Ruogeraasqo siued
saquio) asiodued

-_—
G

qom o_r:moe.” 2yl i

absorption line
quasar photon hydrogen spec asar

Energetic photons coming from a quasar can
have sufficient energy to excite a hydrogen
atom. These photons are absorbed to create

an absorption line in the quasar’s spectrum.
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Each gas cloud between the quasar and us
absorbs those photons whose wavelength
corresponds to the cloud's redshift.
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Until very recently, cosmic
filaments were only detected by the
galaxies they contain. However,
they are also made up of invisible
dark matter and dilute gas. The
hydrogen atoms in this gas absorb
light from distant quasars. One can
thus map the volume distribution of
the filaments (see p. 8).

Gas in the filaments can also be
detected by its emission, when
excited by hot stars or quasars.
Gas halos have been detected
around 270 galaxies at redshifts
between 3 and 6. This discovery
was made by a group of European
astronomers, thanks to the
extreme sensitivity of the MUSE
instrument on the Very Large
Telescope (VLT ) of ESO.
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Massive elliptical galaxies, shown inred, are
concentrated at the intersection of filaments.
mvu?m_ galaxies, shown inblue, are located
‘within the filaments.

Spiral galaxies have their rotation
axes aligned with the filaments.
Elliptical galaxies, which result from
l the merger of spiral galaxies, have
their axes perpendicular to the
filaments. Credit: Sandrine Codis
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The main sample of SDSS galaxies
has an average redshift of z=0.1,
corresponding to a distance of 1.5
billion light years. The sample of red
luminous galaxies goes up to z =
0O.7.The BOSS project goes to z =
1 (22 billion light years). With
quasars, which are brighter than
galaxies, one can reachz=5 (155
billion light years).

As one might expect, the Universe
is less structured at greater
redshift, that is, when it was
younger®*. Clusters of galaxies form
at z =2 (3.3 billion years after the
Big Bang). The filament and Swiss
cheese structure was already
present at this time, but less
pronounced than it is today.

*See TUIMP 12
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Slice of the Universe, _\zm_u_nwu_ by CfFA2. Each
point is a galaxy. One can see a large "wall” of
galaxies. Credit;Richard Gott

Slice of the Universe, ' N_OTNQ_ by the SDSS
in 2000. One can see "walls ” that are even
larger than in the CfA2.

Simulation of the
cosmic web
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The Universe in my pocket No. 13

This booklet was writtenin 2020 by
Frangoise Combes from Paris Observatory
(France).

Cover image: Numerical simulation of
the distribution of dark matter in the
cosmic web. The lighter the color, the
higher the density. Galaxies form along
the filaments, and clusters of galaxies
at the crossroads of the filaments. This
simulation is part of the Millenium
project, Credit: Springel et al. (2005).

E E Tolearm more about this
r

series and about the topics
_u_‘mm.m:.nmm_ inthis booklet,
please visit

E L
Translation: Stan Kurtz @ @ @ @

TUIMP Creative Commons BY NC SA

‘eaxelue] Jo qued qou suogausyq

24E 54915N|0 S90814-SN9s49 4 pue

ewo) ay | ‘uagsn|o-aadns eaxeiue] ayg
S3JEW 2Ul| 9BUBJO 3| ‘SPIOA DILLUSO0D 24
seaJe 2n|q 2y ‘saixe|eb 941 o auaLaA0U
30 uolqo3adip 3yl a3edlpul saul] 231ym 3y |
‘S40p 94IYM SE UMOYS aJe saixe|es ‘qulod
djoe|q [edquao Biq 2yq Jeau s1 Axe|es JnQO
‘ueso(Q oyloe

2ya 2qebineu 01 As a4 jo abpajmou]
J12Ya pash oym saoqebireu ueisaukljod

40 Jouoy ul pauueu sem 4| ‘ueliemeH ul Ajs
2SUsLULUL, SUBSLU YoIYym ea3eiue] 494sn|o
-uadns |eo0| 23 4o uoireguasaudsa

In 1925 there was a great debate,
which concluded that there are
galaxies outside of our own Milky Way.
Large surveys of such galaxies were
soon made. It was discovered that the

"nearby" Universe is not homogeneous
but consists of more-or-less flattened
clusters of galaxies with a Swiss
cheese-like structure, containing large
voids. This is called the cosmic web.

The first “volume” survey, giving the
positions of the galaxies along with their
distances (measured by the redshifts*)
was the CfA2 survey, at the end of the
20th century. it took tenyears to
observe 18000 galaxies. 21st century
spectrographs makeit possible to observe
hundreds of galaxies simultaneously
and to survey millions of galaxies. Such
surveys include the 2dF made in
Australia and the SDSS from the USA.

*or shift of the spectrallines towards the red;
see TUIMPs 2 and 12.



