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September 3, 2025

Astronomers announced today the results of a new study into the 3D structure of
the Milky Way, specifically for the cold gas where new stars form among our
Galaxy's existing stars.

The Milky Way is a large spiral galaxy similar to many others that we can see in
images from the Hubble or Webb space telescopes. Spiral galaxies are mostly
circular and flat, where the stars and gas within them tend to orbit the galaxy’s
center in an orderly way, somewhat like the planets in our Solar System orbiting
the Sun. The other main type of galaxy in the Universe, ellipticals, are rounder
and more football-shaped, since their stars orbit their centers in somewhat more
random directions.

In spiral galaxies, gas tends to gather along the spiral arms, where gravity
collects and compresses cold, dense gas, forming new stars. This ongoing star
formation drives the overall evolution of the galaxy. Elliptical galaxies have
much less gas and much less new star formation than spirals, so their evolution is
slower.

Understanding the structure and evolution of the Milky Way is fricky from our
position within it, since it's not always clear whether the features we are looking
at are near the Sun or further away. For example, while nearer stars and clouds
are easier to see, they also tend to get in the way of studying features on (say)
the other side of the Galaxy. So, a complete picture of the whole Milky Way is
difficult to assemble, and techniques which can place objects at their correct
distance are therefore very valuable to our understanding of the Milky Way's
actual structure and evolution.

The Three-millimeter Ultimate Mopra Milky Way Survey (ThrUMMS) is one such
study of the cold gas cloud population in the southern Milkky Way. While
compiling data on the star formation activity of these clouds, the ThrUMMS team
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(led by PI Peter Barnes at the Space Science Institute in Boulder, CO) also
discovered previously unnoticed features of their overall distribution in the Milky
Way.

The team’s first discovery was that the flat, spiral structure of the Milky Way is
actually not so flat after all. By carefully measuring the distance to each of the
cold gas clouds, they were also able to map how far above or below the
midplane (the “Galactic Equator”) they were. When this is done for all the
clouds, they found that the average height (above or below) varies
systematically with distance across the disk, so as to form a large-scale ripple
pattern in the overall heights across the disk. This pattern seems to be quite
widespread, and stretches most of the way to the Galaxy’s center. (See first
illustration below, or Fig C31 in the paper.)

Ripples in the Midplane (side view)
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What might cause such a ripple pattern to appear in the otherwise flat disk of
the Milky Waye Computer models suggest that a close encounter (perhaps 200
million years ago) with one of the Milky Way's small satellite galaxies, the
Sagittarius Dwarf, may have caused this ripple in our Galaxy’s structure. The
gravitational pull from the dwarf galaxy likely disrupted the normal orbits. If this is
correct, the Milky Way can be understood to be “ringing like a bell” from the
impact with the dwarf.

The other unexpected discovery was to identify, for the first time, a unique,
large-scale feature on the other side of the Galaxy. The Milky Way turns out to
be a “barred spiral” galaxy, unlike most normal spirals, where the graceful
pattern of spiral arms goes all the way into the galaxy’s center. About 10% of
spirals have a “bar” in their centers, where the spiral structure going inwards is
abruptly terminated by a straight line of stars and gas across the center. For the
Milky Way, it was only recognized to have a bar about 20 years ago, and some
of the features at the near end of the bar — in the direction of the constellation
Aquila, about 18,000 light-years away from the Sun — have only been
understood as such since then. (See second illustration below.)



The Milky Way as a Barred Spiral Galaxy (face-on view)
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In contrast, the new features — in the direction of the constellation Ara, so “Far
Ara Clouds” — probably lie at the far end of the bar (about 35,000 light-years
away), and have only now been identified for the first time. They are unique
because the bar’s ends are where the more orderly, nearly circular orbits of stars
and clouds transition into the “plunging” orbits of the bar material, and this
change causes a mass pileup to occur, stimulating (for example) vigorous star
formation activity. This means that the Far Ara Clouds will provide new
opportunities to study the Milky Way's structure and evolution at large distances
from the Sun.
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