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STATEMENT OF RESEARCH INTERESTS

Particle physics strives to describe the fundamental particles and interactions between
them. The Standard Model (SM) of particle physics has enjoyed amazing success in
describing a vast majority of particle physics phenomena. However, there are many
theoretical and experimental reasons to go beyond the SM. I am interested in explor-
ing the possible candidates for physics beyond SM.

The main area of my research is the origin of fermion (especially neutrino) masses and
mixings. The origin of fermion masses and mixings along with CP-violation consti-
tutes a formidable challenge for elementary particle physics. Since the fermion masses
and mixings are derived from the Yukawa couplings, which are free parameters within
the SM, these couplings must span several orders of magnitude to accommodate the
strongly hierarchical pattern of quarks and leptons.

The pattern of lepton mixing with two large mixing angles and one not so small mix-
ing angle is quite different from the quarks where there are two very small mixing
angles and one not so small mixing angle. In addition neutrino masses are several
orders of magnitude smaller than the masses of the corresponding charged leptons.
Also, we do not know whether the neutrinos are normal or inverted hierarchical and
if neutrinos are Dirac or Majorana particles.

Recently many experiments have unambiguously measured the last unknown mixing
angle (reactor mixing angle), the not so small value of this angle has opened the doors
for the measurement of Dirac-type CP-violating phase in the lepton sector. In addi-
tion, there are several ongoing and forthcoming experiments on neutrinoless double
beta (NDB) decay which will give information about the effective Majorana mass of
the electron neutrino (M,.) which determines the rate of NDB decay. Observation
of NDB decay will imply that neutrinos are Majorana fermions and will also give
information on the absolute mass scale of neutrinos.

In think its a very interesting time to work on the problem of the origin of fermion
masses and mixings in general and neutrino masses and mixings in particular.

Family Symmetries

Family symmetries have been often invoked to explain the features of fermion masses
and mixings. In particular non-Abelian discrete family symmetries have been exten-
sively used to explain the masses and mixings in the lepton sector. With the recent
results on the reactor mixing angle it has become important to look for models based
on such family symmetries which predict a relatively large value of the reactor mixing
angle. In my opinion flavor symmetries provide a promising approach to the problem
of fermion masses and mixings and I am interested in continuing my research on this

line.



Grand Unified Theories
Grand Unified Theories (GUTSs) present an excellent framework for the study of

fermion masses and mixings because they predict fermion mass matrices to be re-
lated. Since, Grand Unified models intend to explain the masses and mixings in both
the quark and the lepton sectors simultaneously, they provide an optimal framework
in which possible solutions to the flavor problem could be embedded. One particular
line of work I am interested in is to embed successful models of family symmetries
into GUTs such as SO(10).

Secondary Research Interests

Although my main research interest is the problem of fermion masses and mixings,
I am, also, very interested in exploring other areas such as cosmology, physics of su-
pernovae, Collider/LHC Phenomenology. I believe that diversifying my research into

one or more of the aforementioned areas will greatly benefit me as a researcher.
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