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The Standard Model of particle physics is a remarkably successful theory
that describes the fundamental building blocks of matter and the forces that
act between them. However, the Standard Model is incomplete. It does not
explain the existence of dark matter or dark energy, and it does not provide
a unified description of all the forces of nature.

Anomaly collider physics is a powerful tool for searching for new
phenomena beyond the Standard Model. Anomalies are deviations from
the predictions of the Standard Model. They can be caused by new
particles, new forces, or new interactions. By studying anomalies,
physicists can learn about the nature of the universe and the fundamental
laws of physics.
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Fermilab is a world-renowned center for particle physics research.
Fermilab's accelerators produce some of the highest-energy particle beams
in the world, which makes it possible to search for new phenomena that are
beyond the reach of other experiments.

In recent years, Fermilab has been at the forefront of anomaly collider
physics. The Tevatron collider, which operated at Fermilab from 1983 to
2011, produced a number of anomalies that are still being studied today.
The Large Hadron Collider (LHC) at CERN is now the world's highest-
energy collider, but Fermilab continues to play a major role in LHC
research.

Fermilab scientists are currently involved in a number of experiments that
are searching for new phenomena beyond the Standard Model. These
experiments include the CMS experiment at the LHC, the Muon g-2
experiment at Fermilab, and the Deep Underground Neutrino Experiment
(DUNE) at Sanford Underground Research Facility in South Dakota.

The CMS experiment is one of the two general-purpose detectors at the
LHC. CMS is designed to search for new particles and new forces that are
produced in high-energy proton-proton collisions. The Muon g-2 experiment
is a precision measurement of the magnetic moment of the muon. The
muon is a subatomic particle that is similar to the electron, but it is heavier
and has a longer lifetime. The magnetic moment of the muon is a
fundamental property of the particle, and any deviation from the Standard
Model prediction could be a sign of new physics.

The DUNE experiment is a next-generation neutrino experiment that will be
located in the Sanford Underground Research Facility in South Dakota.



DUNE will study the properties of neutrinos, which are subatomic particles
that have no electric charge. Neutrinos are among the most abundant
particles in the universe, but they are also very difficult to detect. DUNE will
use a massive underground detector to study neutrinos from a variety of
sources, including the sun, the atmosphere, and supernovae.

The quest for new phenomena beyond the Standard Model is one of the
most exciting and challenging areas of physics research today. Fermilab is
at the forefront of this research, and its scientists are working to uncover
the mysteries of the universe.

Anomalies in the Standard Model

The Standard Model of particle physics is a remarkably successful theory
that describes the fundamental building blocks of matter and the forces that
act between them. However, the Standard Model is incomplete. It does not
explain the existence of dark matter or dark energy, and it does not provide
a unified description of all the forces of nature.

Anomalies are deviations from the predictions of the Standard Model. They
can be caused by new particles, new forces, or new interactions. By
studying anomalies, physicists can learn about the nature of the universe
and the fundamental laws of physics.

There are a number of anomalies that have been observed in the Standard
Model. These anomalies include:

=  The muon g-2 anomaly: The magnetic moment of the muon is slightly
larger than the Standard Model prediction.



= The dark matter anomaly: The observed amount of dark matter in the
universe is much larger than the Standard Model prediction.

= The dark energy anomaly: The universe is expanding at an
accelerating rate, which is not explained by the Standard Model.

These anomalies are a challenge to the Standard Model. They suggest that
there is new physics beyond the Standard Model that we do not yet
understand.

The Quest for New Phenomena

The quest for new phenomena beyond the Standard Model is one of the
most exciting and challenging areas of physics research today. Fermilab is
at the forefront of this research, and its scientists are working to uncover
the mysteries of the universe.

There are a number of different ways to search for new phenomena
beyond the Standard Model. One way is to look for new particles. New
particles could be produced in high-energy particle collisions, such as those
that occur at the LHC. Another way to search for new phenomena is to look
for deviations from the Standard Model predictions. These deviations could
be in the form of anomalies, such as the muon g-2 anomaly or the dark
matter anomaly.

The quest for new phenomena beyond the Standard Model is a long and
difficult one. However, the rewards could be great. If we can find new
particles or new forces, we will learn more about the nature of the universe
and the fundamental laws of physics.

Anomaly Collider Physics at Fermilab



Fermilab is a world-renowned center for particle physics research.

Fermilab's accelerators produce some of the highest-energy particle beams

in the world, which makes it possible to search for new phenomena that are

beyond the reach of other experiments.

Fermilab scientists are currently involved in a number of experiments that

are searching for new phenomena beyond the Standard Model. These

experiments include:

The CMS experiment at the LHC: CMS is one of the two general-
purpose detectors at the LHC. CMS is designed to search for new
particles and new forces that are produced in high-energy proton-
proton collisions.

The Muon g-2 experiment at Fermilab: The Muon g-2 experiment is a
precision measurement of the magnetic moment of the muon. The
muon is a subatomic particle that is similar to the electron, but it is
heavier and has a longer lifetime. The magnetic moment of the muon
is a fundamental property of the particle, and any deviation from the
Standard Model prediction could be a sign of new physics.

The Deep Underground Neutrino Experiment (DUNE) at Sanford
Underground Research Facility in South Dakota: DUNE will study the
properties of neutrinos, which are subatomic particles that have no
electric charge. Neutrinos are among the most abundant particles in
the universe, but they are also very difficult to detect. DUNE will use a
massive underground detector to study neutrinos from a variety of
sources, including the sun, the atmosphere, and supernovae.



These experiments are just a few examples of the many ways that
Fermilab scientists are searching for new phenomena beyond the Standard
Model. Fermilab is at the forefront of the quest for new physics, and its
scientists are working to uncover the mysteries of the universe.

The quest for new phenomena beyond the Standard Model is one of the
most exciting and challenging areas of physics research today. Fermilab is
at the forefront of this research, and its scientists are working to uncover
the mysteries of the universe. By studying anomalies and searching for
new particles and new forces, Fermilab scientists are helping to push the
boundaries of our knowledge and to understand the nature of the universe.
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