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Left: Diagram
« illustrating the
i cycleofgas and
star formation

‘ gas inflow
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- beformed.
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Right: Galaxies can K
acquire gas from their S

! ot
surroundings, as the % ﬁﬁ © o

K

figureillustrates. P $
However, feedback e ’
mechanisms can heat

the gas around the

galaxy, preventing the gas inflow, or even eject
its internal gas. Below: these mechanisms in
action: supernova explosions causing gas
outflows (left); and the energy
released by the AGN* gjecting
and heating
thegas
around the

galaxy (right) EEll
light-years

16 000
light-years

*See TUIMP 6
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As long as the galaxy has gas and the
gas is able to cool, stars can form.
However, supernova explosions release
energy that can heat and eject gas from
agalaxy. If the galaxy is small, gravity is
‘too weak to prevent the gas from
escaping, and this supernova feedback
process will suppress star formation. In
larger galaxies, the active galactic
nuclei* (AGN) feedback has a greater
impact on its star formation cycle. In an
AGN, the galaxy central supermassive
black hole, millions to billions times more
massive than the Sun, is engulfing
matter and releasing a huge amount of
energy that heats the surrounding gas.
Studies show that the properties of
galaxies depend on the mass of their
central black hole, indicating that
feedback from these monsters plays a
fundamental role in the evolution of

galaxies.
*See TUIMP 6
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, \_ Observed galaxies (Sloan

Comparison between real observations and
images of galaxies created from simulations
run on supercomputers of the lllustris-TNG
project. Figure above: different morphological
‘types. Figure below: evolution of a simulated
galaxy compared with observed galaxies of

similar ages.
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Any theory of galaxy formation and
evolution has the difficult task of
explaining what, when and how several
physical processes occurto formall
different types of galaxies that we
observe today. We know that the
Hubble* sequence is not an evolutionary
sequence. The diagram on the opposite
page illustrates the pathways that
canlead to the formation of elliptical
and spiral galaxies. It all starts with
tiny density fluctuations in the very,
very young Universe. As the Universe
expands**, the amplitude of these
fluctuations gets larger and larger.
Finally, gravity wins and the dark matter
halo collapses. Hot gas is attracted to
these halos and cools, forming stars.
Whether the outcomeis an elliptical or
a spiral galaxy will depend on how much
rotation and gas the halo has and
whether or not mergers with other

galaxies occur. *See TUIMP 3
*See TUIMP1 2
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Inthe model
proposed by Olin
Eggen, Donald
Lynden-Bell and
Allan Sandagein
1962, galaxies
formed fromthe
collapse of a ' : '
giant gas cloud around 1 O billion years ago. The
arrows in the figure indicate the direction of the
gas movement. Today, we know that the galaxy
formation process also is much more complex
than suggested by this model.
Baryonic In 1933, Fritz Zwicky
H:_bw”vﬁmﬂ measured the velocities of
galaxies in a massive
cluster, and the high
scatterinthe velocities
led him to deduce that
the cluster massis
dominated by invisible
darkmatter.ln 1998, two
teams of researchers discovered that the
Universe is expanding at an accelerated pace.
Since we do not know the nature of the energy
that causes this acceleration, we named it
dark energy.
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Answers
The simulated
images are from
the lllustris project;
the observations
are from the Sloan
Digital Sky Survey.
It's hard to tell one
from another,
isn't it?
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The Universe in my pocket No. 23

This booklet was written in 2021 by Marina
Trevisan from Universidade Federal do Rio
Grande do Sul (UFRGS, Brazil) and revised
by Allan Schnorr Milller (UFRGS, Brasil) and
by Gary Mamon (Institut d'’Astrophysique
de Paris, France).

Cover image: spiral galaxy today, 4 billion
and 11 billion years ago.
Credit: NASA, ESA.
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In 1924, Edwin Hubble showed that
observed spiral nebulae were, in fact,
other galaxies similar to our Milky Way*.
About 30 years passed before the
first models to explain the formation
of these objects appeared. Therefore,
our knowledge on this subject is very
recent.

The current theory for the formation
and evolution of galaxies is built in the
cosmological framework of Lambda
Cold Dark Matter. In this context, the
Universe contains three main
components: about 26% is cold dark
matter, 70% is dark energy, and only
4% is hormal matter we know (referred
to as baryonic matter). The proportion
between these components
determines how structures inthe
Universe form and evolve. However,
until now, we do not know what these
dark components are.

*See TUIMP 3



