Structure of the Universe on Large Scales

e The cosmological principle: a fractal model as an al-
ternative

e probes of large scale structure

— QSO spectra & galaxy surveys
— large scale motions

% the cosmic velocity field

* inference of cosmological

* dynamical analysis methods



The cosmological principle

Viewed on sufficiently large distance scales, there are no
preferred directions or preferred places in the Universe.

OR

The Universe is homogencous and isotropic when viewed on
large scales.

N(< R) = N&R°



QuickTime™ and a
decompressor
are needed to see this picture.
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random fractals

Brownian motion Rayleigh-Levy flight
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A fractal Universe!?

Figure 3.9. The Lick galaxy counts in a drcle of radius 50° centered on the nerth
galactic pole (Seldner ec al. 1977).
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Models, scales, redshifts

Lyx, H<Z<2

2dF, Z~0.2

ACDM

log(k Mpc)




Vacuum energy
dominated universe @ ACDM

SCDM

rCDM [

OCDMN BB

The VIRGO Collaboration 1996
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fractal

Nusser & Lahav 00



4 poMrE
{1 () 9 0 b 20 GO 0 130 SO0 0 !
20 i
et 00
O M o v___
' J 200
90 = =
s 154 ~— i
TR ,. R
. HHIH:
B 60-"0 80 g
i ego-to . N
zo - 1 {
Ll it
9] 1 G G

"AI0ISTY BONRZIUM AL A[QRUOSRAT R PUR 3 (3] % T
flins N REN | ammrLdurm v 10] g7 ) PRRI 21 U DG 0] AL 1 Y0 1Ry SEAEANS SIsLrim ol ing)

oo 1SS0 Py pue sanboefsacg waowmy

£ = I JE SUDNEAIISQO )4 uostiedwod 1sa1oj 04T ay) Jo umaijdads
Jamod pue uonounj uonngLisip Aypqeqord ay jo durapowr juiof



The environment of galaxies: galactic winds

QSO spectra are ideal for studying the environment of galaxies

ﬁ‘observer
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QuickTime™ and a
decompressor
are needed to see this picture.
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I, Bertschinger, Faber
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Log(absolute luminosity)

The Tully-Fisher relation

V,0.t=200km/s
L=10 "° I-sol

V,,:=200km/s
I-apparent =L/ (4 TTR?

Log(rotational velocity)
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Bulk Motions of Spiral GGalaxies
Yu.N.Kudrya!, V.E.Karachentseva!, 1D Karachentsev?, S.N.Mitronova® and W.K.Huchtmeier 2()()5

0 4000 8000 12000 16000 20000
80— T 1 — 2500
. & .
B ¢ i
400 — - ° |
B — 2000
B ¢ 1
B ’ o
350 -1
@ — & 1500 §
" ;
- N . 1 ™
Z 300 — | 3
2 B @ | o
_— ; — s -
5 £, T — 1000 8
250 — 1 ] m
o ’ ’ - » N
= . . ' . -
| 1 * [ I
1 v - L 1 —1 500
200 — - . A1 —
3 T N T T TN T YT T O T Y T T I
0 4000 8000 12000 16000 20000
v 3K  Km's

Figure 4: Magnitude of the bulk velocity (dots with bars, left vertical scale) versus depth and
the sample size to a given depth (open diamonds, right vertical scale).



Velocity from particle distribution
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Results of the v — v comparison

from the TF relation) from the galaxy distribution
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Velocity from density in the nonlinear regime
Rcfs: Decbics 8% Nusser & Branchini 02: Phelps, Des-

Jreques & Nusser 06
Many data scts will probe the mildly nonlinear regime. One

needs appropriate methods to deal with these nonlineari-

Lies,

The most general approach is to solve the full equations of

motion given
1. Lhe positions today

2. homogenecity al sorme nitial tme (very high redshift].

today A long time ago

This is a boundary value problem!
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Q SIM sensitivity

solutions
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