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Recent results on inclusive jet production and production of a W boson
in association with a charm quark by the CMS Collaboration are presented
in this contribution. The impact of these measurements on proton PDFs is
also discussed.
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1. Introduction

The collinear factorization theorem allows us to separate long- and short-
distance contributions by the introduction of Parton Distribution Functions
(PDFs) which gives information about the intrinsic hadronic structure hence,
they are process independent. Current hadron colliders strongly rely on
PDFs, however they represent one of the main sources of uncertainty.

PDFs are usually extracted from experimental data (Deep Inelastic scat-
tering, Drell–Yan, jets, top quark, etc.) and nowadays there are several
state-of-the-art PDF sets which use different combinations of available data
in their QCD analyses. The CMS experiment has recorded large samples of
proton–proton collisions containing different processes directly sensitive to
the proton PDFs.

2. Inclusive jet production

Inclusive jet production has been extensively studied in the CMS [1] and
ATLAS [2] experiments. It provides direct access to the gluon distribution
of the proton. In a recent result [3], the CMS Collaboration has reported
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on a measurement of the inclusive jet production cross section in proton–
proton collisions at

√
s = 13 TeV. The data sample corresponds to 36.3

fb−1 (33.5 fb−1) recorded in 2016 for events with jets clustered with the
anti-kT algorithm (AK) with radius R = 0.4 (0.7). The inclusive jet double-
differential cross section is calculated and shown as a ratio to NLO+NLL
prediction with the CT14 PDF set, as in Fig. 1. The NLO+NLL predictions
obtained with alternative PDF sets are also displayed in Fig. 1. It is worth
to notice that neither ABMP 16 nor HERAPDF2.0 include jet measurements
and although predictions at low pT are similar, significant differences are
observed at high pT with these PDFs. These differences come from differ-
ences in the gluon distributions of the proton at a large value of x. The
impact of this measurement on the proton PDFs and the strong coupling
constant is investigated in a QCD analysis using the above-mentioned jet
cross section for R = 0.7 together with the DIS cross sections of HERA
[4]. In addition, the normalized triple-differential σtt̄ cross section [5] from
CMS is used. In a profiling analysis at NLO and NNLO, the impact of this
measurement is performed using the CT14 PDF sets derived at NLO and
NNLO respectively. As we can see from Fig. 2, the PDFs uncertainties
are significantly reduced in the gluon PDF in the full x range and medium
x range for the sea quark distribution. In addition to the PDF profiling,
the impact of the measurement on αS is investigated at NLO and NNLO
obtaining αS(mZ) = 0.1170 ± 0.0018 (PDF) ± 0.0035 (scale) at NLO and
αS(mZ) = 0.1130 ± 0.0016 (PDF) ± 0.0014 (scale) at NNLO. The NLO re-
sult is in good agreement with the world average [6].

Fig. 1. Double-differential jet cross sections as a function of jet pT and |y| for jets
clustered with R = 0.7. Plots taken from Ref. [3].

The profiling analysis is repeated by using the triple-differential CMS tt̄
cross section in Ref. [5] together with the inclusive jets result at NLO. As
we can see from the right plot in Fig. 2, the reduction in the gluon PDF is
stronger at high x compared with the result using only inclusive jets on the
left plot.
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Fig. 2. Fractional uncertainties in the gluon (left) and sea quark (middle) distribu-
tions as a function of x. The profiling is performed using CT14nlo PDF at NLO, by
using the CMS inclusive jet cross section at

√
s = 13 TeV. The profiling analysis is

repeated at NLO including triple-defferential CMS tt̄ cross section (right). Caption
plots taken from Ref. [3].

3. W boson in association with a charm quark

Associated production of a W boson and a charm (c) quark constitutes a
direct probe of the strange (s) PDF of the proton. At the LHC, this process
has been previously studied at

√
s = 7 and 13 TeV by the ATLAS [7] and

CMS [8, 9] collaborations, while CMS has recently reported on the first
results using 8 TeV data [10]. The data sample for this study corresponds
to an integrated luminosity of 19.7 pb−1 of proton–proton data collected
in 2012. The W boson is identified via its leptonic decay into an isolated
muon (µ) or electron (e), while c quark jets are tagged in two ways: (i) the
identification of a muon inside the jet coming from the semileptonic decay
of the c quark, and (ii) a secondary vertex from a charm hadron decay.

The W + c production is dominated by the partonic processes s̄g →
W+ + c̄ and sg → W− + c, then it is characterized by the opposite sign
(OS) of the electric charges of the W boson and the c quark. Since for most
of the background processes the probabilities of selecting an event with a
c quark and a W boson with the same sign (SS) and OS are the same,
then the subtraction of OS and SS distributions yields a clean subtraction
of backgrounds.

The measured inclusive cross section σ(W + c), the cross-section ratio
σ(W+ + c̄)/σ(W− + c), and theoretical predictions are shown in Fig. 3.
The measured σ(W + c) cross section is in agreement with theory, while the
cross-section ratio is larger than theoretical predictions but within two or
three standard deviations. Moreover, differential cross sections are obtained
as functions of the absolute value of pseudorapidity (ηℓ) and, for the first
time, the transverse momentum (pℓT) of the lepton coming from the decay
of the W boson, as shown in Fig. 4.
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Fig. 3. Theoretical predictions compared with the measured cross section (left) and
cross-section ratio (right). Plots taken from Ref. [10].

Fig. 4. Differential cross sections, dσ(W + c)/d|ηℓ| (left) and dσ(W + c)/dpℓT, com-
pared with theoretical predictions. Plots taken from Ref. [10].

The present measurement of the W + c cross section as a function of
|ηℓ| and for lepton pℓT > 30 GeV is used in a QCD analysis at NLO in
conjunction with the CMS measurements of W + c production at

√
s =

7 [8] and 13 TeV [9]. Also, the combination of the HERA inclusive deep
inelastic scattering cross sections [4] and the CMS measurements of the
lepton charge asymmetry in W boson production at

√
s = 7 and 8 TeV

[11, 12] are used. The impact of the W + c measurement at
√
s = 8 TeV

on the strange quark distribution xs(x, µ2
f ) and the strangeness suppression

factor Rs(x, µ
2
f ) = (s+ s̄)/(ū+ d̄) is obtained, as shown in Fig. 5, where

uncertainty reductions are clearly observed.
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Fig. 5. Comparison of the relative total uncertainties with and with no W + c

data at
√
s = 8 TeV for the strange quark distribution (left) and the strangeness

suppression factor (right). Plots taken from Ref. [10].

4. Summary

The CMS Collaboration has presented a measurement of the inclusive
jet production cross section in proton–proton collisions at

√
s = 13 TeV. The

sensitivity of this measurement to the proton PDFs and to the strong cou-
pling constant is assessed in a QCD analysis. The results show a significant
reduction of the gluon and sea quark PDFs uncertainties.

On the other hand, CMS has recently reported on results of W + c pro-
duction at

√
s = 8 TeV and the impact of this measurement on the strange

PDF of the proton, showing a significant reduction in the relative uncertain-
ties.
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