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This report presents an overview of the search program for additional Higgs bosons using proton-
proton collision data recorded by the CMS experiment at y/s = 13 TeV, corresponding to an
integrated luminosity of 138 fb~![1]. The discussion focuses on the experimental strategies
developed to probe theoretical scenarios that predict an extended Higgs sector. Recent analyses
exploiting the full Run 2 dataset are reviewed, highlighting methodological innovations that
enhance sensitivity to potential new physics signatures. Searches for high-mass Higgs bosons
target decays to bb, T 7~, u*u~, and other final states. A dedicated program for low-mass
additional Higgs searches probes H — aa, where the Standard-Model-like Higgs boson decays to
a pair of light spin-0 particles, with subsequent decays a — bb, T7, uu. The results are interpreted
within benchmark scenarios, setting stringent constraints on new physics models and helping to
define the physics opportunities at Run 3.
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Searches for Additional Higgs Bosons at CMS

Ye Chen on behalf of the CMS Collaboration

1. Introduction

The discovery of a Higgs boson by the ATLAS and CMS collaborations marked an inspiring
moment for particle physics. While its properties are consistent with the Standard Model (SM)
predictions, fundamental questions about the nature of the Higgs sector and electroweak symmetry

breaking remain unanswered. Many attractive new physics theories, such as the Minimal Supersym-
metric Standard Model (MSSM), Two-Higgs-Doublet Models (2HDM), and models with hidden
sectors, predict the existence of additional Higgs bosons. The CMS experiment has conducted an

extensive and diverse program to search for these states, utilizing the complete dataset from Run 2

of the LHC, which provides an unprecedented opportunity for discovery [2—13].
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Figure 1: Summary of CMS searches for additional Higgs bosons using Run 2 data, showing observed and
expected exclusion limits at 95% confidence level (CL) in the tan S—m 4 plane of an MSSM scenario. The
combination includes results from the u*u~, bb, t+1~, and WW final states [2—7].

Figure 1 provides a summary of the CMS high-mass additional Higgs search program, com-

bining exclusion limits from multiple analyses [2—7]. The primary experimental challenge lies in

distinguishing potential resonant signals from large and complex SM backgrounds across a wide

range of masses and final states, which will be discussed in detail in the following sections.
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2. High-Mass Higgs Boson Searches

Searches for high-mass Higgs bosons (mgy > 200 GeV) target several key decay channels that
provide complementary sensitivity across different regions of the new physics parameter space. For
heavy neutral Higgs bosons, the dominant decay modes include H — bb,H — 777~ ,H — u*u",
and H — WW. The bb channel, despite the challenging QCD multijet background, offers sensitivity
in the high-tan B region. The v*7~ channel provides a cleaner signature and is particularly sensitive
in MSSM scenarios. The u*u~ channel, benefiting from excellent mass resolution, provides
constraints in the intermediate mass range. The WW channel becomes increasingly important for
Higgs boson masses above approximately 400 GeV, especially in the low-tan S region.

2.1 Searches in the 55 Final State

The search for neutral MSSM Higgs bosons decaying to bb is among the most challenging
analyses due to the large QCD multijet background. The full Run 2 analysis [2] improves upon
the earlier result using 35.7 fb~! of 2016 data [3] by implementing advanced b-tagging algorithms
and data-driven background estimation techniques. A sophisticated trigger strategy combining
muon-plus-jet and dijet triggers maintains high efficiency across the mass range from 125 GeV to
2 TeV.
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Figure 2: Left: Expected and observed upper limits at 95% CL on the production cross section times
branching fraction for ¢ — bb (¢ = A/H), interpreted in an MSSM scenario, as a function of m, for
different tan 3 values. Right: Expected and observed upper limits obtained with 2016 data in the context of a
parallel analysis. The corresponding observed limit obtained by the nominal analysis using the same dataset
is shown in blue, demonstrating the improvement in sensitivity [2, 3].

Figure 2 shows the exclusion limits of the bb analysis. The background is estimated using
data-driven methods, primarily side-band regions in the dijet mass spectrum. The dominant
systematic uncertainties arise from the jet energy scale and resolution, the b-tagging efficiency, and
the modeling of the multijet background. No significant excess is observed, and the results set the
most stringent constraints to date in the high-mass regime with this final state.
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2.2 Searches in v*7~ and y*u~ Final States

The t#7~ final state provides excellent sensitivity. The recent analysis [4] categorizes events
based on 7 decay modes (7, 7p, T, Th, TeT)) and utilizes b-tagging information. Advanced multi-
variate techniques, including deep neural networks, are used to separate the signal from dominant
Z+jets, top quark, and multijet backgrounds. The signal is extracted from distributions of the total
transverse mass. For hypothesized boson masses below 250 GeV, the mass resolution is improved
by a refined reconstruction of the 77 invariant mass [4].

The u* ™~ channel, despite its small branching fraction, provides crucial constraints in the inter-
mediate mass range (200 GeV to 1 TeV) due to its excellent mass resolution (~1-2%). The dedicated
search for a narrow spin-0 resonance decaying to muon pairs [6] covers the mass range from 130
GeV to 1 TeV. The dominant background is Drell-Yan production, with smaller contributions from
top quark and di-bosons processes. The analysis also categorizes events based on the presence of
associated b jets. The combination of 7¥7~ and u*u~ channels provides complementary coverage
of the MSSM parameter space.

3. Searches for Low-Mass Additional Higgs: H — aa

Complementing the high-mass program, searches for low-mass additional Higgs bosons of the
form H — aa probe theoretical scenarios with extended scalar sectors, such as the Next-to-Minimal
Supersymmetric Standard Model (NMSSM) or more general 2HDM with a singlet 2HDM+S),
where a is a light pseudoscalar boson. These analyses target a comprehensive set of final states
determined by the subsequent decays of the a bosons: a — bb,a — 7777,a — u*u~,anda — yy.
The search strategy is optimized based on the mass of the a boson.

For very light a bosons (m, < 2m;), searches focus on the H — aa — 4y final states,
leveraging the excellent muon momentum resolution. In the intermediate mass range 2m, < m, <
2myp,), the analyses mainly target the H — aa — 2u27t and H — aa — 47 channels. For heavier a
bosons (m, > 2my), the H — aa — 2[2b and H — aa — 4b channels dominate, despite significant
challenges from the QCD multijet background.

Figure 3 shows the combined exclusion limits for these low-mass additional Higgs searches
[8-13]. The H — aa — 4u analysis [8] provides the most precise reconstruction of the H and
a masses. Recent searches in the H — aa — 4b [13] and H — aa — 2[2b [12] final states
extend sensitivity to different decay topologies and m, regions, with the //bb analysis providing
the best sensitivity for m, > 20 GeV. These searches probe unique parameter space inaccessible to
conventional searches.

4. Conclusion

The comprehensive search program for additional Higgs bosons conducted by the CMS col-
laboration, utilizing the full Run 2 dataset corresponding to an integrated luminosity of 138 fb~!,
has yielded no significant evidence for new physics. The results set stringent constraints on MSSM
and 2HDM parameter spaces [2—7], excluding substantial regions of the tan S—m 4 plane. Searches
for high-mass Higgs bosons in bb, 77, and WW final states provide complementary coverage, while
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Figure 3: 95% CL upper limits on the branching fraction B(H — aa) as a function of the light scalar mass
mg in a 2HDM+S Type II scenario with tan 8 = 5.0. The results combine multiple final states including
pupp, putt, TtTT, and bbbb, probing unique signatures of extended Higgs sectors [8—13].

the H — aa searches probe unique signatures of extended Higgs sectors [8—13]. All results are con-
sistent with the background-only hypothesis, providing rigorous tests for new physics models. The
methodologies developed and the constraints established during Run 2 provide a solid foundation
and clear guidance for the ongoing searches in Run 3 data, which will further explore the nature of
electroweak symmetry breaking.
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