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Abstract

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 identify those couplings which have been rarely studied. For

these new processes, we have begun investigating their contributions to the FCNC effects. Using the available low-
\energy experimental data, constraints can then be placed on the interaction strength involving these exotic leptons.

Introduction

Of the many ways to construct new renormalizable couplings
involving exotic particles, we’ve opted to look at the minimal

form Yeoxotic (SM particle) - (SM particle) - (exotic particle) ,

where Y, .. is the coupling strength. Hence, in the lepton sector,

five types of new interaction terms are allowed:

(i) Ly X Lp x (new), (ii) Lp x £r X (new) ,
(iv) Ly X ¢ X (new), (v) €r X ¢ X (new) .

(iii) ER X ER X (new) .
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Model with Exotic Triplets

In this current work, we shall only concentrate on the exotic
triplet fermions with Y = -1. We introduce to the SM two sets
of new triplet fields (RH and LH) and write them in a 2x2
representation
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The interaction Lagrangian of interest is

LF =Tr [EgilDER] + Tr [ELiDEL] + Tr [ERMpEL + h.c.]
= [LLYEER¢ ot LLY:MjFR i LLYngC AR h.C.] 4
where we have only included a neutrino Dirac mass term but not a
Majorana mass (i.e. no seesaw) for simplicity. To study the mixing
between SM leptons and components of the exotic triplets, it is

convenient to package the mass terms in an analogous way that is
used to analyse the triplet seesaw setup [1],
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where v denotes the Higgs VEV.

Preliminary Results

Because of the mixing between the exotic triplets and SM leptons
induced by the coupling Y, the diagonalization matrix for trans-
forming into the neutrino mass eigenbasis is now non-unitary in
general. Such non-unitary effect will give rise to a new source of
tree-level FCNC in the lepton sector. We can parameterize this by
defining the 3x3 matrix
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Hence, to order v?M; 4, the charged and neutral currents become

L = %?W+PL NY e+ he.,
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where N = (1 — \)Upnns 1S @ non-unitary mixing matrix.

Pictorial visualization of the modified W-vertex to order A

An important consequence of this is the modification of the
Fermi constant, G, as extracted from muon decay.

To leading order, the correction to G is given by

b=Gp\/1—2Xe —2),,, with G% =g*/32My; .

Furthermore, constraints on the elements of A can be obtained by
considering various tree-level W and Z processes and using the
experimental data from [2]:
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These constraints on the elements of A will in turn lead to
restrictions on the entries for Y, and M.

Summary & Further Work

We have presented some preliminary analyses on a special type\
of exotic triplet leptons which minimally couple to SM particles.
In particular, we concentrated on their effects on FCNC at tree-
level, and constraints were derived using experimental data.
The analysis of other interesting processes involving these
triplets that are still in progress include: uy — ey, modification

\\to muon g-2, as well as y-e conversion in atomic nuclei.
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