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1. Introduction

The Compact Muon Solenoid (CMS) experiment [1] at the CERN LHC is a general-purpose
experiment for high-energy physics measurements in hadron collisions. One of the most important
parts of the CMS physics programme is the precise determination of the properties of the standard
model (SM) Higgs boson that was discovered in 2012 by the ATLAS and CMS experiments [2—4].
This often either involves searches for rare production mechanisms that are very sensitive to effects
from beyond the SM (BSM) physics, or precise measurements of established processes to extract
granular information about Higgs boson production that can then be used to constrain coupling
parameters. In this report, three analyses using the Run 2 dataset collected between 2016 and 2018
are discussed in Section 2. In Section 3, two recent cross section measurements at /s = 13.6 TeV
using data collected in 2022 are reported. The note closes with conclusions presented in Section 4.

2. Searches and measurements at 13 TeV

The CMS experiment collected 138 fb~! of data at /s = 13 TeV between 2016 and 2018.
This dataset offers ample opportunities for searches for new physics and precision measurements
involving the Higgs boson. Two searches presented in this Section are performed in the vector-
boson scattering (VBS) topology, where two incoming quarks radiate off two vector bosons that
scatter into a W*H or W*W=*H final state. The quarks form two characteristic VBS jets with high
dijet invariant mass and large rapidity separation. The measurement of 17H (bb) and the search for
tH(bb) production are also discussed.

2.1 Production of W*H (bb) in vector-boson scattering

The production of W*H (bb) via VBS is sensitive to the relative sign of the couplings between
the Higgs boson and the massive vector bosons, kw and «z [5]. This search [6] targets the
final state of two b jets from the Higgs boson decay as well as an electron or muon and missing
transverse momentum from the leptonic W boson decay. The analysis targets both the SM scenario
kw = kz = 1 in the resolved topology and the BSM scenario, where dwz = kw/kz < 0, in
the topology where the b jets are merged. The dominant sources of background for both final
states are 71 and W + jets. For the resolved analysis, a boosted decision tree (BDT) is used to
suppress background contributions, whereas a cut-based analysis is used for the merged topology.
For the latter, the normalisation of the background is estimated in a data-driven way with an ABCD
method, using the absolute value of the rapidity difference of the VBS jets, |A7; |, and the groomed
mass of the large-radius Higgs boson jet, msp. No significant excess over the background-only
hypothesis is seen. In the resolved analysis, the observed (expected) upper limit is 14.3 (9.0) times
the SM prediction at 95% confidence level (CL). The opposite-sign scenario of Awz is excluded
at a CL higher than 99.99% when combining the merged-topology analysis with the current best
measurements of the xyw and kz couplings. The exclusion contours in the «w-«z plane are shown
in Fig. 1 (left).

2.2 Production of W*W*H (bb) in vector-boson scattering

The electroweak production of two same-sign W bosons in association with a Higgs boson and
two VBS jets provides unique sensitivity to the kyw coupling in a clean environment [7]. In the
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CMS search for this process [8], the requirements of the leptonic decays of the W bosons with at
most one hadronically decaying tau lepton as well as a single merged jet from the high-momentum
H(bb) decay ensure excellent background rejection. The remaining background contributions are
dominated by top-quark processes. They are suppressed by a BDT that uses kinematic information
about the jets, leptons, and missing transverse momentum in the event. The observed data in the
signal region are consistent with the background-only hypothesis. The observed (expected) 95%
CL constraint on the «ww coupling is found to be [-3.3,5.3] ([-2.4,4.4]). This constraint is
weaker but complementary to the current best constraints from the production of Higgs boson pairs
from vector-boson fusion [9].

2.3 ttH(bb) and tH(bb) production

The ttH process is important as it gives direct access to the Yukawa coupling of the top
quark to the Higgs boson. The H(bb) decay channel offers the best statistical power at the cost of
large background contributions. In particular, non-resonant 17bb production is notoriously difficult
to model due to the multiple scales that are involved in theoretical predictions of this process.
Additionally, it is difficult to suppress due to the comparatively poor b jet energy resolution and
high multiplicity of b jets in 17H(bb) production. In the CMS analysis [10], three final states of
the top-quark pair are considered (dilepton, single lepton, fully hadronic). The signal extraction is
performed in categories depending on the top-pair final state, the jet multiplicity, and number of b
tags. Itleverages multiclass neural networks and background control regions. The result of the fit for
the 7 H rate is shown in Fig. 1 (right). The best-fit signal strength is 0.33 +0.17(stat.) + 0.21(syst.).
This signal strength is anticorrelated with the normalisation of the associated production of a top
quark pair and at least one jet containing one or more b hadrons, called the 7B process, which is
fitted to a value of 1.19t%_1]32. This is consistent with the dedicated /7bb measurement [11]. The
ttH rate is also measured in bins of the transverse momentum of the Higgs boson. The observed
(expected) limit at 95% CL on the tH signal strength is 14.6 (19.3‘:96‘_%) with the 77H rate fixed to
the SM prediction. The couplings «;, &;, which is the BSM CP-odd top-Higgs coupling, and «y,
the coupling of the Higgs boson to massive vector bosons, are also constrained.

3. Cross section measurements at 13.6 TeV

In 2022, the CMS experiment recorded 34.7 fb~! of data at a centre-of-mass energy of 13.6 TeV.
With this moderate statistical power, it is already possible to measure Higgs boson production in
the H - ZZ — 4¢ and H — vy channels [12, 13]. These measurements provide the opportunity
to show the performance of the CMS detector in a challenging environment with 46 interactions per
bunch crossing on average and explore new analysis techniques. Both measurements are performed
in a fiducial phase space at particle level and do not make use of event-level machine-learning
classifiers, enhancing their model independence.

3.1 Four-lepton channel

The four-lepton decay channel is characterised by a large signal-to-background ratio and a
fully visible final state with an excellent mass resolution. However, it suffers from comparatively
low statistical power due to its small branching ratio. The measurement [12] is performed using
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Figure 1: Left: Two-dimensional > 95% (dark blue) and > 99.99% (light blue) exclusion regions in the
kw-kz plane in the W*H (bb) VBS analysis [6]. The constraints from previous CMS measurements are
shown in white [9], while the standard model expectation is indicated with a yellow star. Right: Observed
test statistic as a function of the t7H signal strength and the 7B normalisation [10]. The observed (expected)
best-fit result is denoted by the blue cross (black diamond). The observed (expected) 68% and 95% CL
regions are shown in solid and dashed blue (black), respectively.

the exclusive 4u, 2e2u, and 4e channels. Background contributions with non-prompt leptons
are suppressed through dedicated identification criteria. This is especially important to ensure
sufficient signal efficiency for electrons with low transverse momentum (pT) arising from the off-
shell Z boson decay. The cross section is extracted with an unbinned maximum likelihood fit to the
observed my, distribution. The postfit distribution is shown in Fig. 2 (left). The data agree well
with the sum of the signal (red), the non-resonant irreducible background modelled from simulation
(blue), and the data-driven reducible background (green). The measured inclusive fiducial cross
section of oq = 2.94+0-33 (stat.)*-2? (syst.) fb is in good agreement with the theoretical prediction

-0.49 -0.22

of 3'09t%.2221 fb. Differential cross sections measured as a function of the Higgs boson transverse

momentum and rapidity also agree with the predictions.

3.2 Diphoton channel

The diphoton decay channel offers more statistical power than the four-lepton channel due to its
higher branching fraction but suffers from larger background contributions. These are mainly due to
non-resonant diphoton production with smaller contributions from y +jet production. Dijet produc-
tion with two non-prompt photons is suppressed well by photon identification. In the analyis [13],
a new correction method for photon variables in simulation based on a single normalising flow [14]
is used. This allows for the categorisation of events using the invariant diphoton mass resolution
without incurring large systematic uncertainties that result from mismodelling of the per-photon en-

ergy resolution [15]. The fiducial phase space definition uses the requirement | p%‘ p%z /myy >1/3

compared to the criterion p%l /my, > 1/3 used in the previous measurement [15] to improve the
perturbative convergence of the theoretical prediction [16]. The inclusive fiducial cross section is
extracted from a simultaneous binned profile-likelihood fit to the invariant diphoton mass in three
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categories. The parametric signal and background models are determined from simulation and the
data sidebands (excluding the signal window from 115 to 135 GeV), respectively. The measurement
of oa =78 £ ll(stat.)‘:ﬁs(syst.) fb is in agreement with the SM prediction of 67.8 + 3.8 fb. The
resulting combined parametric model describes the measured m.,, distribution well, as can be seen
in Fig. 2 (right). Differential cross sections measured as a function of the Higgs boson transverse
momentum, rapidity, and the number of jets also agree with the predictions.
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Figure 2: Left: Postfit distribution of the reconstructed mg4, mass in data (black points) and simulation
(coloured histograms) in the H — ZZ — 4{ measurement [12]. Right: Distribution of the invariant
diphoton mass in the inclusive fiducial cross section measurement in the H — 7y analysis [13]. The m,,
histogram observed in data is shown with the signal+background fit (solid red line) and the background
component (dashed red line) with 10" (+207) uncertainty bands.

4. Conclusions

Cross section and coupling measurements are crucial pathways to understanding the properties
of the Higgs boson and the characteristics of its production at the LHC. At the conference two
searches with CMS data collected at 4/s = 13 TeV in the VBS topology were presented. The
opposite-sign scenario of Adwz = kw/kz is excluded at a CL higher than 99.99% and the xww
coupling is constrained for the first time using W*W=*H production. In addition to the measurement
of 1H(bb) and the search for tH(bb) at /s = 13 TeV, the recent Higgs boson cross section
measurements in the four-lepton and diphoton decay channels using 34.7 fb~! of data collected
at a centre-of-mass energy of 13.6 TeV were also discussed. All measurements are in agreement
with the standard model predictions within the uncertainties. The full dataset to be collected at
13.6 TeV, amounting to approximately 300 fb~!, will allow more sensitive searches and more precise
measurements in the final states discussed here. After that, the significantly larger dataset collected
at the high-luminosity LHC of O (3000 fb™!) will trigger the era of high-precision Higgs boson
measurements. The presented measurements are crucial to lay the groundwork for a successful
research programme with these larger datasets.
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