity

(3 Follow-up study of overdensity members to extract individual/
stacked galaxy properties (e.g., mass, activity), probing for trends in the
spatial distribgess

r . v .
AN LT SO . ‘ ] . .
' Spitzer IRAC: 3.6, 4.5um

IMACS



Submm Galaxies: Signposts of Protoclusters

(an on-going investigation...)

* We target candidate overdensities at z~1-5
> 4 Gyr during which a protocluster slowly approaches virialization

Steps
(D ldentification of overdensity members
(2 Characterization of overall significance of the overdensity

(3 Follow-up study of overdensity members to extract individual/
stacked galaxy properties (e.g., mass, activity), probing for trends in the
spatial distribution

4 Assessment of distribution in galaxy properties according to

protocluster maturity a8
(e.g., overdensity mass, gaussianity of the

relative velocity of overdensity members)




Take Away Points

* Most massive structures formed over a wide redshift range
— They are forming their stars/galaxies at z>2

— Need to probe higher redshifts to trace the origin (and
evolution) of the galaxy-environment relation



Take Away Points

* Most massive structures formed over a wide redshift range

— They are forming their stars/galaxies at z>2

— Need to probe higher redshifts to trace the origin (and
evolution) of the galaxy-environment relation

* Radio galaxies have been successfully used as tracers of
protoclusters, but need more abundant tracers at high

redshift!
* SMGs appear to be good tracers of overdense regions at z>1
— tracers of structures with modest masses caught in highly
active periods

- SMGs may be tracers of a wider range of environments
beyond the progenitors of todays very rich clusters



Take Away Points

Most massive structures formed over a wide redshift range
— They are forming their stars/galaxies at z>2

— Need to probe higher redshifts to trace the origin (and
evolution) of the galaxy-environment relation

Radio galaxies have been successfully used as tracers of
protoclusters, but need more abundant tracers at high redshift!

SMGs appear to be good tracers of overdense regions at z>1

— tracers of structures with modest masses caught in highly
active periods

- SMGs may be tracers of a wider range of environments
beyond the progenitors of todays very rich clusters

With our program we aim to probe for changes in the
distribution of galaxy properties and explore the way galaxy
and local environment relate to each other within the broader
picture of a cosmologically-evolving overdensity.



The Nebular
Gas In star-

forming galaxies
at high redshift




Star formation in galaxies



Star formation in galaxies

- . Local universe




Star formation in galaxies

-+ . Local universe
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Interactions and mergers?

Marta Volonteri, UMich HST
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Virial mass: 2K+U =0
What is the main dynamical component?



Analogs at low redshift

Hoopes+07
Overzier+09

032845 035733 040208 143417
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e 7z~0.2
e Selected by ultraviolet luminosity
and surface brightness




Analogs at low redshift

Overzier+11 Santos-de-Oliveira+ in prep
1013 b | b | T I I
gal] © CUVLGs + LBAs s/FourStar
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Lyman break analogs (LBAs)



- Compact objects, high SFR, strong line emission
— great case!

-  Resolution down to 200pc with AO, very close to
diffraction limit in a 10m telescope

. Observed line: Pa-a in the K-band



- Compact objects, high SFR, strong line emission
— great case!

-  Resolution down to 200pc with AO, very close to
diffraction limit in a 10m telescope

. Observed line: Pa-a in the K-band






Data at high z?

Real data

Artificially
redshifted
to z=2.2

Law et al. 2007
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stronger velocity shears with Goncalves+10

similar values to high-z
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i 0 & AT G 0 M Krajnovic et al. 2006
Shapiro et al. 2008

1| m L1
0.10 1.00 10.00

- Asymmetry measurement
- Distinction between mergers and rotating disks



i 0 & AT G 0 M Krajnovic et al. 2006
Shapiro et al. 2008

1| m L1
0.10 1.00 10.00

- Asymmetry measurement
- Distinction between mergers and rotating disks
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Can we detect . 135355

mergers at high
redshift?

Overzier et al. 2010



Can we detect . 135355

mergers at high
redshift?

Overzier et al. 2010
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Environment of LBAS

What is the environment of LBAs?
Luidhy Santana da Silva, PhD student

The ELBA/DECam survey:
e 3sQ. degrees at atime

* 4 bands (u,g,ri)

* equatorial fields

* detection limits (10-o0 AB, estimated):
25.0 (u), 26.0 (g), 25.5 (), 24.5 (/)
(complete at z~0.2 down to 10° M_sun)
* 27 sq. degrees completed thus far
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Summary

- Dark matter is taken for granted when it comes
to galaxy formation studies, but it is
fundamentally important

* The formation of structures across cosmic time
is heavily influenced by the dark matter
content. How can we measure this?

The same is true for galaxy formation within
dark matter haloes



Summary

- Dark matter is taken for granted when it comes
to galaxy formation studies, but it is
fundamentally important

* The formation of structures across cosmic time
is heavily influenced by the dark matter
content. How can we measure this?

The same is true for galaxy formation within
dark matter haloes



