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Jet cross-section ratios based on inclusive jet multiplicities are measured with the ATLAS exper-
iment at the Large Hadron Collider. The results are presented differentially in variables sensitive
to the event energy scale and to the angular distribution of hadronic energy flow in the final state.
Several updates to the jet energy scale calibration are described, leading to significant reductions
in the total experimental uncertainty. The measurements are compared with predictions from mul-
tiple Monte Carlo generators as well as state-of-the-art NLO and NNLO calculations, providing an
important reference for future developments in multijet QCD theory. In addition, the three-to-two
jet cross-section ratio offers valuable input for the extraction of the strong coupling constant.
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1. Introduction

The article presents the latest multijet QCD measurement of the jet cross-section ratios [1],
performed by the ATLAS experiment [2] at CERN’s LHC collider [3]. The analysis is based on the
full Run 2 dataset of proton—proton collisions at /s = 13 TeV, collected between 2015 and 2018
and corresponding to the integrated luminosity of 140 fb~!.

The measurement provides a set of double and triple-differential cross-sections in variables
sensitive to the event’s energy scale and angular properties, evaluated for different cuts on the
inclusive jet multiplicity Njes and the transverse momentum of the third jet pt3. Multi-differential
cross-sections in Njes bins enable the evaluation of jet cross-section ratios Rjj, defined as the ratio
of events with at least j jets to those with at least i jets (i < j):
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2. Precision update for Jet Energy Scale

The measurement benefits significantly from an improved Jet Energy Scale (JES) calibration,
referred to as the JES precision update, illustrated in Figure 1. The improvement arises from two
main components. The first component originates from the improved simulation-based technique for
the flavour response component of quark and gluon-initiated jets, where several state-of-the-art MC
generators were used and categorised into groups to evaluate the effect of Flavour generator/shower,
Flavour hadronisation, and Flavour shower. Such decomposition reduces the previously-leading
source of JES uncertainty to a negligible component in the low and middle jet pt regions. The
second component is improving the Single particle deconvolution [4, 5] by incorporating input data
from a new full Run 2 E/p measurement of hadronically decaying 7 leptons to high pr pions in
W — 1(— nv)v events [6], instead of relying on older test-beam data. This leads to a reduction of
the JES uncertainty by a factor of three above 2 TeV. Overall, the current JES precision reaches 1%
for jets above 100 GeV in pr.
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Figure 1: Overall JES uncertainty before (green) and after (black) the JES precision update, including the
effect of the dominant and investigated JES components of Flavour generator/shower, Flavour hadronisation,
Flavour shower, and Single particle deconvolution. Taken from Ref. [1].
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3. Jet cross-section ratio measurement

The multi-differential cross-sections are unfolded to particle level using D’Agostini method [7]
with four iterations to be compared with state-of-the-art MC generators as shown in a demonstrative
particular example of (Ht2, Njets, p1,3) in Figure 2, where no single MC describes data accurately
across all Hts and Nijes regions.
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Figure 2: The multi-differential cross-section in (Hr2, Njes, p1,3) at the particle level for the data and state-
of-the-art MC generators (a), together with the corresponding ratios to data in the individual Nje bins (b).
Both statistical and systematic uncertainties are included. Taken from Ref. [1].

The results of the differential cross-section are used to evaluate the jet cross-section ratios
according to Equation 1. The unfolded data for the R3; ratio are compared to theoretical predictions
based on NLOJET++ [8, 9], providing fixed-order NLO perturbative QCD prediction, and to the
improved NNLO calculations of Refs. [10—16]. All predictions employ the MSHT20 NNLO PDF
set and renormalization and factorization scale ug = up = Hr of all the partons in the final state.

Figure 3 shows R3; for several configurations of the third jet pt3 to investigate the effects of
resummation of missing logarithm in the theory. Even though the NNLO prediction includes some
fluctuations due to the computation methods, it proves a better theory to data ratio that highlights
the importance of higher matrix elements in theory.

In the first configuration, where pt3 > 60 GeV, the R3; ratio exhibits a rising trend as a function
of Ht,, consistent with the increased probability of third hard emissions (third jet) at higher energy
scales. In the second scenario, where the threshold is defined dynamically as pt3 > 0.1 X Hra,
the ratio grows steadily up to Hty ~ 600 GeV, then the ratio drops. This behaviour is attributed to
kinematic configurations at high Ht,, where the event topology becomes dominated by back-to-back
leading jets, and the third-leading jet is often collimated with one of them, potentially leading to jet
merging effects. In the third configuration, pt3 > 0.3 X Hry, the selection becomes increasingly
stringent at high Ht», and the R3; ratio decreases only as a result of the rapidly falling pt 3 spectrum.
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Figure 3: The jet cross-section ratio R3; is compared for unfolded data and theoretical predictions from
perturbative QCD at NLO and NNLO. The comparison is performed for three scenarios defined by different
thresholds on the transverse momentum of the third-leading jet: pt3 > 60 GeV (a), pr3 > 0.10 X Hr; (b),
and pt3 > 0.30 X Ht2 (c). Both statistical and systematic uncertainties contribute to the error band. Taken
from Ref. [1].

4. Conclusion

The jet cross-section ratios are measured for the first time in proton—proton collisions at the
centre-of-mass energy s = 13 TeV with the ATLAS detector at the LHC. The results provide a
sensitive test of modern QCD predictions, including both fixed-order perturbative calculations and
MC event generators. Observables sensitive to both the energy scale and the angular structure of
the final-state jets are explored, and different pt3 configurations allow for studies of resummation
effects. The R3; ratio offers valuable input for future determinations of the strong coupling constant
as, while higher jet multiplicity ratios, now experimentally accessible, provide important bench-
marks for QCD modelling and for advancing theoretical developments in the high-jet multiplicity
regime, where no precise predictions are yet available. The full dataset is publicly available through
HEPData [17] and Rivet [18].
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