
 

NASA's Webb to unveil the secrets of nearby
dwarf galaxies
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The dwarf galaxy Sculptor, above, is a companion to the Milky Way galaxy.
Astronomers will use Webb to study the motions of stars in Sculptor and Draco,
another dwarf companion to the Milky Way. By studying how the stars move,
the researchers will be able to determine how the dark matter is distributed in
these galaxies. Credit: ESA/Hubble, Digitized Sky Survey 2

In two separate studies using NASA's upcoming James Webb Space
Telescope, a team of astronomers will observe dwarf galaxy companions
to the Milky Way and the nearby Andromeda galaxy. Studying these
small companions will help scientists learn about galaxy formation and
the properties of dark matter, a mysterious substance thought to account
for approximately 85% of the matter in the universe.

In the first study, the team will gain knowledge of dark matter by
measuring the motions of stars in two dwarf companions to the Milky
Way. In the second study, they will examine the motions of four dwarf 
galaxies around our nearest large galactic neighbor, the Andromeda
galaxy. This will help determine if some of Andromeda's satellite
galaxies orbit inside a flat plane, like the planets around our Sun. If they
do, that would have important implications for understanding galaxy
formation. The principal investigator for both programs is Roeland van
der Marel of the Space Telescope Science Institute (STScI) in Baltimore,
Maryland.

Observing Stellar Motions in Dwarf Galaxy
Companions to the Milky Way

The nearest galaxies to our own Milky Way are its companion dwarf
galaxies, which are much smaller than the Milky Way. Van der Marel
and his team plan to study the motions of stars in two of these dwarf
galaxies, Draco and Sculptor. The orbits of the stars are governed by the
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gravity arising from the dark matter in each galaxy. By studying how the
stars move, the researchers will be able to determine how the dark matter
is distributed in these galaxies.

"How structures in the universe formed depends on the properties of the
dark matter that comprises most of the mass in the universe," explained
van der Marel. "So we know there's dark matter, but we don't know what
actually makes up this dark matter. We just know that there is something
in the universe that has gravity and it pulls on things, but we don't really
know what it is."

The team will study the distribution of dark matter in the centers of the
dwarf galaxies to determine the temperature properties of this
mysterious phenomenon. If dark matter is "cold," its density will be very
high near the centers of the galaxies. If dark matter is "warm," it will be
more homogenous throughout the area approaching the galactic centers.

At the same time Webb's Near Infrared Camera (NIRCam) is studying
the centers of Draco and Sculptor, another instrument, the Near Infrared
Imager and Slitless Spectrograph (NIRISS), will be probing the outskirts
of the dwarf galaxies. "These simultaneous observations will provide
some insight into how stars move differently near the center and the
outskirts of the dwarf galaxies," said co-investigator Tony Sohn of
STScI. "They will also allow two independent measures of the same
galaxy, to check for any systematic or instrumental effects."

Because Webb has approximately six times the light collection area of
NASA's Hubble Space Telescope, the team can measure the motions of
stars much fainter than what Hubble can see. The more stars included in
a study, the more accurately the team can model the dark matter that
influences their motions.

Studying the Motion of Dwarf Galaxy Companions to
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Andromeda

The nearest large neighbor galaxy of our Milky Way, Andromeda has
numerous dwarf galaxy companions, just as the Milky Way does. Van
der Marel and his team plan to study how four of those dwarf galaxies
are moving around Andromeda, to determine if they are grouped within
a flat plane in space, or whether they are moving around Andromeda in
all directions.

Unlike the first observation program, the team is not trying to measure
how stars inside the dwarf galaxies move. In this study, they are trying to
determine how the dwarf galaxies as a whole move around Andromeda.
This will provide insights into the process whereby large galaxies form
by accretion and accumulation of smaller galaxies, and how exactly that
works.

In most models, dwarf galaxies that surround larger galaxies are not
expected to lie in a plane. Typically, scientists would expect dwarf
galaxies to fly around bigger galaxies in random ways. Slowly, these
dwarf companions would lose energy and be accreted into the larger
galaxy, which would grow larger still.

However, for both for the Milky Way and Andromeda, several studies
have suggested that at least some fraction of the dwarf galaxies lie in a
plane, and may even be rotating in that plane. One of the ways to
determine if that's true is to measure their three-dimensional motions. If
the motions are actually in the plane, that would suggest that the dwarf
galaxies will stay in a plane. But if the companion dwarfs appear to be in
a plane but their motions are in all directions, that would indicate a
chance alignment and not a long-lasting structure.

If the dwarf galaxies do line up in a plane, that can mean one of several
things. It could be that a good fraction of the dwarf companions fell into
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orbit around Andromeda as a single group. If that were the case, the
dwarfs would retain "memory" that they all fell in together, and they
would exhibit similar dynamical properties right now.

Another possibility is that the dwarf galaxies of Andromeda formed as
what are called "tidal dwarf galaxies." These gravitationally bound
collections of gas and stars form during mergers or interactions between
large spiral galaxies. They are as massive as dwarf galaxies but are not
dominated by dark matter, as scientists believe most of the dwarf
galaxies around us are. It's possible that a merger of two large galaxies
with a lot of gas could form some dwarf galaxies that end up in a single
planar structure, but that would be unusual, because scientists don't think
that tidal dwarf galaxies are the predominant type of dwarf galaxy in the
universe. Dwarf galaxies are typically known to form inside of dark
matter clouds called halos.

Either case could mean that galaxy formation may be more complicated
than researchers sometimes think. Either would provide additional
constraints on scientists who develop theoretical models of galaxy
formation.

Webb's Extreme Accuracy and Precision

In both programs, the team will push Webb to its limits in terms of
accuracy and precision. "It's a very tricky situation, because basically
what we want to measure are very tiny motions," explained co-
investigator Andrea Bellini of STScI. "The accuracy we want to achieve
is like measuring something that moves a few inches a year on the
surface of the Moon, as seen from Earth."

Both studies are Guaranteed Time Observations (GTO) programs
allocated to the team of the Webb Telescope Scientist, Matt Mountain.
He is also president of the Association of Universities for Research in
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Astronomy (AURA), headquartered in Washington, D.C.

The James Webb Space Telescope will be the world's premier space
science observatory when it launches in 2021. Webb will solve mysteries
in our solar system, look beyond to distant worlds around other stars, and
probe the mysterious structures and origins of our universe and our place
in it. Webb is an international program led by NASA with its partners,
ESA (European Space Agency) and the Canadian Space Agency.
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