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Flower on Earth

A Galactic Mystery

Missing dark matter presents
a cosmic conundrum
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THE UNIVERSE

In Search of the
Most Distant Galaxy

Record-breaking objects can reveal truths
about the cosmos BY PHIL PLAIT

S A SCIENCE COMMUNICATOR, I rarely go a full
week without a press release hitting my inbox
informing me of some new record-breaking object
astronomers have found.
Sometimes it’s the smallest planet yet discov-
ered or the most iron-deficient star. But a very common claim
isadistance record: the farthest galaxy from Earth ever seen,
for example.
When it comes to these kinds of record breakers, I have
complicated feelings, built over decades of writing about
them. Such announcements mustbe parsed carefully because i prait
sometimes they’re not that big of adeal —but sometimesthey s a professional
signal a sea change in what we can do or understand. astronomer and
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. O E in Virginia. He writes
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Then comes the difficulty of actually
determining their distance. We can’t do
this directly; it’s not like we can hop on-
board the starship Enterprise and keep
our eyes on the odometer as we warp
our way there. So we gauge distances in
other ways.

The best-established method is to
observe redshift: The universe is ex-
panding, and asit does so, space sweeps
distant galaxy loses energy as it fights
that expansion, so by the time it reaches
us, its wavelength has been stretched,
which is what astronomers call a red-
shift. For historical (and mathemati-
cal) reasons, we say that a photon with
its wavelength stretched out by a fac-
tor of two has a redshift of one; if the
wavelength is three times longer, the
redshift is two, and so on. Because the
velocity at which a galaxy recedes
from us is related to its distance, we
can use the redshift of a galaxy to mea-
sure that distance.

That’s not an easy task, either, be-
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cause converting redshift to distance
involves understanding some rather
arcane features of the universe—such
as how much normal matter, dark mat-
ter and dark energy it contains, to name
only a few things. But we have accurate-
enough numbers for those parameters
to get a decent grasp on distances.

And thisis where “record-breaking”
really comes in. I’ll sometimes see a pa-
per or announcement about a new gal-
axy that breaks the previous record—
but it’ll have a redshift of, say, 7.34,
when the previous record was 7.33.
That change is pretty small! And de-
pending on your preferred values for
cosmic parameters, the difference
might add up to just a million light-
years. In our example of an object at a
redshift of 7.34, we’re talking distances
of around 13 billion light-years, so the
record breaker is not exactly lapping
the other galaxy. Also, we’re not really
learning too much about the nature of
the cosmos when we simply find a gal-
axy that ekes out a win over another by
anose (or, Isuppose, a spiral arm).

There are times, however, when such
records do tell us something important.

When I was working on the Hubble
Space Telescope in the late 1990s, it was
becoming common to find objects with
aredshift of around 6.0 because the ob-
servatory was designed, in part, to be
able to see extremely distant galaxies.
Hubble found some objects that might
be even more distant, but many were
difficult to confirm. Over time astrono-
mers using this and other telescopes
managed to glimpse galaxies even far-
ther away by using clever techniques
such as fortuitous gravitational lensing.

Then, in 2021, our capabilities took a
giant leap with the launch of the James
Webb Space Telescope. Its infrared eye
is more sensitive to extremely red-
shifted objects, and its 6.5-meter mir-
ror, huge for this kind of observatory,
outmatches Hubble’s smaller optics for
gathering photons. Soon papers were
published with claims of galaxies at
redshifts of 10, 11, and even higher—
and although many of those prelimi-

Distance records are an
excellent proxy for the state
of the art in astronomy.

nary measurements wound up being
spurious, several were ultimately con-
firmed out to redshifts greater than 14.
Thisis one of those times when a record
breaker is important: it’s telling us we
have a new way to observe the cosmos,
which usually resultsin a new era of as-
tronomical discovery.

For whatit’s worth, at the time of this
writing, the record holder was a very
luminous red blob of a galaxy called
MoM-z14, with a redshift of 14.44. But
by the time you read this, who knows?

These records have significant sci-
entific meaning as well. For example,
light travels very rapidly but not in-
finitely so. It takes billions of years for
the light from these vastly removed
galaxies to reach us, which means the
farther away they are, the earlier in the
timeline of the cosmos we see them.
Any new record means we’ve added in-
formation about our knowledge of the
early universe, and sometimes it even
means we're seeing the universe in a dif-
ferent stage of its development.

For instance, when the cosmos was
very young, it was opaque. But then, at
some point, stars and supermassive
black holes formed, spewing out energy
and making it transparent. As we dis-
cover galaxies from that period, we can
learn about the environment of space at
that time, just a few hundred million
years after the universe formed.

We also learn about galaxies them-
selves. Why do they shine so brightly
at that age? They have supermassive
black holes prodigiously feeding on
infalling matter, but how did those
black holes grow so big so rapidly?
The more distant a galaxy we find, the
more data we can apply in unraveling
those mysteries.

Also, we can use that database of dis-
tant objects to learn about them in gen-

eral. We might find that most distant
galaxies have some average luminosity,
with a few topping out a bit above that
and none being brighter. That would
tell us about the physics of galaxy for-
mation, as well as how galaxies grow
and emit light. If there is a single most
brilliant distant galaxy, that fact could
put firm limits on how they behave.

And there’s another record that will
be difficult to break or even verify. When
we look back far enough, we won’t see
any more galaxies at all. Why not? Be-
cause they wouldn’t have formed yet! It
tooka few hundred million years for gal-
axies to assemble themselves, with dark
matter serving as gravitational scaffold-
ing, allowing normal matter to gather
and condense, collecting in colossal
quantities that would eventually form
nebulas, stars and planets. If we can see
far enough into the distant cosmos, far
enough into the past, we’ll be peering
back in time to before those structures
even existed.

To be fair, we already have done this;
microwave telescopes have detected the
fireball of the big bang, the leftover
light from the original expansion of the
universe that fills the sky as a gently
(a true distance record—it’s at a red-
shift of about 1,000!). But there’s a
several-hundred-million-year gap be-
tween that moment and the time at
which galaxies first started popping up,
and we know very little about it. Every
record breaker we find squeezes that
boundary a little tighter.

The universe is lovely, dark and
deep, but with our powerful telescopes
and clever brains, we keep pushing far-
ther into it. For that, I welcome every
new record. At this point in our search,
each one that’s broken is a footstep into
new astronomical territory. @
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