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ABSTRACT

We study the non-thermal leptogenesis in quasi-degenearte neutrino mass
models (QDN) which predicts the current data of neutrino and baryogenesis.
Majorana CP wiolating phases coming from heavy right-handed Majorana
mass matrices (Mpp) are considered to determine the baryon asymmetry of
the Unmiverse, for QDN in normal and mverted hierarchical patterns. The
effects of phases on QDN matrix obeying p-7 symmetry predicts the results
consistent with obvervations for (1) solar mixing angle(#;2) below TBM., (ii)
absolute neutrino mass parameters[m,.| in Ov33 decay, and (111) cosmolog-
1cal upper bound ¥, m;. Analysis 1s carried out through parameterization
of light left-handed Majorana neutrino matrices (my;) using only two un-
known parameters (e, 7) within g-7 symmetry. We consider the charge lepton
and up quark mass matrices as diagonal form of Dirac neutrino mass matrix
(mrr), and Mg are generated using mp,;, through inversion of Type-I seesaw
formula. The predictions for baryon asymmetry of the umverse are nearly
consistent with observations for flavoured thermal leptogenesis scenario. The
analysis in non-thermal leptogenesis shows that Type-IA in normal hierar-
chical mass pattern for charged lepton type of Dirac neutrino mass matrix
15 the only models consistent with baryon asymmetry. The predicted infla-
ton mass needed to produce the observed baryon asymmetry of the umverse
is found to be My~101 GeV for reheating temperature Tp=10% GeV. The
analysis shows the validity of QDN with normal hierachical mass patterns
more favourable than those of mmverted patern. The predicted result is new
and have important implications for future experiments.
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I. INTRODUCTION

Since the present neutrino oscillation data[l] on neutrino mass parameters
are not sufficient to predict the three absolute neutrino masses in the case
of quasi-degenerate neutrino (QDN) mass models [2-8], such mass scale is
usually taken as input ranging from 0.1 to 0.4 eV in most of the theoretical
calculations [9]. As the latest cosmological tighest upper bound on the sum
of the three absolute neutrino mass is > mi < 0.28 eV [11], larger value
of neutrino mass mg = 0.1 eV m QDN models, has been disfavoured. The
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upper bound on m,, > 0.2 eV in Ov33 decay [11] also disfavour larger values
of neutrino mass eigenvalues with same CP-parity. Some important points
for further mvestigations in QDN models for both NH and IH patterns are
searches for QDN models which can accomodate lower values of absolute
neutrino masses mg > .09 eV, solar mixing angle which 18 lower than tri-
bimaximal mixing (TBM) [12] and effects of CP-phases on neutrino masses.
In this paper, we mtroduce a generalclassification for QDN models based on
their CP-parity patterns and then parameterize the mass matrix within p- 7
symmetry, and finally numerical calculations are carmed out.

Il. PARAMETERIZATIONS OF NEUTRINO MASS MATRIX

A general p-1 symmetric neutrino mass matrix [13,14] with its four unknown
independent matrix elements, requires at least four independent equations
for realistic numerical solution.

mi1 12 M2
mry = M2 Taa MMag [1j
M2 Thag M

The three mass eigenvalues m; and solar mixing angles 12, are given by
m1 =mi — v2tanfimia, ma = mi + V2cot flamia, m3 = maz — mas.
2/ 2m
tan 2615 = = (Qj

Ty — Titgg — TTiag

The observed mass-squared differences are calculated as
Amiy, = m3 —mi >0, Am3, = |mi—m3|. In the basis where charged
lepton mass matrix i1s diagonal, we have the leptonic mixing matrix,

U PMNS = D, where

costha smfya 0

I/ . sin f costha 1 9
PMNS — VD] V2 2 ( ]
sin f4 cos o 1
N A B

The mass parameters m,, m r33 decay and the sum of the ansolute neu-
trino masses i WMAP cosmological bound Summ;, are given respectively
by, mee = |miU% + malU2 + maUZ%| and Meosmes = m1 + ma + ma. A
general classification for three-fold guasi-degenerate neutrino mass models
[13] with respect to Majorana CP-phases in their three mass eigenvalues,
15 adopted here. Diagonahsation of left-habded Majorana neutrino mass
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matrix mpy in equation (1) is given by mpr = UDUT, where U is the

diagonalising matrix in eq.(4) and Diag=D(m1, m2e™®, mze™) is the diago-
nal matrix with two unknown Majorana phases (a.(3).In the basis where
charged lepton mass matrix 1s diagonal, the leptonic mixing matrix 1s given
by U = Uppyys [14]. We then adopt the following classification according
to thewr CP-panty patterns in the mass eigenvalues m; namely Type IA:
(+-+) for D=Diag(my, —ma, ms); Type IB:(+++) for D=Diag(m, ma, m3)
and Type-IC: for (++-) for D=Diag(m,, ma, —mg) respectively. We now
introduce the following parameterization for p-t symmetric neutrino mass
matrices 17, which could satisty the above classifications[13].

I11. NUMERICAL ANALYSIS AND RESULTS

For numencal computation of absolute neutrino masses, we take the follow-
ing observational data: Ami, = (m3 — m}) = 7.60x10~%eV2,

|Am3y| = |m3 — m3| = 2.40210~%¢V?and define the following parameters
|&m23

i i amg1
¢ ="z and 1 =

et where mg 18 the mput quantity. For NH-QD,
the other two mass eigenvalues are estimated from,ms = mgy/T —d; my =
mg\/l — o(1 + 1) and for IN-QD from mo = magy/T + &; my = may/1 + (1 — .
For suitable input value of msy one can estimate the values of my and mo for
both NH-QD abd TH-QD cases, using the observational values of | Am3,| and
Am3,  Table-1 gives the calculated numericalvalues for two models namely
NH-QD and TH-QD for |Am3,| = 7.60x107%eV? and Am3; = 2.40210 %172,
Parameterizations: In the next step we parameterize the mass matrix
eq.(1) into three types: Type IA withD=Diag(mi, —ma, m3). The mass

matrix of this type [13,15] canbe parameterized using two parameters e, 7):

€—2n  —ce —CE
mrpy, = —CE % — dn —% — | M. (4)
—CE —% — % — dn

This predicts the solar mixing angle, tan s = —ﬁ%_r.ok When e=d=1.0.

we get the tri-bimaximal mixings (TBM) tan26;y = —2v/2(tan® ;5 = 0.50)
and the values of € and 7 are calculated for both NH-QD andIH-QD cases, by
using the values of Table-1 in these two expressions: my = (2 — 27)mg and
mg = (—e — 2n)mg.The results are given in Table-2 for tan’f;; = 0.50.The
solar angle can be further lowered by taking the values ¢ j 1 and d ; 1 while
using the earlier values of € and n extracted using TBM. For tan#ys = 0.45
case the results are shown in Table-3. Type-IB with D = Diag (my, mo, ma):
This type [13,15]of quasi-degenerate mass pattern is given by the mass ma-
trix, okok

940 |Page




International Journal of Advance Research in Science and Engineering {y
Vol. No.6, Issue No. 03, March 2017 IJARSE

s ISSN (0) 2319 - 8354
www.jjarse.com ISSN (P) 2319 - 8346

1—e—2n  ce ce
MLL = CE l—dyp —nq ma (5)
Ce —n  1—dy

This predicts the solar mixing angle,

2cv/2
1+ (1—-d)l (6)

£

tan 2612 =

which gives the TBM solar mixing angle with the imnput values ¢ = 1 and
d = 1. Like in Type-IA, here € and 5 values arecomputed for NH-QD and
IH-QD, by using Table-1 in m; = (1 — 2¢ — 2n)ms, and my = (1 +2 — 25)ma.
Type-1C with D = Diag(my,ma, —mg): It is not necessary to treat this
moddel [13] separately as it is silmilar to Type-IB except the interchange of
two matric elements (22) and (23) in the mass matrix in eq.(10), and this
effectively imparts an additional odd CP-parity on the third mass eigenvalue
mg 1 Type-1C. Such change does not alter the predictions of Type-1B.Tables
2-3 present our numerical results for both tanfjs = 0.5 and 0.45 cases, n
all types of QD models (Types-IA IB). These results are consistent with
observational bound from cosmological and both NH and IH patterns are
valid within quasi-degenerate model.ok

IVV. CONCLUSION

To conclude, we have studied the effects of Majorana phases on the predic-
tion of absolute neutrino masses in three types of QDN models having both
normal and inverted hierarchical patterns within mu-7 symmetry. These
predictions are consistent with data on the mass squared difference derived
from various oscallation experiments, and from the upper bound on absolute
neutrino masses m Uy 35 decay as well as upper bound of cosmology. The QD
models are still far from discrimination and the prediction on solar mixing
angle 1s found to be lower than TBM viz.tan? A9 = 0.45 which coincides with
the best-fit in the neutrino oscillation data. The result shows the vahdity of
NH-QD and IH-QD models. The results presented in this article are new and
have important implications m the discrimination of neutino mass models.
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