
New results from the MiniBooNE experiment at Fermilab

Alvaro Hernandez-Cabezudo, Josu Hernandez-Garcia, Xabier

Marcano, Bruno Martin de la Llama, and Olga Mena

The MiniBooNE experiment has reported on May 30th, 2018, a significant excess

of electron neutrino candidate events, νe, at 4.5σ, measuring in an electron appear-

ance channel νµ → νe. Combining these data with the result in the anti-neutrino

appearance channel νµ → νe, this corresponds to a 4.8σ excess with respect to the

theoretical predictions assuming no neutrino oscillations at short baselines. This

excess points in the same direction that the excess previously observed by the LSND

experiment and their explanation may require new physics. When this result is

included in the simplest non-standard scenario, the long-standing strong tension

between the electron and muon disappearance channels on the one hand, and the

appearance νµ → νe on the other, still persists.

Neutrino masses represent one of the most promising open windows to prove for the exis-
tence of a more fundamental theory of Nature beyond the Standard Model (SM) of particle
physics. The overwhelming experimental neutrino oscillation phenomena implies that, at
least, two neutrinos are massive states. Thus, within the standard neutrino framework, a
neutrino of a given flavor (νe, νµ, ντ ) will propagate as a superposition of the three massive
neutrino states (n1, n2, n3), leading to a non-zero oscillatory probability of detecting the
initial neutrino state at a distance L with a flavor different from the original one. In the
two-family approximation this probability reads as

P = sin2 (2θ) sin2

(
∆m2L

4E

)
, (1)

where θ is the mixing angle between the two flavors, ∆m2 is the square mass difference and
E is the energy of the neutrino.

The MiniBooNE experiment is a short-baseline accelerator neutrino experiment oper-
ating at Fermilab. It uses 8 GeV protons of the Fermilab Booster to produce a beam of
νµ or νµ. These neutrinos may oscillate when they travel the 541 m from the source to
the MiniBooNE detector. The probability of detecting the νµ as νe (or the νµ as νe) at
such distances within the standard 3ν framework is negligible. However, the MiniBooNE
experiment has recently published its last analysis [1], and it reports a non-zero oscillation
probability. MiniBooNE observes a total electron neutrino event excess in both neu-
trino and antineutrino running modes of 460.5 ± 95.8 events (4.8σ). Indeed, these results
are consistent with the results of the LSND experiment [2–7]. The results are shown in Fig. 1.
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FIG. 3: A comparison between the L/EQE
⌫ distributions for

the MiniBooNE data excesses in neutrino mode (12.84⇥ 1020

POT) and antineutrino mode (11.27⇥1020 POT) to the L/E
distribution from LSND [1]. The error bars show statistical
uncertainties only. The solid curve shows the best fit to the
LSND and MiniBooNE data assuming standard two-neutrino
oscillations. The excess of MiniBooNE electron-neutrino can-
didate events is consistent with the LSND excess.

A standard two-neutrino model is assumed for the
MiniBooNE oscillation fits. Note, however, that there
are tensions with fits presented here between appearance
and disappearance experiments [10, 12], and other mod-
els [15–19] may provide better fits to the data. The os-
cillation parameters are extracted from a combined fit of
the observed EQE

⌫ event distributions for muon-like and
electron-like events using the full covariance matrix de-
scribed previously. The fit assumes the same oscillation
probability for both the right-sign ⌫e and wrong-sign ⌫̄e,
and no significant ⌫µ, ⌫̄µ, ⌫e, or ⌫̄e disappearance. Using
a likelihood-ratio technique [3], the confidence level val-
ues for the fitting statistic, ��2 = �2(point) � �2(best),
as a function of oscillation parameters, �m2 and sin2 2✓,
is determined from frequentist, fake data studies. With
this technique, the best neutrino oscillation fit in neu-
trino mode for 200 < EQE

⌫ < 1250 MeV occurs at (�m2,
sin2 2✓) = (0.037 eV2, 0.958), as shown in Fig. 4. The
�2/ndf is 10.0/6.6 with a probability of 15.4%. The
background-only fit has a �2-probability of 0.02% relative
to the best oscillation fit and a �2/ndf = 26.7/8.8 with a
probability of 0.14%. Fig. 4 shows the MiniBooNE closed
confidence level (CL) contours for ⌫e appearance oscilla-
tions in neutrino mode in the 200 < EQE

⌫ < 1250 MeV
energy range.

Nuclear e↵ects associated with neutrino interactions
on carbon can a↵ect the reconstruction of the neutrino
energy, EQE

⌫ , and the determination of the neutrino os-
cillation parameters [33]. These e↵ects were studied pre-
viously [3] and were found to not a↵ect substantially the
oscillation fit. In addition, they do not a↵ect the gamma
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FIG. 4: MiniBooNE allowed regions in neutrino mode (12.84⇥
1020 POT) for events with 200 < EQE

⌫ < 1250 MeV within
a two-neutrino oscillation model. The shaded areas show the
90% and 99% C.L. LSND ⌫̄µ ! ⌫̄e allowed regions. The black
circle shows the MiniBooNE best fit point. Also shown are
90% C.L. limits from the KARMEN [34] and OPERA [35]
experiments.

background, which is determined from direct measure-
ments of NC ⇡0 and dirt backgrounds.

Fig. 5 shows the MiniBooNE allowed regions in both
neutrino mode and antineutrino mode [3] for events with
200 < EQE

⌫ < 1250 MeV within a two-neutrino oscilla-
tion model. For this oscillation fit the entire data set
is used and includes the 12.84 ⇥ 1020 POT in neutrino
mode and the 11.27⇥1020 POT in antineutrino mode. As
shown in the figure, the MiniBooNE favored allowed re-
gion overlaps with the LSND allowed region. Also shown
are 90% C.L. limits from the KARMEN [34] and OPERA
[35] experiments. The best combined neutrino oscillation
fit occurs at (�m2, sin2 2✓) = (0.041 eV2, 0.958). The
�2/ndf for the best-fit point is 19.5/15.4 with a prob-
ability of 20.1%, and the background-only fit has a �2-
probability of 5⇥ 10�7 relative to the best oscillation fit
and a �2/ndf = 49.3/17.5 with a probability of 0.007%.
Fitting both LSND and MiniBooNE data, the best fit
remains at (�m2, sin2 2✓) = (0.041 eV2, 0.958) with a
�2/ndf = 22.4/23.4, corresponding to a probability of
52.0%.

In summary, the MiniBooNE experiment observes a
total ⌫e CCQE event excess in both neutrino and an-
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FIG. 5: MiniBooNE allowed regions for a combined neutrino
mode (12.84 ⇥ 1020 POT) and antineutrino mode (11.27 ⇥
1020 POT) data sets for events with 200 < EQE

⌫ < 1250
MeV within a two-neutrino oscillation model. The shaded
areas show the 90% and 99% C.L. LSND ⌫̄µ ! ⌫̄e allowed
regions. The black circle shows the MiniBooNE best fit point.
Also shown are 90% C.L. limits from the KARMEN [34] and
OPERA [35] experiments.

tineutrino running modes of 460.5 ± 95.8 events (4.8�)
in the energy range 200 < EQE

⌫ < 1250 MeV. The Mini-
BooNE L/E distribution, shown in Fig. 3, and the al-
lowed region from a standard two-neutrino oscillation fit
to the data, shown in Fig. 5, are consistent with the L/E
distribution and allowed region reported by the LSND
experiment [1]. The significance of the combined LSND
and MiniBooNE excesses is 6.1�. All of the major back-
grounds are constrained by in-situ event measurements,
so non-oscillation explanations would need to invoke new
anomalous background processes. Although the data are
fit with a standard oscillation model, other models may
provide better fits to the data. The MiniBooNE event ex-
cess will be further studied by the Fermilab short-baseline
neutrino (SBN) program [36].
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FIG. 1: Left panel: L/E distributions for the MiniBooNE data excesses in neutrino mode (red),

antineutrino mode (blue) and L/E distribution from LSND (green). The solid curve shows the

best fit to the LSND and MiniBooNE data assuming standard two-neutrino oscillations. Right

panel: MiniBooNE allowed regions for a combined data sets of neutrino and antineutrino modes

within a two-neutrino oscillation model. The black circle shows the MiniBooNE best fit point.

Figures taken from [1].

Further studies such as the Short-Baseline Neutrino Oscillation Program that will take
place in Fermilab could be able to further test this intriguing result.
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