PROCEEDINGS

OF SCIENCE

Phenomenologies of exotic particles in the lepton
sector

Sandy S. C. Law*

Department of Physics,

Chung Yuan Christian University,
Chung-Li 32023, Taiwan

E-mail: ETawlcycu.edu.tW

Chun-Khiang Chua
Department of Physics,

Chung Yuan Christian University,
Chung-Li 32023, Taiwan

E-mail: ERKChualcycu.edu.tW

By considering all new interaction terms in the lepton sector that are renormalizable and SM
gauge invariant, but with only one exotic particle appearing per term, we have identified that the
phenomenologies of a set of new triplet leptons (with nonzero hypercharge) coming from such
minimal couplings has been rarely studied. In this work, we aim to study their contributions to the
FCNC effects, and using available low-energy experimental data to place bounds on the relevant
parameters associated with these new triplets.
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1. Introduction

The discovery of neutrino oscillations has long been suggestive of new physics in the lepton
sector. It provides compelling evidence for nonzero neutrino masses, and hints of possible lepton
flavor violation (LFV). In this work, we consider the following minimal coupling as a simple way
to introduce new physics to the lepton sector:

Yexotic (SM particle) - (SM particle) - (exotic particle) . (1.1)

Imposing SM gauge and Lorentz symmetries, we note that many of the exotic particles induced this
way have been studied before due to other motivations. Of the ones that have been rarely discussed,
we study the exotic lepton triplets, E g = (Eg R Er R Er = )7, which transform like (1,3, —1) under
the SM gauge groups (with Q =5 +7). ' '

2. The Model Setup

To analyse the new sources of FCNC contribution from these triplets, we write them as

Ey,/V2 E?
Erp=| "t RL 2.1
R,L ( EEZ . EL/\E> ’ 2.1

while the interaction Lagrangian of interest is given by
L* =TrEpLiPPEg L] — Tr [ERMgEL + h.c.] — [LLYeEr) + LLY;9 (g + LYy, 9 Ve +hc] , (22)

where L; = (VL,EL)T is the usual lepton doublet and we have included the RH neutrinos, Vg ~
(1,1,0) to give neutrino a Dirac mass. To study the mixing between SM leptons and components
of the exotic triplets, it is convenient to package the mass terms as follows

i
mass __ — 0 mp, 0 VL (7 = niy 0 fL
LT = (VR Eg) (ng /2 ME> (ELO> (ER ER) (-WET /2 ME> (EL> the.. (23

where v denotes the Higgs VEV. The diagonalization process that put these fields into their mass
eigenbasis will give rise to new generalised coupling matrices for the charged and neutral currents
which contain new sources of LFV (see [[] for details). We parameterize this by defining the
dimensionless quantity:

— Y, (2.4)

where we observe that new contributions to tree-level flavor changing currents would be provided
by the nonzero off-diagonal entries of matrix A.

3. Constraints from experiments

In this section, we present the constraints on the elements of A from various leptonic processes.
Since the off-diagonal values are the sources for LFV, studying processes such as charged lepton
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decays (e.g. £ — 3¢' and ¢ — ('y) or l-e conversion in atomic nuclei will place stringent bounds
on Aqp (¢ # B), whereas the diagonal elements can be examined by looking into Z — loly.

It should be noted that because there is new tree-level FCNC, the Fermi constant as extracted
from muon decay is now modified and is related to the SM version of G via:
with G2 = g*/32M;), . 3.1)

Using the experimental data [@] from the various processes mentioned, we obtain the following

summary of constraints on the elements of A:

parameter(s) process constraint
Aee Z—e et —27F04x1073
A Z—su ut —29F0.4x1073
A Z—1 1t —3.1F04x1073
Z—e*ut <1.8x1073
™, U~ —e e et <1.1x107°
* L ey <22x107*
u-e conversion in Ti <53x1077
Z— ettt <43x1073
T e e e’ <5.0x107*
[Aec] - -y—ut —4
T e U U <6.5x10
T ey <2.7x1072
Z— p*r¥ <4.7x1073
T-—uuut <4.8x1074
Apel T e et <55x%x107*
T— Uy <3.1x1072
| Agse] | Ayl Tetu u” <2.6x1074
|Aep || Aez| T—uUte e <24x1074

Table 1: A collection of all constraints on the elements of A = v2YEME ZYg /8 from various processes.

These constraints on A will in turn lead to restrictions on the entries for Yz and M.
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