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Introduction
Renewed interest in the past few years for light sterile neutrinos, mainly 
driven by experimental anomalies:

Large number of experiments proposed to check these anomalies (reactors: 
Stereo, DANSS, SoLid, ... ; source: SAGE, CeSOX, ... ; accelerators: SBN, ...)

From a theory perspective, light sterile neutrinos are challenging as their 
masses are not protected by the electroweak symmetry ⇒ could be much 
larger than the active neutrino masses

Interesting possibility: supersymmetric partner of a (pseudo-)Goldstone 
boson

• the reactor anomaly (deficit of       in short-baseline reactor 
neutrino experiments)

• the gallium anomaly (deficit of      in a calibration experiment)

• the long-standing LSND claim of                oscillations⌫̄µ ! ⌫̄e

⌫e

⌫e

[Chun, Joshipura, Smirnov ’95]



Experimental status

Several experimental anomalies suggest the existence of sterile neutrinos

LSND:                       oscillations

Excess of      events over background
at 3.8 σ  (still controversial)

Not observed by KARMEN

MiniBooNE:

               data: no excess in the 475-1250 MeV
range, but unexplained 3σ      excess at low energy

               data:      excess in the E > 475 MeV region consistent with
LSND-like oscillations, but also with a background-only hypothesis
A low-energy     excess is also seen

 → unconclusive

⌫̄µ ! ⌫̄e
⌫̄e

⌫̄µ ! ⌫̄e ⌫̄e

⌫µ ! ⌫e
⌫e

⌫̄e

Table 3
90% CL limit on the neutrino oscillation probabilities from the negative searches at
short baseline experiments.

Experiment Beam Channel Limit (90%) ∆m2
min (eV2) Ref.

CDHSW CERN νµ → νµ Pµµ > 0.95 0.25 [98]

E776 BNL νµ → νe Peµ < 1.5 × 10−3 0.075 [99]

E734 BNL νµ → νe Peµ < 1.6 × 10−3 0.4 [100]

KARMEN2 Rutherford ν̄µ → ν̄e Peµ < 6.5 × 10−4 0.05 [101]

E531 FNAL νµ → ντ Pµτ < 2.5 × 10−3 0.9 [102]

CCFR/ FNAL νµ → νe Pµe < 8 × 10−4 1.6 [103,104]

NUTEV ν̄µ → ν̄e Pµe < 5.5 × 10−4 2.4 [104]

νµ → ντ Pµτ < 4 × 10−3 1.6 [105]

νe → ντ Peτ < 0.1 20.0 [106]

Chorus CERN νµ → ντ Pµτ < 3.4 × 10−4 0.6 [107]

νe → ντ Peτ < 2.6 × 10−2 7.5 [107]

Nomad CERN νµ → ντ Pµτ < 1.7 × 10−4 0.7 [108]

νe → ντ Peτ < 7.5 × 10−3 5.9 [108]

νµ → νe Pµe < 6 × 10−4 0.4 [108]
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Reactor antineutrino anomaly: 

Reevaluation of the reactor      flux in 2011 [G. Mention et al., P. Huber]
(increase by about 3%)

→ deficit of antineutrinos in SBL reactor experiments
     mean observed to predicted rate  0.943 ± 0.023

Caution: the shape of the reactor antineutrino spectrum is not fully 
understood (bump around 5 MeV seen by Double Chooz, Daya Bay, RENO) 
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Figure 1. Left: Allowed regions of oscillation parameters from SBL reactor data in the 3+1
scheme for a rates only analysis (contours) as well as a fit including Bugey3 spectral data (colored
regions). Right: Event rates in SBL reactor experiments compared to the predictions for three
representative sets of oscillation parameters. The thick (thin) error bars correspond to uncorrelated
(total) experimental errors. The neutrino flux uncertainty is not included in the error bars. The
Rovno and SRP data points at 18 m have been shifted for better visibility.

even shorter baselines. However, from the GOF values given in Tab. 4 we conclude that
also those solutions provide a good fit to the data.

3.2 The Gallium anomaly

The response of Gallium solar neutrino experiments has been tested by deploying radioac-
tive 51Cr or 37Ar sources in the GALLEX [84, 85] and SAGE [86, 87] detectors. Results
are reported as ratios of observed to expected rates, where the latter are traditionally
computed using the best fit cross section from Bahcall [88], see e.g. [19]. The values for
the cross sections weighted over the 4 (2) neutrino energy lines from Cr (Ar) from [88]
are �

B

(Cr) = 58.1 ⇥ 10�46 cm2, �
B

(Ar) = 70.0 ⇥ 10�46 cm2. While the cross section for
71Ga ! 71Ge into the ground state of 71Ge is well known from the inverse reaction there
are large uncertainties when the process proceeds via excited states of 71Ge at 175 and
500 keV. Following [88], the total cross section can be written as

�(X) = �
g.s.

(X)

✓
1 + a

X

BGT
175

BGT
g.s.

+ b
X

BGT
500

BGT
g.s.

◆
(3.4)

with X = Cr, Ar. The coe�cients a
Cr

= 0.669, b
Cr

= 0.220, a
Ar

= 0.695, b
Ar

= 0.263 are
phase space factors. The ground state cross sections are precisely known [88]: �

g.s.

(Cr) =
55.2⇥ 10�46 cm2, �

g.s.

(Ar) = 66.2⇥ 10�46 cm2. BGT denote the Gamov-Teller strength of
the transitions, which have been determined recently by dedicated measurements [89] as

BGT
175

BGT
g.s.

= 0.0399± 0.0305 ,
BGT

500

BGT
g.s.

= 0.207± 0.016 . (3.5)

In our analysis we use these values together with Eq. (3.4) for the cross section.

– 10 –

J. Kopp et al.
(arXiv:1303.3011)

2.7 σ effect

[G. Mention et al.,
arXiv:1101.2755]



Gallex-SAGE calibration experiments: 

Calibration of the Gallex and SAGE experiments with radioactive sources
⇒ observed 3σ deficit of       with respect to predictions [Giunti and Laveder]

    R = 0.84 ± 0.05

Combined analysis of SBL reactor data, gallium calibration experiments and
MiniBooNE neutrino data [G. Mention et al., arXiv:1101.2755]:

                                     

⌫e

|�m2
SBL| > 1.5 eV2 , sin2 2✓ee = 0.14± 0.08 (95% C.L.)

⌫e +
71Ga !71Ge+ e�

[ J. Kopp et al., arXiv:1303.3011]

10- 3 10- 2 10-1

10-1

100

101

»Ue4
2

Dm
412
@eV

2 D ÛÁ̄

95% CL

Gallium

SB
L
re
ac
to
rs

Al
l
n e
di
sa
pp

LB
L
re
ac
to
rs

C-12

So
la
r
+
Ka
m
L

Figure 2. Allowed regions at 95% CL (2 dof) for 3+1 oscillations. We show SBL reactor data
(blue shaded), Gallium radioactive source data (orange shaded), ⌫e disappearance constraints
from ⌫e–12C scattering data from LSND and KARMEN (dark red dotted), long-baseline reac-
tor data from CHOOZ, Palo Verde, DoubleChooz, Daya Bay and RENO (blue short-dashed) and
solar+KamLAND data (black long-dashed). The red shaded region is the combined region from all
these ⌫e and ⌫̄e disappearance data sets.

source data in Tab. 5. For these two cases we find an improvement of 5.3 and 3.8 units in
�2, respectively, when going from the 3+1 scenario to the 3+2 case. Considering that the
3+2 model has two additional parameters compared to 3+1, we conclude that there is no
improvement of the fit beyond the one expected by increasing the number of parameters,
and that SBL

(–)

⌫
e

data sets show no significant preference for 3+2 over 3+1. This is
also visible from the fact that the confidence level at which the no oscillation hypothesis is
excluded does not increase for 3+2 compared to 3+1, see the last columns of Tabs. 4 and 5.
There the ��2 is translated into a confidence level by taking into account the number of
parameters relevant in each model, i.e., 2 for 3+1 and 4 for 3+2.

3.3 Global data on ⌫
e

and ⌫̄
e

disappearance

Let us now consider the global picture regarding
(–)

⌫
e

disappearance. In addition to the
short-baseline reactor and Gallium data discussed above, we now add data from the fol-
lowing experiments:

• The remaining reactor experiments at a long baseline (“LBL reactors”) and the very
long-baseline reactor experiment KamLAND, see table 3.

• Global data on solar neutrinos, see appendix C for details.

• LSND and KARMEN measurements of the reaction ⌫
e

+ 12C ! e� + 12N [91, 92].
The experiments have found agreement with the expected cross section [93], hence

– 12 –

sin2 2✓ee = 4|Ue4|2(1� |Ue4|2)

more recent analysis by J. Kopp et al.
(arXiv:1303.3011) 

no-oscillation hypothesis
disfavoured at more than 3σ 



However, no coherent picture of all data with an additional (or even 2) sterile 
neutrino: tension between appearance (LSND/MiniBooNE antineutrino data) 
and disappearance experiments (reactors,      disappearence experiments)

                                     

In addition, a light sterile neutrino is disfavoured by cosmology:

Simultaneous constraint on Neff and on the sterile neutrino mass:

→ Neff = 4 excluded at more that 99% C.L.

Way out: sterile neutrino not fully thermalized due to large lepton asymmetries or non-
standard interactions [see e.g. Gariazzo et al.,1404.6160;  Archidiacomo et al.,1508.02504]
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Figure 8. Results of the global fit in the 3+1 scenario, shown as exclusion limits and allowed regions
for the e↵ective mixing angle sin2 2✓µe = 4|Ue4|2|Uµ4|2 and the mass squared di↵erence �m2

41

. Left:
Comparison of the parameter region preferred by appearance data (LSND, MiniBooNE appearance
analysis, NOMAD, KARMEN, ICARUS, E776) to the exclusion limit from disappearance data
(atmospheric, solar, reactors, Gallium, CDHS, MINOS, MiniBooNE disappearance, KARMEN and
LSND ⌫e–12C scattering). Right: Regions preferred by experiments reporting a signal for sterile
neutrinos (LSND, MiniBooNE, SBL reactors, Gallium) versus the constraints from all other data,
shown separately for disappearance and appearance experiments, as well as their combination.

6 Combined analysis of global data

We now address the question whether the hints for sterile neutrino oscillations discussed
above can be reconciled with each other as well as with all existing bounds within a com-
mon sterile oscillation framework. In section 6.1 we discuss the 3+1 scenario, whereas in
section 6.2 we investigate the 3+2 and 1+3+1 schemes.

6.1 3+1 global analysis

In the 3+1 scheme, SBL oscillations are described by e↵ective 2-flavor oscillation prob-
abilities, involving e↵ective mixing angles for each oscillation channel. The expressions
for the e↵ective angles ✓

ee

, ✓
µµ

, ✓
µe

governing the
(–)

⌫
e

disappearance,
(–)

⌫
µ

disappearance,

and
(–)

⌫
µ

!
(–)

⌫
e

appearance probabilities are given in Eqs. (3.2), (4.2), (5.2), respectively.
From those definitions it is obvious that the three relevant oscillation amplitudes are not
independent, since they depend only on two independent fundamental parameters, namely
|U

e4

| and |U
µ4

|. Neglecting terms of order |U
↵4

|4 (↵ = e, µ) one finds

sin2 2✓
µe

⇡ 1

4
sin2 2✓

ee

sin2 2✓
µµ

. (6.1)

Hence, the appearance amplitude relevant for the LSND/MiniBooNE signals is quadrati-
cally suppressed by the disappearance amplitudes, which both are constrained to be small.
This leads to the well-known tension between appearance signals and disappearance data
in the 3+1 scheme, see e.g. [29, 30] for early references.

– 22 –

Ne↵ = 3.15± 0.23 (68%C.L.)

sin
22ϑeµ

∆
m

4
12
  

  
[e

V
2
]

10−4 10−3 10−2 10−1
1

10−1

1

10

+

10−4 10−3 10−2 10−1
1

10−1

1

10

+

3+1 − PrGLO

68.27% CL
90.00% CL
95.45% CL
99.00% CL
99.73% CL

3+1 − 3σ

νe DIS
νµ DIS

DIS
APP

sin
22ϑee

∆
m

4
12
  

  
[e

V
2
]

10−2 10−1
1

10−1

1

10

+

νe DIS

3+1 − PrGLO

68.27% CL
90.00% CL
95.45% CL
99.00% CL
99.73% CL

sin
22ϑµµ

10−1
1

+

νµ DIS

Figure 1: Allowed regions in the sin2 2#
eµ–�m

2
41, sin2 2#

ee

–�m

2
41 and sin2 2#µµ–�m

2
41 planes obtained in the pragmatic 3+1 global fit PrGLO

of short-baseline neutrino oscillation data compared with the 3� allowed regions obtained from
(�)
⌫µ !

(�)
⌫

e

short-baseline appearance data (APP)

and the 3� constraints obtained from
(�)
⌫

e

short-baseline disappearance data (⌫
e

DIS),
(�)
⌫µ short-baseline disappearance data (⌫µ DIS) and the

combined short-baseline disappearance data (DIS). The best-fit points of the global (PrGLO) and APP fits are indicated by crosses.

of the four additional parameters and the additional
possibility of CP violation. Moreover, the p-value ob-
tained by restricting the 3+2 scheme to 3+1 disfavors
the 3+1 scheme only at 1.1�. Therefore, we think that
considering the larger complexity of the 3+2 scheme
is not justified by the data and in the following we
consider only the 3+1 mixing scheme.

Figure 1 shows the allowed regions in the
sin2 2#

eµ–�m

2
41, sin2 2#

ee

–�m

2
41 and sin2 2#µµ–�m

2
41

planes obtained in the 3+1-PrGLO fit. These regions
are relevant, respectively, for

(�)
⌫µ !

(�)
⌫

e

appearance,
(�)
⌫

e

disappearance and
(�)
⌫µ disappearance searches. Fig-

ure 1 shows also the region allowed by
(�)
⌫µ !

(�)
⌫

e

appearance data and the constraints from
(�)
⌫

e

disap-
pearance and

(�)
⌫µ disappearance data. One can see

that the combined disappearance constraint in the
sin2 2#

eµ–�m

2
41 plane excludes a large part of the re-

gion allowed by
(�)
⌫µ !

(�)
⌫

e

appearance data, leading
to the well-known appearance-disappearance tension
[7, 85–87, 90, 114–116, 118, 160, 165] quantified by
the parameter goodness-of-fit in Tab. 1. The best-fit
values of the oscillation parameters are (�m

2
41)bf =

1.6 eV2, (|U
e4|2)bf = 0.028, (|Uµ4|2)bf = 0.013, which

imply (sin2 2#
eµ)bf = 0.0014, (sin2 2#

ee

)bf = 0.11 and
(sin2 2#µµ)bf = 0.050.

It is interesting to investigate what are the impacts
of the MiniBooNE and LSND experiments on the
global analysis of short-baseline neutrino oscillation
data. With this aim, we consider two additional 3+1
fits: a 3+1-noMB fit without MiniBooNE data and a
3+1-noLSND fit without LSND data. From Tab. 1

one can see that the results of the 3+1-noMB fit are
similar to those of the 3+1-PrGLO fit and the nominal
exclusion of the case of no-oscillations remains at the
level of 6�. On the other hand, in the 3+1-noLSND
fit, without LSND data, the nominal exclusion of the
case of no-oscillations drops dramatically to 2.6�. In
fact, in this case the main indication in favor of short-
baseline oscillations is given by the reactor and Gal-
lium anomalies which have a similar statistical sig-
nificance [15]. Therefore, it is clear that the LSND
experiment is still crucial for the indication in favor of
short-baseline ⌫̄µ ! ⌫̄e transitions.

3. Experimental perspectives

There is an impressive program of many experi-
mental projects which will explore the existence of
light sterile neutrinos at the eV scale in the next years
(see also the reviews in Refs. [185–191]). It is conve-
nient to divide them in the following categories.

3.1.

(�)
⌫

e

disappearance experiments

The aim of these experiments is to reveal short-
baseline oscillations in a robust way by measuring dis-
tortions of the neutrino spectrum or variations of the
flavor neutrino detection probability as a function of
distance. They can be divided in the following sub-
categories.

Source experiments. These experiments use ra-
dioactive sources of ⌫

e

or ⌫̄
e

placed near or inside
a large detector [192]. Table 2 presents a list of

4

[Planck 2015 + BAO data]

Ne↵ < 3.7 , m⌫s < 0.38 eV (95%C.L.) [Planck + BAO]
J. K

opp et al.
(arX

iv:1303.3011)

C
. G

iunti
(arX

iv:1512.04758)



From a theoretical point of view, sterile neutrinos also pose a problem:
since they are gauge singlets, their mass is not protected (except by L)

Sterile neutrinos are present e.g. in the seesaw mechanism:

the mass eigenstates        and        are admixtures of the active neutrino     
and of the sterile neutrino

Requiring m << M to explain the smallness of neutrino masses, the sterile 
neutrino                 is very heavy and has negligible mixing with the active 
neutrino  

� 1

2
( ⌫̄L ⌫̄cL )

✓
0 m
m M

◆✓
⌫cR
⌫R

◆
+ h.c.�m ⌫L⌫R � 1

2
M⌫TRC⌫R + h.c. =

⌫L1 ⌫L2 ⌫L
⌫cL ⌘ C ⌫TR

⌫L ' ⌫L1

⌫cL ' ⌫L2



Theoretical scenarios for naturally light sterile neutrinos

1) (very) low-energy seesaw with M < 10 eV
    but the seesaw explanation of small neutrino masses is lost

2) singular seesaw mechanism
    det M = 0 leading to a fourth light mass eigenstate
    accidental or due to symmetries of the neutrino sector

3) flat extra dimensions
    a massless bulk RH neutrino generates a tower of Kaluza-Klein sterile
    neutrinos with masses n/R

4) singlet fermions (modulinos) in supersymmetry/string theory

5) pseudo-Goldstone fermion
    supersymmetric partner of the Goldstone boson of a spontaneously
    broken global symmetry (e.g. lepton number or Peccei-Quinn)

[de Gouvêa, Huang, arXiv:1110.6122]

[Glashow ’91]

[arkani-Hamed et al. ’98; Dienes et al. ’98]

[Benakli, Smirnov ’97; Dvali, Nir ’98]

[Chun, Joshipura, Smirnov ’95; Chun ’99]



Theoretical framework

Some global U(1) symmetry spontaneously broken at a scale f >> MSUSY

The supersymmetric effective field theory below f involves a 
(pseudo-)Goldstone multiplet

with a shift symmetry

In the supersymmetric limit and in the absence of explicit global symmetry 
breaking, all components s, a, χ are massless

Supersymmetry breaking can give a mass to χ and s, while some explicit 
breaking of the global symmetry is needed to give a mass to a (or the 
symmetry must be anomalous)

Irreducible χ mass from supersymmetry breaking [Cheung, Elor, Hall, 1104.0692]

                           from

⇒ low-scale supersymmetry breaking needed 

A =
s+ iap

2
+

p
2✓�+ ✓2F

Z
d4✓

1

MP
(A+A†)2(X +X†) , hXi = F✓2m� ⇠ m3/2

A ! A+ i⌘f



Assuming no R-parity (but baryon number), the most general Lagrangian 
compatible with the shift symmetry                         is (α = 0, 1, 2, 3):

    Vsoft = generic MSSM soft terms with leptonic RPV

After minimization of the scalar potential, Hu, Lα get vevs (assume <A> = 0)
⇒ non-canonical kinetic terms for Hu and Lα

→ redefine Hu and Lα = (Hd, Li) such that

     (i) the charged fields                     have canonical kinetic terms

    (ii) the sneutrino vevs        vanish

   (iii)                              real

W = µ↵HuL
↵ +

1

2
�e
↵�kL

↵L�ek + �d
↵jkL

↵Qjd
k � �u

jkHuQ
juk

K =
1

2
(A+A†)2 +H†

uHu + L↵†L↵ + Cu H
†
uHu

A+A†

f

+ C↵� L
↵†L� A+A†

f
+

✓
Cu↵ HuL

↵ A+A†

f
+ h.c.

◆
+ · · ·

H+
u , H�

d , e�i

h⌫̃ii
�e
0jk = �e

j �jk , �e
j

A ! A+ i⌘f



Neutralino and chargino mass matrices

As a consequence of the bilinear RPV terms (µi Hu Li), leptons mix with 
charginos and neutralinos (              required by neutrino masses)

Furthermore, since the kinetic terms of the neutral fields
are not canonical, the neutralino mass matrix receives contribution from the 
Kähler potential and mixes χ with the standard neutrinos and neutralinos

Charginos:

2 heavy mass eigenstates (charginos)
3 light mass eigenstates (charged leptons) with masses

chargino / charged lepton mixing suppressed by           or smaller

H0
u, H

0
d , ⌫

i, A

mi = �e
i vd

µi/µ

⇣
fW� eH�

d e�i

⌘
0

@
M2 gvu 01⇥3

gvd µ 01⇥3

03⇥1 µi �e
i vd�ij

1

A

0

@
fW+

eH+
u

e+k

1

A

µi ⌧ µ



Neutralinos:

The neutralino mass matrix, written in the basis                                     ,
is a 8x8 matrix with a seesaw structure

                 standard MSSM neutralino mass matrix

                 νi-neutralino mixing from μi

                 χ-neutralino mixing from K

                 (νi, χ) mass matrix from K (assume negligible loop contributions) 

(fW 3, eB, eH0
u, eH0

d , ⌫i,�)

MN =

0

@
M4⇥4 µ4⇥4

µT
4⇥4 m4⇥4

1

A m, µ ⌧ M

M4⇥4

µ4⇥4

m4⇥4



Effective 4x4 neutrino mass matrix:

                                           depends only on MSSM parameters

B, Di and C also depend on the Kähler parameters
(Rp-conserving) and               (Rp-violating)

Assuming the former are of order 1, one has                     and

One gets a consistent neutrino phenomenology by assuming that all RPV
parameters (                  ) are small, while the Rp-conserving Kähler 
parameters are of order 1

In practice, need

Note: the structure of Mν implies 

M⌫ = m� µTM�1µ =

0

@
A µi

µ
µj

µ

⇣
B µi

µ +Di

⌘
v
f⇣

B µj

µ +Dj

⌘
v
f C v2

f2 +m�

1

A

A = µ2M11M
2
Z cos

2 �/ detM

Cuı, Cdı

Cud, Cu, Cdd, Cı|

B,C = O(µ) Di = O(µi/µ,Cd̄i)

µi

µ
. 10�5, Cdi . 10�6,

v

f
. 10�6

mlightest = 0

µi, Cui, Cdi



Active-sterile neutrino mixing

                                                                U = 4x4 PMNS matrix

                                  active-sterile mixing (parametrized by                   ) 

    SBL oscillations depend only on the       ‘s

note: can rewrite Mν in a more compact form:

7 parameters in the real case for 4 masses and 6 mixing angles
→ correlations between active-sterile mixing and active neutrino mixing
    (also true in the complex case)

M⌫ = U⇤ Diag (m1,m2,m3,m4)U
†

U↵4 (↵ = e, µ, ⌧) ✓14, ✓24, ✓34

U↵4

sin2 2✓ee = 4|Ue4|2(1� |Ue4|2) = sin2 2✓14

sin2 2✓µµ = 4|Uµ4|2(1� |Uµ4|2)

M⌫ =

✓
D✏↵✏� E⌘↵
E⌘� F

◆ X

↵

✏2↵ =
X

↵

⌘2↵ = 1

sin2 2✓eµ = 4|Ue4Uµ4|2



Numerical results

Constraints from negative sterile neutrino searches on       and  m4 ✓14
Normal hierarchy Inverted hierarchy

orange points are consistent with standard oscillation results
blue points     also pass constraints from negative sterile neutrino searches
green points   are also consistent with the reactor and gallium anomalies

[WARNING: recent (May 6th) IceCube constraints not included]



Comparaison with the expected sensitivities of Stereo, SoLid and CeSOX 
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Figure 4.1: Predicted values of sin2 2◊ee and �m2
41 in the case of normal hierarchy.

Left: Comparaison with the exclusions of Daya Bay and Bugey. Right: Comparaison
with the expected sensitivity of Sox and Stereo.

Normal hierarchy

In fig. 4.1, we compare the predictions of the model to the sensitivity of present and
future experiments in the plane sin2 2◊ee≠�m2

41, for the case of normal hierarchy. After
diagonalizing the neutrino mass matrix, the mixing angle ◊ee © ◊14 is simply given by
sin ◊ee = Ue4, while the squared mass di�erence �m2

41 reduces to m‹
2
4 because, in our

scenario, the lightest neutrino is massless.
In fig. 4.1 left, we compare the values obtained to the exclusion limits of Bugey

[264] and Daya Bay [265]. This highlights how the constraints apply. For instance,
below �m2 ƒ 2 ≠ 3 eV2, it is clear that the upper bound on the mixing sin2 2◊ee is
set by the exclusion limits of Bugey and Daya Bay, while for larger values of �m2,
sin2 2◊ee cannot be very large as a result of the various conditions imposed. One can
also see that, once all the constraints are taken into account, the new splitting cannot
be much smaller than �m2 ≥ 0.05 eV2.

Fig. 4.1 right shows how the predicted values for the new squared mass splitting
and the active-sterile mixing angle ◊ee compare to the expected sensitivity of the future
experiments CeSOX [266], Stereo [267] and SoLid [267]. They would slightly improve
the constraints on the high mass splitting region, while for �m2 smaller than 1 eV2,
Bugey and Daya Bay would still provide better constraints. In this case of normal
hierarchy, the model provides a small number of points around 1 eV2 in the region
compatible with 3+1 oscillations from ‹e and ‹̄e disapperance experiments, which are
all close to the present and future experimental limits.

Inverted hierarchy

We turn now to inverted hierarchy. Fig. 4.2 shows again the parameters predicted
by the model in the plane sin2 2◊ee ≠ �m2

41 together with the experimental limits of
Bugey and Daya Bay (left) and the expected sensitivity of CeSOX, Stereo and SoLid
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(right). In the case of inverted hierarchy, there is a stronger lower bound on the sterile

Figure 4.2: Predicted values of sin2 2◊ee and �m2
41 in the case of inverted hierarchy.

Left: Comparaison with the exclusions of Daya Bay and Bugey. Right: Comparaison
with the expected sensitivity of Sox and Stereo.

neutrino mass than in the normal one. The constraints imposed by the 3 ◊ 3 PMNS
matrix entries and the active neutrino squared mass splittings already impose a lower
bound of approximately 10≠2 eV2 on �m2, and after all the experimental exclusions
from negative searches for sterile neutrinos are taken into account, we get

�m2
41 > 1 ≠ 2 ◊ 10≠1 eV2 . (4.3.7)

On the other hand, for large values of �m2
41, the mixing sin2 2◊ee appears to be less

constrained than in the normal hierarchy and can be as large as approximately 0.25.
Here, the new exclusion limits of CeSOX, SoLid and Stereo would provide inter-

esting informations on this high mass region, where the mixing is little constrained.
In particular, for the inverted hierarchy, this scenario gives a large number of points
compatible with the allowed region for 3+1 oscillations from ‹e and ‹ē disappearance.
Most of these points are beyond the reach of Bugey but could be tested by the next
generation of experiments.

Conclusion

In this chapter, we studied a model which could explain the existence of a sterile
neutrino and its mixing with standard neutrinos. The sterile neutrino is (mostly)
the fermionic partner of a pseudo-Goldstone boson associated to a broken symmetry,
which is described by an e�ective theory. Because of R-parity-violating interactions
in the superpotential and in the non-canonical Kähler potential, active and sterile
neutrinos mix with the higgsinos and the neutral gauginos “̃ and Z̃0. Consequently,
there are four heavy mass eigenstates with masses above the electroweak scale, and
four light eigenstates, which are the three standard neutrinos and the sterile neutrino.
Requiring the model to reproduce the solar and atmospheric masses as well as the

Normal hierarchy Inverted hierarchy

Stereo, SoLid:  reactor experiments (data taking soon)
CeSOX: source (cerium) experiment at Borexino (in preparation)



               appearance: comparaison with the expected sensitivity of SBN 

Normal hierarchy Inverted hierarchy

SBN: 3-detector accelerator experiment at FNAL (in preparation)

⌫µ ! ⌫e



               disappearance: comparaison with the expected sensitivity of SBN 

Normal hierarchy Inverted hierarchy

SBN: 3-detector accelerator experiment at FNAL (in preparation)

⌫µ ! ⌫µ



Conclusions

Sterile neutrino as a pseudo-Goldstone fermion within R-parity violating 
supersymmetry provides a natural scenario for a light sterile neutrino  
mixing with the active ones

Correlations between the sterile and the active neutrino parameters restrict 
the available parameter space

Some overlap with the region suggested by the reactor and gallium 
anomalies; will be tested by near future experiments

Case of GeV-scale pseudo-Goldstone sterile neutrino and its signature at  
the LHC under investigation (in collaboration with Anibal Medina)


