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Executive Summary

Particle physics aims to understand the universe around us. The Standard Model of particle physics describes
the basic structure of matter and forces, to the extent we have been able to probe thus far. However, it leaves
some big questions unanswered. Some are within the Standard Model itself, such as why there are so many
fundamental particles and why they have different masses. In other cases, the Standard Model simply fails to
explain some phenomena, such as the observed matter-antimatter asymmetry in the universe, the existence
of dark matter and dark energy, and the mechanism that reconciles gravity with quantum mechanics. These
gaps lead us to conclude that the universe must contain new and unexplored elements of Nature. Most of
particle and nuclear physics is directed towards discovering and understanding these new laws of physics.

These questions are best pursued with a variety of approaches, rather than with a single experiment or
technique. Particle physics uses three basic approaches, often characterized as exploration along the cosmic,
energy, and intensity frontiers. Each employs different tools and techniques, but they ultimately address the
same fundamental questions. This allows a multi-pronged approach where attacking basic questions from
different angles furthers knowledge and provides deeper answers, so that the whole is more than a sum of
the parts. A coherent picture or underlying theoretical model can more easily emerge, to be proven correct
or not.

The intensity frontier explores fundamental physics with intense sources and ultra-sensitive, sometimes
massive detectors. It encompasses searches for extremely rare processes and for tiny deviations from Standard
Model expectations. Intensity frontier experiments use precision measurements to probe quantum effects.
They typically investigate new laws of physics, at energies higher than the kinematic reach of high energy
particle accelerators. The science addresses basic questions, such as: Are there new sources of C'P violation?
Is there C'P violation in the leptonic sector? Are neutrinos their own antiparticles? Do the forces unify? Is
there a weakly coupled hidden sector that is related to dark matter? Are there undiscovered symmetries?

To identify the most compelling science opportunities in this area, the workshop Fundamental Physics at
the Intensity Frontier was held in December 2011, sponsored by the Office of High Energy Physics in the US
Department of Energy Office of Science. Participants investigated the most promising experiments to exploit
these opportunities and described the knowledge that can be gained from such a program. The workshop
generated much interest in the community, as witnessed by the large and energetic participation by a broad
spectrum of scientists. This document chronicles the activities of the workshop, with contributions by more
than 450 authors.

The workshop organized the intensity frontier science program along six topics that formed the basis for
working groups: experiments that probe (i) heavy quarks, (i) charged leptons, (i#¢) neutrinos, (iv) proton
decay, (v) light, weakly interacting particles, and (vi) nucleons, nuclei, and atoms. The conveners for
each working group included an experimenter and a theorist working in the field and an observer from the
community at large. The working groups began their efforts well in advance of the workshop, holding regular
meetings and soliciting written contributions.

Specific avenues of exploration were identified by each working group. Experiments that study rare strange,
charm, and bottom meson decays provide a broad program of measurements that are sensitive to new laws
of physics. Charged leptons, particularly muons and taus, provide a precise probe for new physics because
the Standard Model predictions for their properties are very accurate. Research at the intensity frontier can
reveal C'P violation in the lepton sector, and elucidate whether neutrinos are their own antiparticles. A very
weakly coupled hidden-sector that may comprise the dark matter in the universe could be discovered. The
search for proton decay can probe the unification of the forces with unprecedented reach and test sacrosanct
symmetries. Detecting an electric dipole moment for the neutron, or neutral atoms, could establish a clear
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signal for new physics, while limits on such a measurement would place severe constraints on many new
theories.

This workshop marked the first instance where discussion of these diverse programs was held under one
roof. As a result, it was realized that this broad effort has many connections; a large degree of synergy
exists between the different areas and they address similar questions. Results from one area were found
to be pertinent to experiments in another domain. For example, participants identified several avenues for
exploring new physics that could account for the matter-antimatter asymmetry of the universe, and it is
the combination of results that could provide the ultimate explanation. The workshop also revealed many
synergies between the intensity frontier and the energy and cosmic frontiers. The three frontiers are closely
linked, with much overlap in the physics they can discover and interpret. A clear conclusion of the workshop
is that intensity frontier experiments constitute an integral and crucial part of a balanced experimental
program in particle and nuclear physics. It is rich with outstanding science opportunities that have the
potential to change paradigms.

The workshop identified the facilities required to do intensity frontier science. Experiments that can be
performed this decade with current or planned facilities were described, as well as those proposed for the
next decade that require new facilities or technology to reach their full potential. Some emphasis was
placed on experiments that could produce data by the end of this decade. It is clear that the intensity
frontier will move the field forward substantially this decade. For example, the recent determination that
the remaining mixing angle in the neutrino sector is large, opens the possibility that detectors planned to
start construction soon can make measurements that address fundamental questions about neutrinos and
the universe. Likewise, several experiments searching for the neutron electric dipole moment will start this
year and are expected to advance the field. Muon experiments planned for later this decade will allow for
an improvement over current results by roughly four orders of magnitude. this decade, new heavy quark
facilities have the potential to search beyond the reach of the Large Hadron Collider this decade. For the next
decade, proposals for new experiments and facilities with more intense beams and more sensitive detectors
are already under consideration, and will provide a large step forward. This document compares the science
reach of these facilities to the reach of others around the globe, new and old, that propose to house similar
programs. The result is a challenging, interconnected, and essential science program covered by the intensity
frontier.

The vibrancy of the workshop reflected the enthusiasm of the community for intensity frontier physics.
Since the workshop addressed all aspects of the intensity frontier, participants were forced to look across
traditional boundaries and become aware of the intensity science program as a whole. It was realized
that there is a strong intensity frontier community that has common physics interests and is addressing
fundamental questions. It is important for the future of the field that broad workshops such as this continue.
In this way members of the intensity frontier community can continue to learn from each other and see how
their program contributes to our understanding of the universe.

We hope this report provides valuable input into strategic decision-making processes in the United States and
elsewhere, and contributes to establishing a worldwide intensity frontier program to which the US contributes
in a major and competitive way. The workshop confirmed that the proposed facilities and experiments will
position the US as a global leader in intensity frontier science.
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