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1. Introduction

Measurements of multijet final states at the LHC provide precise tests of the perturbative Quan-
tum Chromodynamics (pQCD), the theory describing the strong interactions at short distance. In
particular, measurements of inclusive jet cross sections provide interesting inputs for the under-
standing of basic physics modelling features such as the parton shower or the hadronisation model.
Also measurements of the production of a W/Z electroweak vector boson in association with jets
(W/Z+jets) allow to gain a deeper understanding of pQCD and to test the currently available pre-
dictions. Moreover W/Z+jets production is a major background for Higgs-boson measurements,
and searches for new physics phenomena, therefore an accurate modelling of the data is needed to
constrain the uncertainties. At the LHC is also possible to study the scattering of massive vector
bosons (VBS), with two W/Z bosons and two well separated hadronic jets in the final state. Such
scattering is a crucial probe of electroweak symmetry breaking. In the Standard Model (SM), the
exchange of a Higgs boson ensures unitarity for this process. Many beyond-the-Standard Model
(BSM) theories predict enhancements in the VBS rate. VBS is a rare process, but as the LHC
experiments accumulate more data, the ability to use these data to constrain BSM theories will
depend on having reliable theoretical predictions with well understood systematic uncertainties.

In this contribution, the latest configurations for the Monte Carlo (MC) event generators used
by the ATLAS experiment [1] for the modelling of multijet, W/Z+jets and VBS processes at

√
s =

13 TeV are probed through the comparison with data. For all the studies comprised in this note,
jets are built using the anti-kt algorithm [2] with a clustering radius R = 0.4.

The contribution is organized as follows: Section 2 is dedicated to study of multijet processes,
Section 3 is focused on Z+jets processes, Section 4 describes the studies done on W±W±+jets.
Finally, Section 5 contains the summary and conclusions.

2. Multi-jet processes

ATLAS published the measurement of the inclusive jet cross sections with 3.2 fb−1 of data
in pp collisions at

√
s = 13 TeV [3]. Figure 1 shows a comparison of the prediction of the latest

MC generator configurations with the jet cross sections measured by ATLAS as a function of the
inclusive jet momentum pT for the two extreme bins of jet rapidity: 0<|y|<0.5 and 1.5 <|y|< 2.0.
The MC samples investigated are: two samples of dijet production at next-to-leading order (NLO)
generated using Herwig 7.1.3, the default angular-ordered parton shower is used for the first sample,
while a dipole shower is used for the second one; two samples generated using Sherpa 2.2.5 with the
matrix element of the 2→2 processes at LO accuracy, the first sample makes use of the dedicated
Sherpa AHADIC model for hadronization, based on cluster fragmentation ideas, for the second
one the Sherpa interface to the Lund string fragmentation model of Pythia 6.4 is used; a sample
generated with Pythia 8.230 with matrix elements of dijet production at LO interfaced to a pT-
ordered parton shower; a sample generated with MadGraph5_aMC@NLO interfaced with Pythia
8.212 (referred to as MG5_aMC@NLO + Py8.212) that has matrix elements computed at LO for up
to four final-state partons; a sample generated with Powheg interfaced with Pythia 8.230 (referred
to as Powheg + Py8.230) at NLO accuracy. All details on the MC configurations and relative
references as well as comparisons for all bins of jet y are provided in [4]. The comparison only
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accounts for the shape of the distributions, as the normalization of each prediction is scaled to the
integral of the data. The observation is that the angular-ordered parton showers in Herwig 7.1.3 give
the best description of the data for all rapidity ranges, the two Sherpa 2.2.5 samples, generated with
different hadronisation models, give also a very good description at forward rapidities, being very
similar for both models. It is also important to note that both Pythia 8.230 and MG5_aMC@NLO +
Py8.212 significantly differ from the data, predicting lower cross sections for high pT jets. Powheg
+ Pythia 8.230 behaves similarly to the Sherpa samples, deviating in the forward rapidity region.
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Figure 1: Inclusive jet cross sections as measured by ATLAS [3] as a function of the jet pT for two rapidity
bins. The vertical error bars include both statistical and systematic uncertainties. The lower panel shows the
ratio between each MC prediction and the data [4].

3. Z+jets

ATLAS published the measurement of the Z boson production in association with jets in a
fiducial phase-space as a function of several jet kinamatic observables with 3.2 fb−1 of data in pp
collisions at

√
s = 13 TeV [5]. Figure 2 shows the comparison of lastest predictions with data for the

inclusive and exclusive jet multiplicity distributions. The MC samples investigated are: a sample
generated with Sherpa 2.2, it uses the MEPS@NLO setup that is NLO-accurate for up to two extra
emissions and LO-accurate for up to four extra emissions; a MadGraph5_aMC@NLO sample with
showering and hadronisation performed by Pythia 8 (referred to as MG5 aMC + Py8 FxFx), that
has matrix elements for Z + 0, 1 and 2 partons to NLO accuracy; a sample genetared with Powheg
MiNLO + Pythia 8 (Py8), that produces NLO accuracy for boson production in association with
one jet. All details on the MC configurations and relative references as well as comparisons for
the differential cross sections as a function of the scalar jet-pT sum and the leading jet rapidity are
provided in [6]. In Figure 2 the measurement uncertainty is indicated by a grey band in the ratio
panels, while generator uncertainties have been estimated using Sherpa 2.2 and are indicated by
the orange band in the ratio panels. This theory uncertainty band is constructed from the statistical
uncertainty of the Sherpa predictions, the parton distribution function (PDF) uncertainties and the
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Figure 2: Predictions for the differential cross sections as a function of the inclusive (left) and the exclusive
(right) jet multiplicity. Z+jets cross sections as a function of the inclusive (left) and the exclusive (right)
jet multiplicity as measured by ATLAS [5]. The grey band indicates the size of the total measurement
uncertainty, while the orange band includes PDF and scale uncertainties estimated with Sherpa 2.2. The size
of the statistical uncertainty components are indicated by the size of the error bars [6].

uncertainties on the renormalisation and factorisation scales. Sherpa 2.2 starts to diverge from
the data, indicating too much activity in the parton shower. The MG5_aMC@NLO and Powheg
MiNLO + Py8 setups already begin to mismodel the data sooner, making them less attractive for
many new-physics searches where a good modelling of high multijet configurations is necessary.

4. W±W±+jets

The production of same-sign W -bosons in association with two jets (W±W± jj) is extremely
important at the LHC. For this process, with appropriate fiducial cuts on the dijet invariant mass
and the rapidity separation between the jets, it is possible to identify a kinematic region where
electroweak production, which includes VBS diagrams, dominates over strong production. Obser-
vation of W±W±jj electroweak production has been reported by the CMS Collaboration [8] and by
the ATLAS Collaboration [7] using data recorded at a center-of-mass energy of

√
s = 13 TeV. The

cross section measured by ATLAS is: σ f id = 2.91+0.51
−0.47 (stat.) ±0.27 (syst.) fb

Table 1 presents the fiducial cross sections for the several generator configurations in the fidu-
cial region defined by ATLAS Collaboration. The MC samples employed are: different samples
generated with MadGraph5_aMC@NLO (referred to as MG5_aMC) both for LO and NLO con-
figurations, showered with Pythia 8 (MG5_aMC + PY8), either with its default pT-ordered shower
settings or with a dipole-recoil scheme, or showered with Herwig 7 (MG5_aMC + H7), either with
the default angular-ordered model or the dipole-shower one; different POWHEG samples at NLO
accuracy showered with options similar to the ones adopted for MG5_aMC; three Sherpa samples
at LO accuracy: one sample with matrix element for up to 1 additional parton (SHERPA_LO-
1), one that includes one additional jet in the matrix element with respect to SHERPA_LO-1
(SHERPA_CKKW) and one with no additional partons (SHERPA_LO-0). SHERPA_LO-1 suf-
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Table 1: Fiducial cross sections for the process pp → ℓ±νℓ′±ν j j using the fiducial region defined in [7].
The uncertainties shown correspond to the estimated statistical uncertainty of the Monte Carlo samples.
For the POWHEG + PY8 and MG5aMC_NLO + H7 configurations, the scale uncertainty and the PDF
uncertainty are also shown [9].

fers from a non-optimal setting of the color flow setup for the parton shower on top of VBS-
like scattering processes, leading to an excess of central emissions from the parton shower [10].
SHERPA_CKKW thus corrects for the shape effects of this shower mismodelling, but leads to
significantly reduced predicted cross sections due to the large suppression from spuriously large
Sudakov factors. While the SHERPA_LO-0 sample is generated to facilitate comparison with
other generators. All details on the MC configurations and relative references are provided in [9].
For the NLO calculations, scale and PDF uncertainties are also provided. These uncertainties are
usually small under changes of configuration of the parton shower model and therefore are only
provided for one configuration of each NLO generator. Table 1 shows that the NLO MG5_aMC
cross section is about 10% higher than LO MG5_aMC. The difference in fiducial cross sections cal-
culated using the two NLO calculations (MG5_aMC and POWHEG) is about 10%, larger than the
uncertainty obtained by combining statistical, scale and PDF uncertainties. One possible source of
the observed difference between Powheg and MG5_aMC is the absence of the s-channel diagram
in the Powheg configuration. Changes in the choice of shower model for a given hard scattering
calculation (e.g. differences between Pythia 8, Herwig 7 and differences between dipole and an-
gular ordered shower) are at most of order 5%. SHERPA_CKKW predicts a cross section that
is 65% of the MG5_aMC cross section . The source of this discrepancy was discussed above.
SHERPA_LO-0 and SHERPA_LO-1 predict rates that are 83% and 89% of the MG5_aMC rate
respectively, indicating that the non-optimal color flow setup has a smaller effect on the LO con-
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figurations than for the CKKW merged case. POWHEG and MG5_aMC samples are in agreement
with data within the quite large data uncertaities, while Sherpa is below of about one σdata.

5. Conclusions

New event generator configurations for the modelling of jet production at
√

s = 13 TeV with
the ATLAS detector at the LHC have been presented. The predictions of multijet processes are
compared to a measurement of the inclusive jet spectrum, a good agreement among the different
predictions is found in the region which is dominated by the hard scattering matrix elements. Dif-
ferent variations are produced to estimate uncertainties stemming from the modelling of both the
perturbative and non-perturbative parts. Their impact on a few selected distributions is presented
and discussed. The baseline Monte Carlo simulation setup used currently by ATLAS to model
Z+jets has been described. Discrepancies of predictions with data and between different predic-
tions are highlighted. Finally predictions for electroweak scattering for same-sign W boson pairs
have been also presented and the impact of different choices has been discussed. All these studies
are of paramount importance for future tunings of MC generators at the LHC.
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