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4.4 The large-scale @tribution of galaxies
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Fig. 4.17 The Local Super cluster Fig. 4.18 superclusters




4.4 The large-scale wribution of galaxies

Super clusters are not themselves organized into
ever larger clusters of superclusters.

But their distribution consist of filaments and
sheets wrapped around empty voids.

Large scale structure

positions




4.4.1 Redshifts of galaxies
gmmes 2D distribution map

We need a 3D information.
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| measuring the redshift of
individual galaxy

R«

redshift survey

JAN lage distances the redshif
increases more rapidly with
distance.
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4.4.2 Mapping the Unﬁrse in thrée dimensions
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» Harvard-Smithonian Center for  borehole survey (~2000Mp

* IRAS (Infrared Astronomical of California in Santa Cruz

Telescope) Point Source

Fig. 4.21 Abell 1689 / 1980s ~ 1990s
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Astrophysics (CfA) survey by Durham Univ. and Uviv.
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Catalogue z-survey (~ 200Mpc)



4.4.2 Mapping the Uniyerse in three dimensions

Both survey confirmed the existence
of features on scales larger than the
Local Supercluster.

o Pt
SR Y
e Bl
el ”“I SRy 2 T . TEh S
v D\ SR S
L S T o DR O TR S e S
LR sineals it b i3 o, Sl e s X XN
. -4 5o A il res - R A X
> e !
o+ N b ] ’ s % T %)
.. g M o l_,. . £ r.‘ 7 PRy : \:\ ‘.‘
4 3 A - 25, e 3 \l
i - 3 9 s j’z / i
- . : X Wear Ty N 4 /! e
o ) X -
e 5 ™, T
g T R s A
. . o % Y
% 2 g £ o
s - “
' We need much larger volumes

greater depth to see the large
scale structures.
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Fig. 4.22b Durham-Santa Cruz borehole survey
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4.4.2 Mapping the Unﬁrse in three dimensions i

SDSS (Sloan Digital Sky Survey)

RA and Dec

Galactic plane
2dF fields
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R a5 0y JESCODT Fig. 4.24 SDSS and 2dF survey fields |
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¥ 1mage1ng one-half of the northern celestial hemisphere

ﬂ determine the positions and brightness of over 100 million objects
:ﬂprowdmg a 3D picture of our neighbourhood of the Universe l



4.4.2 Mapping the Uniyerse in three dimensions

SDSS (Sloan Digital Sky Survey)

Deep Sky Imaging
» apparent magnitude ~ 24
* 100 million objects
Spectroscopic survey to determine redshifts
» apparent magnitude 19 or brighter
» including over a million galaxies and quasars

» typical galaxy redshift ~ 0.25

— 3D map of our local neighbourhood out to ~ 800 Mpc

2D 1mage out to much larger distances |



442 Mapping the Universe 1n three dimensions

2-degree Field survey

© Anglo—#es.traljae Observatory Completed in 2002.

2dF Galaxy Redshift Survey

(2

3 9m Anglo—Austrahan Telescope

The survey also mapped
Quasar positions and redshifts
to much greater distances.

dFGRS)

Survey galaxies redshifts and

positions to map. the structure of
the Universe ~ 600Mpc




4.4.2 Mapping the Unjyerse in three dimensions

A summary of five important galaxy redshift surveys

Number of galaxies in Mean redshift Telescope diameter/m Simultaneous spectral

survey (approximate) measurements®
1500 3 l
15000 I
250000 39 400 -4
1000 000 25 640 -

50000 7155 i |

Table 4.2 important surveys

Fig. 4.25
A scheématic illustration of the relative
scales of the different surveys

imaging survey

A redshift survey

The deepersurveys has
narrower survey areas.
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4.4.3 Large-scale structure revealed
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Fig. 4.26 Early results from the 2dFGRS.

The largest structures ~ 200 Mpc
above this, Universe becomes uniform



4 5 The spatial distribution of intergalactic gas and |
dark matter Vi |

How inter galactic gas and dark matter are distributed
on large scale?

Do they follow the large-scale structure that is mapped
out by the luminous matter in galaxies, or is their
distribution significantly different?’
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4.5.1 Quasars and the Lyman (X forest

X-ray

intergalactic gas in clusters of galaxies
= = S = observable

cannot detect
by emission at |
any wavelength

gas which away from gravitational
influence of a rich cluster

&

We can use absorption
lines to examine
intergalactic gas clouds.

Lyman series

Lya=1216A

; bty ot ] -
Uuv 7 IR Uv 1 IR Uv 7 IR Uuv 3 IR

transition from

Fig. 4.27 Interveni clouds in th line of sight rom
n=2ton=1. < 4 S

a quasar. |



4.5.1 Quasars and the Lyman (X forest
| Haw-
~ Redshift of Ly a

bserved wavelength/t

Fig. 4.28 The specm of asar z=15.5

1216 AX(1+5.5)=7904 A



4.5.1 Quasars and the Lyman (X forest
| e |
- Ly a forest :

discrete absorption lines|

intergalactic medium 1s
not smoothly distributed.

wavelength/nm

Fig. 4.29 The spectru o quasar z = 2.431

Seven clouds along the line of sight whose presence i1s
confirmed by absorption lines due to.elements hevier
than hydrogen or helium.



4.5.1 Quasars and the Lyman (X forest
| — Lyman a absorbing clouds
density enhancement

~ 10° mean density
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absorption lines are very
deep and broad (left)
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They are plausible source of material for star formation.

The origin of galaxies? .



4.5.1 Quasars and the Lyman X forest

reionization

big bang model

| neutral hydrogen cause very strong absorption of
the light from distant quasars.

! ¢

the absorption 1s much lower than expected

Gunn-Peterson effect

» expected hydrogen 1s not present?

» any hydrogen 1s present but not as neutral

hydrogen (1t is 1n 1onized state) Sar s
reionization

What is the ultraviolet radiation source ?
star formation, Active Galactic Nuclei



4.5.2 Cosmic shear |
| i |
How dark matters are distributed? |

The large-scale distribution of dark matter could be studied
by looking for deflections of light from distant galaxies.

. -
o
-------------------

| --------------------

Fig. 4.31 Cosm
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4.6 Describing cosmic structure

-

Fig. 4.32 Three different two-dimensional distributions of points

comparison of patterns

astronomers use statistical methods that describe the
average properties of a given distribution or pattern.

>~ We will consider a simplified example



raw data

128 x 128 cells

random distributi
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relative
variation
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Fi. 4.33a random distribution map

We are interested in investigating how fluctuations in
density depend on length scale




4.6 Describing cosmic structure
Counts-in- cells me?d

128 x 128 cells

clustering
distribution

relative (A p
variation © p

100

clustering also causes 'voids'.




4 6 Describing COSIIllC structure

Counts-in-cells method
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F1g 4.33c relative variation v.s. cell length

By compairing the counts-in-cells analysis of real maps with
simulations we may be able to discern which theoretical

models for structure formation are consistent with observation.



4.6 Describing cosmic structure

Counts-in-cells method (Observation)

scale length SOMpc
relative variation ~ 30%
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Fig. 4.34 The results of a counts-in-cells
analysis of three dimensional survey data.



