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exercice 1


2. w
hy galaxy form

ation is a(n interesting) 
problem

 ?


Feb-2015

Hervé Dole, IAS - M

2NPAC Advanced Cosm
ology - Dole/Joyce/Langer 


3


exercices 3 and 4


3. how
 to adress these problem

s ?


! 3.1 theory (lectures 5, 6, 7)

! how

 the sctructures can grow
 in an expanding Universe ?


! exam
ple


! 3.2 com
parisons data vs m

odels

! exam

ple: CM
B


! exam
ple: statistical tools


! observations
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3.1 need for theory


Feb-2015

Hervé Dole, IAS - M

2NPAC Advanced Cosm
ology - Dole/Joyce/Langer 


5


grow
th of perturbations
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From
 N. Bavouzet’s PhD Thesis, http://tel.archives-ouvertes.fr/tel-00363975 ;


from
 M

. Langer & H. Dole NPAC lectures, c2008


-> see

M

ichael’s lectures

for the dem

onstration


3.2 from
 m

aps to cosm
ological param

eters
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3.2 betw
een last scattering surfaces
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F. Noel – AAV  2010


Planck - thecmb.org


Planck+13


Ludwig+09


need for 
statistical 

tools
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3.3 history of the universe
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Hu & W
hite, 2004


?  ?

structure form

ation,

galaxy evolution


redshifts of interest: 
1090 to 0


but m
ore im

portantly 
10 to 0


Planck 15 m
ois


Planck Collaboration, 2013


4. overview
 of observation facts
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! 4.1 CM
B


4.2 extragalactic background light
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EBL (Extragalactic Background Light) tells us 
about 

the 
processes 

involved 
in 

galaxy 
form

ation & evolution (budget for radiation 
em

ission by nucleosynthesis & gravitation, 
presence of dust, …

). All fundam
ental forces 

are at play.
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 [Kashlinsky, 2005]


cosm
ological backgrounds
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D

ole et al., 2006 ; D
ole 2010 H

D
R

 
D

ole &
 B

étherm
in in prep 



4.3 overview
 of observation facts


! spectrum
 of the CM

B

! large scale isotropy of the CM

B tem
perature


! sm
all anisotropies of the CM

B tem
perature and polarization


! large-scale distribution of galaxies

! correlations (e.g. BAO

), redshifts, flux distribution etc..

! galaxy clusters

! SN

! lensing on various tracors (CM

B, clusters, galaxies)

! quasars and absorption lines

! ...
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scales of m
ass, dim

ension, d contrast
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Yannick M
ellier, IAP, 2002


M
ass in Solar m

asses


Density contrast d
ρ/ρ"

photom
etric survey APM

, 1990
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photom
etric near-infrared survey: 2M

ASS
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2M
ASS + redshifts: structures
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spectroscopic surveys
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Peacock, 2002


spectroscopic surveys
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Peacock, 2002


spectroscopic surveys
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adapted from
 Springel, 2006, YM




spectroscopic survey VVDS
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scales probed by SDSS
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SDSS, D. Hogg


SDSS:

- 8000 Sq. Deg.

- 215e6 objets

- 1e6 spectres

- 15Tb de données 
en ligne


http://w
w

w.sdss.org/dr8


strong & w
eak lensing
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w
eak lensing -> DM

 distribution
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sim
ulations
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z=6


z=2


z=0

V. Springel

http://w

w
w.m

pa-garching.m
pg.de/galform

/data_vis/


100 h
-1 M

pc


sim
ulations
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V. Springel - Code: Hydra

http://www.mpa-garching.mpg.de/galform/data_vis/


m
atter pow

er spectrum
 P(k)
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other facts and tracors

! ellipticals vs disk galaxies: 

physics of cooling

! G

alaxy clusters

! high-z galaxies


! infrared & subm
illim

eter

! Lym

an-a related sources

! forest

! em

itters

! break

! ERO

, LRG
s


! gam
m

a ray bursts

! supernovae

! background em

issions


! Baryonic Acoustic 
O

scillations

! other statistical properties 

of galaxies

! lum

inosity function, num
ber 

counts, colors, n(z)
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5. overview
 of structure and galaxy form

ation
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structure and galaxy form
ation
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Mo, van den Bosch, White fig 1.1


structure form
ation


galaxy 
form

ation


linear regim
e


non-linear regim
e


som
e tim

escales
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Mo, van den Bosch, White sect 1.3


som
e tim

escales
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Mo, van den Bosch, White sect 1.3




m
ass-radius relationship
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Padm
anabhan, 1993, fig1.1


tcool=tgrav

line


tcool = cooling tim
e


tgrav = tim
escale for 

gravitational collapse


GMmp/R: potential well

m

ass-radius relationship


hierarchical form
ation
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Mo, van den Bosch, White fig 1.3


6. introduction to statistical tools: tow
ards 

the pow
er spectrum
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w
hat is a pow

er spectrum
 ?
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Fourier analysis


Courtesy Marc-Antoine Miville-Deschênes


Espace direct: 
tim

e


Espace 
conjugué: 
fréquence 
tem

porelle
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Courtesy Marc-Antoine Miville-Deschênes


1 sine

centered


2 sine

centered
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Courtesy Marc-Antoine Miville-Deschênes


n sinus

décentrés


n sinus

centrés
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Courtesy Marc-Antoine Miville-Deschênes


n sine

not


centred


autosim
ilar


form



(fractal)
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Courtesy Marc-Antoine Miville-Deschênes


n sine

not


centered


W
M

AP 1 yr




m
ultipoles applied to the CM

B
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Hinshaw
 et al., 2007, W

M
AP3


Ylm
 courtesy Benoit M

osser, LESIA


l=2


l=3


l=4


l=5


l=6



