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This contribution details the search for heavy neutral Higgs bosons from an extended Higgs sector
decaying into b-quarks and produced in association with at least one b-quark. These scalar states
are predicted to have a significantly enhanced coupling to b-quarks in various scenarios within
MSSM and 2HDM models at large tan 𝛽. The analyzed data were collected by the CMS experiment
at 13 TeV centre-of-mass energy in pp collisions during the LHC Run 2, accounting for up to
127 fb−1. This analysis benefits from improved data-driven background modelling and explores
mass hypotheses in two categories: a fully-hadronic category sensitive to masses above 300 GeV,
and a semi-leptonic category extending sensitivity down to 125 GeV. No significant excess was
observed, and this study sets the most stringent exclusion limits to date on the cross section times
branching ratio of the process. The measurements are used to constrain the parameter space of
several 2HDM and MSSM benchmark scenarios.
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1. Introduction

An extended Higgs sector is foreseen in many beyond standard model (BSM) theories that
cannot be excluded by the current precision of standard model (SM) measurements [1]. Extensions
of the scalar sector can lead to a much richer phenomenology, as the Two Higgs Doublet Model
(2HDM) [5], or the Minimal Supersymmetric extension of the Standard Model (MSSM) [3]. In
both cases, two complex doublets are introduced, resulting in five physical Higgs bosons, three
neutral (A, H, and h) and two charged (H±). The neutral states, conjointly denoted as 𝜙, can have an
enhanced coupling to fermions in certain regions of the model’s parameter space. In particular, the
coupling to bottom quarks can be significantly enhanced and become the dominant decay channel
at large values of the ratio of the vacuum expectation value of the two doublets, tan 𝛽. This article
summarizes the search for 𝜙 in final states with at least three bottom quarks with data collected by the
CMS detector [4] during the second data-taking period of the Large Hadron Collider (LHC) [2, 7].

2. Search for BSM Higgs bosons in final states with bottom quarks

2.1 Analysis strategy

The analysis presented in this work explores events with at least three b-quark jet candidates,
where the two most energetic ones are expected to stem from the Higgs boson decay. The third
b-jet is selected to target the b-associated producFtion process and contribute to the background
suppression. Given the constraints in rate bandwidth during data-taking, Higgs boson masses can
be probed starting from 300 GeV in this fully hadronic (FH) final state. A complementary analysis
is carried out in a semi-leptonic (SL) category, which benefits from the selection of a muon within
a final state jet already at trigger level. The SL category extends the search down to a mass of
125 GeV.

The signal region (SR) comprises events with at least three b-jets. An additional Higgs boson
is expected to manifest as an excess of events in the invariant mass of the two leading b-jets (𝑀12) in
the SR with respect to the anticipated background. The background is parametrized in a data-driven
approach as a function of 𝑀12 comprising two factors. The first component is derived from data
in a control region (CR), which is defined by requesting the third most energetic jet not to fulfil
the b-tagging selection applied to the SR. Shape differences with respect to the background in the
signal region (SR) are accounted for by the second component, a transfer factor (TF). The shape of
the TF is motivated by the ratio of SR and CR in simulated QCD samples. Signal events are also
parametrized at masses spanning from 125 to 1800 GeV. The signal is extracted by a combined fit
to the SR and the CR.

2.2 Results

The analysed data were found to be compatible with the background-only hypothesis, with
few exceptions attributed to statistical fluctuations. Upper limits on the production cross section
times branching fraction of the process are extracted from the fit. These are shown in Fig. 1 for the
individual categories, data-taking years, and their combination. The limits range from 123 pb at
125 GeV down to 0.77 pb at 1.8 TeV. These results represent a considerable improvement beyond
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the increase in luminosity compared to the previous CMS results [6], also shown in the figure and
included in the statistical combination.

250 500 750 1000 1250 1500 1750
m  [GeV]

10 1

100

101

102

103

(b
b

)B
(

bb
)[

pb
] 121.4-126.9 fb 1 (13 TeV)CMSPreliminary

95% CL upper limits
Observed
Expected
68% expected
95% expected
2016 FH Exp.
2017 SL Exp.
2017 FH Exp.
2018 FH Exp.

Figure 1: Expected and observed upper limits for the Higgs boson b-associated production cross section
times branching fraction of the decay into a b-quark pair at 95% CL as a function of Higgs boson mass [2].

The limits are converted into constraints in the parameter space of BSM models. The corre-
sponding limits in tan 𝛽 as a function of the pseudoscalar Higgs boson mass (𝑚A) for an MSSM
scenario [5, 10] considering the Higgsino mass parameter (𝜇) equal to −2 TeV are displayed in
Fig. 2 (left). Additionally, constraints are set in the 2HDM parameter space, where 𝛼 is also a free
parameter that corresponds to the mixing angle of the two scalars, h and H. The limits in Fig. 2
(right) constrain the 2HDM flipped model [5] in tan 𝛽 as a function of 𝑚A fixing cos(𝛽 − 𝛼) to 0.1.
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Figure 2: Observed and expected upper limits on tan 𝛽 as a function of the pseudoscalar mass 𝑚A in
the MSSM 𝑚125

ℎ
benchmark scenario [9, 10] , considering 𝜇 = − 2 TeV (left), and in the 2HDM flipped

scenario [5], fixingcos(𝛽 − 𝛼) = 0.1 (right). Taken from [2].
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3. Summary
A direct search for new Higgs bosons that decay into b-quarks and are produced in association

to b-quarks is presented. Higgs boson masses starting from 125 GeV and up to 1.8 TeV are searched
by employing two analysis categories designed to enhance the sensitivity of the search towards
lower or higher masses. No significant signal is observed, and limits on the b-associated production
cross sections of Higgs bosons times branching fraction of decay into b-quarks are set. These limits
range from 123 pb to 0.77 pb in the mass range explored. These results are interpreted in MSSM
and 2HDM models. These are the most stringent limits to date set for the aforementioned process.
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