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1. Introduction

Jets are the long distance objects that are probes of quarks and gluons, as they are described in
the framework of perturbative quantum chromodynamics (pQCD). Jets are recorded in the detectors
as clustered streams of particles. pQCD becomes a powerful tool when utilizing the factorization
theorem, but it introduces some free parameters that can only be constrained by experiment such
as the coupling constant and the parton density functions (PDF). Furthermore, pQCD is only valid
as long as the asymptotic freedom assumption is valid.

LHC is a factory of jets that allows to study the validity of pQCD and constrain the free
parameters. Jets, in the LHC, are produced in a phase space that has never been explored before
thus the test whether the asymptotic freedom assumption is valid is one of the most significant tests.

Five CMS [1] measurements are presented in this proceeding. The measurement of the jet
charge in dijet events [2], the comparison of Z/γ∗+jets to γ+jets cross section [3], the inclusive jet
differential cross section [4], and the dijet azimuthal decorrelation [5] at

√
s = 8 TeV. Finally the

first measurement of the inclusive jet differential cross section at
√

s = 13 TeV [6] is presented.

2. The Measurements

CMS measured the jet charge observables in dijet events at 8 TeV [2]. The measurement is
performed differentially in the transverse momentum of the leading jet, pT , and compared with
predictions from Monte Carlo (MC) generators. The analysis used the jets where the leading and
subleading jets lie within |η | < 1.4, with pT,1 > 400 GeV and pT,2 > 100 GeV, where pT,i is the
transverse momentum of leading (i = 1) and subleading (i = 2) jet. The jet charge is defined as:

Qκ =
1

(pT )κ ∑
i

Qi(pi
T )

κ (2.1)

which is the sum over all charged particles within the jet with pT > 1 GeV and charge Qi ; κ is a
free parameter.

The left part of Fig. 1 shows the distribution of the leading jet charge compared to distributions
from simulated events where the jet initiated by an up quark, a down quark or a gluon. The right
part of Fig. 1 shows the unfolded distribution compared to PYTHIA 6 [7] and HERWIG++ [8] for
the pT bin 1000 < pT,1 < 1800 GeV. The comparison shows a good agreement between data and
simulations.

The differential cross sections of Z/γ∗+jets to γ+jets and the ratio between the two processes
has been studied in [3]. The measurement is performed in various kinematic regions, in this
proceeding it is presented the case where njets ≥ 1. Figure 2 shows the ratio (left) of the differential
cross sections of Z+jets over γ+jets. The right plot of Fig. 2 shows the comparison of theory
(BlackHat [9] and Madgraph [10]+PYTHIA 6) over data. It is shown that the ratio reaches a
plateu around pT ≈ 300 GeV where the mass of Z becomes less significant in the calculation.
Blackhat reproduces data within 10% while Madgraph overestimates data by ∼ 20%.

The measurement of the dijet azimuthal decorrelations between the two leading jets at 8 TeV
has been studied in [5]. This analysis measured the normalized differential cross section as a func-
tion of the azimuthal separation of the two leading jets (∆φdijet). The measurement is performed in
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Figure 1: Left: jet charge from data compared to u, d, and g distributions derived using PYTHIA 6. Right:
unfolded distribution from data compared to predictions from PYTHIA 6 and HERWIG++.
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Figure 2: Left: ratio of Z+jets over γ+jets as a function of the total transverse-momentum of the vector
bosons. Right: ratio of data to simulations, the error bars represent the statistical uncertainty while the grey
band around the data points the total uncertainty in the measurement.

seven bins of the leading jet transverse momentum (pmax
T ) up to 2.2 TeV. The dijet azimuthal decor-

relation probes effects arising by multijet events by measuring the ∆φdijet of the two leading jets.
Figure 3 shows on the left the data overlaid to theoretical predictions at LO and NLO calculated us-
ing NLOJet++[11, 12] within the fastNLO [13] framework. The right part of Fig. 3 shows the ratio
of various Monte Carlo generators matched to parton showers over data. The comparison between
Pythia6 TuneZ2*[14], Herwig++, Pythia8 CUETM1[15, 16], Madgraph5 + Pythia6 TuneZ2*, and
POWHEG[17, 18, 19] +Pythia8 CUETM1 shows that Madgraph gives the best description in the
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Figure 3: Left: normalised dijet cross section differential in ∆φdijet for seven pmax
T

regions, compared to LO
and NLO predictions using CT10 NLO PDF. Right: ratios of data to predictions from various MC generator,
for all pmax

T
regions.

The measurement of the double differential inclusive jet cross section in pT and |y| at 8 TeV [4]
is reported next. The measurement is performed as a function of pT in six rapidity bins of ∆|y|= 0.5
up to |y| = 3.0. Jets recorded in a range starting from 74 GeV up to 2.5 TeV. The measurement is
used to extract the strong coupling and study the PDFs of the proton. Figure 4 shows the ratio of
data to theory using various αs(MZ) values on the left and the impact of the CMS data on the gluon
PDF on the right. Theory was calculated using NLOJet++ with the CT10-NLO PDF set [20], and
is corrected for non-perurbative(NP) and electroweak(EWK) effects. It is shown that the inclusion
of the CMS data improves the uncertainties of the gluon PDF. Data from all rapidity bins were
combined to a χ2−fit and the strong coupling was found to be:

αs(MZ) = 0.1164+0.0014
−0.0015(exp)+0.0025

−0.0029(PDF)±0.0001(NP)+0.0053
−0.0028(scale). (2.2)

The running of the strong coupling has also been studied in the same analysis, it is shown in
Fig. 5. The asymptotic behaviour of the strong coupling seems to be valid up to Q∼ 1.5 TeV, which
is the maximum reachable from the dataset.

Finally the measurement of the double differential inclusive jet cross section in pT and |y| at 13
TeV [6] is reported. The analysis delivers two measurements where jets are reconstructed using the
anti-kt algorithm [21] with the distance parameter R, set at 0.4 and 0.7. The measurement recorded
jets with pT up to 2 TeV and |y| < 4.7. Left plot of Fig. 6 shows the data, reconstructed with
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Figure 4: Left: ratio of data over theory predictions for various αs(MZ) values in the range 0.112-0.127 in
steps of 0.001. Right: distribution of gluon as functions of x. The results of the fit to the HERA data and
inclusive jet measurements at 8 TeV (shaded band), and to HERA only (hatched band) are compared with
their total uncertainties.

R = 0.7, compared with predictions from NLOJet++, corrected with NP and EWK corrections.
Right plot of Fig. 6 shows the data, reconstructed with R = 0.4, compared with predictions from
POWHEG+PYTHIA8.

Figure 7 shows the ratios of data to NLOJet++(top) and the ratio to MC generators matched
to parton showers(bottom), using R = 0.4 (right) and R = 0.7 (left), for the rapidity bin |y|< 0.5.
Calculations using NLOJet++ are performed with various PDF sets, an overall good agreement is
found in the entire range of pT . Calculations with the MC generators show that leading-order gener-
ators exhibit significant discrepancies in absolute scale while the NLO generator POWHEG+PYTHIA8
agrees with data. Comparing predictions between NLOJet++ and POWHEG+PYTHIA8 it is ob-
served that the later gives equally good predictions for both cones while NLOJet++ overestimates
data by ∼ 5−10% when jets are clustered with R = 0.4.

3. Conclusions

This proceeding reported five measurements performed by the CMS collaboration with jets
and photons in the final state. Comparisons both from fixed-order calculations in pQCD and with
MC generators matched to parton showers were performed. The results from the first 13 TeV data
show that the available theoretical tools can describe experiment very well.
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