(_osmic Flows

Lccture course

Universitg Groningen
Nov. 2012~ Jan 201%

Gravntatlonal ]nstab lxtg
—1 2

4rG pa’é(x,t)

18/01/2013



Gravntatlonal ]nstab lxtg

Gravitatiox_:_xal ]nstabilitg
F. :_"’

Tl’\c linear system of structure growth cquatlons canbe *

written in terms of a second order differential cquatlon l

18/01/2013



18/01/2013

Gravxtatlonal lnstab lltg

.. whose two solutions are seParablc intime and s ace,
lcaclmg to a universal “clcnsxtg growth factor” D(tg)
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... The universal “dcnsitg growtl'\ factor’ D(t) can be
comPutccl for any cosmology through the intcgral

Linear Perturbation Evolution:
Density evolution: Growing Mode D,

1 T 7T I T 1T T 7T I T T T 1 I I/’ 'I/I’ I/j"

// // ’/ ;
//
4 o /,,

4
) //
/

[
/78 R RS SR

lll[[lll]l]lll[l[l]

i

18/01/2013



(Gravitational Instability

.
e

— '!

.GRAVITY PERTURBATIONS
- g

ve = S0H

ol

» . ‘ﬂ-’,

/. dx'6(x', t) (XJ;X)

%' — x|?

18/01/2013



| _ocal Supcrclustcr flow
Li_ljc, Yahil& Jones 1986

2000
—t

18/01/2013



18/01/2013

Mark []]

Fcculiar velocities

| ocal Universe

Y
Wi”ick, Strauss et al.
o
First flow maps:
7 Samurai

POTENT map

Mass distribution
[_ocal Universe

Ber‘tschinger,
Dekel, etal.




18/01/2013

POTENT map

Mass distribution | ocal ( Jniverse
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REDSHIFT SHELL
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A. Fairall closer than 200 km/s to
Abel/ACO clusters Univ Cape Town each other) shown by stippling.
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Fig. 16. Distribution in Galactic coordinates of the 76 by Ebeling et al. [129] so far
spectroscopically confirmed X-ray clusters (solid dots) of which 80% were previously
unknown. Superimposed are Galactic HI column densities in units of 10*° em™? (Dickey
& Lockman 1990). Note that the region of relatively high absorption (Ngr > 5 x 107!
em ™ ?) actually is very narrow and that clusters could be identified to very low latitudes

Galactic Latitude (degrees)

Fig. 16. Distribution in Galactic coordinates of the 76 by Ebeling et al. [129] so far
spectroscopically confirmed X-ray clusters (solid dots) of which 80% were previously
unknown. Superimposed are Galactic HI column densities in units of 102° em™?2 (Dickey
& Lockman 1990). Note that the region of relatively high absorption (Ngr > 5 x 10%!
em™?) actually is very narrow and that clusters could be identified to very low latitudes
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FoSCz
Flow [Field

»> Flow throughout the volume
restored (assuming no shell-crossing)

> Restored velocities volume-weighted

> Shot-noise suppressed

FSCZ, velocitg+dcnsit3 field
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he CMB Dipolc
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AT =336mK viG=627+/- 22km/s
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ZMASS survey

ZMA55 a”~sl<3 survey:

grouncLbascd near-infrared survey whole skg,
J(1.2 pm), H(1.6 pum), K (2.2 um)

ZMASS extended source catalog (XSC)

1.5 million galaxics

unbiased sample nearby galaxies
P Y8

Photomctric redshifts: dcpth in 2MASS maps,
“cosmic web” of (ncarbg) suPcrclustcrs sPanning
the entire skg.
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Thc—: Cosmi; ch

ed Sources ...

14.0 mag

Looking around us we alrcacly see the unmistakable signatures of an intriguing
foamlike matter distribution in our immediate Cosmic \/icinitg.

ldentitg of Local Structures a]ong local Cosmic Web.

ASS Local Universe ~ +90°

ocal Superclu
luster
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The (osmic Web

2MASS Extended Sources
Integ d Flux

—10.0 mag
el

2MASS: the cumulative view.

Moving outward we see the un{:olcling of the local cosmic foam.

ldentitg of Local Structures a]ong local Cosmic Web.
SS Local Universe
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: Coma Cluster Hydra
/Local Supercluster
+ Hercules Supercluster J: Eridanus/Fornax Clusters
: Galactic Center K: Pavo-Indus Supercluster
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Real space: Redshift space:
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Linear regime
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