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1. Introduction

The Standard model (SM) admits the presence of three neutrino flavours, namely v, v,, v+
which however are massless, there is no gauge invariant mass term allowed that could give mass
terms to the neutrinos. In this sence the SM is incomplete. On the other hand the SM does not
describe gravity. Neutrinos could get masses, by adding to the SM Lagrangian Dirac terms like

AN VEH, (1)

where A, a coupling coefficient, N;, = (I, v) one of the three lepton doublets, /g a right handed
lepton singlet, i, j flavour indices and H a Higgs particle. No term violates baryon number B and
lepton flavour numbers L., L, L and the lepton number L = L, + L, + L. that naturally appear
as accidental symmetries.
Also possible it to add to (1) a Majorana mass term [1] in the form o« vgVvg, giving rise to the
see-saw mechanism —
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where F };I some Higgs-like fields, M some high scale acting as a natural cutoff (in string theory, it
is the string scale). In its simplest form, involving one generation of neutrinos, it takes the form
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where m = A1 < H; >. After diagonalization the neutrino mass matrix gives us two eigenvalues,

2

the “light” eigenvalue giving a mass to vy,

m? A3 < Hy >% M,

Miight ~ 7~
'8 M 1, <H>2

where < F' 1? >=< H >, and the “heavy” eigenvalue

< H >2

M=M=

N

associated to the interacting right handed neutrino. For application of the see saw mechanism see
[2], [3], [4]. The string scale can be high (M > 10'6 GeV) [5] or it can be low as 1 TeV as
in string models [6, 7] with large extra dimensions [8]. Experiments regarding data from solar,
atmospheric, reactor and accelerator experiments [9] (namely, SNO, Super-Kamiokande, Icecube,
KamlLand, DayaBay, RENO, Double Choz, T2K, Nova, Minos, Opera) describe with consistency
the phenomenon of neutrino oscillations, where at the three flavour paradeigm of active neutrinos
oscillations, the weak eigenstates mix with the mass eigenstates as described by PMNS unitary
mixing matrix formalism [15]. The unitary matrix is described by three mixing angles 617, 83, 623
and a CP violating phase dcp.

However, there are anomalies observed regarding : i) the non-canonical appearance of v, in
short baseline v, beams of LSND [10] and MiniBooNE [11] experiments and also ii) decrement of
v, predicted rates from radiaactive sources in gallium experiments. The new data are accommodated
using a forth neutrino that does not couple through weak interactions, thus the name sterile.
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Experimental results constrain the sterile neutrino mass mg squared differences to be of order
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where the lower limit comes from Minos [12] (they have assumed in a 3+1 model, that Am%z ~
2. 2 2 2 2 . 2 L

Am3,; and Amy, >> Amj,, such that amy, ~ Amy, ~ Amj;) and the upper limit from T2K

Superkamiokande [13] experiments. The existence of sterile neutrino is also supported by various

arguments in cosmology [14].

2. The five stack Standard Model

In intersecting brane constructions [17-20] chiral fermions appear as open strings stretching
between brane intersecting at angles and gauge bosons living on D-branes. Each D-brane would give
rise to a U(1) and the U(N) gauge group arises from N overlapping D-branes stacks. By considering
N, stacks of D-brane configurations with N,,a = 1,---, N, parallel branes one gets the gauge
group U(N1) X U(N3) X - -- X U(N,). Each U(Nj;) factor will give rise to a SU(N;), charged under
the associated U(1;) gauge group factor that appears in the decomposition SU(N,) X U(1),. The
model we will be using to examine the presence of sterile neutrinos is a five stack D6-brane string
model of [21]. For this class of models it has been shown [22], among other predictions, that it
can accommodate b — s/ + [— anomalies and furthermore its stringy Z’ boson considered has
nonnegligible couplings to the first two quark generations and has a mass in the range [3.5, 5.5]
TeV, so it is possible to be discovered directly during the next LHC runs via Drell-Yan production
in the di-electron or di-muon decay channels.

The initial gauge group of the model is U(3). X U(2)p X U(1)e X U(1)g X U(1), or SU(3). X
SU2),, xU(1)p xU(1)e xU(1)g xU(1), at the string scale. The model accommodates the global
symmetries of the Standard model (SM) , namely Baryon B and Lepton number L, to local gauge
symmetries. The representation content of the Standard Model is seen at table (1) charged under
the five U(1) symmetries Q,, Op, O, O, Qe.

There are various gauged low energy symmetries in the models. They are defined in terms
of the U(1) symmetries Qg, Qp, Q¢, Qu, Q., where the baryon number B and lepton number L,
respectively are equal to

Qa =3B, L=0a+Qe, Qa—304-30c=3(B-L), Qc =2I3r “)

and I3g being the third component of weak isospin and 3(B — L) and Q. are free of triangle
anomalies. The U(1); symmetry plays the role of a Peccei-Quinn symmetry, having mixed SU(3)
anomalies.

3. The sterile neutrino appearance

Small neutrino masses ~ 0.1-10 eV in consistency with LSND experiments, in the 5-stack
classes of models, get generated from dimension 6 operators in the form,

@' (LNR) < QrUg >, a'(lvg)(< qrUg >) )
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Matter Fields Intersection | Qg | Op | Oc | Qa | Qe Y
or (3,2) I,p=1 1 -1 0 0 1/6
qrL 2(3,2) Ip =2 1 1 0 0 1/6
Ugr 3(3,1) Ige =3 -1 0 0 | -2/3
Dpg 33.1) | Igex=-3 -1 0 -1 0 0 1/3

L 2(1,2) Ipg =-2 0 -1 1 0 | -1/2
Ir (1,2) Ipe = -1 0 -1 0 1 -1/2
NR 2(1,1) I.g=2 0 0 1 -1 0 0
ERr 2(L,1) | Ioge=-2 0 0 -1 | -1 0 1
VR (1, 1) Iee =1 0 0 1 -1 0
eR (1, 1) Ioer = —1 0 0 -1 -1 1

Table 1: Low energy chiral fermionic spectrum of the five stack string scale SU(3)c ® SU12)L, ® U(1), ®
U)p®U(1).®U(1)s ® U(1), intersectingg D6-brane model. At low energies only the SM gauge group
SU@3) @ SU(2)L ® U(1)y survives.

breaking the U(1); PQ like symmetry through chiral symmetry breaking related to the existence of
the u-quark chiral condensate < Q; Ug >=< q Ugr >~ 240 (MeV)3.

For the generation of sterile neutrino, we will use a different interation term than (5), namely the
Dirac-type interactions, that mix left handed nutrino, right handed neutrino and the stetile neutrino

< A
L=X I vg () + VZVR Ny (K) + h, (6)
S
or
L= mpvLvr +myvrNy , (7
where ~
3 X
mp = Ai{h1) ,mn = —(K), (®)
M;
K a product of Higgs-like fields. The Yukawa couplings
~ o~ Aijk
A1, A < e 2ma’ )

where A the is the area connecting the corresponding i, j and k intersections [23]. In the eigenstate
basis (vr, Vg, N1) the sterile neutrino N; terms of (6) give rise to the 3 x 3 mass matrix

0 mp 0
MV = mp 0 my , (10)
0 my 0

which gives a zero eigenvalue associated with the mass eigenstage of v; and two non-zero eigen-
values associated with vg and Ny, namely m,, , my, respectively. Given the limits (3) the values
of sterile eigenvalue may be inside the limits
2 2
4 €V 2 _ 2 3 €V
10 = < amy =my, <3%x10 a 1)
Detailed studies of neutrino oscillations including also the accommodation of the rest of the

left handed neutrino flavours will be performed elsewhere [24].
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