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In the standard model (SM), electroweak symmetry breaking is realized by the Higgs field, whose
quantum excitation is the Higgs boson; through interactions with this field, elementary particles
acquire mass. Precise measurements of the Higgs couplings to fermions and gauge bosons
therefore provide a key test of both the SM and the Higgs mechanism. We present recent CMS
measurements of Higgs boson production cross sections and couplings, combining comprehensive
Run 2 analyses with the first results from Run 3.

The European Physical Society Conference on High Energy Physics (EPS-HEP2025)
7-11 July 2025
Marseille, France

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0) All rights for text and data mining, AI training, and similar technologies for
commercial purposes, are reserved. ISSN 1824-8039 . Published by SISSA Medialab. https://pos.sissa.it/

mailto:ralf.schmieder@cern.ch
https://pos.sissa.it/


P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
3
6
9

P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
3
6
9

Higgs boson cross sections and coupling measurements at CMS Ralf Schmieder, on behalf of the CMS
Collaboration

Figure 1: Summary plot from CMS showing the latest H coupling measurements. [1]

1. Introduction

The Higgs field 𝜙 drives electroweak spontaneous symmetry breaking, and its excitation –
the Higgs boson (H) – couples to particles in proportion to their masses. From the kinetic term
(𝐷𝜇𝜙)†(𝐷𝜇𝜙) and the potential 𝑉 (𝜙), vector bosons acquire masses 𝑚𝑉 = 1

2𝑔𝑣, yielding Higgs-
vector couplings that scale with the boson masses. Fermion masses arise from Yukawa interactions∑

𝑓 𝑔 𝑓 (𝜓̄𝐿 𝜙 𝜓𝑅 + h.c.), giving 𝑚 𝑓 = 𝜆 𝑓 𝑣/
√

2 and implying a linear relation between fermion–
Higgs couplings and 𝑚 𝑓 . Figure 1 displays the extracted coupling modifiers versus particle mass
for 𝜇, 𝜏, 𝑏, 𝑊, 𝑍, and 𝑡. Points cluster along the SM trend, demonstrating that heavier particles
couple more strongly to the Higgs. The lower panel shows ratios to the SM that are consistent with
unity within uncertainties, reinforcing the mass-coupling proportionality predicted by the Higgs
mechanism. Together, these measurements provide a coherent, global validation of electroweak
symmetry breaking via the Higgs field and sharpen sensitivity to possible deviations that would
indicate new physics.

2. Quartic VVHH Coupling Measurement

This Run 2 analysis targets electroweak 𝑉𝑉𝐻 production via vector-boson scattering (VBS)
using six final states: 0ℓ (boosted and semi-boosted), 1ℓ, and 2ℓ channels sensitive to 𝑊𝑊 and 𝑍

topologies [2]. The𝐻 is reconstructed as a large-radius𝐻 (𝑏𝑏̄) jet accompanied by two forward VBS-
tagging jets. Signal discrimination employs DNNs and boosted decision trees, while backgrounds
are constrained with a data-driven ABCD method. In each final state, the four ABCD regions enter a
simultaneous fit. The fit is interpreted in terms of quartic 𝑉𝑉𝐻𝐻 interactions through the coupling
modifiers 𝜅2𝑉 , 𝜅2𝑍 , and 𝜅2𝑊 , complementing di-𝐻 probes of the 𝐻 self-coupling. The results
are 95% CL constraints with 𝜅2𝑉 ∈ [0.41, 1.49], 𝜅2𝑍 ∈ [0.17, 1.83], and 𝜅2𝑊 ∈ [−0.37, 2.37],
consistent with SM expectations. These results constitute the current tightest limits on 𝜅2𝑍 and 𝜅2𝑊

and provide a new handle on quartic gauge–𝐻 interactions in the boosted regime.
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3. WH(𝜏𝜏) Cross Section and Charge Asymmetry Measurement

This Run 2 analysis targets associated 𝑊𝐻 production with 𝐻 → 𝜏𝜏, in tri-lepton final states
ℓℓ𝜏h and ℓ𝜏h𝜏h with 𝑊 → ℓ𝜈 [3]. The dominant backgrounds are irreducible 𝑊𝑍 production and
events with jets misidentified as ℓ or 𝜏h; a deep neural network (DNN) is trained to distinguish
signal from these backgrounds. The measurement determines the inclusive 𝜎(𝑊𝐻) as well as the
charge-separated cross sections 𝜎(𝑊+𝐻) and 𝜎(𝑊−𝐻), and the charge asymmetry

𝐴 ≡ 𝜎(𝑊+𝐻) − 𝜎(𝑊−𝐻)
𝜎(𝑊+𝐻) + 𝜎(𝑊−𝐻) .

The asymmetry 𝐴 becomes sensitive to the light Yukawa couplings for large coupling strengths,
providing a complementary, model-independent probe to direct 𝐻 → 𝑐𝑐 searches. A simultaneous
fit to the DNN output, split by the 𝑊 charge, yields the first CMS determinations of 𝐴, 𝜎(𝑊+𝐻),
and 𝜎(𝑊−𝐻). The extracted signal strength for 𝑊𝐻 is 𝜇 = 0.71 with an uncertainty of O(85%),
and the measured 𝐴 is consistent with the SM expectation of 𝐴 = 0.22. Also the other results show
no significant tension with the SM, and these results set the stage for a future interpretation in terms
of the charm Yukawa coupling.

4. Boosted 𝐻 (𝑊𝑊) Measurement

This analysis is the first CMS measurement of boosted 𝐻 production with 𝐻 → 𝑊𝑊 in Run 2
𝑝𝑝 collisions at

√
𝑠 = 13 TeV, using the 0ℓ and 1ℓ final states [4]. The analysis probes the SM

in the high-𝑝𝑇 regime, 𝑝𝐻
𝑇

> 250 GeV, where the two 𝑊 bosons are highly collimated and their
decay products merge into a single large-radius jet, enhancing sensitivity to higher-dimensional
operators. Events are categorized into a 0ℓ channel (inclusive in production mode) and a more
sensitive 1ℓ channel split into ggF and VBF categories. 𝐻-candidate jets are identified with a
self-attention neural network trained on jet-substructure observables. The 𝐻 mass is reconstructed
from the candidate jet and extracted via a binned likelihood fit, with dedicated control regions for 𝑡𝑡,
𝑊+jets, and QCD backgrounds. The observed inclusive signal strength is compatible with the SM,
and differential cross sections in the 1ℓ channel are reported within the STXS framework, probing
ggF and VBF contributions separately. These first results in the boosted 𝐻 → 𝑊𝑊 topology
provide a new handle on Higgs dynamics at high momentum and lay groundwork for future EFT
interpretations.

5. Differential 𝑡𝑡𝐻 Measurement

This Run 2 analysis targets differential 𝑡𝑡𝐻 production in multilepton final states (𝐻 →
𝑊𝑊, 𝜏𝜏) [5]. The analysis exploits the categories 2ℓss + 0𝜏h, 2ℓss + 1𝜏h, and 3ℓ + 0𝜏h, and
measures cross sections as functions of the 𝐻 transverse momentum 𝑝𝐻

𝑇
and the invariant mass

𝑚𝑡𝑡𝐻 , which are sensitive to BSM effects in the high-𝑝𝑇 regime. A DNN is used to regress 𝑝𝐻
𝑇

, and
DNN classifiers separate signal from backgrounds such as 𝑡𝑡+jets, 𝑡𝑡𝑊 , and 𝑡𝑡𝑍 . A combined fit to
all DNN outputs is performed, with dedicated 3ℓ and 4ℓ control regions to constrain the irreducible
𝑡𝑡𝑊 and 𝑡𝑡𝑍 backgrounds. The resulting differential cross sections 𝑑𝜎/𝑑𝑝𝐻

𝑇
and 𝑑𝜎/𝑑𝑚𝑡𝑡𝐻 are
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compatible with SM predictions, with 𝑝-values of 2% and 52%, respectively. The measurement
is statistically limited, with leading systematics from lepton misidentification and background nor-
malizations. Interpreting the results in terms of the 𝐻 self-coupling yields 𝜅𝜆 = 40+83.5

−56.4 at 95% CL,
complementary to constraints from di-𝐻 searches. This constitutes the first CMS differential 𝑡𝑡𝐻
measurement and enhances sensitivity to possible deviations manifesting at high 𝑝𝐻

𝑇
.

6. Combined Measurement of Higgs Production and Decay

This chapter is about the most comprehensive CMS Run 2 combination of 𝐻 measurements
to date, using 138 fb−1 of 𝑝𝑝 collisions at

√
𝑠 = 13 TeV [1]. The combination includes all

major decay channels (𝐻 → 𝛾𝛾, 𝑍𝑍, 𝑊𝑊, 𝜏𝜏, 𝑏𝑏̄, 𝜇𝜇, 𝑍𝛾) and all primary production modes
(ggF, VBF, 𝑉𝐻, 𝑡𝑡𝐻, 𝑡𝐻), with results provided as inclusive and per–production-mode signal
strengths, production cross sections, and STXS. The global signal strength is 𝜇𝐻 = 1.014+0.055

−0.053,
in excellent agreement with the SM; the total uncertainty is 5.5%, dominated by theory signal-
normalization systematics. Increasing the granularity, the per–production-mode strengths are all
compatible with their SM expectations, with uncertainties ranging from about 7.5% in ggF to∼ 39%
in top-associated production. The fit attains a high goodness-of-fit 𝑝-value of 0.80, indicating
strong overall consistency with the SM. The analysis exploits up to 1951 event categories and
O(104) fit parameters, treating all 𝐻 processes as signals and checking category orthogonality
across inputs. Interpretations are delivered in both the 𝜅-framework and SMEFT, providing indirect
BSM constraints and sensitivity to invisible or exotic decays via the global rate and STXS structure.

7. 𝐻 (𝛾𝛾) Cross Section Measurement

In this chapter the first CMS Run 3 measurement of 𝐻 → 𝛾𝛾 using 34.7 fb−1 at
√
𝑠 = 13.6 TeV

is summarized [6]. Despite the small branching fraction (∼ 0.23%), the channel is exception-
ally clean thanks to the ECAL energy resolution, which enables precise mass reconstruction. A
dedicated regression improves both the photon energy estimate and the per-photon resolution 𝜎𝐸 ;
additionally, normalizing-flow corrections are applied to shower-shape, isolation, and 𝜎𝐸 observ-
ables, significantly reducing related systematics to below 2%. The corrections are validated with
𝑍 → 𝑒+𝑒− data, showing improved data–MC agreement in the resolution estimator used for event
categorization. An inclusive and differential fiducial cross-section measurement is performed by
unfolding to a detector-stable, model-independent phase space closely matched to the selections
and inclusive of all production modes. The inclusive fiducial result is 𝜎fid = 74 ± 12 fb, in agree-
ment with the SM prediction 67.8 ± 3.8 fb; differential spectra likewise agree within uncertainties.
Dominant uncertainties arise from photon energy resolution (category migrations) and energy-scale
calibration (mass peak position/width). Across observables, goodness-of-fit 𝑝-values range from
0.14 to 0.85, indicating compatibility with SM expectations.

8. 𝐻 (4ℓ) Cross Section Measurement

The first CMS Run 3 measurement of 𝐻 production in the 𝐻 → 𝑍𝑍 → 4ℓ channel exploits
34.7 fb−1 of 𝑝𝑝 data at

√
𝑠 = 13.6 TeV [7]. Owing to its fully reconstructable 4ℓ final state, the
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analysis achieves high purity and excellent mass resolution, with a clear 𝑚4ℓ peak near 125 GeV
above the smooth 𝑍𝑍 background. 𝑍 candidates are built from same-flavor, opposite-sign lepton
pairs with 12 < 𝑚ℓℓ < 120 GeV; the pair closest to 𝑚𝑍 defines 𝑍1, and the remaining pair defines
𝑍2. Events are partitioned into three exclusive channels (4𝑒, 4𝜇, 2𝑒2𝜇), and a fit to the 𝑚4ℓ spectrum
across channels and analysis bins extracts the signal. The inclusive fiducial cross section is measured
to be 𝜎fid = 2.89+0.53

−0.49 (stat)+0.29
−0.21 (syst) fb (total uncertainty ∼ 20%), in excellent agreement with the

SM expectation of 3.09+0.27
−0.24 fb. Fiducial differential cross sections as functions of 𝑝𝐻

𝑇
and |𝑦(𝐻) |

are also reported, and are compatible with SM predictions within uncertainties.
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