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Figure 3: Global constraints on sterile neutrinos in the 3+1
model. We show the allowed regions at 90% and 99% CL from
a combined analysis of the LSND [3] and MiniBooNE anti-
neutrino [4] signals (filled regions), as well as the constraints
from the null results of KARMEN [20], NOMAD [21] and
MiniBooNE neutrino [19] appearance searches (blue contour).
The limit from disappearance experiments (green contours)
includes data from CDHS [22], atmospheric neutrinos, and
from the SBL reactor experiments. For the latter we compare
the results for the new anti-neutrino flux prediction from [5]
(solid) and the previous ones [6] (dashed). The region to the
right of the curves is excluded at 99% CL.

atmospheric neutrinos. Technical details of our analysis
can be found in [8, 10] and references therein.

In the 3+1 scheme the SBL experiments depend on
the three parameters ∆m2

41, |Ue4|, and |Uµ4|. Since
only one mass-scale is relevant in this case it is not
possible to obtain CP violation. Therefore, oscillations
involving one sterile neutrino are not capable of rec-
onciling the different results for neutrino (MiniBooNE)
and anti-neutrino (LSND and MiniBooNE) appearance
searches. Fig. 3 compares the allowed regions from LSND
and MiniBooNE anti-neutrino data to the constraints
from the other experiments in the 3+1 model. Note
that, even though reactor analyses using the new flux
prediction prefer non-zero Ue4, no closed regions ap-
pear for the disappearance bound (solid curve), since
sin2 2θSBL = 4|Ue4|2|Uµ4|2 can still become zero if
Uµ4 = 0. We find that the parameter region favored by
LSND and MiniBooNE anti-neutrino data is ruled out by
other experiments, except for a tiny overlap of the three
99% CL contours around ∆m2

41 ≈ 1 eV2. Note that in
this region the constraint from disappearance data does
not change significantly due to the new reactor flux pre-
dictions. Using the PG test from [23] we find a compat-
ibility of the LSND+MiniBooNE(ν̄) signal with the rest
of the data only of about 10−5, with χ2

PG
= 21.5(24.2)

∆m2
41 |Ue4| |Uµ4| ∆m2

51 |Ue5| |Uµ5| δ/π χ2/dof

3+2 0.47 0.128 0.165 0.87 0.138 0.148 1.64 110.1/130

1+3+1 0.47 0.129 0.154 0.87 0.142 0.163 0.35 106.1/130

Table II: Parameter values and χ2 at the global best fit
points for 3+2 and 1+3+1 oscillations (∆m2’s in eV2).
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Figure 4: Predicted spectra for MiniBooNE data and the
transition probability for LSND (inset). Solid histograms re-
fer to the 3+2 global best fit point (Tab. II), dashed his-
tograms correspond to the best fit of appearance data only
(LSND, MiniBooNE ν/ν̄, KARMEN, NOMAD). For Mini-
BooNE we fit only data above 475 MeV.

for new (old) reactor fluxes. Hence we conclude that the
3+1 scenario does not provide a satisfactory description
of the data despite the new hint coming from reactors.
Let us move now to the 3+2 model, where SBL exper-

iments depend on the seven parameters listed in Tab. II.
In addition to the two mass-squared differences and the
moduli of the mixing matrix elements, also a physical
complex phase enters, δ ≡ arg(Uµ4U

∗

e4U
∗

µ5Ue5). This
phase leads to CP violation in SBL oscillations [8, 24],
allowing to reconcile differing neutrino and anti-neutrino
results from MiniBooNE/LSND. Tab. II shows the para-
meter values at the global best fit point and the corre-
sponding χ2 value. Changing from the previous to the
new reactor flux calculations the χ2 decreases by 10.6
units, indicating a significant improvement of the descrip-
tion of the data, see also upper panel of Fig. 2. From that
figure follows also that going from 3+1 to 3+2 leads to
a significant improvement of the fit with the new reactor
fluxes, which was not the case with the old ones. The
χ2 improves by 11.2 units, which means that 3+1 is dis-
favoured at the 97.6% CL (4 dof) with respect to 3+2,
compared to ∆χ2 = 6.3 (82% CL) for old fluxes.
In Fig. 1 we show the prediction for the Bugey spectra

at the global best fit point as dashed curves. Clearly they
are very similar to the best fit of reactor data only. Fig. 4
shows the predicted spectra for MiniBooNE neutrino and
anti-neutrino data, as well as the LSND ν̄µ → ν̄e transi-
tion probability. Again we find an acceptable fit to the


