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The life stages of a galaxy
Galaxies evolved hand in hand with the large-scale structure of the universe. After
the big bang, dark matter (blue) and ordinary matter (gold) filled space unevenly.
The dark matter then began to coalesce under its own gravity into a scaffolding
of clumps and filaments known as the cosmic web. Computer models show how
ordinary matter poured into the

clumps to form the first small,

irregularly shaped galaxies, which .
grew over time in mergers. P * -

‘ 4 Middle age

The galaxy settles down. As it ages
5 i further, radiation from the central
Original distribution of black hole will eventually drive out gas,

dark and ordinary matter ‘ 3 4 bringing star formation to a halt.

Supermassive
black hofe

Present distribution of
dark and ordinary matter

-

Cosmic web

= Satellite ———s#
H galaxy -

.
-~ Present

Dark matter halo (13.8 billion
. 2 3 years)

10 million e Supernova
years after the 500 million 6 billion :

big bang years years

Stream 3 Adolescence

of gas The young galaxy grows through
violent mergers, which trigger bursts
of star formation, even as supernovae
blow out gas and limit the process.

: Protogalaxies 1

.

The seeds of galaxies - ‘
lie in dense clumps 5
of dark matter called H Q "
haloes, which draw in Central
the hydrogen gas that . black holes ;
collapses into stars. 2 Childhood

As stars turn on, the first small proto-

galaxies emerge, lumpy and pickle-shaped.

Streams of cold gas, flowing along threads

of dark matter, feed the galaxies and their

central black holes.
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b® 7:

X-ray and radio images of the massive
galaxy cluster Hydra A, showing how
energy released from black hole jets
can profoundly affect the gaseous
atmospheres around galaxies. The
outer diffuse emission (in blue in the
color version) is Chandra X-Ray
Observatory data showing X-rays from
the hot atmosphere in the cluster, thus
tracing the distribution of the gas.
Clearly, the radio emitting black hole
jets (show in pink in the color version)
are evacuating huge bubbles in the gas
atmosphere. The strong interaction
between the jet and the gas transfers
energy from the black hole to the much
larger atmosphere, keeping the gas hot
and stopping gas from cooling to form
new stars in the central galaxy




