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We discuss a proposal for construction of an Oak Ridge LArge Neutrino DetectOr (ORLANDO) to search for
neutrino oscillations at the Spallation Neutron Source (SNS). A 4 MW SNS is proposed to be built at the Oak
Ridge National Laboratory with the first stage to be operative around 2006. It will have two target stations,
which makes it possible with a single detector to perform a neutrino oscillation search at two different distances.
Initial plans for the placement of the detector and the discovery potential of such a detector are discussed.
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1. INTRODUCTION

At spallation sources neutrinos (with energies
> 10MeV) are produced predominantly by stop-
ping and subsequent decay of pions and muons
originating in the spallation target. Spallation
sources driven by protons with energy around
1 GeV have several advantages over other types of
neutrino sources: (1) a well-understood neutrino
flavor spectrum; (2) no contamination from kaon
decays; (3) no contamination from v — N pion
production in the detector; and (4) a predictable
energy spectrum. Previously, spallation-source-
based neutrino oscillation searches have typically
been limited by low intensity (e.g. KARMEN
at ISIS [1-5]), long beam extraction times (e.g.
LSND at LAMPF [6]), single-distance running
(e.s. KARMEN and LSND), and limited statis-
tics (e.g. KARMEN and LSND). Recently the
LSND collaboration published their result of a
search for #, — D, transitions at LAMPF[6].
They have detected 22 7, events with an expected
background of 4.6 events, which might be inter-
preted as evidence for neutrino oscillations. This
extraordinary result should be verified, and if con-
firmed, mixing parameters should be measured
with the highest possible accuracy.
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In this paper we discuss the advantages of the
proposed Oak Ridge Spallation Neutron Source
(SNS) [7] for solving this problem.

2. SPALLATION NEUTRON SOURCE

The proposed Oak Ridge SNS [7] would consist
of a 1 GeV proton linear accelerator, two pro-
ton storage rings, two target stations (60 Hz and
10 Hz) with short beam extraction time ( 0.5us)
which will ultimately deliver beam currents of 4
mA and 1 mA, respectively, and several beam
stops with lower currents for testing and tuning.
This facility is similar to the European Spallation
Source (ESS) facility [8], however, the ESS is
planned to come into operation no earlier than
several years after SNS. These machines will pro-
duce as a by-product a powerful flux of neutrinos
and because of the heavy target material are ide-
ally suited for a neutrino flavor oscillation search.

Fluxes (for neutrino energies in the range 10 -
60 MeV) expected at the NSNS for IMW (4MW)
beams will be roughly 1.3 (5) times those ob-
tained at LAMPF [9]. These flux increases re-
sult from enhanced pion production at 1000 MeV
versus 800 MeV and from the higher beam power.
Two independent target stations operating simul-
taneously, but within different time slots, will
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allow simultaneous neutrino oscillation searches
with the same detector at two different source-
to-detector distances. The short beam-time
structure will make a non-beam-associated back-
ground contribution essentially negligible com-
pared to other background sources. Heavy ma-
terial (liquid mercury) proposed for use in the
spallation targets has the advantage of being ex-
tremly effective for stopping and capture of 7~
and p—, thus potentially reducing the rate of 7,
production, and giving different time structures
for 7. and 7,. Rate of 7, production determines
the principal background for the 7, — 7, transi-
tion search. Figure 1 shows the simulated energy
and time distributions for 7, and 7.
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Figure 1. Energy and time spectra of 7, and 7.at
a proposed Spallation Neutron Source. ‘

The auxiliary beam stops of the SNS (with
power 200 kW), although operating at only a frac-
tion of the total beam intensity or time, will each
be as powerful as ISIS. They will provide addi-
tional neutrino sources which will be seen by the
neutrino detector in different time slots. Con-

struction of these beam stops can be optimized
to enhance the production of energetic neutrinos
from decay-in-flight pions and muons, while the
main spallation targets will predominantly pro-
duce neutrinos from decay-at-rest.

It is anticipated that the first spallation target
station will become available at 1 MW in 2006,
with a first upgrade to 2 MW in 2007 and a fur-
ther upgrade to 4 MW around 2010. Second tar-
get station might be available around 2007.

3. NEW NEUTRINO DETECTOR

Plans for a new large neutrino detector at the
SNS are being pursued by the ORLANDO (Oak
Ridge LArge Neutrino DetectOr) Collaboration
[10,11). A new large liquid-scintillator-based de-
tector with sensitive mass in the range of 1-2 kton
is being discussed. We envisage the most appro-
priate position for detector in an underground
hall, constructed as close to the first target sta-
tion as possible. The bunker for neutrino detector
would have to be completed before begining of the
first target station construction. Initial engineer-
ing study indicates that the closest distance be-
tween the center of detector and spallation target -
should be approximately 48 m and corresponding
distance to the second target ~ 103 meters. The
distances from the detector to the auxiliary beam
stops will be in the range of 110 - 145 m.

Figure 2 shows the discovery potential of
the proposed SNS-based neutrino detector in
oscillation-parameter space Am? vs sin?26. The
discovery potential (30 signal contours) was de-
rived from GEANT simulations of neutrino pro-
duction in the target using the geometry and
shielding layout of the spallation target station in
its conceptual design{7]. The two contours corre-
spond to the distances of a 1.5 -kton detector to
two spallation target stations located at 48 and
103 m respectively. The power at each spallation
target station was assumed in the calculation to
be 1 MW with a detector running time of 3 calen-
dar years (70% beam time). Figure 2 also shows
the oscillation-parameter region allowed by LSND
results [6] and 90% CL exclusion regions from
Bugey and BNL E776 experiments [12,13].

The ORLANDO detector might also be de-
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Figure 2. Sensitivity to #, — 7.of a proposed
SNS-based neutrino detector.

signed to be sensitive to the reactor neutrinos.
In this scenario neutrino disappearance experi-
ments, utilizing neutrinos from the HFIR (High
Flux Isotope Reactor), located 4 miles to the
south of the proposed site for SNS, could be per-
formed. The discovery potential for this experi-
ment, assuming a 2 MeV detector threshold and
3 years of data taking, is also shown in Figure 2.

In conclusion, we would like to note that the
proposed new SNS facility will offer an oppor-
tunity to advance the research pioneered at Los
Alamos and Rutherford laboratories, by essen-
tially combining the background-reducing short-
beam-pulse structure of ISIS with a beam power
that is significantly higher than that at LAMPF.
Neutrino beams at the SNS facility might be
available several years before they become avail-
able at the ESS in Europe. Neutrino oscillation
7, - U, sensitivities significantly higher than ex-
isting limits can be expected for a SNS-based de-
tector of ~ 1.5 kton. Measurements at two dis-
tances should provide an essential check of the re-
sults. If the LSND result is reproducible, then we

expect thousands of events in the region favored
by the LSND collaboration. This would allow a
precise measurements of mixing parameters.
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