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Scientists believe that most of the matter in our universe is made of

YOUNG REVIEWERS: invisible stuff called dark matter. Scientists still do not know what dark

:::\l/(:" matter actually is but they are quite sure that it cannot be built of the

SWARANGI same elementary particles that normal, visible matter is made of. So,

AGE- 15 it looks like there is a new invisible particle hiding in the universe...

CLIFFORD But wait! What if dark matter is only the tip of the iceberg? What

e 1t if there is a whole hidden world with several kinds of particles and
forces between them? Scientists call this mysterious world the Dark

VICTORIA Sector. In this article, we will explore what the Dark Sector might look

AGE: 14 like, and how it could be connected to our visible world.

WYNN

AGE: 13
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Figure 1

The Standardsons, the
family of the Standard
Model particles. The
“Lepton Clan” (left)
consists of three
brothers: Electron,
Muon, and Tau, playing
with their little
Neutrinos. The "Quark
Gang" (right) contains

six mischievous quarks:

Up, Down, Charm,
Strange, Top, and
Bottom, which are
throwing gluons back
and forth to
communicate. The
weak bosons (middle)
are W Plus, W Minus,
and Z—all taking a nap.
The flying creature in
the front is the fast and
furious Photonetto. In
the background is the
loving Grandpa Higgs.
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might not get their masses from the Higgs boson, because they are
much much lighter than the other massive particles in the Standard
Model, but that is a story for another time...

Figure 1

HOW IS DARK MATTER DIFFERENT?

But why is it that dark matter cannot also be made of these elementary
particles? Building dark matter requires a particle with some special
properties. First, this particle should have mass. Second, it should live
a long, long time—at least as long as the age of the universe, which
is 13.8 billion years. Third, it should not have any electric charge,
because otherwise people would see it with telescopes thanks to the
photons. Only three members of the Standardsons family, the three
neutrinos, have these properties. However, neutrinos are extremely
light and tend to move too fast to be responsible for all the dark
matter. You see, judging by its gravitational footprints, dark matter
seems to move slowly [2]. That could be because it is much heavier
than the members of the Standardsons family. However, recently more
scientists are thinking that dark matter, although still moving very
slowly, could be much lighter than Grandpa Higgs. So, it looks like we
need to add one new invisible member to our article family...or maybe
more than one!
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STABLE PARTICLE

A particle that does not
get transformed
(decay) into lighter
particles over time.

Figure 2

The Darkfields, the
family of the
mysterious Dark Sector
particles. Three
particles (left) look a
little bit like our
neutrinos, but more
exotic—the three Dark
Neutrinos. Among
other mysterious dark
particles, the cute,
round-shaped particle
(right) is the Oscurina.
The Dark Photonetto
(front) is flying around.
Last but not least, the
Dark Higgs is in the
background.
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THE DARK MATTER FAMILY

Some scientists believe that dark matter could be only the tip of the
iceberg—there might be a whole hidden world with its own kinds
of particles and forces between them [3]! Scientists call this invisible
world the Dark Sector. You can think of the Dark Sector as a family,
similar to the Standardsons, but way more exotic and mysterious. We
will call this family the Darkfields.

The Darkfields family could be as big as the Standardsons, or even
bigger! It could contain several matter particles of different kinds,
including a stable particle: the cute Oscurina (Figure 2). It is Oscurina’s
gravitational footprints that we see in the universe. Among the
Darkfields, there might also be a Dark Neutrino, possibly a very heavy
one. Scientists call this heavy dark neutrino a “sterile neutrino” or a
"heavy neutral lepton”. Similar to the Standard Model, there might be
several types of dark forces acting between the dark particles. For
example, there could be a Dark Photonetto, a dark version of the
standard photon. The Darkfields might also have a dark counterpart of
Grandpa Higgs, the Dark Higgs, which could give dark particles their
masses. And these are just a few examples!

Darkfields

Figure 2

The Standardsons and the Darkfields are like two families that live on
different continents, speak different languages, and have never met
each other. They would not even know of each other’s existence. This
is how the Standard Model and the Dark Sector might coexist. But what
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Figure 3

Three examples of
secret portals that
could connect the
Standardsons and the
Darkfields, allowing
them to interact with
each other: the vector
portal, the neutrino
portal, and the Higgs
portal.
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if some sneaky particles found a secret portal to the other place, and
from time to time visit the other family? Maybe some of them actually
enjoy playing with members of the other family and are even secretly
friends with them?

FINDING THE DARK SECTOR

Scientists believe that there might be several types of portals between
the Standard Model and the Dark Sector (Figure 3) [4]. First, the photon
and the dark photon might like to visit each other through a so-called
vector portal. Second, Grandpa Higgs might be secretly friends with
Dark Higgs, connected with him through a Higgs portal. And finally,
there might be a neutrino portal through which neutrinos from the
Standard Model can play with dark neutrinos.

Neutrino portal

Vector portal

Higgs portal

Figure 3

If such portals exist, scientists could try to catch one of these sneaky
particles and learn about the Darkfields family from them. This is
exactly what scientists are doing! For example, at CERN in Geneva,
Switzerland, scientists are using the Large Hadron Collider, a very
powerful machine, to produce all kinds of elementary particles from
the Standard Model. Some members of the Darkfields family might
be hiding between these particles, and scientists are hoping to catch
them. It is not an easy task though—it is like trying to find a tiny needle
in a haystack! But a true scientist is not scared of a challenge!

Another example is the Deep Underground Neutrino Experiment
(DUNE), which is currently being built in the United States. At DUNE,
scientists are going to produce huge amounts of neutrinos to study
them and their role in the universe. Among these neutrinos, a dark
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ASTROPARTICLE
PHYSICIST

A scientist who studies
what the Universe is
made of by looking at
particles coming from
space, like from the

Sun or faraway galaxies.
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neutrino might be sneaking around. Will the scientists at DUNE be able
to catch it? Stay tuned!

Experiments at CERN and DUNE are just two examples of how
scientists can look for the Darkfields with experiments built on Earth.
But this is not the only way to search for dark particles! Astroparticle
physicists are constantly coming up with new ideas. For example, a
group of scientists is trying to use streams of stars in our galaxy to
learn about dark matter. If you are curious about this method, check
out this Frontiers for Young Minds article.

THE BIG QUESTIONS...

Why do scientists care so much about what dark matter is in the first
place? One reason is because it would be cool to know what most of
the matter in the universe is made of, but that is not the only reason.
Understanding the dark world would help us to better understand our
own world and hopefully give us hints about other very important open
questions like, for example, why matter exists at all!

Do we all share our universe with a hidden dark world? Hopefully,
science will help answer this question one day. But for now, the next
time you look at the night sky, think about all the invisible particles that
might be hidden up there...
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YOUNG REVIEWERS

BHAKTI, TANVI, SWARANGI, AGE: 15

We are Swarangi, Tanvi and Bhakti, studying in 10th grade. We are hostelers. Tanvi is
a national player of badminton. We are interested in astronomy. We are passionate
about traveling and reading fictional novel. We love helping others. We believe
in the power of subconscious mind. To achieve success, one must be consistent
and positive.

CLIFFORD, AGE: 15

Clifford is a student who has always been interested in the mysteries of the universe.
He enjoys studying math and science; especially relating to physics, climate, and the
environment. He has a strong passion for astronomy, and is one of the leaders of his
school's Astronomy Club. He finds dark matter interesting because he often wonders
what lies in this vast universe.

VICTORIA, AGE: 14

Since | was two, | have always been curious about the universe. From learning more
about astronomy and astrophysics to getting my own telescope to even having a
space themed room, space has been my happy place. It has also led me go deeper in
other scientific displines such as chemistry and physics to better understand celestial
phenonemena. Outside of my universal exploration, | have also fallen in love with
aviation and have even flown a small plane five times!

WYNN, AGE: 13

| like discrete mathematics, problem solving with programming, and physics/
astrophysics. | enjoy reading books on science and science fiction, playing video
games, and ant keeping.
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