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Afterglow Light
Pattern
400,000 yrs.

Inflation |

Quantum B
Fluctuations

The dark universe

Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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The dark universe

« Einstein's theory of General
Relativity

e Symmetry assumptions:
Friedmann-Lemaitre models

e Parameters:

- Expansion rate, H,
— Density contributions, (),
- Cosmological constant, Q,

- Possible further
parameters
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The dark universe
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The dark universe
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Gravitational lenses
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Gravitational lenses

source plane

optical axfs

lens plane

light ray

observer




RRRRR CHT-KARLS-

UNIVERSITAT
HEIDELBERG

i Gravitational lenses

Fermat's principle Deflection angle, lensing potential

b =
3 |dX|] > 2 Ddsf
0:5T:5f n(X)—| a=Vy, ¢= ®dl

Convergence and shear

B =6 - a(d) 8 = 0y <165

1 1
ﬂ—(%):(‘s" 82"”) K=30'00. y=50%
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Gravitational lenses

source plane

optical axfs

lens plane

light ray

observer
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Gravitational lenses

P rr R

ARI+ITA+LS!
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Galaxies

Cleaned (Cleaned Cleaned

Fischer et al. (1997) Turnshek et al. (1994}

CASTLES CASTLES CASTLES

(Castles Collaboration)
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Planets

Source I

ETErE ETETAEr S ATEATEr S AT
8195 82 B82.05

16 [~

e Loy by by by ey o
17 3479 3480 3481 3482 3483 B

.Observer

I magnitude

—
o
T
=
=
o

F i3 8 o[ TTE T

3 __|3 :_I T II T mT 1 |.'—_ T T 1.6 :_l | LB LI ||I LJ L) i|| LI L) | I'__f L _Ol E D — i
- - OGLE e 3 E -0.01 3
- LF i 15 E | OGLE-2005-BLG-071 o5t Tt B
25 - . i 4 14 E :f 20 Udalski et al. 2005 —0_65; I k(I)‘ . lOJ.JOle I 611‘ 1 nowl\léw I «02 .
B C s - Planetary 3 ‘ L s
IS [ Ol ([ - - <) 1.3 E deviation § 3440 3460 3480 3500
ﬁ = L 1 I 1 L 1 1 l - :l I AL 11 l Ll 1 1 l L 1 1 l ¥ 1:
g 2 - _1 ,000 0 95 10 10 el | T T I T T T T | T T T T I T T i
& [ 1 =, 300 [ Bennett et al. 2008 MOA .
S . o - MOA-2007-BLG-192 OCLE :
e - ] 2 _ ’
15— = © [ ]
[ Beaulieu et al. 20 ] o =00 - -
- OGLE-2005- -390Lb 1 g B i
R § ] ad B .
1 1 1 I 1 1 | | 1 1 1 l ] 1 I_ © 100 __ __
-20 0 20 :E - ]




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Galaxy clusters
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Questions

 How frequent are bound structures composed of dark matter? Do
dark haloes exist? Are they connected by filaments?

 How are dark-matter haloes structured and composed? \What
density profiles do they have, and how substructured are they?

 How do structures grow in the universe?
What does this imply for dark energy?
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Abundance of dark-matter haloes
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(Maturi et al. 2005
Pace et al. 2007,
Angrick et al. 2009)
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Abundance of dark-matter haloes

0.45

Gravi'tationslinsén-Eﬁizieni
hl der Galaxienhaufen

0.4
A N A=, NN S
0.3
0.25

() S Y 5 S— — N\ — |

0.15

0.1

Effizienz, Anzahl der Galaxienhaufen

0,05 P ot I N .

0.4 0.6 0.8 1
Rotverschiebung z




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Abundance of dark-matter haloes

8

(Fedeli et al. 2006,
Fedeli et al. 2008)
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Abundance of dark-matter haloes
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P Abundance of dark-matter haloes

(Seidel
et al.
2007)

(Meneghetti
et al. 2008)




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Structure of dark-matter haloes

NFW ——
isothermal

o
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1
radius in scale radii

* (V. Springel, Virgo Consortium)
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Structure of dark-matter haloes

(Merten 2010)
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Structure of dark-matter haloes

Lensing signal for bright LRG sample

T I T LI | T T T T [ I I | I T
8 Fit 6 (SIS | |
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Structure of dark-matter haloes

.

(Comerford et al. 2005)




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Structure of dark-matter haloes

op. maoss
true profile
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Structure of dark-matter haloes

(Merten et al. 2011)
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Structure of dark-matter haloes

(Giocoli 2010)
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Cosmic structure formation

comoving
separation
vector

perturbed

unperturbed
ray

50) = [ 5aPe)b(10)
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Cosmic structure formation

(CFHTLS, Mellier et al.)

ARI+ITA+LS!
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Cosmic structure formation
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(Fu et al. 2008)
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Gravitationslinsen-Effizienz

Cosmic structure formation
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(Carbone
et al. 2008)

Cosmic structure formation

T
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