PHYS 19X

Hidden, compact galaxies in the distant
universe—searching for the secrets behind
the little red dots

September 8 2024, by Fabio Pacucci

Supermassive black holes grow by pulling in matter around them. Credit: M.
Kornmesser/ESO

Astronomers exploring the faraway universe with the James Webb Space
Telescope, NASA's most powerful telescope, have found a class of
galaxies that challenges even the most skillful creatures in mimicry—Iike
the mimic octopus. This creature can impersonate other marine animals
to avoid predators. Need to be a flatfish? No problem. A sea snake?
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https://newsroom.ap.org/detail/BrightestQuasar/0e0f902af4374dcb94dc6d66c21e035d/photo?Query=supermassive%20black%20hole&mediaType=photo&sortBy=&dateRange=Anytime&totalCount=3&currentItemNo=2
https://newsroom.ap.org/detail/BrightestQuasar/0e0f902af4374dcb94dc6d66c21e035d/photo?Query=supermassive%20black%20hole&mediaType=photo&sortBy=&dateRange=Anytime&totalCount=3&currentItemNo=2
https://webb.nasa.gov/
https://webb.nasa.gov/
https://doi.org/10.1098/rspb.2001.1708
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Easy.

When astronomers analyzed the first Webb images of the remote parts
of the universe, they spotted a never-before-seen group of galaxies.
These galaxies—some hundreds of them and called the Little Red Dots
—are very red and compact, and visible only during about 1 billion years
of cosmic history. Like the mimic octopus, the Little Red Dots puzzle
astronomers, because they look like different astrophysical objects.
They're either massively heavy galaxies or modestly sized ones, each
containing a supermassive black hole at its core.

However, one thing is certain. The typical Little Red Dot is small, with a
radius of only 2% of that of the Milky Way galaxy. Some are even
smaller.

As an astrophysicist who studies faraway galaxies and black holes, I am
interested in understanding the nature of these little galaxies. What
powers their light and what are they, really?
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https://doi.org/10.48550/arXiv.2306.05448
https://doi.org/10.48550/arXiv.2404.03576
https://doi.org/10.3847/2041-8213/acf5ef
https://doi.org/10.48550/arXiv.2406.05604
https://doi.org/10.48550/arXiv.2212.10531
https://doi.org/10.48550/arXiv.2212.10531
https://www.fabiopacucci.com/

The universe is full of countless galaxies, and the Webb telescope has helped
astronomers study some of them. Credit: NASA, ESA, CSA, STScl

The mimicking contest
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https://webbtelescope.org/contents/media/images/2022/035/01G7DCWB7137MYJ05CSH1Q5Z1Z
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Astronomers analyze the light our telescopes receive from faraway
galaxies to assess their physical properties, such as the number of stars
they contain. We can use the properties of their light to study the Little
Red Dots and figure out whether they're made up of lots of stars or
whether they have a black hole inside them.

Light that reaches our telescopes ranges in wavelength from long radio
waves to energetic gamma rays. Astronomers break the light down into
the different frequencies and visualize them with a chart, called a

spectrum.

Sometimes, the spectrum contains emission lines, which are ranges of
frequencies where more intense light emission occurs. In this case, we
can use the spectrum's shape to predict whether the galaxy is harboring a
supermassive black hole and estimate its mass.

Similarly, studying X-ray emissions from the galaxy can reveal a
supermassive black hole's presence.

As the ultimate masters of disguise, the Little Red Dots appear as
different astrophysical objects, depending on whether astronomers
choose to study them using X-rays, emission lines or something else.

The information astronomers have collected so far from the Little Red
Dots' spectra and emission lines has led to two diverging models
explaining their nature. These objects are either extremely dense
galaxies containing billions of stars or they host a supermassive black
hole.

The two hypotheses

In the stars-only hypothesis, the Little Red Dots contain massive
amounts of stars—up to 100 billion stars. That's approximately the same
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https://phys.org/tags/physical+properties/
https://imagine.gsfc.nasa.gov/science/toolbox/spectra1.html
https://imagine.gsfc.nasa.gov/science/toolbox/spectra1.html
https://imagine.gsfc.nasa.gov/science/toolbox/spectra2.html
https://imagine.gsfc.nasa.gov/science/toolbox/spectra2.html
http://spiff.rit.edu/classes/phys301/lectures/spec_lines/spec_lines.html
https://doi.org/10.1086/431897
https://phys.org/tags/supermassive+black+hole/
https://phys.org/tags/supermassive+black+hole/
https://doi.org/10.1038/s41586-023-05786-2
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number of stars as in the Milky Way—a much larger galaxy.

Imagine standing alone in a huge, empty room. This vast, quiet space
represents the region of the universe in the vicinity of our solar system
where stars are sparsely scattered. Now, picture that same room, but
packed with the entire population of China.

This packed room is what the core of the densest Little Red Dots would
feel like. These astrophysical objects may be the densest stellar
environments in the entire universe. Astronomers aren't even sure
whether such stellar systems can physically exist.

Then, there is the black hole hypothesis. The majority of Little Red Dots
display clear signs of the presence of a supermassive black hole in their
center. Astronomers can tell whether there's a black hole in the galaxy by
looking at large emission lines in their spectra, created by gas around the
black hole swirling at high speed.

Astronomers actually estimate these black holes are too massive,
compared with the size of their compact host galaxies.

Black holes typically have a mass of about 0.1% of the stellar mass of
their host galaxies. But some of these Little Red Dots harbor a black
hole almost as massive as their entire galaxy. Astronomers call these
overmassive black holes, because their existence defies the conventional
ratio typically observed in galaxies.

There's another catch, though. Unlike ordinary black holes, those
presumably present in the Little Red Dots don't show any sign of X-ray
emission. Even in the deepest, high-energy images available, where
astronomers should be able to easily observe these black holes, there's no
trace of them.
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https://arxiv.org/pdf/2408.11890
https://arxiv.org/pdf/2408.11890
https://doi.org/10.48550/arXiv.2308.01230
https://doi.org/10.48550/arXiv.2302.00012
https://doi.org/10.3847/2041-8213/ad0158
https://doi.org/10.48550/arXiv.2403.03872
https://doi.org/10.48550/arXiv.2403.03872
https://doi.org/10.48550/arXiv.2405.00504
https://doi.org/10.48550/arXiv.2404.13290
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Few solutions and plenty of hopes

So are these astrophysical curiosities massive galaxies with far too many
stars? Or do they host supermassive black holes at their center that are
too massive and don't emit enough X-rays? What a puzzle.

With more observations and theoretical modeling, astronomers are
starting to come up with some possible solutions. Maybe the Little Red
Dots are composed only of stars, but these stars are so dense and

compact that they mimic the emission lines typically seen from a black
hole.

Or maybe supermassive—even overmassive—black holes lurk at the
cores of these Little Red Dots. If that's the case, two models can explain
the lack of X-ray emissions.

First, vast amounts of gas could float around the black hole, which would
block part of the high-energy radiation emitted from the black hole's
center. Second, the black hole could be pulling in gas much faster than
usual. This process would produce a different spectrum with fewer X-
rays than astronomers usually see.
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https://doi.org/10.48550/arXiv.2407.12965
https://doi.org/10.48550/arXiv.2407.12965
https://doi.org/10.48550/arXiv.2408.07745
https://doi.org/10.3847/1538-4357/ad3044
https://doi.org/10.48550/arXiv.2405.00504
https://doi.org/10.48550/arXiv.2407.15915
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A visualization of the temperature of gas collecting onto two supermassive black
holes. The black holes are located at the center of the images. The hottest regions
are redder and reach up to about 180 million degrees Fahrenheit. The black hole
on the left is surrounded by cooler gas, generating far fewer X-rays. Credit:
Fabio Pacucci & Ramesh Narayan, 2024

The fact that the black holes are too big, or overmassive, might not be a
problem for our understanding of the universe, but rather the best
indication of how the first black holes in the universe were born. In fact,
if the first black holes that ever formed were very massive—about
100,000 times the mass of the sun—theoretical models suggest that their
ratio of black hole mass to the mass of the host galaxy could stay high
for a long time after formation.

So how can astronomers discover the true nature of these little specks of
light that are shining at the beginning of time? As in the case of our
master of disguise—the octopus—the secret resides in observing their
behavior.

Using the Webb telescope and more powerful X-ray telescopes to take
additional observations will eventually uncover a feature that
astronomers can attribute to only one of the two scenarios.

For example, if astronomers clearly detected X-ray or radio emission, or
infrared light emitted from around where the black hole might be, they'd
know the black hole hypothesis is the right one.

Just like how our marine friend can pretend to be a starfish, eventually it
will move its tentacles and reveal its true nature.
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https://doi.org/10.3847/2041-8213/ad0e76
https://arxiv.org/pdf/astro-ph/0602363
https://arxiv.org/pdf/1302.6996
https://blog.umd.edu/axis/
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This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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