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Hubble Space Telescope image
of supernova 1994D in galaxy
NGC 4526 (z=0.0015)
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1.- Cosmologlcal observatlons and FLRW models
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Observational basis of Cosmology

Cosmology studies the origin, evolution and structure
of the universe on large scales (larger than the galaxy scale)

1 pc = 3.26 light years= 3.09 x 10 m

Galaxy

1011 stars
M., = 10%* kg
L,.,= 10 kpc

On these scales gravitation is the only relevant interaction



Observational basis of Cosmology




1.- Matter distribution on large scales:
the universe within 1.5 Mpc: Local Group
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The universe within 30 Mpc: Vlrgo supercluster
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Superclusters, filaments, walls and voids within 150 Mpc
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The universe within 4300 Mpc: large scale homogeneity




The Universe within 600 Mpc

2dF Galaxy Redshift Survey




The Universe within 600
Mpc

(Sloan Digital Sky Survey)




Matter density fluctuations:
Statistical homogeneity R >> 100 Mpc (Cosmological Principle)
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Matter density of the universe:
luminous vs. dark matter

Virgo/ROSAT

P

M87

VISIBLE X RAY
Virial mass: M/L= 200

(LYM/L, (£) = (2.0+0.2) x 108hLoMpc~3

pj\,j/pc = 0.266 4+ 0.029
0.005 = 0.002




2.- The expansion of the universe
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Distance-redshift relation: Lemaitre-Hubble (1927-29)

Cepheids as standard candels
(distances up to 3 Mpc (z=0.001), or 20 Mpc with HST (z = 0.005))

Hubble constant
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Accelerated expansion of the universe (1998)

effective mip

e —

T lﬁizh_.l_i.l‘_.\}:({). 1}
T ] (0.5.05) (0,0

I STl S el (1, 0) (1,0)
e R S I T i et 7 (1.5-0.5) (2,0)
L | — [a]
R I
- 1 = <
22— —
i Supernova |
L Cosmology i
20 Project - | Dark energy
- 1 1824 =0.734 +£ 0.029
18— —
i Calan/Tololo 7
16 (Hamuy ef al, N
: A.J. 1996) (a) :
1 A R A N B L ]
00\ 02 0.4 0.6 0.8 1.0
Hubble redshift Z

2<0.003




3.- Light elements abundances

Baryon density Qbh2
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Non-baryonic dark
matter problem




Intensity (MJy/sr)

4.- Cosmic microwave background

SpPEcTRUM OF THE Cosmic
MicrRowAVE BACKGROUND
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CMB dipole
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Fluctuations in the cosmic microwave background
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PLANCK

2009
(first data release in1-2 months)



WMAP temperature power spectrum
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Standard Cosmology ACDM

Heavy elements
0.03 %

N ;,’, Neutrinos
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Stars
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H and He
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Dark matter
23 %

Dark energy
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Expansion of the universe in ACDM
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Bigbang 10 billion years ago S billion years ago Today






