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Galactic Archaeology:
how we study our home galaxy

Rebecca Forsberg

We can't image our home galaxy from the outside, so how do we study it? Learn how as-
tronomers unveil the dramatic past of the Milky Way and peer into its future.

How do we study the galaxy we live in? It's a bit like being
asked to draw a map of your city without being able to leave
your house. You might be able to peer through the windows
and see some features like streets and tall buildings, but
most will be hidden by nearby houses. In fact, humanity has
already managed to take a step away from Earth, but the di-

mensions of the Milky Way are enormous. Voyager 1, the most
distant human-made object, has been travelling for 45 years
and is now more than 20 billion kilometres away. Still, that's
pretty much next door in galactic terms: you would need to
be several million times further away to get a clear view of
the Milky Way from the outside.
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A walk down memory lane...

One of the first ever attempts to make a map of the Milky
Way was in 1785 by the astronomers, and siblings, Caro-
line and William Herschel. By counting the stars they could

see in the night sky, they draw a picture of the Milky Way
that had not much in common with the models of our gal-
axy we know today.

In the early 1950s, the astronomer Knut Lundmark commissioned
Martin and Tatjana Keskdila to paint a map of our galaxy, known

as the Lund Panorama of the Milky Way. By hand, they added the
positions of about 7000 individual stars to create an unprecedent-
ed drawing of the Milky Way. The 2 m x 1 m map took two years to
paint and can still be seen at Lund Observatory, Sweden.

Image: Lund Observatory, Sweden

There are two major problems astronomers have to over-
come to get a better picture of the Milky Way: the distanc-
es to the 200 billion stars and their properties must be
known, and the dark dust clouds that obstruct our view
have to be cleared.

Distance measurements for objects beyond the solar system
were impossible before the second half of the 19* century.
With the development of better telescopes and the applica-
tion of photography to astronomical observations, charting
of the sky improved rapidly.

A giant leap forward in mapping the Milky Way came in the
early 1990s when Lennart Lindegren, together with Michael

Perryman and the European Space Agency (ESA), proposed
the Gaia space telescope mission. Launched in 2013, the Gaia
telescope has provided invaluable information about the ap-

pearance of our galaxy.l?

How do we map the galaxy?

Gaia has so far mapped the positions and velocities of al-
most 2 billion stars in the Milky Way, which is still only 1% of
all stars in the galaxy. This allows astronomers to trace the
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structures of the Milky Way and model the motions of the
stars into the past as well as into the future.

But how can we measure the distance to a star? This is done
by observing how the star appears to move with respect to
background stars as Earth orbits the Sun (stellar parallax).
You can observe a parallax effect yourself by holding your
finger in front of your face: first close one eye, and then
switch. Notice how your finger seems to move with respect
to the background. If you move your finger further away, it
will appear to move less, that is, the angle is smaller. For the
stars, we can use the same principle, but instead of having
our two eyes, we now use Earth’s orbit around the Sun as our
two viewing points. Using the angle of the apparent shift and
the distance between the Sun and Earth, the distance to the
star can be measured.

Gaia provides not only distance information but also clues
about the development and therefore the history of stars.
Galactic archaeologists study the history of our galaxy and
the stars are their fossils. For studying these fossils in detail,
the telescopes of the European Southern Observatory (ESO)
record the chemical fingerprint of the stars using spectros-
copy. The Gaia-ESO survey uses ESO’s facilities to obtain the
chemical information of stars tracked by Gaia, with the goal
of further unravelling the mystery of the Milky Way.?
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lllustration of how the parallax method works. The apparent position
of a nearby star as seen from Earth changes as Earth orbits around
the Sun, allowing astronomers to measure the distance to it.

Image: NASA, ESA and A. Feild (STScl), CC BY 4.0
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Composite image of the Gaia space telescope (artist's impression, top) and
ESQ's Very Large Telescope (bottom). Together they have mapped the Milky
Way, providing clues to its structure and evolutionary history.

Image: ESA/ESO, (CBY 4.0

Building the Milky Way

In simplified terms, to build a galaxy, we first need gas
and dark matter. Thanks to gravity, the gas will collapse into
stars, which are gravitationally bound and swirl together cre-
ating a galaxy. Over time, the galaxy will change and evolve,
partly due to the evolution of the stars themselves. During
their lifetime, stars fuse hydrogen and helium into heavier
elements and also produce dust. These substances are then
expelled into the surrounding gas. Subsequent generations
of stars that form out of that enriched gas will incorporate
those heavy elements into their composition. By studying

the chemical fingerprints of the stars, we can then distin-
guish their different generations.

The distribution, evolution, and movement of the stars in our
galaxy led to the Milky Way being a spiral galaxy, with a disc
that has well-defined spiral arms and a puffed-up region in
the middle called the bulge. The disc and bulge are embed-
ded in a halo that contains globular stellar clusters and dark
matter. However, this is a very broad and simplified descrip-
tion of our home galaxy.

An image of the whole sky as seen by Gaia, with the plane of the Milky Way running
horizontally. This is not a photograph of the Milky Way, but a collection of all the

1.8 billion objects that Gaia has measured.
Image: ESA/Gaia/DPAC, CC BY-SA 3.0 1GO
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A violent past, present and future —
hold on tight!

By studying the motion and chemical makeup of stars in the
Milky Way, astronomers found the scattered remains of an
old engulfed galaxy" that had been torn to pieces several
billion years ago, as well as some remnants of several digest-
ed galaxies in the halo of the Milky Way.

However, that's not the end of the Milky Way’s hectic histo-
ry. Actually, our galaxy is in the process of engulfing another
galaxy right now: the dwarf galaxy Sagittarius. The Sagittari-
us galaxy has passed through into our galaxy several times,

slowly being torn apart by the gravity of the Milky Way. Just
like throwing a rock in water, the repeated plunges of Sagit-
tarius into the Milky Way have created ripples in the overall
disc of the Milky Way, which can be seen by Gaia.?

Fast forward four billion years into the future, and it is antic-
ipated that the Milky Way and its closest large neighbour, the
Andromeda galaxy, will merge to create a new galaxy."! Yet
again, our galaxy will be reshaped.

Artist’s impression of the star and dust tail from the torn-to-pieces Sagittarius dwarf galaxy,
currently being engulfed by the Milky Way.
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The full picture?

So, have we obtained our final map of the Milky Way? Well, we
are getting there! One problem is that our view towards the
centre of the milky way is covered with dust clouds blocking
the light. But thanks to infrared and radio detectors, it is pos-
sible to peer through the dust. These detectors have allowed
us to take an image of Sagittarius A* the supermassive black
hole at the centre of our galaxy, and determine that its mass
is equal to 4 billion Suns.”

In the future Gaia will be joined by instruments newly in-
stalled at ESO’s telescopes that capture infrared and visible
spectra of over 1000 objects at the same time, allowing as-
tronomers to obtain the chemical fingerprints of millions of
stars. Together with Gaia, these new instruments will dig out
many of the secrets that the Milky Way still holds, so that one
day we may have a complete map of our galaxy. «
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Detailed annotated artist's impression of the Milky Way, including the location of the spiral arms and other components

Image: NASA/JPL-Caltech/ESO/R. Hurt, CC BY 4.0
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Resources

e Learn about the three main sources of light in galaxies.

e Discover the Voyager mission.
e Find a range of resources relating to Gaia.

e Learn about the lifecycles of stars.

e Read about a chilly galactic wind that astronomers have
discovered in the Milky Way

CC-BY

N\
—)/_///l EIROforum

Text released under the Creative Commons CC-BY license.
Images: please see individual descriptions

+

+ES+

©)
<+

e Try these activities to understand how we can study very
small and large objects that cannot be directly observed
or measured: Akhobadze K (2021) Exploring the universe:
from very small to very large. Science in School 55.

e Use a digital camera to record parallax shift: PGssel M
(2017) Finding the scale of space.
Science in School 40: 13-18.

e learn about how astronomers imaged the black hole at
the center of our galaxy: Forsberg R, Harris R, Vieser W
(2023) How global teamwork revealed the mystery at the
heart of our galaxy. Science in School 62.

e Read about the discovery of an entirely new planet type:
ESA (2023) Hubble helps discover a new type of planet
largely composed of water. Science in School 61.

e Explore the current methods used to discover exoplanets:
Vieser W (2020) Hunting for exoplanets.
Science in School 49: 8-12.

e Learn about the environmental consequences of light
pollution: Henshaw C (2022) Too much of a good thing —
the problem of light pollution. Science in School 56.
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