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Abstract. Running values of quark and lepton masses at higher scales in Grand Unified Theories are
very important, for building models of fermion masses, and to calculate neutrino masses and mixings.
In this work, we will calculate neutrino masses and mixings at GUT scales, using updated values of
running quark and lepton masses in SO(10) Grand Unified Theory.

1. Introduction

Current research in experimental and theoretical High Energy Physics aims at explaining the origin
of all fermions masses and mixings including those of neutrinos. Neutrinos have masses and mix with
each other and oscillate to other flavours. Grand Unified theories (GUTSs) like SO(10) which unify
strong and electroweak interactions are considered as prime candidates for describing neutrino masses
[1,2]. In SO(10) all the known fermions of a given generation including the right handed neutrino are
present in a single sixteen dimensional spinorial representation of the group. These theories require
running masses and mixings of quarks and charged leptons at GUT scales for calculating neutrino
masses. SO(10) GUT has a number of desirable features which helps in describing physics beyond
the Standard Model. Non zero neutrino masses, the see-saw scale and a high B-L scale fits naturally
in a grand unified model group based on the gauge group SO(10). SO(10) model contains the L-R
symmetric unification group SU(2);, x SU(2)r x U(1)p—r x SU(3)¢ which provides the origin of
parity violation in nature. In a class of minimal SO(10) model both the Dirac neutrino masses and
Majorana neutrino masses are related to observables in the charged fermion sector. We use a simple
Higgs system with one 10 and 126 which have Yukawa couplings to Fermions 16 (Y1010 + Y126126 1)
[3]. The 10 is for quark and lepton masses, 126 is required for seesaw mechanism. The breaking of
SO(10) via Goa4 is achieved by either 54 or 210 dimensional Higgs. The Fermion Higgs coupling of
the SO(10) model can be written down as in Ref.[2]

Ly = hapto¥oH + fatbatpA + H.C (1)

Where H is the 10 dimensional Higgs of SO(10) .A is the 126-plet of Higgs. Here 1, , a=1-3 denote
the three families of fermions belonging to the 16 dimensional representation of SO(10). Under Gy,

126 = (1,1,6) + (1,3,10) + (3,1,10) + (2,2, 15) (2)
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10 = (1,1,6) +(2,2,1) (3)

where (1,3,10) and (2,2,15) component is denoted by Ag and X respectively. < A% >= vp = 1012
GeV breaks the intermediate symmetry down to the SM and generates Majorana neutrino mass. The
scalar potential contains a crucial term [2]

V = AAAAH (4)

which induces vevs for the standard doublets in the X multiplet of 126. In above SO(10) model , the
neutrino mass matrix is given by the type II seesaw formula, that contains the induced triplet vev
which dominates the neutrino mass matrix. Under certain assumptions, we have [4]

M, = a(m; —myg) (5)

The paper is organized as follows. In section II we give formula for type II seesaw mechanism using
induced vev. In section III we calculate neutrino oscillation parameters using equation (5). In sec IV
we give our conclusions.

2. TYPE II SEESAW MECHANISM
The SO(10) invariant Superpotential giving the Yukawa Couplings of the 16 dimensional matter spinor
; with the Higgs set Hip = 10 and A = 126 is [4]

Wy = hijibbj Hio + fijitdi A (6)
where h and f are symmetric matrices . In the type I seesaw mechanism the neutrino mass matrix is
given by

M, = —MP ML MTP (7)
where Myr = fup_r and vp_y, is the see saw scale . In SO(10) the true seesaw formula has a second

term which comes from an induced SU(2)y, triplet vev . The type II see saw mechanism has the
following form [4]

M, = for — MPMy}MIP (8)

’1)2

(9)

v is the SU(2)g breaking scale. A is a combination of parameters in Higgs potential. We note the
decomposition of 126 under the group SU(2); x SU(2)g x SU(4)c

oL =\
UB—L

126 = (1,1,6) + (2,2,15) + (3,1,10) + (1,3, 10) (10)

The SU(2),, triplet A, = (3,1,10) couples to the left handed multiplet ¥y, = (2,1,4) of the 16
dimensional SO(10) containing the matter spinor i.e ¢»r1pAr. The mass of the right handed neutrino
originates from the coupling of A = (1, 3,10) of 126 to right handed fermion multiplet 1/1% = (1,2,4)
ie Rd)gA r [5]. Agr produces the second term in the type II seesaw formula. The sumrule (eq 5) holds
when triplet vev contribution to the neutrino mass matrix dominates in the type II seesaw mechanism.



National Conference on Contemporary Issues in High Energy Physics and Cosmology IOP Publishing
Journal of Physics: Conference Series 481 (2014) 012016 doi:10.1088/1742-6596/481/1/012016

3. CALCULATION OF NEUTRINO OSCILLATION PARAMETERS

In our calculation of neutrino oscillation parameters,we use the updated values of running quark and

lepton masses from Ref.[6] and are given in table 1. Then using equation (3) we calculate neutrino
oscillation parameters, which are presented in figure 1.

Fermion Mass
My 0.39631515% MeV
me 0.193210-0200Gev
my 80.4472 2 N2 GeV
mg 0.928415-3838 A eV
mg 17609715 5912 MeV
mp 1.2424 1058285 GeV
Me 0.3569 0 0001 MeV
my 75.3570, 0 0rgs MeV
m. 1.6459 00308 GeV

Table 1: Values of Masses in MSSM, 2 Loop,tan 8 =55 [UPDATED]| Fermion masses used from [6]
at GUT scale = 2 x 1016GeV

In figure 1 in the first figure we have shown our results for sinfy3 and Am3;. In the second figure
we have shown the results for sin?6;5 and Am?, and in the third figure the results are given for Am3,
and 613. We know the latest values of global fit values of neutrino oscillation parameters are [7]

Am3, = 7.54 x 10 5eV?

Am3, = 2.43 x 10 3eV?
sin?015 = 0.307
sin?613 = 0.0241
sin%0a3 = 0.427

We find that values of oscillation parameters as calculated by us (in fig 1) agree well with latest global
fit values.

4. CONCLUSION

To conclude, in this work we have calculated neutrino oscillation parameters in minimal SO(10) the-
ory, using updated values of running quark and lepton masses. We find that these values agree with
latest global fit values as given in Ref. [7] of these parameters. We would like to do R.G.E study of
the neutrino oscillation parameter in our future work.
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Figure 1: Curves are plotted within 1 o errors of the best fit values of Am3; and sin6a3, Am?2, and
sz’n2012,Am§3 and 0,3 respectively.
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