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New Observations in the MiniBooNE Experiment
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Abstract. The MiniBooNE neutrino oscillation search experiment at Fermilab has recently reported results from a search
for ¥, — V. oscillations, using a data sample corresponding to 5.66 x 1020 protons on target in anti-neutrino mode. The
experiment is now sensitive to the excess of v, — V. events observed by Los Alamos Liquid Scintillator Neutrino Detector

(LSND). MiniBooNE data are consistent with ¥, — V, oscillations in the Am? range of 0.1to 1.0 eV? and with the evidence

for antineutrino oscillations from LSND.
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INTRODUCTION

Motivated by the LSND observation of an excess of ob-
served V, events above background prediction in a vy
beam [1], the MiniBooNE experiment was designed to
test the neutrino oscillation interpretation of the LSND
signal in both neutrino and anti-neutrino modes. The
MiniBooNE collaboration has performed a search for
Vu — V. oscillations with 6.486 x 10?° protons on tar-
get (POT), the results of which showed no evidence of
an excess of V, events for neutrino energies above 475
MeV [2]. Despite having observed no evidence for oscil-
lations above 475 MeV, the MiniBooNE v, — V, search
observed an excess of 128.84+43.4 events at low energy,
between 200-475 MeV [3]. Although the excess is in-
compatible with LSND-type oscillations within the sim-
ple two neutrino oscillation framework, several hypothe-
ses, including sterile neutrino oscillations with CP vio-
lation, anomaly-mediated neutrino-photon coupling, and
many others, have been proposed that provide a possible
explanation for the excess itself [4]. In some cases, these
theories offer the possibility of reconciling the Mini-
BooNE v, excess with the LSND V, excess. A search
in antineutrino mode provides a more direct test of the
LSND signal, which was observed with antineutrinos. In
this report I describe new results that the MiniBooNE
collaboration published from a search for v, — V, oscil-
lations, using a data sample corresponding to 5.66 x 102
POT exposure.

NEW ¥, — 7, RESULT

The analysis technique used here was already de-
scribed [3, 5] and assumes only v, — V. oscillations with
no V,; disappearance and no vy, oscillations. The signa-
ture of V;; — V, oscillations is an excess of V,-induced

charged-current quasi-elastic (CCQE) events.
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FIGURE 1. Top: Reconstructed Ey distribution of vV, CCQE
candidates in MiniBooNE anti-neutrino running. Bottom: The
difference between the data and predicted backgrounds as a
function of reconstructed neutrino energy. The error bars in-
clude both statistical and systematic components. Also shown
in the figure are expectations from the best oscillation fit with
Ey > 475 MeV, (Am?,sin?20) = (0.064 eVZ, 0.96) where the
fit is extrapolated below 475 MeV and from other neutrino os-
cillation parameter sets in the LSND allowed region.

A vy /vy, sample is formed to constrain the V. /v, can-
didate events: the oscillation parameters are extracted
from a combined fit to the V./v. CCQE and v, /vy
CCQE event distributions. Considering various sources
of systematic uncertainty, a covariance matrix in bins of
E, is constructed, which includes correlations between
V./v. CCQE (oscillation signal and background) and
Vi /vy CCQE samples. This covariance matrix is used
in the x? calculation of the oscillation fit parameters.
The result is that the prediction is being constrained,
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i.e. tuned to the v, / v, data, and common systematic
components in V,/V, and v, /v, CCQE samples can-
cel. The cancellation results from the fact that the ma-
jority of the events in both V./v, and v, /v, CCQE
samples originate from pure charged current interac-
tion of neutrinos sharing same 7 decay chain at pro-
duction, effectively sharing the same cross-section and
beam systematic components. This procedure maximizes
the sensitivity to V;; — V, oscillations. The data show
an excess of 43.2 +-22.5 events: 277 electron-like events
have been observed in 200 < E, < 3000 MeV recon-
structed energy range, compared to an expectation of
233.8+15.3(star) £16.5(syst) events. Fig. 1 (top) shows
the reconstructed E, distribution of observed v, CCQE
candidates and background expectation. In the energy
range 475 < E, < 1250 MeV, the observed V, events,
when constrained by the V, data events, have a x%/DF =
18.5/6 and a probability of 0.5% for a background-only
hypothesis. One may compare this to the 40% probability
that is observed in neutrino mode [3] for the same energy
range.
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FIGURE 2. MiniBooNE 68%, 90%, and 99% C.L. allowed
regions for events with E, > 475 MeV within a two neutrino
Vi — V, oscillation model. The shaded areas show the 90% and
99% C.L. LSND allowed regions. The black dot shows the best
fit point.

Fig. 1 (bottom) shows the event excess as a function
of Ey. Using a likelihood-ratio technique, the best Mini-
BooNE oscillation fit for 475 < E,, < 3000 MeV occurs
at (Am?2, sin? 26) = (0.064 eVZ, 0.96). The energy range
E, > 475 MeV has been chosen for the fit as this is the
energy range MiniBooNE used for searching for oscil-
lations in neutrino mode. Also, this energy range avoids
the region of the unexplained low-energy excess in neu-
trino mode [3]. The 2 for the best-fit point in the energy
range of 475 < E, < 1250 MeV is 8.0 for 4 DF, corre-

sponding to a y2-probability of 8.7%. The probability of
the background-only fit relative to the best oscillation fit
is 0.6%. Fig. 2 shows the MiniBooNE 68%, 90%, and
99% C.L. closed contours for V;; — V, oscillations in the
475 < Ey < 3000 MeV energy range, where frequentist
studies were performed to determine the C.L. regions.
The allowed regions are in agreement with the LSND
allowed region. With the oscillation fit region extended
down to 200 MeV, the MiniBooNE closed contours for
Vu — V, oscillations are similar [6].

0.020
o LSND
— 0015 4 MB v mode
| >
T 0.010
=
.8
0.005 —
0.000 [!] “F’l “,_
000553 1.0 14 16 175 26
L/E m/MeV

FIGURE 3. The oscillation probability as a function of L/Ey
for v, — V. candidate events from MiniBooNE and LSND.
The data points include both statistical and systematic errors.

One may also inspect the oscillation probability as a
function of L/E\, for v, — V, candidate events, as a mean
of comparison between the MiniBooNE and LSND an-
tineutrino data sets. Fig. 3 shows the data used for LSND
and MiniBooNE corresponding to 20 < E, < 60 MeV
and 200 < E, < 3000 MeV, respectively. The oscillation
probability is defined as the event excess divided by the
number of events expected for the full v, — V, conver-
sion, while L is the reconstructed distance travelled by
the antineutrino from the mean neutrino production point
to the interaction vertex and E, is the reconstructed an-
tineutrino energy. The L/E, distributions for the two data
sets are consistent.

In summary, the MiniBooNE experiment observes an
excess of V, events in the energy region above E, of
475 MeV for a data sample corresponding to 5.66 x 102
POT. The allowed regions from the fit, shown in Fig.
2, are consistent with v, — V. oscillations in the 0.1
to 1 eV?> Am? range and consistent with the allowed
region reported by the LSND experiment [1]. Additional
running in antineutrino mode granted by the Fermilab
PAC [7] is expected to significantly increase the current
number of POT. In addition, several proposed short-
baseline experiments [8] will be sensitive to v, — V,
oscillations in the 0.1 to 1 eV? Am? range.



STATUS OF MINIBOONE NUMI
RESULTS

Fermi National Accelerator Laboratory has two beam
lines that produce neutrinos: the Booster Neutrino Beam
(BNB) and the NuMI beam line. The BNB beam is de-
signed for use by the MiniBooNE experiment. The NuMI
beam produces neutrinos for the MINOS experiment and
it will be supplying the NOVA experiment with neutri-
nos [9]. The MiniBooNE detector also observes neutri-
nos from the NuMI beamline, at an off-axis angle of 6.3
degrees. The first result of the analysis is already pub-
lished [10]. Here we repeated the analysis with an up-
dated beam Monte Carlo, used in MINOS [11] analysis
and planned for use in NOVA. The result is shown in Fig-
ures 4 and 5. It shows that reliable predictions of the off-

3000
—=— Data
— Predicted v, Spectrum
| [ Uncertainty in Prediction
2000 % 0 - Neutrinos from all 7t’s

----- Neutrinos from all K’s

1000

Events/(100 MeV)
L L L

B L RN TP
0.2 0.6 1 14 1.8 22 2.6
Reconstructed E,[GeV]

-

w

FIGURE 4. Reconstructed E,, distribution of the NuMI off-
axis vy CCQE candidate events in MiniBooNE. The off-axis
flux is separated into contributions from charged 7 and K
parents. The error band indicate the total systematic uncertainty
associated with the MC prediction.

100

—=— Data
—— Predicted v, Spectrum
[ Uncertainty in Prediction
S e Ve+ ¥, background

E L v+ V, background

80

60

40

Events/(100 MeV)

P ==

of
02 0.6

1 14 18 22 26
Reconstructed E,[GeV]

W

FIGURE 5. Reconstructed E distribution of the NuMI off-
axis v, CCQE candidate events in MiniBooNE. The prediction
is separated into background contributions from v, and v, neu-
trinos. The error band indicate the total systematic uncertainty
associated with the MC prediction.

axis beam can be made. After the demonstration of the
off-axis concept, the analysis is directed toward exam-
ing the low energy region and searching for oscillation.
In this way it complements the analysis done at Mini-
BooNE using the BNB neutrino and anti-neutrino mode,
but with different systematics. In addition, the current
off-axis accelerator based long-baseline experiments, in

particular the NOVA, would benefit from understanding
and careful calibration of the off-axis beam components
that may be extrapolated to NOVA 0.8° off-axis position.
The analysis is in progress.
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