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Figure 1: The measured coupling modifiers of the coupling between the Higgs boson and fermions as well
as heavy gauge bosons as functions of fermion or gauge boson mass, where v is the vacuum expectation
value of the Higgs field. [4]

1. Introduction

The Higgs boson discovery in 2012 [1][2][3] by the CMS and ATLAS collaborations marked a
significant milestone in the understanding of the electroweak sector of the Standard Model (SM) of
particle physics. Since this discovery, there has been a continuous effort to measure the properties
of the Higgs boson [4] and to determine whether these are consistent with the theoretical predictions
of the SM. A significant subset of these properties are the couplings between the Higgs boson and
other massive fermions and bosons, which in the SM are responsible for giving these particles their
mass. As can be seen in Figure 1, a number of these couplings been measured and indeed align with
the values expected from the SM. However, the measurement of the so-called Yukawa couplings of
several of the lighter fermions still remain an open challenge as these couplings decrease in strength
with smaller fermion masses.

The next lightest fermion candidate for such a measurement is the charm quark. Consequentially,
the study of the Yukawa-coupling between the Higgs boson and the charm quark is of significant
interest [5]. Typically, this can be parametrised using a signal strength modifier ., denoting the
measured signal strength in terms of the SM signal strength. In this context, a number of analyses
targetting this quantity using the CMS detector [6] are presented. All of these analyses use the data
collected between 2016 — 2018 at /s = 13 TeV, corresponding to an integrated luminosity of 138
bl

2. Charm quark associated Higgs boson production

This analysis [7] targets processes in which a Higgs boson is produced alongside a charm quark
(henceforth referred to as the cH process) and the Higgs boson decays to a pair of photons.
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Figure 2: Invariant diphoton mass distribution m,,, of selected events, scaled by S/(S+B) where S (B) is the
number of expected signal (background) events. The coloured bands represent different fit components. The
middle and lower panels show the m,,,, distribution with the continuous background and total background

contributions subtracted, respectively. [7]

To reconstruct Higgs boson candidates, events with two well-reconstructed photons are selected.

Alongside these, events are required to have at least one jet satisfying pt and n requirements and
in which the pr-leading jet satisfies a c-tagging requirement. Subsequently, events are split into
9 categories per data-taking year using two BDTs designed to separate cH events from the ggH
and continuous backgrounds respectively. Both signal and backgrounds are modeled via analytic
functions in the m,, variable, which is used as a final discriminator as can be seen in Figure 2.
Assuming the absence of signal, observed (expected) upper limits at 95% CL can be placed on
k¢, which are reported at |«.| < 38.1 (72.5). The main uncertainties driving the sensitivity of this
result are the statistical uncertainty as well as theoretical uncertainty on modelling the cH and ggH

processes.
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3. Inclusive Higgs boson production in 4¢ final states

This analysis [8] targets inclusive Higgs boson production in four-lepton (¢ = e, u) final states.
Deviations from the expected production rate can be used to interpret constraints on enhancements
on the couplings of the Higgs boson to lighter quarks, including «.. To reconstruct the Higgs boson,
combinations of leptons (4u, 4e, 2u2e) satisfying a set of criteria (depending on the lepton type)
are selected. These events are characterised via a discriminant based on the Higgs boson decay,
which is defined as

Psig(g)

D) = )+ P ()

ey

Here, Psig is defined as the probability for the event to be consistent with the Higgs boson signal
and Py, is defined as the probability the event is consistent with the dominant qq — ZZ/Zy* —
4¢ background. The probabilities  are calculated using a matrix element method using a set
of kinematic variables €. Background processes with four final state leptons are estimated via
simulation while backgrounds which contain misidentified lepton candidates are estimated from
data.

The fit strategy relies on the fact that the pp — H — 4¢ production cross section decreases
monotonically with enhanced k4, where q can be any light quark (u, d, s, ¢). Thus any observed excess
in the inclusive cross section can be interpreted as enhancements of 4. Here, the corresponding
quantities for the bottom and top quark «, and «; are fixed to well-constrained existing measurements,
while other kg values float in the fit. Using this strategy, an observed (expected) constraint on «. of
—4.0(-3.8) < k. < 3.4(3.2) is reported at 95% CL, with no observed excess.

4. Higgs boson decay to a pair of charm quarks in association with a pair of top
quarks

This analysis [9] targets events in a Higgs boson decays to cc and is produced in association with a
pair of top quarks (henceforth referred to as ttH). To target this process, several categories based on
the top quark decay are devised. These are the fully hadronic (OL), single-lepton (1L) and dilepton
(2L) categories. Each category requires a varying number of jets, which satisfy a set of criteria,
as well as a number of leptons depending on the respective category. These objects are fed to
a multiclass event classifier, which sorts candidate events into 10 (9) classes in the OL (1L, 2L)
channels:

« two ttH classes: ttH(H—bb), ttH(H—cc)
* two ttZ classes: ttZ(Z—bb), ttZ(Z—cc)

* five tt+jets classes: tt+b, tt >1b, tt+c, tt > Ic, tt+light

(Only in the OL channel) one QCD multijet class
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Figure 3: The post-fit distribution of the multiclass event classifier in all 28 classes. The points represent
the data, while the coloured histograms represent the predicted background and signal yields. [9]

The inclusion of both ttH(H—cc) and ttH(H—bb) classes allows for a simultaneous measurement
of k. and «p, which have similar signatures. Additionally, the inclusion of ttZ classes allows for a
measurement of this very similar process, which is used to validate the ttH measurement strategy.
Both signal and background processes are estimated using Monte Carlo simulation.

The final fit is performed on the output of the event classifier in the 28 described classes. This can
be seen in Figure 3. No excess is found over the background-only hypothesis with respect to the
ttH(H—-cc) process. Thus assuming the absence of signal, an observed (expected) upper limit at
95% CL of «. > 3.0 (3.3) is reported. In addition to this, a combination with a previous search in
the VH(H—ccC) channel [10] is performed. For this, an observed (expected) upper limit at 95% CL
of k. > 3.5 (2.7) is reported. The main uncertainty sources in this measurement are the statistical
uncertainty as well as theoretical uncertainties related to the signal as well as tt+jets modelling.

5. Conclusion

The Yukawa coupling between the charm quark and the Higgs boson is an important milestone in
determining the properties of the Higgs boson and investigating their consistency with the SM. A
typical quantity that characterises this is the signal strength modifier k.. The CMS experiment has
performed a number of analyses using a variety of analysis strategies to measure this quantity. Due
to the absence of an observed signal, the CMS experiment is able to set stringent limits on «. using
a variety of strategies to analyse the 138 fb~! worth of data from the Run 2 dataset. As the discussed
analyses are significantly limited by statistical uncertainty, further improvements are expected from
leveraging the LHC Run-3 and High-Luminosity LHC datasets.



Studying the Higgs-charm Yukawa coupling with the CMS detector Felix Heyen

References

[1]

[3]

[4]

[6]

[7]

[9]

[10]

ATLAS Collaboration. Observation of a new particle in the search for the standard model higgs
boson with the ATLAS detector at the LHC. Phys. Lett. B, 716(1):1-29, September 2012.
doi: 10.1016/j.physletb.2012.08.020. URL http://dx.doi.org/10.1016/j.physletb.
2012.08.020.

CMS Collaboration. Observation of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC. Phys. Lett. B, 716(1):30-61, September 2012. doi: 10.1016/j.
physletb.2012.08.021. URL http://dx.doi.org/10.1016/j.physletb.2012.08.021.

CMS Collaboration. Observation of a new boson with mass near 125 GeV in pp collisions at
\s =7 and 8 TeV. J. High Energy Phys., 2013(6), June 2013. doi: 10.1007/jhep06(2013)081.
URL http://dx.doi.org/10.1007/JHEP06(2013)081.

CMS Collaboration. A portrait of the higgs boson by the CMS experiment ten years after the
discovery. Nature, 607(7917):60-68, July 2022. doi: 10.1038/s41586-022-04892-x. URL
http://dx.doi.org/10.1038/s41586-022-04892-x.

Nina M. Coyle, Carlos E. M. Wagner, and Viska Wei. Bounding the charm yukawa coupling.
Phys. Rev. D, 100:073013, Oct 2019. doi: 10.1103/PhysRevD.100.073013. URL https:
//1link.aps.org/doi/10.1103/PhysRevD.100.073013.

CMS Collaboration. The CMS experiment at the CERN LHC. J. Instrum., 3(08):S08004—
S08004, August 2008. doi: 10.1088/1748-0221/3/08/S08004. URL https://doi.org/10.
1088/1748-0221/3/08/S08004.

CMS Collaboration. Search for the associated production of a higgs boson with a charm
quark in the diphoton decay channel in pp collisions at v/s = 13 tev, 2025. URL https:
//arxiv.org/abs/2503.08797.

CMS Collaboration. Search for yh production and constraints on the yukawa couplings of
light quarks to the higgs boson, 2025. URL https://arxiv.org/abs/2502.05665.

CMS Collaboration. Simultaneous probe of the charm and bottom quark yukawa couplings
using tth events, 2025. URL https://arxiv.org/abs/2509.22535.

CMS Collaboration. Search for higgs boson decay to a charm quark-antiquark pair in proton-
proton collisions at \/s = 12 tev. Physical Review Letters, 131(6), aug 2023. doi: 10.
1103/physrevlett.131.061801. URL http://dx.doi.org/10.1103/PhysRevLett.131.
061801.


http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://dx.doi.org/10.1007/JHEP06(2013)081
http://dx.doi.org/10.1038/s41586-022-04892-x
https://link.aps.org/doi/10.1103/PhysRevD.100.073013
https://link.aps.org/doi/10.1103/PhysRevD.100.073013
https://doi.org/10.1088/1748-0221/3/08/S08004
https://doi.org/10.1088/1748-0221/3/08/S08004
https://arxiv.org/abs/2503.08797
https://arxiv.org/abs/2503.08797
https://arxiv.org/abs/2502.05665
https://arxiv.org/abs/2509.22535
http://dx.doi.org/10.1103/PhysRevLett.131.061801
http://dx.doi.org/10.1103/PhysRevLett.131.061801

	Introduction
	Charm quark associated Higgs boson production
	Inclusive Higgs boson production in 4 final states
	Higgs boson decay to a pair of charm quarks in association with a pair of top quarks
	Conclusion

