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Introduction

* Extra Dimensional models have been quite popular
In the recent years when it was realised that they
could exist quite close to the weak scale.
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Introduction

» Extra Dimensional models have been quite
popular in the recent years when it was realised
that they could exist quite close to the weak scale.

» Used for : gauge coupling unification, solution to
hierarchy problem, GUT model building, new
mechanisms for neutrino mass generation etc.

 Distinct signatures at colliders, cosmology and
other phenomenological studies have been
conducted.

* Most studies have been concentrated onthe 5 D
models.
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6D models

* Models in 6D have been constructed to study
Electroweak symmetry breaking, Grand Unified
models with no doublet-triplet splitting or proton
decay problems etc..
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6D models

* Models in 6D have been constructed to study
Electroweak symmetry breaking, Grand Unified
models with no doublet-triplet splitting or proton
decay problems etc..

* We are interested in studying the generalisation of
neutrino mass generation from 5D to 6D with a
brane localised mass term.

 Particularly, we are interested in studying some
peculiar features associated with 6D field theories,
namely, RG running of the brane localised mass
term which happens at the classical level.
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In a Nut Shell..

» Set up: SM fermions including the active neutrinos
are confined to a 3-brane, whereas the (sterile)
neutrino is allowed to travel in all the 6D.
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neutrino is allowed to travel in all the 6D.

* The two extra dimensions are compactified on
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through a mass term localised on the three brane.

* We find : the physical neutrino mass has a
logarithmic cutoff divergence related to the
zero-size limit of the brane in the transverse
space; this is also true for the KK masses.
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In a Nut Shell..

Set up: SM fermions including the active neutrinos
are confined to a 3-brane, whereas the (sterile)
neutrino is allowed to travel in all the 6D.

The two extra dimensions are compactified on
T2 /Z5 ; the neutrinos interact with each other
through a mass term localised on the three brane.

We find : the physical neutrino mass has a
logarithmic cutoff divergence related to the
zero-size limit of the brane in the transverse
space; this is also true for the KK masses.

This means an RG running for neutrino masses
above the compactification scale (say, in the large
- radii limit R ~ eV 1) without having any-newss:moneo s



Methodology

asy to understand in the scalar case : (Goldberger and
Wise 01)

1
5= / dad?y (0M®) (9 D) — hy D262(y)) (1)
leads to
O O™ ® + ha®6*(y) = 0. 2)
KK Decomposition
k1 ko
¢ k) (2 CcOS R—1y1+R—2y2
by = Y Sl ( A )
(k1,ko)ez V2T 11112 270 ks
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Methodology

L = Liin + Lmass (4)

£mass — T A Z ¢(k1,k2) M%kla]@),(pl,pz) ¢(p1,p2) (5)
(k1,k2),(p1,p2)€Z

with the mass matrix given by

212 k2 k2
2 — Mo R
M(k17k2)7(p1,p2) T \/25k10 25k20 —|_ (R% —|_ R%) 5]{1,2)1 5[@‘2,])2 ) (6)
where
= 7
AR Ry

l Running Neutrino Mass from 6D — p.6/1:



Methodology

he characteristic equation of the above matrix is
given by

1
7, R R
In equal, large radii limit, the lightest eigenvalue is
given as

1 412 R? 1
T ¢ ~ —1R*In(A’*R?) + I (9)

Same effect for heavier KK modes also.
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Methodology: Dirac Fermions

S = /d4xd2y iOTM D, (10)

Decomposing..

U = ( M ) o Zodi(y) = M(=y), Zaa(y) = —Xa(-y) -

A2
(11)

Sprmss = / Bz oy =0 H+he) . (12)

The mass dimensions of U,v;, H are respectively
5/2,3/2 and 1.
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Methodology:Dirac Fermions

—iA ot a,}\l — 3\g o 8M5\2 + A1 (05 + i0g) Ao
— X2 (85 — i06) M + g2(vp M1 + v A1)8%(y) , (13)

in terms of 6D KG equation..
(0,0" — 05 — ) M(z,y) + 95 Mi(z,y) 0*(y) =0 (14)

Same characteristic equation

1 1
_ . 15
R Dy vy ey A
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Phenomenology:Dirac Neutrinos; 1
generation

mass? (10-2 eV2)
N
N o w

=
(&)
T

10© 10® 10% 10* 102 10° 102 10%

u(Gev)

Running of the neutrino squared masses with the en-
ergy. A = 10°GeV, g = l,and Ry = Ry = 1
eV—1
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Methodology:Majorana Fermions

pton Number violating term on the brane
/d4x d*y (Mo M1 + h.c) 8(y) . (16)

The characteristic equation is given by :

©.0)

1 1
m? + mM()/(47T2R1R2) N kl,l@z—:oo m2 — k%/R% — k%/R% .
(17)
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Methodology: Neutrino Oscillations

e (18)

(k1,k2)€L N(kl k2)

> i m; + ki/ Ry + k3 / R

Ni = 1+m 9 2/ P2 2 /1 p2)2
kl,kQZ—OO (mz R kl /Rl o kQ/RQ)
> 1
= 2m’m; Y (19)

A
(m? — k?/R} — k3 /R3)

k1,l€2:—00
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Summary: Neutrino Phenomenology

* Can be generalised to three generations; no
running in mixing
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Summary: Neutrino Phenomenology

* Can be generalised to three generations; no

running in mixing

* Also generalised to Majorana case, but 6D lorentz
invariance should be broken

 Effect could possibly seen in future neutrinoless
double beta decay experiments

» Neutrino oscillation formulae are studied.
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