(_osmic [Tlows

Lccture course

Univcrsitg Groningcn
Nov. 2014~ Jan 2015

Gravntatlonal ]nstab lnt9
Ly &

47G pa*d(x, t)

07/12/2014



Gravntatlonal lnstab |1t9

Gravitatio.r_:_xal ]nstabilitg
F, :_"’

Tl’\c linear sgstcm of structure growth cquatlons can be *

written in terms of a second order differential cquatlon
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Gravntatlonal ]nstab Iltg

... whose two solutions are seParablc in time and space,
leacling to a universal “clensity growth factor’ D(’c;
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... whose two solutions are seParablc in time and 5§»ace,

leacling to a universal “clensity growth factor D(1),
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... The universal “densitg growtl’n factor’ D(t) can be
comPutcd for any cosmo|ogy througl’: the integral

’

Linear Perturbation Evolution:
Density evolution: Growing Mode D,
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Tully-Fisher

Spiral galaxies:

relation between rotation velocity (measured by HI velocity width)
&
Luminosity of galaxy
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Faber-Jackson

« Early-type galaxies:

relation between velocity dispersion
&
Luminosity of galaxy

e Lxov

The FJ relation is a projection of a higher
dimensional relation, the Fundamental Plane

e It relates of a E-SO galaxy
Locr o

Luminosity, effective radius & velocity dispersion

] Itis a reflection of the virial equilibrium of such a
galaxy




Local Supercluster flow
Li!je, Yahil& Jones 1986

2000
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Mark ]

Peculiar velocities

[ocal Universe
Willick, Strauss et al.

First flow maps:
7 Samurai
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POTENT map
Mass distribution
[ocal Universe
Bcrtschingcr,
Dckcl, etal.
POTENT map
Mass distribution Local (Universe
bcrtschingcr, Dckcl, etal.
Great Attractor
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Local Universe
Mass Distribution
PSCz

(Branchini et al.)
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IRAS +90° +80°
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Figure 4. The galaxy density Auctuation field from the /RAS 1.9-Ty survey [by Yahil et al. 1991 . Coordinates, smoothing, contours and shell distances arc as in Fig. 3
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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*° cm™2 (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
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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 10*° cm™2 (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
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FOSCz
Flow Ficld

» Flow throughout the volume
restored (assuming no shell-crossing)
» Restored velocities volume-weighted

> Shot-noise suppressed

FSCZ, vclocitg+dcnsitg field
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2MASS XSCz  “a: w
2MRS
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SGY [h! Mpc]

SGX [h~! Mpc]
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SGX [h=1 Mpe]
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Tully, Courtois, Hoffmann, Pomarede, 2014
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Laniakea

Cosmicflows-2 catalogue
(Tully, Courtois et al. 2013)

compilation of distances & peculiar velocities 8000 galaxies

most:

spirals:  Tully-Fisher relation
E/SO: Fundamental plane
1000 galaxies

accurate distance: Cepheids, tip giant branch, SN la,
surface brightness fluctuations

Laniakea
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Laniakea

V-web + flow lines for 2 local watersheds
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he CMbB Dipolc

-

AT=%36mK viG=627+/-22km/s

(,b)=(264.3°48.1°) (Lb)=(276°,30°)
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ZM ASS survey
ZMASS a”~5l<3 survey:

ground-bascd near-infrared survey whole skg,
JCi.2 pm), F(1.6 um), K(2.2 um)
2MA55 extended source catalog (X5C)

1.5 million galaxies

unbiased sample nearby galaxies
P yg

Photomctric redshifts: dcpth in 2MASS maps,

“cosmic web” of (nearbg} suPcrclustcrs sPanning
the entire s‘(g.
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Thc chsmi; ch

MAS: ed Sources ...

14.0 mag
el

Looking around us we alrcadg see the unmistakable signatures of an intriguing
foamlike matter distribution in our immediate C osmic Vicini’cg.

]dentity of | ocal Structures a]ong local C osmic Web.

ASS Local Universe ~ +90°
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T!"IC (_osmic Web

2MASS Extended Sources
Integrated Flux

Ks: 8.0—10.0 mag

18'/pixel

2MASS: the cumulative view.

Moving outward we see the unFo]cling of the local cosmic foam.

]dentity of | ocal Structures a]ong local C osmic Web.

TASS Local Universe C490°

: Galactic Plane
: Perseus-Pisces Supercluster
>: Coma Cluster
1 Virgo Clu;-:_ter,.a"Lc:::al Supercluster I+ "Lo 'd Void
+ Hercules Supercluster J: Eridanus/Fornax Clusters
: Galactic Center K: Pavo-Indus Supercluster
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0.03 <z<0.04

z<0.01 - = 0.04 <z<0.05

0.0l <z<0.02

" -
0.02<z<0.03 2> 0.00

0.05 <z < 0.00
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Real space: Redshift space:

—
@ Squashing effect

Linear regime

@ Collapsed

Turnaround

T

Collapsing Finger-of-god
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