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Hints of light sterile ν’s 



    (I) Accumulating hints of eV νs’s from oscillation  
 phenomenology and cosmology 

 
 

(II)  Indications of “warm” dark matter from astrophysical  
      “small-scale” problems (keV νs’s are a good option)    
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No compelling theoretical reason but several 
 experimental anomalies seem to point in this direction  

Why introduce new light ν species? 

I will discuss only eV νs’s 
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Hint #1: The Gallium calibration anomaly 

Deficit observed in calibration performed with radioactive 
sources   

[SAGE, PRC 59 (1999) 2246, hep-ph/9803418]
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RGa = 0 86 0 05
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SAGE coll., PRC 73 (2006) 045805  

But it could be due to overestimate of νe + 71Ga à 71Ge + e-  
cross section 



6 

9

N
O

B
S
/(

N
E

X
P
) p

re
d
,n

e
w

Distance to Reactor (m)

B
u
g
e
y
!

3
/4

R
O

V
N

O

B
u
g
e
y
!

3
/4

B
u
g
e
y
3

B
u
g
e
y
3

G
o
e
s
g
e
n

G
o
e
s
g
e
n

G
o
e
s
g
e
n

IL
L

K
ra

s
n
o
y
a
rs

k

K
ra

s
n
o
y
a
rs

k
!

2

K
ra

s
n
o
y
a
rs

k
!

3

P
a
lo

V
e
rd

e

C
H

O
O

Z

10
1

10
2

10
3

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

FIG. 4. Illustration of the short baseline reactor antineutrino anomaly. The experimental results are compared to the prediction
without oscillation, taking into account the new antineutrino spectra, the corrections of the neutron mean lifetime, and the
off-equilibrium effects. Published experimental errors and antineutrino spectra errors are added in quadrature. The mean
averaged ratio including possible correlations is 0.937±0.027. The red line shows a 3 active neutrino mixing solution fitting the
data, with sin2(2θ13) = 0.06. The blue line displays a solution including a new neutrino mass state, such as |∆m2

new,R| ! 1
eV2 (for illustration) and sin2(2θnew,R)=0.16.

noted anomalies affecting other short baseline electron
neutrino experiments Gallex, Sage and MiniBooNE, re-
viewed in Ref. [43]. Our goal is to quantify the compati-
bility of those anomalies.
We first reanalyzed the Gallex and Sage calibration

runs with 51Cr and 37Ar radioactive sources emitting
∼1 MeV electron neutrinos. [44], following the method-
ology developed in Ref. [43, 45]. However we decided to
include possible correlations between these four measure-
ments in this present work. Details are given in in Ap-
pendix B. This has the effect of being slightly more con-
servative, with the no-oscillation hypothesis disfavored at
97.73% C.L., instead of 98% C.L in Ref. [43]. Gallex and
Sage observed an average deficit of RG = 0.86±0.05(1σ).
Considering the hypothesis of νe disappearance caused by
short baseline oscillations we used Eq. (11), neglecting
the ∆m2

31 driven oscillations because of the very short
baselines of order 1 meter. Fitting the data leads to
|∆m2

new,G| > 0.3 eV2 (95%) and sin2(2θnew,G) ∼ 0.26.
Combining the reactor antineutrino anomaly with the
Gallium anomaly gives a good fit to the data and disfa-
vors the no-oscillation hypothesis at 99.7% C.L. Allowed
regions in the sin2(2θnew) −∆m2

new plane are displayed
in Figure 5 (left). The associated best-fit parameters are
|∆m2

new,R&G| > 0.7 eV2 (95%) and sin2(2θnew,R&G) ∼
0.16.
We then reanalyzed the MiniBooNE electron neutrino

excess assuming the very short baseline neutrino os-
cillation explanation of Ref. [43]. Details of our re-
production of the latter analysis are provided in Ap-
pendix B. The best fit values are |∆m2

new,MB| = 1.9

Experiment(s) sin2(2θnew) |∆m2
new| (eV

2) C.L. (%)
Reactors (no ILL-S,R∗) 0.02-0.23 >0.2 95.0

Gallium (G) 0.06-0.4 >0.3 97.7
MiniBooNE (M) — — 72.4

ILL-S — — 68.2
R∗ + G 0.07-0.24 >1.5 99.7
R∗ + M 0.04-0.23 >1.4 97.5

R∗ + ILL-S 0.04-0.23 >2.0 97.1
ALL 0.06-0.25 >2.0 99.93

TABLE III. Best fit parameter intervals or limits at (95%)
for (sin2(2θnew), ∆m2

new) and significance of the sterile neu-
trino oscillation hypothesis in %, for different combinations of
the reactor experiment rates only (R∗), the ILL-energy spec-
trum information (ILL-S), the Gallium experiments (G), and
MiniBooNE-ν (M) re-analysis of Ref. [43].

eV2 and sin2(2θnew,MB) ∼ 0.2, but are not significant
at 95% C.L. The no-oscillation hypothesis is only dis-
favored at the level of 72.4% C.L., less significant than
the reactor and gallium anomalies. Combining the re-
actor antineutrino anomaly with our MiniBooNE re-
analysis leads to a good fit with the sterile neutrino
hypothesis and disfavors the absence of oscillations at
97.5% C.L., dominated by the reactor experiments’ data.
Allowed regions in the sin2(2θnew) − ∆m2

new plane are
displayed in Figure 5 (right). The associated best-fit
parameters are |∆m2

new,R&MB | > 1.4 eV2 (95%) and

sin2(2θnew,R&MB) ∼ 0.1.

Mention et al., PRD 83 073006 (2011)   

Hint #2: The reactor antineutrino anomaly 

With new reactor fluxes deficit of all the short-baseline 
                     reactor measurements  

Mueller et al., PRC 83 054615 (2011)  
Huber, PRC 84 024617 (2011)    
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FIG. 5. (Color online) The blue hatched area shows the con-
tribution of our ab inito prediction (ENSDF + pandemonium
corrected nuclei) relative to the ILL reference data. The miss-
ing contribution coming from unknown nuclei and remaining
systematic effects of nuclear databases (red hatched area) is
fitted using a set of 5 effective β-branches.

ucts), and assuming that transitions are allowed tran-
sitions. The normalization and the end-point are two
free parameters for each branch. An example of the ”ab
initio” and ”fitted” contributions of 235U electron spec-
trum is illustrated in figure 5 as stacked histograms. The
residues of the fitted missing contribution are shown in
figure 6(a). They are small, typically at the level of the
statistical error of the ILL data, except in the 4.5-6.0
MeV range where one can see an oscillation pattern with
an amplitude reaching three times the error of the ILL
data at maximum. This may point to a systematic ef-
fect due to a failure of the fit model. We checked that
using more effective branches is not efficient because of
the limited number of experimental points available. The
impact of these non statistical residues in the final error
is discussed latter.

C. New reference antineutrino spectra

Converting all branches from the nuclear databases
plus the 5 fitted ones into antineutrino branches (as de-
scribed in section II), we obtain the predicted antineu-
trino spectrum. The residues with respect to the pre-
diction of Schreckenbach et al. are shown in figure 6(b).
It exhibits a good agreement in shape but a mean nor-
malization shift of about +3%. This shift of the emit-
ted antineutrino flux is modulated at higher energy by
oscillations which look like images of the oscillations in
the electron residues. When folded with the β-inverse
cross section the predicted increase of detected antineu-
trino rate from 235U is about 2.5%. Note that this posi-
tive shift is a mean value computed between the energy
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FIG. 6. Relative difference to ILL spectra for electron (a) and
antineutrino (b) spectra for 235U. While electron residues are
zeroed at the ±1% level by the fitting procedure, antineu-
trino residues exhibit a mean normalization shift of about 3%
(dashed line in(b)).

threshold (1.8 MeV) imposed by the detection process
and infinity. The physical constraint of one emitted elec-
tron for one emitted antineutrino must still be fulfilled.
We did check that the total integral of our electron spec-
trum fitted on the ILL reference and the integral of the
associated converted neutrino spectrum were identical at
the 10−4 level. Since all our individual β and antineu-
trino branches are normalized to the same integral with
much higher accuracy this result gives an estimate of the
numerical precision in the sum of thousands of branches.

To test the validity of our procedure we applied it to ef-
fective calculated electron and antineutrino spectra. This
method was inspired from the work of P. Vogel [46]. We
generated electron and antineutrino spectra as the sum
of the spectra of all fission products indexed in ENSDF,
weighted by the activity predicted by the MURE code
after 12 hours of irradiation. We know from section III
that these spectra are close to the ones measured at ILL
and in the context of this test we call them ”true” spec-
tra in the sense that they are unambiguously connected
to each other by the conversion of each single branch of
the sum. Then we followed the exact same procedure as

But new calculations, like older ones, are still anchored to  
(one single) β-spectrum experiment (ILL)  
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FIG. 6. Allowed regions in the sin2(2θnew)−∆m2
new plane obtained from the fit of the reactor neutrino data to the 3+1 neutrino

hypothesis, with sin2(2θ13) = 0. The left panel is the combination of the reactors and the gallium experiment calibration results
with 51Cr and 37Ar radioactive sources. The right panel is the combination of the reactors and our reanalysis of the MiniBooNE
data following the method of Ref. [56]. In both cases the ILL energy spectrum information is not included.

Our ILL re-analysis, including only the en-
ergy spectrum shape, leads to the allowed regions
in the sin2(2θnew) − ∆m2

new plane presented in
Figure 7. We notice a hint of neutrino oscil-
lations such that |∆m2

new,ILL−shape| > 1 eV2 and

sin2(2θnew,ILL−shape) ∼ 0.2, in agreement with our
fourth neutrino hypothesis, but still compatible with the
absence of oscillations at the 1σ level. Figure 3 is our
reproduction of the illustration 3 of Ref. [2]; we superim-
posed the oscillation pattern that would be induced by
neutrino oscillations at our best fit (combined analysis).
The ILL positron spectrum is thus in agreement with
the oscillation parameters found independently in our
re-analyses, mainly based on rate information. Because
of the differences in the systematic effects in the rate
and shape analyses, this coincidence is in favor of a true
physical effect rather than an experimental anomaly. As
a cross check we performed a Monte-Carlo simulation of
the ILL and Bugey-3 experiments, including the finite
spatial extension of the nuclear reactors and the ILL and
Bugey-3 detectors. We found that the small dimensions
of the ILL nuclear core lead to small corrections of the
oscillation pattern imprinted on the positron spectrum.
However the large extension of the Bugey nuclear core is
sufficient to wash out most of the oscillation pattern at
15 m. This explains the absence of shape distortion in
the Bugey-3 experiment.

Table III summarizes all the results of our fits of reac-
tor, gallium, and MiniBooNE-ν data to the sterile neu-
trino oscillation hypothesis. We observe that all the data
sets taken separately are very consistent with one an-
other, pointing to very similar oscillation parameters. We
thus performed a global fit to all available data.

The no-oscillation hypothesis is disfavored at
99.8% C.L. The significance is dominated by the
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FIG. 7. Allowed regions in the sin2(2θnew) − ∆m2
new plane

obtained from a fit of the ILL energy spectrum shape only.
The best fit value reported by the authors of Ref. [36] is very
close to our best fit, at |∆m2

new| ∼2 eV2, but it is worth noting
its poor statistical significance, compatible with the absence
of oscillations at the 1σ level. The best-fit point is indicated
by a star.

gallium and reactor data. Allowed regions in the
sin2(2θnew) − ∆m2

new plane are displayed in Figure 8,
together with the marginal ∆χ2 profiles for |∆m2

new| and
sin2(2θnew). The combined fit leads to the following con-
straints on oscillation parameters: |∆m2

new| > 1.5 eV2

(95% C.L.) and sin2(2θnew) = 0.14 ± 0.08 (95% C.L.).
An embryo of possible consequences of this result will
be discussed in Section VIII.

Fitting the short-distance νe-disappearance 

Mention et al., PRD 83 073006 (2011)   

sin2 2θnew � 0.1 ∆m2
new � 1 eV2
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Hint #3: Anomalous short-distance νe-appearance 

Giunti and Laveder, arXiv:1107.1452  

    In tension with disappearance searches: 
νµ->νe positive appearance signal incompatible with  
joint νe–>νe (positive) & νµ->νµ (negative) searches  

3+1 3+2 

sin2 2θeµ � 1

4
sin2 2θee sin

2 2θµµ � 4|Ue4|2|Uµ4|2

Warning:  

 ~ 0.1     < few %   ~ few %o 

Theory: 

Experiments: 

LSND
[LSND, PRL 75 (1995) 2650; PRC 54 (1996) 2685; PRL 77 (1996) 3082; PRD 64 (2001) 112007]
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Hint #4: Cosmology favors extra radiation 

CMB + LSS tend to prefer 
extra relativistic content  

~ 2 sigma effect 
[Hamann et al., PRL 105, 181301 (2010)] 

- eV masses acceptable only abandoning standard ΛCDM  
  (Kristiansen & Elgaroy arXiv:1104.0704 , Hamann et al. arXiv:1108.4136)   
 

- Ns is not specific of νs 
   (new light particles, decay of dark matter particles, quintessence, …)  
  

Warnings: 

- Ns>1 at BBN strongly disfavored (Mangano & Serpico PLB 701, 296, 2011)   
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THEORETICAL FRAMEWORK  

The 3+1 scheme and the MSW mechanism 
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The 4th ν state induces 
a small perturbation of  
the 3-flavor framework 

|Us4| ~ 1 

From the “point of view” of the solar doublet (ν1,ν2) 
we expect similar sensitivity to Ue3 & Ue4 

 Δmsol
 

 Δmatm
 

   Δmnew>1eV2 2 

2 

2 

The 3+1 scheme: 
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FIG. 4. Illustration of the short baseline reactor antineutrino anomaly. The experimental results are compared to the prediction
without oscillation, taking into account the new antineutrino spectra, the corrections of the neutron mean lifetime, and the
off-equilibrium effects. Published experimental errors and antineutrino spectra errors are added in quadrature. The mean
averaged ratio including possible correlations is 0.937±0.027. The red line shows a 3 active neutrino mixing solution fitting the
data, with sin2(2θ13) = 0.06. The blue line displays a solution including a new neutrino mass state, such as |∆m2

new,R| ! 1
eV2 (for illustration) and sin2(2θnew,R)=0.16.

noted anomalies affecting other short baseline electron
neutrino experiments Gallex, Sage and MiniBooNE, re-
viewed in Ref. [43]. Our goal is to quantify the compati-
bility of those anomalies.
We first reanalyzed the Gallex and Sage calibration

runs with 51Cr and 37Ar radioactive sources emitting
∼1 MeV electron neutrinos. [44], following the method-
ology developed in Ref. [43, 45]. However we decided to
include possible correlations between these four measure-
ments in this present work. Details are given in in Ap-
pendix B. This has the effect of being slightly more con-
servative, with the no-oscillation hypothesis disfavored at
97.73% C.L., instead of 98% C.L in Ref. [43]. Gallex and
Sage observed an average deficit of RG = 0.86±0.05(1σ).
Considering the hypothesis of νe disappearance caused by
short baseline oscillations we used Eq. (11), neglecting
the ∆m2

31 driven oscillations because of the very short
baselines of order 1 meter. Fitting the data leads to
|∆m2

new,G| > 0.3 eV2 (95%) and sin2(2θnew,G) ∼ 0.26.
Combining the reactor antineutrino anomaly with the
Gallium anomaly gives a good fit to the data and disfa-
vors the no-oscillation hypothesis at 99.7% C.L. Allowed
regions in the sin2(2θnew) −∆m2

new plane are displayed
in Figure 5 (left). The associated best-fit parameters are
|∆m2

new,R&G| > 0.7 eV2 (95%) and sin2(2θnew,R&G) ∼
0.16.
We then reanalyzed the MiniBooNE electron neutrino

excess assuming the very short baseline neutrino os-
cillation explanation of Ref. [43]. Details of our re-
production of the latter analysis are provided in Ap-
pendix B. The best fit values are |∆m2

new,MB| = 1.9

Experiment(s) sin2(2θnew) |∆m2
new| (eV

2) C.L. (%)
Reactors (no ILL-S,R∗) 0.02-0.23 >0.2 95.0

Gallium (G) 0.06-0.4 >0.3 97.7
MiniBooNE (M) — — 72.4

ILL-S — — 68.2
R∗ + G 0.07-0.24 >1.5 99.7
R∗ + M 0.04-0.23 >1.4 97.5

R∗ + ILL-S 0.04-0.23 >2.0 97.1
ALL 0.06-0.25 >2.0 99.93

TABLE III. Best fit parameter intervals or limits at (95%)
for (sin2(2θnew), ∆m2

new) and significance of the sterile neu-
trino oscillation hypothesis in %, for different combinations of
the reactor experiment rates only (R∗), the ILL-energy spec-
trum information (ILL-S), the Gallium experiments (G), and
MiniBooNE-ν (M) re-analysis of Ref. [43].

eV2 and sin2(2θnew,MB) ∼ 0.2, but are not significant
at 95% C.L. The no-oscillation hypothesis is only dis-
favored at the level of 72.4% C.L., less significant than
the reactor and gallium anomalies. Combining the re-
actor antineutrino anomaly with our MiniBooNE re-
analysis leads to a good fit with the sterile neutrino
hypothesis and disfavors the absence of oscillations at
97.5% C.L., dominated by the reactor experiments’ data.
Allowed regions in the sin2(2θnew) − ∆m2

new plane are
displayed in Figure 5 (right). The associated best-fit
parameters are |∆m2

new,R&MB | > 1.4 eV2 (95%) and

sin2(2θnew,R&MB) ∼ 0.1.

Pee � 1− sin2 2θnew sin2
∆m2

newL

4E

[SAGE, PRC 59 (1999) 2246, hep-ph/9803418]
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[SAGE, PRC 73 (2006) 045805, nucl-ex/0512041]

RGa = 0 86 0 05

C. Giunti Recent Progress in Neutrino Physics 1 Mar 2011 21/25

VSBL νe disappearance in a 3+1 scheme  

Mention et al. arXiv:1101:2755 [hep-ex] 

sin2 2θnew � 0.17± 0.1 (95%)

SAGE coll., PRC 73 (2006) 045805  sin2 θnew � U2
e4 = sin2 θ14

Pee = 1− 4
�

j>k

U2
ejU

2
ek sin

2
∆m2

jkL

4E

In a 2ν framework: 

In a 3+1 scheme: 

∆m2
sol � ∆m2

atm � ∆m2
new

  3+1 scheme has several consequences: solar, atm, react., accel. 

We will focus on the implications for Solar (S) & KamLAND (K) 
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Pee = 1− 4
�

j>k

U2
ejU

2
ek sin

2
∆m2

jkL

4E

∆m2
sol � ∆m2

atm � ∆m2
new

Pee = (1− U2
e3 − U2

e4)
2P 2ν

ee + U4
e3 + U4

e4

LBL νe disappearance in a 3+1 scheme 

Exact degeneracy between Ue3 and Ue4 

U2
e3 = c214s

2
13 U2

e4 = s214

 -driven osc. averaged 
 Δmnew

 

 Δmatm
 2 

2 

KamLAND 
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i
d

dx





νe
νµ
ντ
νs



 = H





νe
νµ
ντ
νs





VCC =
√
2GF Ne VNC =

1

2

√
2GF Nn

K =
1

2E
diag(k1, k2, k3, k4) ki =

m2
i

2E

V = diag(VCC , 0, 0, −VNC)

H = UKU
T + V (x)

Solar ν MSW effect in a 3+1 scheme 

 wavenumbers 
in vacuum 

Useful to write the 
mixing matrix as*: 

MSW potential 

U = R23 S R13 R12 S = R24 R34 R14  

  S = I   -->   3-flavor case  θ14=θ24=θ34=0  -->  

* We assume U to be real but in general it can be complex due to CP phases   



ν� = (R23 S R13)
T ν = AT ν = R12U

T

H
� = A

T
HA = R12KR

T
12 +R

T
13S

T
V SR13

    Change of basis: 

In the new basis: 

H
� �

At zeroth order in:  

V

katm

V

knew
and 

The 3rd & 4th state evolve independently from the 1st & 2nd   

The dynamics reduces to that of a 2x2 system   

15 



16 

The 2x2 Hamiltonian 
is diagonalized by a 

  1-2 rotation  

The starting Hamiltonian 
is then diagonalized by     

Ũ
T
HŨ = diag(k̃1, k̃2, k3, k4)

R̃
T
12H

�
2νR̃12 = diag(k̃1, k̃2)

Ũ = AR̃12

which defines the solar 
mixing angle in matter  θ̃12(x)

k̃iwavenumbers in matter 

For ν3 and ν4 (averaged) vacuum-like propagation  

Diagonalization of the Hamiltonian 
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r(x) =
VNC(x)

VCC(x)

The 2x2 Hamiltonian:  H2ν = H2ν   +  H2ν  ‘ kin ‘ dyn ‘ 

H
�dyn
2ν = VCC(x)

�
γ2 + r(x)α2

r(x)αβ
r(x)αβ r(x)β2

�

H
�kin
2ν =

�
c12 s12

−s12 c12

��
−ksol/2 0

0 ksol/2

��
c12 −s12

s12 c12

�
ksol =

m2
2 −m2

1

2E

All the dynamical effects induced by the 4th (and 3rd) state are  
2nd order in the sij: small deviations from the standard MSW. 

But important new kinematical effects are present …  

* 

* A.P. PRD 83 113013 (2011) [arXiv: 1105.1705 hep-ph]  



Pee =
4�

i=1

U2
eiŨ

2
ei = U2

e1Ũ
2
e1 + U2

e2Ũ
2
e2 + U4

e3 + U4
e4

Pes =
4�

i=1

U2
siŨ

2
ei = U2

s1Ũ
2
e1 + U2

s2Ũ
2
e2 + U2

s3U
2
e3 + U2

s4U
2
e4

For adiabatic propagation (valid for small deviations around the LMA) 

The elements of U are obtained replacing θ12 with θ12  
calculated in the production point (near the sun center) 

~ 

Expressions for Usi’s 
 valid for θ24 = θ34 = 0 

Expressions for Uei’s  
(always valid)  

∼ 1− s214

∼ 0

{{ ∼ s214∼ 1− s214 − s213

∼ s213

~ 

18 
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Two simple limit cases  

(3ν) 

{Pes = 0

{

θ13 = 0  θ14 = 0 

(4ν) θ13 = 0  θ14 = 0 

/ 

/ 
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(θ13,θ12) vs (θ14,θ12) constraints 

But unfortunately only small 
differences among 3ν and 4ν   

We expect a degeneracy 
among θ13 and θ14 

CC ~ ΦB Pee 

NC ~ ΦB (1-Pes) 

Solar  ν  sensitive to Pes    
CC/NC (SNO) & ES (SK) 

ES ~ ΦB (Pee+ 0.15 Pea) 
{

A.P.  PRD 83 113013 (2011) [arXiv: 1105.1705 hep-ph]  
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Complete degeneracy 

(θ13,θ14) constraints 

θ13-θ14 indistinguishable 

Solar sector essentially 
sensitive to ~ Ue3 + Ue4

 

Different probes are 
necessary to determine 
if νe mixes with ν3 or ν4   

 

2 2 

Preference for νe mixing with  
 states others than (ν1,ν2) 

A.P. PRD 83 113013 (2011) [arXiv: 1105.1705 hep-ph]  
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  Evidence of θ13>0 kills preference of θ14>0  

- Upper limit   

All the rest   

ALL 

UPDATE of: A.P. PRD 85 077302  (2012) [arXiv: 1201.4280 hep-ph]  

sin2 θ14 < 0.04 (90% C.L.)

- KamLAND, only spectral shape included: 
  limit is independent of reactor flux estimates 

- θ13 estimate independent of θ14   
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e and ē Disappearance

sin22ϑee

Δm
412     

[eV
2 ]

10−2 10−1 1
10−2

10−1

1

10

102

99% C.L.
Bugey3
Bugey4+Rovno
Gosgen+ILL
Krasnoyarsk
νe − 12C
Gallium
SUN

99% C.L.
Bugey3
Bugey4+Rovno
Gosgen+ILL
Krasnoyarsk
νe − 12C
Gallium
SUN

! New Reactor ē Fluxes
[Mueller et al., PRC 83 (2011) 054615]

[Mention et al., PRD 83 (2011) 073006]

[Huber, PRC 84 (2011) 024617]

! KARMEN + LSND

e + 12C 12Ng.s. + e
[Conrad, Shaevitz, PRD 85 (2012) 013017]

[Giunti, Laveder, PLB 706 (2011) 200]

! SUN&KamLAND + 13
[Giunti, Li, PRD 80 (2009) 113007]

[Palazzo, PRD 83 (2011) 113013]

[Palazzo, PRD 85 (2012) 077301]
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Compilation of all the existing limits on θ14 (= θee) 

Talk by C. Giunti @ νTURN 2012	



 Our 
 bound 

Solar bound is the most stringent one for Δm2
14> 1eV2  



  Summary�
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 - Restricting the attention to the low-energy experiments: 
   the data indicate νe mix with new sterile state(s) (Ue4

 = 0). 

  - In this context the solar sector can be exploited (with  
    the evidence of θ13>0) to corner the putative admixture:  

- New experiments should be able to probe this region. 

 - Several pieces of data, taken separately, point towards νs  

 independent of the reactor fluxes’ estimates. 

- However, taken together, the same results do not    
  converge towards a consistent theoretical picture. 

/ 

U2
e4 < 0.04 (90% C.L.)


