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FOREWORD

This “white paper” provides a discussion of scientific opportunities for low-energy neutrino physics that
may be provided by the constuction of the Spallation Neutron Source, SNS, at the Oak Ridge National
Laboratory. The science presented here is based on a workshop held in Oak Ridge in May 2000 that was
attended by over 50 scientists from the U.S. and abroad. The construction of the SNS will provide a stopped-
pion neutrino source of unprecendented intensity with an extremely favorable pulse structure. The science
described in this document would be carried out in an underground detector hall, built near the SNS neutron
production target, that is proposed as a national user facility for neutrino science. The detector hall is being
designed to accommodate one large (~ 2000-ton) multi-purpose neutrino detector that could be filled with
various liquids. Adequate space will be provided to house as many as eight smaller (~ 200-ton) detectors.
We note that the science made available by this facility encompasses topics generally associated with several
fields, including nuclear physics, astrophysics, and elementary particle physics.

We cannot claim to know with any degree of certainty what the highest priority experiments in neutrino
science will be in ~ 2006 when the ORLaND facility should be completed. The intention is to build the
most versatile stopped-pion facility that is feasible and to incorporate the possible construction of a decay-
in-flight neutrino beam as a future development. It is, however, necessary to present as strong a science
case as possible to justify construction of this facility. Consequently, we have developed, in this document,
a compendium of some of the exciting physics that is feasible with such a facility and identified several
experiments that we believe are likely to have a high priority at the time the facility is available. This
document is not intended to present a final research plan for the ORLaND facility. The actual research
program will be defined by the recommendations of a broadly constituted Program Advisory Committee
in response to proposals submitted by independent collaborations, subject to support by an appropriate
funding agency.

Finally, we wish to emphasize that our primary motivation is the desire to take advantage of the unique
set of circumstances presented to neutrino science by the construction of the SNS. There is a window of
opportunity (2004-2005) during which ORLaND’s construction that can be coordinated with the construction
of the SNS in such a way as to maximize its physics potential and minimize its cost. It would be a great
pity to miss this opportunity.
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1. EXECUTIVE SUMMARY

Today, at the dawn of the 21st century, the neu-
trino has established its presence in diverse areas of
physics. Neutrino interactions and properties im-
pact our fundamental understanding of the physical
universe in many different ways. These encompass
the evolution and dynamics of the universe and the
life-cycles of its constituent stars, as well as its ma-
terial content at various levels of structure from
atoms and nuclei to valence and sea quarks. From
a nuclear physics perspective, the need for a com-
prehensive program on neutrino science is a timely
and important one. Ideally, such a program would
study neutrino interactions at energies relevant for
nuclear astrophysics and nuclear structure studies.
The Spallation Neutron Source (SNS), under con-
struction at the Oak Ridge National Laboratory,
will produce neutrinos and antineutrinos at these
energies as a natural by-product of spallation.

This document evaluates the scientific prospects
for ORLaND, the Oak Ridge Laboratory for Neu-
trino Detectors, proposed as an underground lab-
oratory located adjacent to the SNS target build-
ing, and highlights the compelling advantages of
ORLaND as the world’s most powerful low-energy
pulsed neutrino facility. Unique in its potential to
obtain neutrino-nucleus interaction data and en-
hance our understanding of nuclear structure and
stellar astrophysics, ORLaND would be available
to users from the international scientific commu-
nity for dedicated neutrino and neutrino-nucleus
science.

A workshop on “Neutrino—Nucleus Physics Us-
ing a Stopped Pion Facility (ORLaND)” convened
at ORNL, May 23-26, 2000, was attended by 48 na-
tional and international scientists. The workshop
involved a broad spectrum of the community and
addressed ORLaND physics and the formulation of
this white paper.

The neutrinos at ORlaND will be obtained from
decay of stopped pions produced in the SNS neu-
tron production target during spallation and the
decay of the daughter muons. The spectral com-
position of neutrinos from such stopped pion fa-
cilities are well known and their special charac-
teristics will be utilized in planning the ORLaND
physics program. Spallation at the SNS will result

in the production of about 10'® neutrinos of each
species (v, 7y, and v,) per second. The neutrinos
will be produced isotropically, and their time struc-
ture and flavor components will allow separation of
charged and neutral current interactions involving
different neutrino families. The pulsed nature of
the proton beam and underground location of the
facility will provide attractive shielding advantages.
The neutrino energy spectrum makes the facility
unique for neutrino-nucleus experiments related to
solar and supernova physics as well as fundamental
nuclear, electroweak, and particle physics.

Charting the importance of neutrino-nuclear-
physics might well begin with the ignition of the
primal p-p reaction and the p-p chain of stel-
lar burning that involves the emission of electron-
neutrinos. Terrestrial detection and study of these
neutrnos are critical to our description of solar en-
ergy release by the Standard Solar Model. Due
to the nature of the weak interaction, the neutri-
nos provide direct information on the solar core,
and the ‘solar neutrino deficit’ continues to be a
key issue. At the other end of a stellar life cycle,
the neutrinos produced during core-collapse are the
first to signal exploding supernovae. Streaming out
from the interior, neutrinos deplete the core of en-
ergy and influence the evolution and dynamics of
the explosions.

The intense flux of neutrinos emanating from su-
pernovae also affects nucleo-synthesis of heavy ele-
ments and forms a valuable tool in our understand-
ing of such cataclysmic stellar events. Studies of su-
pernova and solar physics by their emitted neutri-
nos and the neutrino-nucleus reactions relevant to
these could be carried out at ORLaND and would
provide critical advances in our understanding of
the nuclear- and astro-physics of such stellar phe-
nomena.

The intrinsic properties of the neutrino, such as
mass, impact our fundamental understanding of
nuclear and electroweak astrophysics and is a mat-
ter of profound importance in our description of na-
ture through the Standard Model. The occurrence
of neutrino mass and associated flavor-oscillations
infiltrate several aspects of stellar astrophysics in-
cluding our knowledge of stellar burning, evolution,
and explosions. Neutrino oscillations provide an at-
tractive scenario for alleviating the ‘solar neutrino



The SNS will bombard one GeV protons on a mercury
target. The collisions will produce a high flux of positive
and negative pions as a by-product. The negative pions
will predominantly be captured by the mercury nuclei and
the positive pions will be stopped in the target and decay
to postive muons and muon neutrinos. The positive
muons will in turn decay to positrons, electron neutrinos
and anti muon neutrinos.

The SNS will thus radiate an intense flux of neutrinos, a

colossal 0.94 x 10" neutrinos every second, and their
energies make them ideally suitable for experiments
designed to study nuclear structure, laboratory
simulations of reactions occurring in stellar interiors and
cataclysmic stellar explosions as well as calibration of
reactions that serve to detect astrophysical neutrinos. The
anti-muon neutrinos and the electron neutrinos have the
well known muon decay spectra and lag behind the
prompt mono-energetic muon neutrinos released by the
positive pions decaying from rest.
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The high intensity and pulsed nature, along
with the time structure of the neutrinos, will
make the SNS the world’s most powerful pulsed
neutrino source. Located underground adjacent
to the SNS, ORLaND would have adequate
shielding from SNS neutrons and the hadronic
component of cosmic rays. The pulsed nature
of the product neutrinos would minimize hard
cosmic ray muon background.

The ORLaND facility would be unigue in its
potential to obtain neutrino nucleus interaction
data and enhance our understanding of nuclear
structure and stellar astrophysics, and would be
available to users from the international
scientific community for dedicated neutrino and
neutrino-nucleus science.
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