Neutrinos from STORed Muons: vSTORM
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I. OVERVIEW

The idea of using a muon storage ring to produce a high-energy (~ 50 GeV) neutrino beam
for experiments was first discussed by Koshkarev [1] in 1974. A detailed description of a
muon storage ring for neutrino oscillation experiments was first produced by Neuffer [2] in
1980. In his paper, Neuffer studied muon decay rings with E, of 8, 4.5 and 1.5 GeV. With
his 4.5 GeV ring design, he achieved a figure of merit of ~ 6 x 10° useful neutrinos per
3 x 10 protons on target. The facility described here (VSTORM) is essentially the same
facility proposed in 1980 and would utilize a 3-4 GeV /c muon storage ring to study eV-scale
oscillation physics and, in addition, could add significantly to our understanding of v, and
v, cross sections. In particular the facility can:

1. address the large Am? oscillation regime and make a major contribution to the study
of sterile neutrinos,

2. make precision v, and 7, cross-section measurements,

3. provide a technology (u decay ring) test demonstration and p beam diagnostics test
bed,

4. provide a precisely understood v beam for detector studies.

The facility is the simplest implementation of the Neutrino Factory concept [3]. In our
case, 60 GeV /c protons are used to produce pions off a conventional solid target. The pions
are collected with a focusing device (horn or lithium lens) and are then transported to,
and injected into, a storage ring. The pions that decay in the first straight of the ring can
yield a muon that is captured in the ring. The circulating muons then subsequently decay
into electrons and neutrinos. We are starting with a storage ring design that is optimized
for 3.8 GeV/c muon momentum. This momentum was selected to maximize the physics
reach for both oscillation and the cross section physics. See Fig. 1 for a schematic of the
facility. Muon decay yields a neutrino beam of precisely known flavor content and energy.
For example for positive muons: u* — et + 7, + v.. In addition, if the circulating muon
flux in the ring is measured accurately (with beam-current transformers, for example), then
the neutrino beam flux is also accurately known. Near and far detectors are placed along
the line of one of the straight sections of the racetrack decay ring. The near detector can
be placed at 20-50 meters from the end of the straight. A near detector for disappearance
measurements will be identical to the far detector, but only about one tenth the fiducial
mass. It will require a p catcher, however. Additional purpose-specific near detectors can
also be located in the near hall and will measure neutrino-nucleon cross sections. vSTORM
can provide the first precision measurements of v, and 7, cross sections which are important
for future long-baseline experiments. A far detector at ~ 2000 m would study neutrino
oscillation physics and would be capable of performing searches in both appearance and
disappearance channels. The experiment will take advantage of the “golden channel” of
oscillation appearance v, — v, where the resulting final state has a muon of the wrong-sign
from interactions of the 7, in the beam. In the case of ;i*s stored in the ring, this would mean
the observation of an event with a . This detector would need to be magnetized for the
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Figure 1. Schematic of the facility of LSND /MiniBooNE) appearance.

wrong-sign muon appearance channel, as is the case for the current baseline Neutrino Factory
detector [4]. A number of possibilities for the far detector exist. However, a magnetized iron
detector similar to that used in MINOS is likely to be the most straight forward approach for
the far detector design. We believe that it will meet the performance requirements needed
to reach our physics goals. For the purposes of the “'STORM oscillation physics, a detector
inspired by MINOS, but with thinner plates and much larger excitation current (larger B
field) is assumed. Based on an exposure of 10?! protons on target, we estimate that the
facility will delivery ~ 2 x 10'® useful y decays. Our sensitivity to the CPT invariant mode
of LSND/MiniBooNE is shown in Fig. 2. A letter of intent has recently been submitted to
the Fermilab Physics Advisory Committee (Fermilab proposal P-1028) [5].
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