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Abstract

it aligns with experimental observations without the need for fine-tuning the model parameters.

Beyond the Standard Model
Motivations

e Existence of neutrino mass.
e Evidence for dark matter.

e Observed matter-antimatter asymmetry of the
universe.

This requires extending the Standard Model (SM) either
in the scalar, gauge, or fermion sector.

Search for Higgs Bosons Beyond the
SM at the LHC

e ATLAS and CMS have intensively searched for
new Higgs bosons beyond the SM.

e Analyzing various decay channels and production
processes to detect new scalar particles.

o Decays into two photons (77): Excesses
around 95 GeV and 151 GeV.

e Decays into Z~: Observed in combinations of
associated production channels.

» Decays into pairs of bottom quarks (bb):
Indicative in the excess around 95 GeV.

o Decays into pairs of W W~ and 22
bosons: Suggest heavy scalar bosons.

o Production of Higgs pairs (di-Higgs):
Especially in asymmetric processes like H — Sh
or H — SS.

Mass Range of Scalar Resonances

Around 95 GeV:

e |ndications of a possible new scalar boson.
o Observed in channels like vy, 7777, and bb.

e Local and global significances in ATLAS and
CMS.

Around 151 GeV:

e Significant deviations in v and Z~ channels.

e Suggest the existence of a new scalar in this mass
range.

Two-Higgs-Doublet Models (2HDM)
and Extensions

2HDM Type Il and Type IV:

e Can accommodate an additional scalar boson
around 95 GeV.

e Compatible with excesses in vy and 7777

N2HDM (Next-to-Minimal Two-Higgs-Doublet
Model):

¢ Includes an additional doublet or scalar singlet.
e Allows interactions between multiple scalars.

S2HDM (2HDM Extended with a Singlet):

o Explains simultaneously the excesses in v~ and bb

around 95 GeV.
A2HDMS Model:

e Extension with two Higgs doublets, a real singlet,
and a real triplet.

e Explains observed excesses in multiple channels.

The Proposed Model:
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Scalar Potential

e Scalar content:
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e VEV hierarchy: v, > vy > 14
e General scalar potential:
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+ cubic or quartic terms in o

o Cubic term: u[(®]®,)o + h.c]
e Quartic term: \[(®]{®,)02 + h.c.]

Mass Spectrum of the Neutral Scalar
Sector

e After minimizing the potential, the mass matrix
for neutral scalars is obtained.

e Two cases are considered: potential with cubic
term and with quartic term.

e Mass hierarchy: My, < My, < Mg,

Numerical Results (cubic-quartic term)
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Figure: Distribution of the scalar masses My, (blue dots) and the
pseudoscalar M4 (orange triangles) for the potential with cubic
and quartic term.
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ne framework of Two-Higgs-Doublet Models (2HDM). We address the recent anomalies observed at the LHC
vlain them, focusing on the inclusion of a scalar singlet . We analyze the resulting particle spectrum and how

Mass Spectrum of the Neutral
Pseudoscalar Sector

e Mass matrix for neutral pseudoscalars in both
cases (cubic and quartic).

® The mass of the pseudoscalar A is:
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Mass Spectrum of the Charged Scalar
Sector

e Mass matrix for charged scalars in both cases.
o The mass of the charged Higgs C~ is:
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Conclusions

o Recent anomalies observed at the LHC can be

explained through extensions of the SM,
specifically 2HDMs.

e The inclusion of a scalar singlet o that provides
mass to a new boson Z’ enhances the model's

ability to explain these anomalies.

e The model predicts a particle spectrum consistent
with experimental observations, including:

® Three CP-even scalar bosons: H, Hy, Hs.
® One CP-odd scalar boson: A.

e One charged scalar boson: C*.

® The masses and parameters of the model
naturally align with the observed anomalies
without the need for fine-tuning.
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Figure: Left: Upper limit on the model parameters . y, z. Right:
95% CL upper limits on the fiducial Z’ production cross-section
times the Z/ — ¢/~ branching [?] (green continuous line) and
the corresponding upper limits on the Z’ decaying to 77 pairs
(red continuous line).




