SC|| SciPost Phys. Proc. 16, 023 (2025)

Neutrino phenomenology via Type-(I+II) seesaw
inthe U (l)Le_LM model

Priya Mishra*, Mitesh Kumar Behera, Papia Panda,
Shivaramakrishna Singirala and Rukmani Mohanta

University of Hyderabad, Hyderabad, Telangana, India, 500046

* mishpriya99@gmail.com

16th International Workshop on Tau Lepton Physics (TAU2021)
Online, September 27 - October 1, 2021
doi:10.21468/SciPostPhysProc.16

Abstract

We show how, L, — L, gauged symmetry is used as the Standard Model (SM) extension
with the type (I+1I) seesaw mechanism for neutrino mass generation. The particle con-
tent of this model involves three extra right handed neutrinos, one scalar triplet and one
singlet with the SM spectrum. We discuss about lepton flavour violating decays u— ey,
7 — uiu and anomalous magnetic moment of muon.
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1 Introduction

Though successful, SM is not able to explain many observed phenomena in particle physics, as-
trophysics and cosmology. For instance, SM is unable to resolve the puzzle of neutrino physics.
These days neutrinos are the most talked about topic in the scientific community as they are
believed to contribute both in microscopic and macroscopic world. SM does not include right-
handed neutrinos; as a result, neutrinos become unfavorable to have Dirac mass. Therefore
to explain neutrino mass, we need to extend the boundary of the Standard Model. Here in
this work, we use U (1)Le_Lu gauge symmetry to go beyond SM and add three right handed
neutrinos vjz, where j =, u, 7; one scalar singlet S and one scalar triplet A in framework of
type (I+II) mechanism [1]. The neutrino mass matrix comes out to be two-zero A, texture.
We constrain the model parameters consistent with current neutrino oscillation data. Fur-
thermore, we obtain new contributions to muon g-2 and also charged lepton flavor violating
decays such as y — ey, T — uiu.

2 The main ingredients of the model

As we extend the Standard model through Gauge (U(l)Le_LM), fermion (V.g, Yy, v-z) and
scalar sector (S, A), the particle spectrum of the new model is:
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The Lagrangian for leptonic sector, which is invariant under the SU(2), xU(1)y xU (1), — L,
symmetry,

il 1 A C 1.7 A: C 7 iy
Elepton = _ylaeaLHaR - EyA (Z TLAIO-ZK,U,L + euLAIO-ZETL) - ygeaLH Var
L (T < i1 ot <
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3 Neutrino mass matrix

For the active neutrino mass matrix we implement type (I4+II) seesaw mechanics,

M, =M, —MpM;'M]. (2)
From the Lagrangian given above we can get the forms of My, My and M|,
y¢ 0 0
Y v
My=-2<10 yy o],
V2 0O 0 y;
0O o 0
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et|Ys i ut Vs TT
ly S | Nokd Ys /3 mp
where Mj, is the mass matrix of right-handed neutrinos.
Assuming y¢* > yg " in M to have corerelations between mixing parameters and observables,
the active neutrino mass matrix is given by,

0 _VRYSYY 0
Zm;”
Ry R EPVEGR) 2t v+ Valy§Tlvsyhys ot
Mv = 2m7 4 T (mIemy AVA 2/2m s 4
0 o S Y g _va)?
yava Zﬁm;“mlgf 2m5"

where (M,),. = (M, ). =0, so M, has two-zero A, texture.

Table 1: Particle contents in U (1)L6_Lu model.

Particles | SU(2); | ULy | U,y
leL,luL,lTL 2 -1 1,0,—1
€r> Ur> TR 1 —2 1,0,—1
VeR> v,uR: VIR 1 0 1,0,—1
H 2 1 0
S 1 0 1
A 3 —2 -1
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Figure 1: Left (right) plot shows the variation of ».m; with
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Figure 2: Left (right) plot shows the variation of sin®6,, (sin?6,3) with respect to
2
sin“0y3.

4 Numerical analysis

We have diagonalised the neutrino mass matrix which came out to be two-zero A, texture and
hence supporting the normal hierarcy in neutrino masses [2]. We assume model parameters
in the following region,

y®e [107%,1077], ya €[0.01,1],
MA € [172] TeV, Ml’MZ: M3 € [13 10] TeV, (5)
va €[1072%,107 ] eV,
which can show that the neutrino oscillation parameters are in good agreement with experi-
mental data from NuFit [3] at 3¢ range.
We show the plots between cosmic bound (3 m; < 0.12 eV) for neutrino mass and mixing

angle for the allowed range of parameters, correlation between mixing angles, CP violating
phase and Jarlskog invariant with sin?05.

5 Lepton flavor violation

After the discovery of neutrino oscillations, it is evident that neutrino oscillates from one
flavour to the other and if so in charged lepton sector, that lead to go beyond Standard Model.
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Figure 3: Left (right) plot shows the variation of J.p (6.p) with sin®6;,

10-12_
e T T L LA TR L o 35 M
= R s . =y _ofas ,.3'&&.~j H
N % 3 10 o G
:’:10-15 ‘1-: {5 A
m o ’
10—11
10-18_
d ‘ ‘ ‘ ‘ 10-13E . L% . .
0.000 0.002 0.004 0.006 0.008 0.00 0.01 0.02 0.03 0.04 0.05
(My)ey [eV] (Mv)uk

Figure 4: Left plot shows the correlation between the BR of yu — ey with respect to
m,,, and right one shows BR for 7 — ugu with the mass element m,,, and m,..

Here in our present model we show branching ratios (BR) for u — ey, T — uiu deacys are in
good agreement with their current experimental limits. The BR for the lepton flavor violating
decay modes are [4], [5]

27a,..|(m?) |?
Br(u —ey) = o <2 4>ET4 <42x10713 5 (6)
256GV M,
M, ?lmy,, |2
Br(t — pu) = ———H_ < 2.1x 1078, 7

2.4 14
16G2vi M

. . 1 . . . -5 2
where fine stucture constant a,,, is 137 and fermi coupling Gp is 1.17 x 107> GeV*.

6 Muon g-2

The muon g-2 data reported by BNL has a discrepancy at 3.70 level [6] and the data from
E989 experiment at Fermilab [7] has deviation at 4.2¢ level from the prediction of SM. In our
present model, Z! u couples to muon and hence the expression for Aq,, in presence of Z éu is,

Ag = g/2 fl x2(1_x)

= X
(Z 2 2
4n2 ), x2+(MZ,/mﬁ)(1—x)
2 2
My ey

~ 8
1272 M2, ®
eu
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Figure 5: Projected limits on gauge couplings and mass of Z/ -

M 2
Zéu _ mu
;T 2 A qFNAL ’
e 127 Aau
M,/

. . . . . Ze .
and its required value to have muon magnetic moment in 30 range is 148 < T“ < 357 in
an
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7 Conclusion

We have formulated two-zero A, texture neutrino mass matrix and shown the correlation plots
with mixing parameters for allowed range of model parameter space and upper bound for LFV
deacys u — ey, T — ufpu. Also, we discussed muon g-2 and the results are in favor of E989
experiment of Fermilab. Hence we demonstrated Neutrino phenomenology in extended SM
with type (I+II) seesaw mechanism.
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