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OUTLINE
INeutrino (s) mass in the Standard Model

INeutrino (s) mass beyond Standard Model

(D-branes)

 Neutrino mass in string theory
e.g Intersecting D6-brane models
lopen strings]|



e « Examine models with :

gauged baryon number (stable proton)=>

right handed neutrinos >

sterile neutrinos - ?

+ right handed neutrinos
+

- - STANDARD MODEL from D-
Branes




Standard Model of Elementary Particles and Gravity

three generations of matter interactions / force carriers
(fermions) (bosons)
| 1 Il
mass =22 MeWic® =] 28 GeWlc® =173.1 Gev/c® 0 =124 97 Gev/c® 0
charge @ 3% ¥z i3 0 0 0
spin | ¥% U % C % t 1 a 0 H 2 G
"y "y "y >
up charm top J l gluon higgs graviton
y
=47 MeWicz =06 Melic? =418 Gelic2 ]
-1 -4 ] 0
« y o 3 b 1 ‘
4 __

down I strange I bottom Jl photon

=0.511 MeVic® =105.66 MeWfc= =]1.7768 GeVic® 91.19 Gevic=

-1 = -1 0 N
. s M % (. 1 a %
electron muon tau Z boson 8 0
7] m ©
% =1.0 eVic2 =0.17 Mewic2 =18.2 MeW/c2 =B0.39 Ge\ic2 ww §
0 0 0
= . (Ve . Vg Vt w Or
=90
0. electron muon tau < E
L neutrino neutrino neutrino W boson w
-l J J J o>

e Accommodates 3 generations of neutrinos

BUT

e No gravit




We need to find the particle content of the :
The heaviest
on the right side ...

For a model BEYOND
the SM



PMotivation for introducing mass term for
neutrinos =» beyond the SM

« No mass term for neutrinos in the SM

* A mass can only be introduced beyond the SM
e.g. by adding a right handed neutrino (s)

- Discovery of neutrino oscillations
(Super-Kamiokande experiment /1998)
Neutrinos have a non-zero mass => BEYOND SM

 Explain excess of low energy electronic recoil events, over
known backgrounds, observed at XENONLT experiment

More info

» Dark Matter (DM) contributes five times more to the energy of
the Universe than ordinary matter

(Weakly interacting) dark matter candidates => sterile neutrinos of

KeV masses + with small mixing with active neutrinos.

See e.g.

Light sterile neutrinos : A white paper,

https://arxiv.org/pdf/1204.5379.pdf;

T2K experiment = STERILE NEUTRINOS <1 eV


https://arxiv.org/pdf/1204.5379.pdf

STRING THEORY



| Macroscopic level - matter, 2 Molecular leve!,
3 Atomic level, 4 Electrons, 3 Quarks, 6 String Theory

.




Particles =» localized among intersecting
branes

What Is an intersecting brane ?
A higher dimensional hypersurface

Simplest representation
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Model = Gauge Group :



b-Left

c-right

a-Baryonic U(3)

d-Leptonic Ut
2(1,1)

a-Leptonic U(L)e

o U(1)e
SU(3)ax SU(2)b x U(1)ax U(1) b x U(1)c x
U(1) d x U(1)e
C.K

C.K, hep-th/0205147




MATTER SPECTRUM

Matter Fields Intersection | Q, | Qp | Qe | Qa | (e Y
Qr (3,2) I =1 L(=1{ 00 0] 1/6
qL 23,2) | Iape =2 1 1| 0f0 0] 1/6
Ug 33,1) | I=-3 |-1| 0| 1L [O0]0]-2/3
Dy 33,1) | Ipoo=-3 | =1 0O | =1 0| 0] 1/3
L 21,2) | Iu=-2 0 (-1tj0f}1[0]-1/2
I (1,2) I = -1 0| -1(07]0]1|-1/2
Ng 2(1,1) Ii=2 001 ]-1]0 0
Egr AL | Lyge=-2 | 0 | 0O |-1]-1] 0 1
VR (1,1) I.=1 0o 1]0]-1 0
eR (1,1) | ITee=—-1 | O | O | =1| 0 | -1 1

Table 1: Low energy fermionic spectrum of the five stack string scale SU(3)c & SU(2). @
Ul)aU(l)paU(l).aU(1)g&2U(1),, type I D6-brane model together with its /(1) charges.

Note that at low energies only the SM gauge group SU(3) @ SU(2);, @ U(1)y survives.



Predicts..

¢ The exastence of only 1 or 2 supersymmefric particles : The
spartners of the right handed neutrino, the sneutrmo. The 2
sneutrinos come from the same mtersection.

Neutrinos in the right magnitude
from chiral condensate

o (LNR) (€:Us)", allm)igels).

<ugy > (UMeV)?

T




° EXPLAINS

LHCb b-ANOMALIES

A Stringy explanation of b — st* {~
anomalies”
A. Celis, W. Feng, D. Lust
W
Stringy Z’ boson -> nonnegligible
couplings to the first two quark

generations
7’ Mass=>» ~ [3.5, 5.5] TeV,

should be possible to discover such a state
directly during the next LHC runs via
Drell-Yan production in :
di-electron or
di-muon decay channels

Br(Z' — p*p~)/Br(Z — ete™) ~ [0.5-0.9]



NEUTRINO MASSES

can originate via chiral symmetry

breaking
C.K;
Ibanez, Marchesano, Rabadan

o'(LNg) (QuUr)", o'(lvp)(qeUs)

From u-quark chiral condensate

<uguy > (240MeV)?

ITER

Mv ~ (0.1-10 eV)



STERILE NEUTRINOS

e Sterile neutrinos in GAUGE
THEORY=>
Inverse See Saw mechanism

MvpvpH + MovpHN + \s——K*NN
Mecur
, A3, =2
mp=M{(H), Ve = No(H). 1 = Vo (I)
0  mbh O
mp 0 Ve
0 Ve u

Valle; Leontaris and Shafi, ...



e Sterile neutrinos In INTERSECTING
D-BRANE models

L= mprvive +mxveNy + myvg Ny + -+

« Sterile neutrinos In eigenstate basis

(vL, VR, N1)
o mass matrix
0 mp Mmy
mp 0 my

my my U

|.Antoniadis and C.K

Sterile neutrinos = Calabi-Yau compactifications
Mohapatra and Valle
Faraggi; Leontaris, ..
(NO BARYON # conservation)



