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Cours 1 : Introduction



Questions

« Spectre de puissance

« Structures en tant qu'avant-plan CMB
« Matiere noire

« Structures elles-mémes

« Contraintes sur l'inflation

* Fonctionnement de la gravité

* Topologie

* Energie noire
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Questions You Should
Want To Know The Answer

To

 What are these structures?
* How do we to study them?
* Why study them?

14/1/08 Structures



Our Galaxy

Sun at ~8 kpc from center
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Our Galaxy -2MASS View

2MASS = 2 Micron All Sky Survey; 3 bands J(1.25 microns) H (1.65) K, (2.17)

http://www.ipac.caltech.edu/2mass/gallery/showcase/

@MASS e

Image made from star counts in each band (not a direct image), down to K. =13.5
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A Universe of Galaxies

2MASS = 2 Micron All Sky Survey; 3 bands J(1.25 microns) H (1.65) K, (2.17)

Blue: z<0.01 N Ly A TR S Red: 0.04<z<0.1

Jarrett, T.H. 2004, PASA, 21, 396 http://spider.ipac.caltech.edu/staff/jarrett/papers/LSS/
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2MASS Redshift Movie

http:/Ispider.ipac.caltech.edul/staff/jarrett/2mass/LSS/2mass xscz.mov
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Galaxy Characteristics

The Hubble Tuning SBa
Fork with example
galaxy images SBb
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Hubble Ultra-Deep Field (UDF)

3 arcmins

HUBBLE
ULTRA
DEEP FIELD

South Celestial Pole

11.3 day exposure!
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: :HUBBLE ULTRA ILEEP FIELD (HUDF)

Surveys observed by
Hubble Space Telescope

ACS '(Advan_ced Camera for Surveys) HUDF

NICMOS (Near Infrared Camera and
" Multi-Object Spectrometer) HUDF*

[] ACS GOODS (Great Observatorles Orrgms
- Deep Survey) . -

B ACS GEMS (Galaxy Evolution from Morphology
and Spectral energy distributions

Diameter of the Moon as seen from Earth
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Tremendous
number of
galaxies 1n the
universe!!
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Pairs, groups,
clusters,

mmO O® >

A Hierarchy of Structure

: Milky Way et et T
-9(Qe°

W

Perseus-Pisces Supercluster

: Coma Cluster
: Virgo Cluster/Local Supercluster

Hercules Supercluster

: Shapley Concentration/Abell 3558
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Coma galaxy
cluster

G: Hydra-Centaurus Supercluster

H: "Great Attractor"/Abell 3627

I: Pavo-Indus Supercluster

J: Horologium-Reticulum
Supercluster
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Galaxy Clusters

Galaxies: _ Early types

10 - 1000
poor groups -  rich clusters

HST »

Galaxy Cluster Abell 2218
NASA, A. Fruchter and the ERO Team (STScl) » STScl-PRC00-08
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Distribution in 3D

2dF Galaxy Redshift Survey

All-sky map APM Survey

4° slice
63,361 galaxies
141,402 t1otal

redshift space diagram # real space ... more later...
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SDSS =
Sloan Digital
Sky Survey

Gott et al. 2005,
Apd 624, 463
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Lookbock time (billions of years)
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Objects: knots in the fabric
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Millennium Run-
10.077.696.000° particles »

Structures

15

uniwersind

PARIS

‘DIDEROT

=
"



vk sird

Halos Host What We See

DIDEROT

PRRIS D

PARIS

Galaxies
(POSS)

Intergalactic
gas
(Chandra:
X-rays)

Need Halo Mass

SN . e | AT e Measurements to test
Colberg & Diaferio (GIF, MPA) theory
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Halo Mass Spectrum

Mass Function

1 00 Ty T T T oy

:DIDEROT

PARIS

Groups: >1012-1014

Galaxies: 1072
1010-1012

1074

dN/dInMdV (Mpc ™)

10°®

1079
10 10"

1 012 1 013 1 014
Mass (solor masses)

Galaxy Cluster Abell 2218 HST « WFPC2
1 4/1 /0 8 Stru Ctu res NASA, A. Fruchter and the ERO Team (STScl) » STScl-PRC00-08
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SDSS Movie

http://video.google.com/videoplay?docid=-8252705102362324792
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Discussion

e How do we want to describe these
structures?

— What are they/what do they mean?

* What other ways do we have to search for
structures?
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Absorption Systems

Lyman Hmit LyB Lyo |[m cu Sy st 1y

Ly .

s a ! . R N 1 . 1 a a . x 1 s
3500 4000 4500 S000 SS500 S000

Wavelenglh
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Far-Infrared Background

240 microns (red), 100 microns (green), 60 microns (blue)

Ned Wright
http://www.astro.ucla.edu/~wright/CIBR/images.html
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WMAP
Hinshaw et al. 2006
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Cosmic Microwave
Background (CMB)

B ] o4 GHz

-200 T(uK) +200

Structures
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Cosmic Shear

DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES
Gravitational deflection

of light rays by general
matter distribution

Distorts the shapes of
background galaxies

S. Colombi, IAP

SIMULATION: COURTESY NIC GROUP, S. COLOMBI, IAP.
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Dark Matter Fabric

__Theory - Observations

Yellow: galaxy number

'DIDEROT

PARIS

A
O
- Q
,,,,,,,, ] =
S
= ™
i} o
o
©
N
Millennium Simulation Project (10 particles : :
Dark Matter Distribution I ) , M

150.6 150.4 150.2 150.0 149.8 149.6
Right Ascension [degrees]

COSMOS projected mass distributions
(Massey et al., 2007)

14/1/08 Structures 24



The Big Picture

Observational basis:

Gott et al. 2005,
ApJ 624, 463 -

.
SDSS- B b Lookback time (billions of years)

-
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The Big Picture

Beginning Planck era

theory

Inflation (?)

baryogenesis

~— baryon formation
QCD T~100 MeV

v decoupling  T~1 MeV

ete” amnihilation } '
T~05 MeV = Naucleosynthesis
T~0.1 MeV

thermalization
lﬁﬂequaﬁty epoch
T~1eV z~10"*

™ decoupling (LSS)
T~01eV z~1000

2dF Galaxy Redshift Survey

2dF

s z~5

4° slice
63,361 galaxies i U
141,402 total

%

A : = & — Today: gals; clusters
Large-scale structure

T~3K~0.0001 eV



Physics 2006
Nobel Prize

- John Mather
* George Smoot
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Deployable Sun, Earth,

FIF/Then"naI Shield

Helium Dewar —

i, Depl_oyablé Solar Panels -

" . Deployable Mast

" TDRSS Orfini Antennia, ©

Structures

~“Earth Sensors "

: WFF Omni Antenna - .




Overview

Wavelength [cm]
1

Planck era

10 - -
e T = Beginning

THz'lsr T

S

Brightness L [erg ::m_2

i

/L-

. Inflation (?)

baryogenesis

Penzias & Wilson
3.551.0K + FIRAS COBE satellite
DMR COBE satellite

] I'aB_L - ltaly White Min & South Polg
= Princeton ground & balloon - baryon format;on

® Cyanogen opfical 7 QCD T~100 MeV

——2.728 K blackbody
i m 00
Frequency [GHz] v decoupling  T~1 MeV
¢'e” annihilation ;J "]'
T~05 MeV = Naucleosynthesis
T~0.1 MeV
\ thermalization
] T~1 keV
l{jequalfty epoch
T~1eV 2z~10*
8 et decoupling (LSS)
Lo TF
s EPE T~0.1¢eV z~1000
-« SNla

FoSNIL
2__(3§§plhelds

log d

_ z~5

0'::'....|....|....|....|.‘.._ =
-35 -3 -2.5 -2 -1.5 -1

log z T~3K~0.0001 ¢V

Today: gals; clusters



Why Study Them?

* To explain their origin and evolution; it’s
part of cosmology

» Use them to understand cosmology
— Nature of Dark Energy
— Nature of Dark Matter
— Parameters
— Neutrino Mass
— Fundamental Physics
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