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Abstract

Left-Right Symmetric Extensions of the Standard Model are considered among of the most well-motivated
theoretical frameworks for generating neutrino masses. Conventional LHC searchs for right-handed (RH) neutrinos
mostly probe the same-sign dilepton and dijet signature. For multiple, nearly degenerate RH neutrinos, however,
a strong interference among RH neutrinos can sizably influence signal rates. Furthermore, for hierarchical masses,
fat-jet descriptions of the signal become more optimal. As a part of the Snowmass 2021 exercises, we plan to explore
such non-conventional signals in detail, thereby updating the sensitivity at the LHC and potential successors.

Frontiers: Primary: EF09, NF03. Secondary: TF11, NF05

1 Left Right Symmetric Model and the Collider Signatures

Measurements of neutrinos’ squared mass differences and mixing angles [1, 2] by a number of neutrino oscillation
experiments clearly indicate the necessity of new, underlying physics behind neutrino mass generation. Furthermore,
recent measurements from T2K provide an indication towards CP violation in the Standard Model’s (SM) lepton
sector. Over the past decades, several different theoretical frameworks have been constructed to explain the neutrino
masses and mixings. Most of these extensions contain right handed (RH) neutrinos that generate SM neutrino masses
via a seesaw mechanism. At low energies, this manifests as the lepton number-violating (LNV) dimension-5 Weinberg
operator, which generates light Majorana masses for neutrino after electroweak symmetry breaking (EWSB).

Among these frameworks, one very well-motivated, ultraviolet completions of the SM that contain RH neutrinos
is the Left Right Symmetric Model (LRSM) [3–7], based on gauge symmetry GLRSM = SU(3)c×SU(2)L×SU(2)R×
U(1)B−L. The model encompasses various novel features, including parity restoration at a high scale, and generation of
light neutrino masses and mixings. RH Majorana neutrino masses are generated due to breaking of SU(2)R×U(1)B−L
symmetry, and likewise LH Majorana neutrino masses by EWSB. The model contains additional BSM states, including
three heavy Majorana neutrinos (Nk), an exotic Higgs sector, charged gauge bosons W±R , and a neutral gauge boson
Z ′.

A number of searches have been proposed so far to test the model at LHC. The proposed golden channel [8], which
contains same-sign dilepton pair in association with two resolves jets, has been investigated by experiments at both
the Tevatron and LHC [9–11]. The non-observation of any signal in this channel has severely constrained the mass
of Nk and the mass of the gauge boson WR. On the other hand, this signal only works as a suitable description if
the leptons and jets are well-isolated. In [12], it was shown that if a hierarchy exists between the masses of Nk and
WR, with MWR

� mNk
, the decay products of the Nk would rather be collimated, leading to a single jet with a

three-pronged substructure. This channel has further been investigated by the ATLAS collaboration [13]. The LHC
searches so far have looked for different resolved final state, and a lepton-fat jet signature. However, few of the many
possibilities have yet to be throughly explored.

Like many other beyond the SM (BSM) theories, present searches at ATLAS and CMS focus on benchmark scenario
of the LRSM. This includes considering only a single mass eigenstate N and real-valued mixing. As such, present
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experimental constraints from direct searches would be different if degenerate N participate in the LNV signal process
and subsequently interfere [14–17]. Non-trivial, complex-valued heavy neutrino mixing would further offer possible CP
violation in the RH neutrino sector. For nearly degenerate heavy neutrinos, interference effects between different heavy
neutrino contributions in the dilepton+dijet signal and lepton+fat jet signal categories can change the signal rates
significantly [17]. Moreover, the LNV and lepton number conserving (LNC) rates can also be different, independent
of helicity arguments [18, 19]. The observation of a difference in these rates would suggest a large interference effect,
and a non-trivial mixing present in the RH neutrino sector.

2 Scope

As a part of the Snowmass 2021 exercises, we plan to explore non-conventional signatures, such as the lepton+fat
jet signal as well as the dilepton+dijet signal for nearly degenerate heavy neutrinos. We plan to perform a detailed
analysis taking into account interference effect between different neutrino contributions, and in doing so update the
sensitivity to the LRSM at the LHC and potential successors.
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