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Abstract

A precision measurement of jet cross sections in neutral currentidekgystic scatter-
ing for photon virtualities 5 < Q2 < 80 Ge\? and inelasticities @ < y < 0.6 is presented,
using data taken with the H1 detector at HERA, corresponding to an intdduaténosity
of 290 pb!. Double-diferential inclusive jet, dijet and trijet cross sections are measured
simultaneously and are presented as a function of jet transverse momepgemnables
and as a function of?2. Jet cross sections normalised to the inclusive neutral current DIS
cross section in the respecti@é-interval are also determined. Previous results of inclusive
jet cross sections in the range 150Q% < 15000 GeV are extended to low transverse jet
momenta 5 P‘ft < 7GeV. The data are compared to predictions from perturbative QCD
in next-to-leading order in the strong coupling, in approximate next-to4weldading or-
der and in full next-to-next-to-leading order. Using also the recentlyighdd H1 jet data
at high values of?, the strong coupling constaat(M>) is determined in next-to-leading
order.

To be submitted to EPJ C
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1 Introduction

Jet production in neutral current (NC) deep-inelastic scaug) (DIS) at HERA is an important
process to test the theory of strong interactions, whichescdbed by Quantum Chromody-
namics (QCD) [1-5]. In contrast to inclusive DIS, which givady indirect information on
the dynamics associated with the strong interaction, jediyetion in the Breit frame [6, 7] is
a process which always involves at least one strong vertes avBorn level and thus directly
probes QCD.

In the Breit frame, where the virtual photon and the protodid®lhead on, the Born level
contribution to DIS (figurel(a)) generates no transverse momentum. Significant tresesve
momentum of the outgoing partorf3;, can however be produced at leading order (LO) in the
strong couplinges by the photon-gluon-fusion process (figurg)) and the QCD Compton
process (figurel(c)). Photon-gluon fusion dominates jet production for thege of photon
virtualities accessible in this analysis55 Q? < 80 Ge\?, and provides direct sensitivity to
the gluon density function of the proton [8]. One of the daygs of the next-to-leading order
contribution is displayed in figur&(d), which also illustrates one of the leading-order diagga

of the trijet perturbative QCD (pQCD) calculation.

(d)

(b)

Figure 1: Deep-inelastiep scattering at dferent orders inrs: (a) Born contribution to inclusive NC
DIS (O(a?)), (b) photon-gluon fusion@(a3s)), (c) QCD Compton scattering)(aZ,s)) and (d) a
trijet proces(a2@2).

About 25 years after next-to-leading order correctionsetgjoduction cross sections in DIS
have been studied for the first time [9, 10], new predictiansext-to-next-to-leading order in
the strong coupling are now available for inclusive jet afdtgroduction in DIS [11] and
in hadron-hadron collisions [12]. These new theoreticalettgoments together with precise
measurements and greater kinematic reach of the data dlkowse of DIS jet cross sections
for precise studies of QCD.

Measurements of jet production in NC DIS at HERA were perfaibg the H1 Collabo-
ration [13-22] and the ZEUS Collaboration [23-29]. In thigp@anew double-dierential
measurements of inclusive jet, dijet and trijet cross sestiare presented. In addition nor-
malised jet cross sections are presented as the ratio ofges sections and inclusive NC
DIS cross sections measured in the sadeanges. In this analysis, the transverse momenta
of jets in the Breit frameP', are required to exceed 4GeV. Inclusive jets are measured
in the range & < F”Tet < 50GeV. Inclusive dijet cross sections are measured as a func

tion of the average transverse momentum of the two jets vlrniﬁahhighestP"Tet in an event,
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(Pr)2 = 1(PF" + P£%), in the range 5 (Pr), < 50 GeV, and trijet cross sections as a function

of (Pr)s = 3(PF™ + P + PF®) in the range 5 < (Pr)s < 40 GeV. Compared to previous
H1 jet cross section measurements in this kinematic don2@inthe overall uncertainty is re-
duced mainly due to the larger data set together with an imggrcalibration of the hadronic
energy [22, 30]. In addition new results on inclusive jetssreections at larger momentum
transfer, 150< Q? < 15000 GeV, with low transverse jet momenta of & PF' < 7 GeV are

presented. These cross sections extend the kinematic chageevious result [22].

The results are compared to pQCD predictions corrected fdrongation &ects. The pre-
dictions include next-to-leading order (NLO) calculagoi@1, 32], NLO calculations supple-
mented with two-loop threshold corrections (aNNLO) [33Harext-to-next-to-leading order
(NNLO) [11] calculations. The sensitivity to the strong pling constant at the mass of the
Z-boson,as(Mz), is studied in a fit of NLO predictions to the data. Togeth@&hvhe jet data
at highQ? [22], the data test the running af(u,) in the range of the renormalisation scale
between about 5 and 90 GeV.

This publication represents the first H1 analysis compfgterformed using the newly devel-
oped data preservation model [34]. Through a planned andndected programme, begun
shortly after the end of HERA data taking, all aspects of Hhdatalysis have been redevel-
oped into a framework suitable for continued use into the dexade and beyond [35, 36]. In
particular for this analysis, the continued ability to puod new Monte Carlo samples, including
full detector simulation, access archived trigger infatiormand documentation covering earlier
analyses and create working event displays has proved taubmlk This paper, therefore, also
represents a proof-of-concept of the H1 data preservatmaem

2 Experimental method

In the following section®.1 to 2.3 the analysis of jet cross sections in the rande 5 Q? <
80 Ge\/ is described. This kinematic range is denoted as ‘@Win contrast to the ‘high©®
regime, which is experimentally distinct by detecting thattered electron in @ierent detector
components. In secticdh4the phase space of the new low- and higheross sections is given,
and an extension of the higQ? inclusive jet cross sections [22] is described.

For the lowQ? analysis, the data sample was collected with the H1 dete¢tbiERA in the
years 2005 to 2007, where electron or positrbeams with an energy &. = 27.6 GeV col-
lided with protons of energ§, = 920 GeV, resulting in a centre-of-mass energys =
319 GeV. The integrated luminosity corresponds to 290.pb

1The term ‘electron’ is used in the following to refer to botearon and positron.



2.1 The H1 detector

A full description of the H1 detectércan be found elsewhere [37-40]. The essential detector
components used in the analysis are the Liquid Argon (LARQraaeter, the lead-scintillating
fibre calorimeter (SpaCal) and the inner tracking detectdise central tracking system and
the LAr calorimeter are surrounded by a superconductingngadl providing a uniform field

of 1.16 T inside the tracking volume, thus enabling the mesmmant of transverse momenta of
charged patrticles.

The central tracking system, covering°16 6 < 165, is located inside the LAr calorimeter.

It consists of drift and proportional chambers and is commglieted by a silicon vertex detector
covering the range 30< 6 < 150 [41]. The trajectories of charged particles are measured
with a transverse momentum resolutiorvgf. /Pt = 0.2%P/GeVa® 1.5%. The main tracking
devices for this analysis are the Central Jet Chamber (CJC) ar@kthiral (CST) and Backward
(BST) Silicon Tracker.

The LAr calorimeter, covering the polar angular range4d < 154 over the full azimuth [40],

is used in the analysis in the reconstruction of the hadrfina state. The LAr calorimeter
consists of an electromagnetic section made of lead alrsosbd a hadronic section with steel
absorbers, with both sections equipped with highly segetar@adout cells in the transverse and
longitudinal directions. The energy resolutionois/E = 11%/ VE/GeV & 1% for electrons
andoe/E ~ 50%/ VE/GeV® 3% for pions [42, 43].

The lead-scintillating fibre calorimeter (SpaCal) [39] cavthe region 153< 6 < 177.5° with

its electromagnetic and hadronic sections. The calorinmistased to measure the scattered
electron and hadronic energy in the backward region. Theggmesolution for electrons in
the electromagnetic section is:/E = 7.1%/ V(E/GeV) & 1%, as determined in test beam
measurements [40, 44]. The SpaCal also provides energy meebfi-flight information used
for triggering purposes. The Backward Proportional ChamB®&Q) in front of the SpaCal
assists the measurement of the electron scattering angle.

The luminosity is determined by measuring the event raté#Bethe-Heitler process of QED
bremsstrahlungep — epy, where the photon is detected in a calorimeter close to tlaenbe
pipe atz = —103m. The overall normalisation is determined using a pregimeasurement
of the QED Compton process with the electron and the photoectist in the SpaCal [45]
(e+p—e+y+p).

2.2 Event selection

The data sample of this analysis is obtained by reconstigithie scattered lepton, defined as
the most energetic compact deposit (cluster) in the SpaGtd,am energyEe > 105GeV.
The cluster is required to be well contained within the ataepe of the SpaCal with a radial
distanceR; s from the beam axis of 12 < R,y;s < 75 cm. The energy weighted cluster radius is
required to be less than 4 cm, and the energy deposit assttiethe cluster in the hadronic part

2The H1 detector uses a right-handed coordinate systemhvigidefined such that the positizeaxis points
in the direction of the proton beam (also called ‘forwarcedtion’) and the nominal interaction point is located at
z=0cm. The polar angleis defined with respect to this axis. The pseudorapidity isdd asy = — Intan/2).
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must not exceed 0.5 GeV, both cuts following the expectationan electromagnetic shower.
The event vertex position is obtained from tracks recorstaiin the tracking detectors [46].
Its longitudinal position is restricted to the rang85 < z,, < 35cm.

The polar angle of the scattered electéanis determined from hits in the BPC, if these are
associated with the SpaCal cluster [47] anB fs > 20 cm, otherwise from the aligned SpaCal
position [45]. The four-vector of the scattered lepton ikgkated from the event vertex posi-
tion, the hit position in the BPC or SpaCal and the measuredygnerthe SpaCal, assuming
the charge to be equal to the beam charge [45]. Four-vectdnadronic final state (HFS)
objects are formed from tracker and calorimeter measursramiding double-counting of
energy [48,49].

The events are collected using time-dependent triggeritonsl. The selection is based on the
detection of a compact cluster in the SpaCal. This condigdully efficient in the years 2006—
2007 for both the selection of inclusive NC DIS events andN@r DIS events with jets. For
the year 2005, this condition is not available in the lo@8range of abou@? < 25 Ge\?, and
instead a mix of triggers is used. At lowéF, in addition to the SpaCal cluster a trigger signal
originating from the hadronic final state, either in the kexcor in the LAr is required [50-52].
Events triggered by the LAr calorimeter alone are also aeceplhis strategy is fullyfécient
for NC DIS events with jets, but has some fii@ency for the inclusive NC DIS selection.
For this reason, the data samples for 2005 and 2006—2007sadeta measure the jet cross
sections, whereas only the data of 2006—2007 are used fordlusive NC DIS measurement,
in order to obtain normalised the jet cross sections. Tha fdain the year 2005 correspond to
an integrated luminosity of 106 ph

The total longitudinal energy balance, determined as tfierdnce of the total enerdy,; and
the longitudinal component of the total momentéy,, calculated from all detected particles
(HFS objects and the scattered electron) is restricted t6< 35y — P.iot < 65GeV. In a
perfect detector without longitudinal energy loss the diyark,,; — P IS equal to twice the
electron beam energy, and this requirement thus reducégyfoamd from photoproduction
events Q° — 0Ge\?), where the scattered lepton remains undetected at snipdisarEvents
with significant initial state radiation are also removed.

Cosmic muon and beam induced backgrounds are reduced toigilnleglevel after the ap-
plication of dedicated background finder algorithms. A egstof scintillators upstream and
downstream of the interaction point and the SpaCal provige-wf-flight information to re-
ject particles from norep background at trigger level. The resulting vetofti@encies are
about 08 % and are corrected for by applying time-dependent weightse data. Background
from QED Compton processes is suppressed using a topolagitalgainst events with two
azimuthally back-to-back electromagnetic clusters retrocted in the SpaCal [47].

The NC DIS kinematical variables are reconstructed fromfthie-momenta of the scattered
electrone’ and the hadronic final state particles using ¢ ISigma’) method [53] as

Yichad Ei — Piz)

 YicnadEi — Pi2) + E¢(1 - cosfy) ’ @)

y

2 _ E2 sir’ 0 and x— E¢ cof(6e/2)

, 2
l1-y Ep y @)



where the sun};.aqruns over all reconstructed HFS objects. This reconstrngs insensitive

to initial state QED radiationfd the electron beam, since the beam energies do not enter the
calculation ofQ? andy. The energy of photons radiated collinearly to the scattégpton is
contained in the measured cluster energy. The resultinigtnael correction factors are close to
unity.

The kinematic region for the NC DIS event selection is defing®0 < Q? < 120 GeV and
0.08 <y < 0.7, which is larger than the final phase space of the crosossdti order to control
migrations in the variable®? andy. After this event selection, 24 million events are kept for
further analysis.

2.3 Reconstruction of jets

In the selected NC DIS event sample, jets are constructed fine@ HFS objects in the Breit
frame. The Breit frame is defined b2 + 8 — &€ = 0, with P being the momentum of the
beam protong the momentum of the scattered electrems given in equatiofl, andg is the
momentum of the incoming electron. In order to account fdlirear initial state radiation,
the zcomponent of the incoming electron momentum in the lalooyaframe is calculated as
€ =—-Ee= _(Etot - I:)z,tot)/z-

The objects of the hadronic final state are clustered insajging the inclusivir algorithm with
the masslesB; recombination scheme and with the distance paranieted as implemented
in the FastJet package [54, 55]. Monte Carlo studies inditetithis choice of the distance
parameter ensures that the hadronisation correctiond@se © one and that there is a good
correspondence of jets reconstructed before and afterdtextdr simulation. Jets are also
selected within an extended range, compared to the measntghase space, in transverse
momentum in the Breit framé?'Tet > 3 GeV, and the pseudorapidity of these jets, when boosted
to the laboratory frame, is required to fulfill.5 < 75, < 2.75. The transverse momentum of
these jets in the laboratory frame is required to exd@ﬁfg3 > 2.5GeV, in order to remove jets
which are not well measured. The ffieiency of this requirement is small and is corrected for.
The jet with highesP¥" is referred to as the leading jet.

2.4 Phase space of cross section measurements

The NC DIS and the jet phase space described for the evemtieal@nd data correction of
the low-Q? analysis refers to an ‘extended phase space’ compared tm#asurement phase
space’ of the given cross sections. Extending the eventtsmieto a larger phase space helps
to describe migrations at the phase space boundaries, andttbilises the measurement and
the determination of the uncertainties. The relevant questre summarised in table

The final cross sections for jet production are measuredarNii DIS phase space given by
55 < Q%> < 80GeV and 02 < y < 0.6. To ensure that the jets are well contained in the LAr

calorimeter, they are required to have:0 < 7 < 2.5 andP%' > 4.0 GeV.

Cross sections for inclusive jet production are defined byting all jets in a given event within
thenls,-range and & < P < 50 GeV. Cross sections f& > 50 GeV cannot be determined
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Extended analysis Measurement High-Q?

phase space phase space phase space
Application Used for event Phase space of Measurement phase
selection and unfolding jet cross sections space of additional

high-Q? inclusive jets
NC DIS phase spacd 3 < Q? < 120 GeV 55< Q% <80GeV | 150< Q? < 15000 GeV

0.08<y<07 02<y<06 02<y<0.7
Phase space commgn 15 < o <275 -10< <25 ~10<7% <25
for all jets P> 3Gev P> 4Gev
Inclusive jet P > 3Gev 45 < P < 50 GeV 5< P <7GeV
Dijet Niet > 2 Niet > 2

(Pr)2 > 3GeV 5< (Pr); < 50 GeV
Trijet Niet > 3 Niet > 3

(P1)s > 3GeV 55 < (Pr)s < 40 GeV

Table 1: Summary of the measurement phase space of the jet cross santidhge extended analysis
phase space of the lo®? analysis, and the cross section phase space of the additionaRidata.

reliably due to small event counts.

Dijet events are defined by requiring at least two jets pgdsia above criteria and are measured
as a function of Pr), in the range ® < (P1), < 50 GeV. Trijet events are defined by requiring
at least three jets and are measured as a functioR;0% in the range B < (Pr)s < 40 GeV.
The lower bounds okPr),3 are set to the peak-region of tkEr), 3 distributions in the ex-
tended phase space in order to reduce the dependence oquiremeent ofP'Tet > 4GeV. This

asymmetry between the bound B&ﬁt and the bound oKPr), 3 furthermore removes infrared
sensitive parts of the phase space and thus secures gtatiifie pQCD calculations [11,56,57].

In order to reduce limitations of the theory at lower scadeg, from dfects of the heavy-quark
masses or higher twisttects, the phase space may be restricted for phenomendlagaigses.
For this purpose, the dijet and trijet bin boundaries aresehesuch that only few percent of the
events abovéPr), = 7 GeV or(Pr); = 8 GeV contain jets WitFP'TEt < 5GeV which contribute
to the measured observable.

Cross sections for jet production in NC DIS at high value€bffrom data of a similar data
taking period as for the lov@?> sample, where the scattered electron is identified in the LAr
calorimeter, have already been published earlier [22]. NGd®IS kinematic region was defined
as 150< @Q? < 15000GeV and 02 < y < 0.7, and jets were measured in the range 6f 7
P‘ft < 50 GeV. These measurements were performed using a regdangolding procedure
with data taken in an extended phase space. Migrationsdeutise measurement phase space
were controlled by measuring additional columns in the atign matrix. The migration matrix

of the inclusive jet measurement contained side-birs B < 5GeV and 5< PF' < 7GeV

of the extended phase space. With the improved understantithe Iow-P'Tet region as already
used in earlier works [58, 59], the measurement phase spadd be slightly extended, and
cross section measurements for ' < 7 GeV as a function of? are provided.



Throughout this articld®r denotes the observablé%ft, (P1)2 or (Pr)s for the inclusive jet,
dijet or trijet measurement. Jet cross sections are derageédbsolute’, to make clear they
are not normalised to NC DIS data. Here ffdrential’ cross sections are bin-integrated cross
sections obtained in adjacent phase space regions (‘bi$absolute jet cross section values
are obtained in units of pb for given kinematic ranges.

3 Monte Carlo simulations

The experimental data are corrected ffieets of limited detector acceptance and resolution in
order to extract the cross sections at hadron level. Theohaddvel of the Monte Carlo (MC)
generator refers to all stable particles in an event withop@r lifetime larger thaor > 10 mm.
The codficients for this unfolding process are obtained from sinedaXlC DIS events. The
generated NC DIS events are passed through a detailed sionutd the H1 detector and are
subjected to the same reconstruction and analysis chaeatata.

Two Monte Carlo generators are used to model NC DIS eventk,ibgilementing Born-level
matrix elements for the NC DIS, boson-gluon fusion and QCD Gompprocesses: Djan-
goh [60], which uses the Color Dipole Model as implementediiadne [61] for higher order
emissions, and Rapgap [62], which simulates parton showetisei leading-logarithmic ap-
proximation. The hadronisation process is modelled in potgrams with the Lund string
fragmentation model [63, 64] using the ALEPH tune [65]. ThEDeffects on the leptonic
tensor are simulated in both event generators using thecldsrprogram [66].

The dfects of QED radiation, QED vertex corrections and self-giesrof the lepton lines, but
not the running ofr(Q?), are corrected for using bin-wise correction factors walted from
generated events with these QEfPeets switched on orfbin Heracles. In the generated events
including QED radiation, which are also used for the unfaiglithe kinematics is calculated by
merging the photon which is radiated the final state electron with this electron. The size of
the resulting correction factors is 1.01 for NC DIS and ranfyem 1.00 to 1.09 for inclusive
jet, 0.96 to 1.12 for dijet and 1.01 to 1.08 for trijet crosstgms.

To improve the reliability of the unfolding, the MC eventsaxeighted to give a reasonable
description of the data on detector level. Weights are detexd from observables on detector
level for each MC model and applied to the respective hadewel lquantities. The weights
are calculated from a linear interpolation of values ol#difrom two-dimensional histograms
in order to have smooth functions. The procedure is repeatedarious jet and NC DIS
observables, and weights are applied to all generated M@t®ve

The purity defined as the fraction of events reconstructeadhim that originate from that bin
on hadron level, is found to be around 70 % for the inclusive DIS measurement, while
the acceptance, defined as the fraction of events recotesdrirca bin to the number of events
generated in that bin, is around 80 %. The lowest and higbesanges have somewhat reduced
acceptances of about 60 % and 70 %, respectively, due to ta@ebgeometry. The purity of
the double-dterential jet measurements is typically around 40 to 45 %. drovalues of 35 %
are observed at the loweBt bin.

The distributions of the NC DIS kinematic of the weighted and-weighted MC generators are
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compared to data in figur2 The generators Rapgap and Djangoh provide a good desariptio
of the NC DIS quantities, but both generators hav@dlilties describing accurately all jet
observables prior to reweighting, in particular at lowelues of Q? or at higher values oP'*',

as well as for events with several jets. This is illustratadifstance in figuré&, which shows
the jet multiplicity, defined inclusively, and the distriimn of the jet transverse momenta. The
non-weighted Rapgap event generator has in particulargmubto describe the jet multiplicity
and also predicts too few jets, whereas the overall shapiesed?‘ﬁt-distribution IS reasonably
well modelled. In contrast, the non-weighted Djangoh p&ain has too few jets at low values
of P, and overshoots the data at high value$fsignificantly. The distributions ofPr),
and(Pr)3 for a dijet and trijet event selection, corresponding tortreasurement phase space
on detector level, are displayed in figuteDjangoh fails to describe these whereas Rapgap is
off in normalisation, but gives a reasonable description otiepe.

Simulations from Pythia [67] are used to estimate backgiaamtributions from the photopro-
duction regime withQ? < 2 Ge\?, where a hadron is misidentified as the scattered electron.
The normalisation of these events is determined from anteaznple where the contribution
from photoproduction is enriched. This normalisation dacif 1.3 is validated with two alter-
native methods, one which reconstructs and make use of trgelof the scattered electron
candidate, and one which uses data from the Photon and @&ietagger of the luminosity
system [37,68]. The methods agree within 50%. This valu@kert as the normalisation
uncertainty on this background.

4 Unfolding

The measured jet data are corrected fée@s of detector acceptanc#j@ency and resolution
using a regularised unfolding as implemented in the TUnfpalckage [69]. A detector response
matrix A, with elementsy; expressing the probability for an observable originatmthie gen-
erated MC sample from an interviato be measured in an intervglis determined using the
average of the reweighted Djangoh and Rapgap MC simulatibascounts for migration ef-
fects and #iciencies. Migrations from the ‘extended analysis phaseesjia the ‘measurement
phase space’, are included via additional rows and columtigeidetector response matrix. The
solution of the hadron level distributioxin the folding equatiory = Ax, wherey is the de-
tector level distribution and is the detector response matrix, is given by minimisingthe
expression

X% = (Y= ATV HY = AX) + 75(x = X0) (L L) (X~ Xo) , 3
whereV, is the covariance matrix on detector level, and the secanditea regularisation term
to suppress fluctuations of the result. The malrigontains the regularisation condition and
Is set to unity, and the bias vectry represents the hadron level distribution of the MC model.
The regularisation parameteiis a free parameter and is set to a small vatue, 10-%, where
no significant dependence of the resultstoare observed. The hadron level distributiors
calculated as the stationary point of equatiend thus given by

x=(ATV'A+ LA ATV, Yy (4)

The detector response matwxis derived from another matrid [69], called migration matrix
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throughout this article. Here the matiik is constructed from the observables of the inclusive
NC DIS, the inclusive jet, the dijet and the trijet measuratasimultaneously. The matrix,

is constructed from data and takes into account statistimaklations between the NC DIS,
inclusive jet, dijet and trijet measurements. For examal#jjet event may create entries for
each jet in inclusive jet bins and in addition entries in éhbéns corresponding to the NC DIS,
dijet and trijet measurements, respectively. Such everslpte the correspondingfaliagonal
elements of the matriy,.

The sub-matrix describing the inclusive NC DIS migratioasonstructed from the observ-
ablesQ? andy. The sub-matrix of the dijet measurement is constructech froigrations in
(Pr)2, Q%,y. Migrations of dijet events found in the analysis phase sgatended ims;, PF%,
(Pr)2, Q? andy are considered as additional side-bins. The sub-matrixedfitjet measurement
considers migrations itPr)3, Q* andy. Trijet events found in the extended phase space, i.e.
by successively enlarging the measurement phase space varihbless, PF“ and P*® are
considered as additional side-bins. The sub-matriceshirtclusive NC DIS, dijet and trijet
measurements are constructed from single entries for e&bwdnt. For the inclusive jet mea-
surement a jet matching between the detector and hadrohisgeerformed in the laboratory
frame, applying a closest pair algorithm with a distancéame R*> = (A Igf))z + (Aqb’lzf)), and the
maximum distance is set ®= 0.9.

The bins of the migration matrix are arranged similarly tosh in reference [22]. The main
differences are described in the following. In contrast to tladyais in reference [22], the phase
space of the dijets and trijets is not constrained by a cuthewlijet mass. Therefore there is one
variable less for which migrations have to be consideredfasisdllows to choose a finer binning
in the remaining variables. The migrations into the phaseesgromy > 0.6 are considered as
one column in the matrix and are constrained by data measutieelrange b < y < 0.7. Large
negative correlations between neighbouring bins of theldetl cross sections are minimised
by using two bins on hadron level IPlft, (Pt)> or (Pt)3, which later are combined to obtain
the final cross section bin. In case of inclusive jets, twaslare also combined uﬁ) The
QED correction factors (see secti@nare determined as bin-wise correction factors after the
unfolding.

The entries representing the NC DIS measurement in the caath andVy, as well as the
measurement vecty; do not include events from the year 2005. In order to accturthis
excluded event sample, the events of the years 2006 and 2fi@ih @n additional weight
factor for the NC DIS entries, whereas the entries of the jeasurements remain utected
(see sectioR.2?).

The resulting migration matrix has a size of 3381 times 12&@Mnents, and the matri¥,
consists of 12 300 times 12 300 elements. For the final crat®ae, 320 unfolded values are
used. For the final inclusive jet cross sections, 168 untbigdues are used to calculate the 48
data points. For the dijet and trijet cross sections, 88 @&drfolded values are used to obtain
the 48 and 32 data points, respectively.
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5 Definition of the cross sections

The jet cross sections presented are hadron level crogsrsecbrrected for radiative QED
effects. The cross section in hims defined as

dn_unfolded
wherenlded s the sum of the unfolded number of events in bicelculated as the sum of
unfolded values as defined in section, andc® denotes the correction for QED radiative
effects. The data correspond to an integrated luminosit§ ef290 pb*, where about one half
of the data was taken with electron beams, otherwise withirpas.

The simultaneous unfolding of the inclusive NC DIS measwmeitogether with the jet mea-

surements, respecting all statistical correlationswaléor the determination of jet cross sec-
tions normalised to the inclusive NC DIS cross section. Naised jet cross sections are de-
fined as the ratio of the doublefféirential absolute jet cross section to the NC DIS cross@ecti
in the respectiv&)*-bin i:

norm Ui

o= e (6)
e

The covariance matrix of the statistical uncertaintiesatetmined taking the statistical corre-

lations between NC DIS and the jet measurements into accdinet systematic experimental

uncertainties are correlated between the NC DIS and thegasorements. Consequently, the

systematic uncertainties cancel to some extent.

6 Experimental uncertainties

Statistical uncertainties?™®, are determined on detector level and are propagated thritwag
unfolding equations. The statistical covariance majncludes all correlations of the inclu-
sive jet data and between theéfdrent observables.

The following systematic uncertainties are estimated bgrda@ning alternative migration ma-
trices, i.e. by varying the detector response in the sinaratby one standard deviation (re-
ported as ‘up’ and ‘down’ variations where appropriate) afte uncertainty described below:

e The energy of the scattered lepton is measured with a poea$i0.5 % in the SpaCal [70],
which defines the electron energy uncertainky,

e The azimuthal angle of the scattered lepton is measuredaytkcision of 0.5 mrad [70],
which defines the electron angle uncertaiaty,

e The calibration procedure for HFS objects [22, 30] resultsvio independent uncertainty
contributions: the ‘jet energy scale uncertainty’ (JEB5?, for HFS objects contained in
a laboratory jet with high transverse momentum, and theaiamg cluster energy scale’
(RCES) for the remaining cluster&?“ES. Both uncertainties are determined by varying
the energy of the HFS object by 1% [22]. The JES uncertaintlydeminant uncertainty
at high values oPr, and the RCES uncertainty is sizeable at low valueBof
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e The model uncertainty™! accounts for uncertainties in the simulation of events and
the resulting changes in the unfolding. The model uncestagdefined as the tfierence
between the nominal result and the result obtained usingnigeation matrix from the
reweighted Rapgap or the reweighted Djangoh predictiorrsealo

e The reweighting uncertaintyg™°9RW  accounts for changes of the result due to the
weighting of the simulations to data. Thredfdrent sets of weighting constants are
determined: Two sets with only few weights, where one is $eclion more exclusive

jet quantities, like e.gP" or 5, of the leading, sub-leading or third jet in an event, and

the other focused on more inclusive jet quantities like tivaiiant masv;, of the two
leading jets oKPr), and(Pr)3. The nominal set of weights contains a mixture of both
and there are altogether sixteen 2D reweighting functidhs.reweighting uncertainty is
then defined as thefiierence of the nominal set to one of the alternative sets.gibm

other alternative set leads to very similar uncertainties.

The uncertainty on the cross sections is obtained by praiagidhe diference to the nominal
response matriA to the hadron level in equatich This calculation is performed with sim-
ulated events in order to avoid fluctuations caused by thigddhdata statistics. The quoted
relative uncertainties are obtained by dividing the est@tiabsolute uncertainties by the data
Cross sections.

The following additional systematic uncertainties aretfar assigned to the jet cross section
without having to alter the response matrix:

e The uncertainty of the luminosity measurement and the dveoamalisation is known
with a precision of 2.5 % [45] (denoted a¥%™), which includes a 1.5 % normalisation
uncertainty on each data taking period [45, 71]. The lattezeutainty does not fully
cancel for normalised jet cross sections, and thus the risedget cross sections obtain
a luminosity uncertainty of 0.8 %.

e A correlated uncertainty due to the algorithm to suppressteinic noise in the LAr is
found to change by 0.5 % the inclusive jet, by 0.6 % the dijeklay0.9 % the trijet cross
sections [22] (denoted @& ™No'se),

e An uncorrelated uncertainty of 1% is assigned to each datd pwaccount for various
smaller sources of uncertainties, such as the momentunutiesoof the electron, un-
certainties introduced due to combining of cluster ancktraformation, indficiencies of
SpaCal clusters or e.g. uncertainties on the track or veeonistruction.

e The uncertainty on the QED radiative correctiofi¥, based on Heracles, is estimated as
half of the diference between the correction factors obtained with DjarggdRapgap.
The statistical uncertainty on that correction factor hescup to 5% for highPr data
points and is added quadratically to obtain the quoted waladed uncertainties.

The analysis also takes into account:

e The normalisation uncertainty on the background eventsefisas their statistical uncer-
tainty, are added to the covariance matrix prior to the whifg). The resulting statistical
and normalisation uncertainty of the background is founibdet@maller than 0.1 % and is
not included in the results.
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e The estimated statistical uncertainty of the MC simulai¢'“s'®) on the elements;;
of the detector response matrix are propagated to the ceotierss [69] and are typically
around one third of the data statistical uncertainty. Tfiece of statistical correlations
of an element; with another elemendy;, similar to the &ect giving rise to the -
diagonal elements in the matri,, is neglected in this analysis. Given that the MC
statistical uncertainty, when neglecting thefeds, is only one third of the data statistical
uncertainty, thefect is expected to be small.

The calculation of the statistical uncertainty of the ndis®al jet cross sections takes the statis-
tical correlations between the jet observable and the NCrid¢&surement into account. Sys-
tematic uncertainties of normalised jet cross sectionsai@ilated separately for each source,
where numerator and denominator are taken to be fully cige!

The quadratic sum of all experimental uncertainties is tihas systematic uncertaini§s,
where uncertainties of the same sign are summed up in ordatdolate the ‘plus’ and ‘minus’
variations.

The jet cross sections measured at higher valu€g afe statistically independent of the |0@#
data points, discussed above. For a common analysis oféhetal highQ? jet measurements,
the uncertainties on the reconstruction of the scatterptbheare uncorrelated between the
two kinematic regimes, sinceftierent detectors were used for the lepton reconstructioe. Th
uncertainties on the reconstruction of jets are taken tobelated.

For the calculation of the covariance matrix of the expentakuncertainties, the normalisation,
the LAr noise, and uncertainties on the electron reconstru@re taken as correlated between
the data points. Uncertainties on the cross sections dugetdC models as well as the jet
energy scale uncertainties are divided into two equallggsizomponents where one part is
treated as correlated and the other as uncorrelated. Tirstistd uncertainty of the MC models,
the uncorrelated uncertainty of 1 % and the uncertainty errdkiative corrections are treated
as uncorrelated for the calculation of the covariance matri

7 QCD calculations

The absolute and normalised jet cross sections are comfuatieeloretical predictions in next-
to-leading order (NLO), approximate next-to-next-toelea order (aNNLO) and full NNLO

in pQCD. The pQCD calculations are corrected for hadronisaditects by applying multi-
plicative bin-wise hadronisation correction factors. Malised jet cross section predictions are
calculated by dividing predictions for jet cross sectiamshie numerator by inclusive NC DIS
cross sections in the denominator. QED radiation is notiohedl in the theoretical predictions,
but the running of the electromagnetic coupling [72, 73JVv@¢ is taken into account.

The diferent theoretical calculations are summarised in talaled are explained in the follow-
ing:

3Whenever an uncertainty is split up into a correlated and wakded part, the quadratic sum of those two
yield the initial value of the uncertainty.
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Predictions NLO aNNLO NNLO

Program for jet cross sections nlojet++ JetViP NNLOJET
pQCD order NLO approximate NNLO NNLO
Calculation detail Dipole subtraction Phase space slicing Antenna subtractio

NNLO contributions
from unified threshold
resummation formalism

Program for NC DIS QCDNUM APFEL APFEL

Heavy quark scheme ZM-VENS FONLL-C FONLL-C
Order NLO NNLO NNLO

PDF set NNPDF3.0_NLO NNPDF3.0_NNLO NNPDF3.0_NNLO
as(Mz) 0.118 0.118 0.118
Hadronisation corrections Djangoh and Rapgap

Available for

(Normalised) Inclusive jet v v v
(Normalised) Dijet v v v
(Normalised) Trijet v

Table 2: Summary of the theory predictions for the normalised jet cross sgctio

e Predictions for jet cross sections in NLO are obtained u#iiregprogram nlojet+ [31,
32, 74]. The matrix elements are calculated in M8 scheme for five massless quark
flavours. The calculations are interfaced to FastNLO [7barfl a value of the strong
coupling constant ofs(M;) = 0.118 and the PDF set NNPDF3.[F8] is used. The PDF
set NNPDF3.0 was chosen, because for its determinatioidseimclusive DIS data, jet
production data from the LHC [85—-87] and the Tevatron [83-v@€re used.

Predictions for inclusive jet and dijet cross sections ipragimate next-to-next-to-leading
order, applying the unified threshold resummation fornmali83], are obtained using the
program JetViP [57,91-94]. The approximation is expecbegigree with exact calcula-
tions at very large jet transverse momenta.

Predictions in full next-to-next-to-leading order pQCD (NM) are obtained using the
program NNLOJET [11, 95] for inclusive jet and dijet prodoct, where the infrared and
collinear singularities are cancelled using the antenb&raction formalism [96—-99].

In order to account for small numericafidrences of dierent fixed order predictions for
jet cross sections, originating fronffects such as limited statistical precisiorffeliences
in the subtraction scheme, or small numericdfadtences of input constants [56], the
aNNLO and NNLO cross sections presented here are calcudatediltiplicative correc-
tions to the NLO predictions obtained from nlojet. This procedure is only of relevance
for the JetVip predictions at high valuesf".

e For inclusive NC DIS cross sections in NLO the program QCDNUM(] with the

4The LHAPDF [77] PDF set ‘NNPDF30 nlo_as 0118 is used for QNlcalculations and the set

‘NNPDF30_nnlo_as_0118’ for aNNLO and NNLO calculations.
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zero-mass variable-flavour-number scheme (ZM-VFNS) [1i6l)sed. The PDF set
NNPDF3.0 andrs(Mz) = 0.118.

e For inclusive NC DIS cross sections in NNLO the program APHED2, 103] with the
FONLL-C heavy quark scheme [104] is used. These inclusiveIN® cross sections
are calculated as in the NNPDF3.0 PDF extraction [103]. Titegliptions employing
the FONLL-C scheme are about 2.5 % higheQt~ 6 Ge\? and 1% higher a€? ~
70 GeV than predictions employing the ZM-VFNS in NNLO [105-108].

The dependence of the jet cross section predictions on thieechf the PDF set is shown in fig-
ure5. Predictions obtained with the NNPDF3.0 are compared tdigtiens using the PDF sets
MMHT [83], CT14 [82] and HERAPDF2.0 [84]. All PDF sets shown argtained in NNLO
precision with a value for the strong coupling constantaa{M;) = 0.118. For comparison,
also the NNPDF3.0 PDF set extracted at NLO is displayed irrdi§u The predictions are
consistent within 2%. The fierences are covered by the PDF uncertainty obtained from the
NNPDF3.0 PDF set.

For the calculation of the jet cross sections, the squaréseofactorisation and the renormali-
sation scaleg;? andu?, are taken to bg(Q? + P2). This choice ensures that the squared scales

are always greater than 12 GeWhere the PDFs are well in the perturbative regime [84,109]
Predictions in NLO using other choices fat andy? are displayed in figuré. The predictions
with scales which involveéP; are covered within the scale uncertainty (see below). Aescal
choice ofu? = Q? results in very high cross sections at high valueBpas compared to other
scale choices, becau§ may be small compared 2. Such a choice for the two scales is
disfavoured by the data (see secti)n

The uncertainty on the pQCD predictions is estimated by wgryle renormalisation and fac-

torisation scales by factors of 0.5 and 2, using the 6-paialiesvariation prescription [110,111]

where opposite variations of the two scales are excludect highest and the lowest cross
sections out of the resulting six variations are displaygdaale uncertainty. For the calcula-
tions of the normalised jet cross sections scale unceigainon the NC DIS cross sections are
neglected, because they are expected to be small compaitesl foale uncertainties of the jet
cross section predictions. The uncertainty originatimgrfthe PDFs is small compared to the
size of the scale uncertainty.

Corrections to the fixed order pQCD predictions for hadrorosa#tects are calculated for each
data point using the Monte Carlo event generators DjangoliRapdap with QED radiative ef-
fects switched fi. These corrections are defined as the ratio of the cros®sedthadron level

to the cross section at the parton level, i.e. after part@mvels and with coloured partons as
input to the jet algorithm. The correction factors are detaeed as the average values obtained
from Djangoh and Rapgap simulations. The hadronisationrtaiogy is taken as half of the
difference between Djangoh and Rapgap. For inclusive and djs$ sections the hadronisa-
tion corrections are typically around 0.86 to 0.97 and agpdeetter than 5% between the two
MC programs. For trijet cross sections the hadronisatiorection factors are in the range 0.73
to 0.86 with up to 8% dierences between the two MC models.

5Since the NNLO predictions for the jet cross sections cowidb® obtained with varying NNLO PDFs, the
PDFs are convoluted with NLO matrix elements for this study.
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8 Cross section measurements

In the following, the diterential cross sections, corresponding to the measurgrhase space
given in Tablel, are presented for absolute and normalised inclusive ijet, @ahd trijet pro-
duction at hadron level and are compared to the predictidise measurements are shown
in tables6 to 13 and figures7 to 20. The agreement of the various predictions with the data
is judged by calculating values gf/ngor [22]. Herenyes is the number of data points in the
calculation. The covariance matrix is calculated from tkpegimental and the hadronisation
uncertainty, while half of the hadronisation uncertairgytaken as uncorrelated and the other
half is taken to be correlated. PDF uncertainties are ndtidiecl, because they were not avail-
able for the aNNLO and NNLO jet cross section predictions.e Values ofy?/nqs for the
absolute and the normalised jet cross sections are listedhie3.

Ndof Value of y?/Ngof
NLO aNNLO NNLO NLO aNNLO NNLO
Absolute jet cross sections Normalised jet cross sections

Inclusive jet at low? 48 1.7 2.1 0.8 1.9 1.6 1.3
Inclusive jet at low- and higt®? 78 1.7 2.0 1.3 1.9 2.2 2.2
Dijet at low-Q? 48 1.4 1.9 0.6 1.6 1.7 1.0
Trijet at low-Q? 32 0.6 0.6

Table 3: Summary of values af/ngor for absolute and normalised jet cross sections for the NLO,
aNNLO and NNLO predictions, whenever those are available.

Overall, all calculations provide a reasonable valug®hg.s, taking into account the fact that
uncertainties on the theory predictions, such as scalati@ns or the PDF uncertainties, are not
included. Having neglected these uncertainties may axphailarger value of?/ny.s observed
for the experimentally more precise normalised jet crostiges as compared to the absolute
ones.

8.1 Statistical correlations of cross sections

Statistical correlations of the data points are displayefigure7. Large positive correlations
are present in particular in the highést bins between the inclusive jet, dijet and trijet cross
sections. Negative correlations of typical siz@.2 are present between adjacent binm

The correlations between adjacéfitbins are small, because the final data points are formed
by combining unfolded smaller bins, which have sizeableatieg correlations. Positive corre-
lations due to the counting of multiple jets in events arenfbto be small as compared to the
predominant negative correlations arising in the unfadginocedure caused by the finite detec-
tor resolution. The individual entries of the correlatioatnix are provided elsewhere [80]. The
correlations of the normalised jet cross section measurenaee very similar to those displayed

in figure7.
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8.2 Inclusive jet cross section

The measured doubleftérential inclusive jet cross sections as functiorPl§fand Q? for low
and high values of)? are compared to fferent theoretical predictions in figue Ratios of the
data and of the predictions in aNNLO and full NNLO to the NL@gictions are provided in
figure9.

8.2.1 Inclusive jet cross sections at lov@? (Q? < 80 GeV?)

The data points at lower values Bft have a significantly lower statistical than systematic un-

certainty. At higher values d?‘ft these two uncertainties are of about equal size. The dormninan
experimental uncertainties af&S, §RCES, gModel gndgModelRW

In general, the data are well described by the predictiotisinvexperimental and theoretical
uncertainties. The central values of the NLO and the aNNL&¥jgtions are lower than the
data in most bins, while the NNLO predictions have a tendeadie above the data. At lower
values ofQ?, NLO predicts hardeP‘ft-spectra than observed. The NNLO predictions give a
good description of thé”ft-distributions explaining the excellent valuexdf/ny (table3). The
aNNLO predictions provide a reasonable description of biape of thdjft-distributions.

Some of the dierences between data and predictions may be attributece tB@frs which
are evaluated in the range> 0.08 (x > 0.04) to obtain the predictions fd?”ft > 35GeV
(P’Tet > 25GeV). In this highx domain the gluon PDF is not well known and larg&eatiences
between diferent PDF sets are present [84].

The NNLO corrections to the cross section predictions, whie defined as ratios of NNLO to
NLO predictions and are displayed in figu#eare particularly large at low values 9!? or at
low values ofQ?, equivalent to low values of the renormalisation and fastion scaleg, and
us. The NNLO predictions themselves have significantly smaltale uncertainties than the
NLO predictions, in particular at high values of the renolisaion scale. At lower values of
P'Tet, where the data are most precise, the uncertainties frola gaaations of all predictions,
however, are significantly larger than the experimentatuainties. At higher values 6" the
relative theoretical uncertainties are becoming smdilérthe data uncertainties, both statistical
and systematic, increase and overshoot the uncertainbiessicale variations.

8.2.2 Measurement of inclusive jets at high@? (Q? > 150 GeV?)

In this section, the extension of the measurement of ingdsit production at higl@? [22] to
lower transverse momenta is described.

The phase space of additional inclusive jet cross sectibhigh values ofQ? is extended to
the regionPs' < 7 GeV by adding an extra bin at loR;" as outlined in sectio®.4. These
additional cross section points as a functionQsf for absolute and normalised inclusive jet
production in the range & P‘ft < 7GeV are given in table$2 and 13 and are shown in
figures8, 9, 11 and12. The statistical correlations of these data points to atlaéa points [22]
are listed elsewhere [80].
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The new IOWP‘Tet inclusive jet cross sections at higdr are underestimated by the NLO and
aNNLO predictions, while the NNLO predictions give a goodahption of these new data
points. For each of th€?-bins there is a sizeable negative correlations of aroursb-be-
tween the new measurement a<t:EP’;et < 7 GeV and the previously published measurement at
7 < P'Tet < 11 GeV. In the high®? domain the NNLO predictions have significantly smaller
scale uncertainties than the NLO calculations, and the NNt&le uncertainties typically are
smaller than the experimental uncertainties. The valugg ff, in table3 also indicate that
the aNNLO and NNLO predictions have problems describinghgh-Q? inclusive jet data
accurately.

8.3 Normalised inclusive jet cross section

In order to obtain the normalised jet cross sections, cressons for inclusive NC DIS are mea-
sured for @2 < y < 0.6 in theQ? bins in the range 5 < Q? < 80 Ge\?. The single-diferential
inclusive NC DIS cross sections are displayed in figl@e@and are compared to predictions in
NLO and NNLO, which are used for the predictions of the norseal jet cross sections. The
statistical uncertainties on these data are almost nbfgigompared to the dominant luminosity
uncertainty of 2.5 % and the other experimental uncertsnif 1 to 2 %. The inclusive NC DIS
cross sections are well described by the NLO predictionsimithe experimental uncertainties.
The NNLO predictions for the inclusive NC DIS cross sectionershoot the data by about 6
to 8 %.

The normalised inclusive jet cross sections, derived usiagnclusive NC DIS and the absolute
inclusive jet cross sections, are displayed together \witbrtetical predictions in figurel. The
normalised jet cross sections increase as a functi@r ér a given interval irP'ft. This dfect

IS most pronounced at high valuesl?if‘. The ratio of normalised inclusive jet cross sections
to NLO prediction and the predictions in aNNLO and full NNLO® the NLO predictions is
shown in figurel2. The dominating systematic uncertainties do not cancéléembrmalisation,
and the systematic uncertainty is significantly reduceg ombins where the overall systematic
error is small, typically at |0V\P|Tet. The normalised jet cross sections hence do not lead to
stronger conclusions when confronted with theoreticadligteons, as compared to the absolute
Cross sections.

8.4 Dijet cross sections

The double-diterential dijet cross sections as function Bt ), andQ? are displayed in figur&3
and compared to theoretical predictions in NLO, aNNLO and_-RINA comparison of the ratio
of data to NLO predictions is provided in figuid together with the predictions in NNLO.

Within the scale uncertainties, the data are describedoyahe NLO predictions. The aNNLO
and NNLO predictions provide a better description of thepgisa The uncertainty from scale
variations of the NLO predictions is larger than the expental uncertainty fokPr), <
35 GeV, while the scale uncertainty of the NNLO calculatim®duced compared to the NLO
predictions and is larger than the experimental unceréaimnly for(Pr), < 25 GeV.

The normalised dijet cross sections are displayed togetitbrtheoretical predictions in fig-
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ure 15, and the ratio to NLO predictions is shown in figuté. The relative experimental
uncertainties of the normalised jet cross sections arenufesi size as the ones of the absolute
jet cross sections. When comparing normalised dijet crossoses to theory predictions, the
features observed with the absolute dijet cross secti@sanfirmed.

8.5 Trijet cross sections

The double-dierential trijet cross sections as function Bf); andQ? are displayed in figur&7
and compared to NLO predictions. A comparison of the ratioath to NLO predictions is
provided in figurel8.

The experimental uncertainty is smaller than the uncestain the NLO predictions from scale
variations for most of the data points. The NLO calculatighe an overall good agreement
with the data over the full phase space, and the overall gesdrgbtion is confirmed by the
value ofy?/nges = 0.8. However, a trend to undershoot the data at lower valug®of is
observed, which is more pronounced at lower value®%fwhile the NLO predictions tend to
overshoot the data at higher valueg Bf ).

The normalised trijet cross sections are displayed togetith theoretical predictions in fig-
ure 19, and the ratio to NLO predictions is shown in figid@ A similar level of agreement of
predictions and data is observed as for the absolute trjpsscsections.

As for the case of normalised inclusive jet and dijet crossigns, the normalised trijet cross
sections increase as a function@f for a given interval i Pr)s. This efect is sizeable even at
the lowest values ofPr)s.

9 Strong coupling determination

The presence of a strong vertex in leading order for jet petdan in the Breit frame allows a
precision extraction of the strong coupling constant. &itine full NNLO calculations are not
yet available for an extraction of the strong coupling, thasstivity of the data tars(Mz) is
studied in fits of NLO predictions to the data. The sensitiistquantified in terms of the ex-
perimental uncertainty on the fit result. Beyond experimamaertainties, uncertainties in the
theory predictions from PDFs, the strong coupling used éenRBF extraction, the uncertainty
on the hadronisation correction and uncertainties fronstae choice and missing higher or-
ders also have to be considered.

The strong coupling constant is extracted ip?aminimisation procedure of NLO predictions
with respect to data, where the NLO predictions are obtaasedescribed in section The
covariance matrix in thg? minimisation is calculated using the experimental undstits, the
PDF uncertainties, as determined from NNPDF3.0 repliaas tlae uncertainty on the hadroni-
sation corrections.

To improve the sensitivity to the strong coupling, data pofrom the highQ? domain are also
considered in the fit [22]. The uncertainties of these dag¢araated as described in ref. [22].
The correlated components of the JES, RCES and model undgréaimvell as the luminosity
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uncertainty are considered to be correlated between thedoa highQ? data set in thg?-
calculation.

The experimental uncertainties @a(Mz) from the fit of NLO predictions to dierent sets

of data points are displayed in table The fits are repeated using only the data points with
Q? > 11 GeV andP; > 7 GeV, since pQCD predictions may have problems at smalléesca
and dfects from the heavy-quark masses close to production thiceairay become important.
The values 0f?/nqor range from 0.7 to 2.0, wher, is defined as the number of data points

Dataset Low-Q? jet data Low-Q? and high@Q? jet data
Kinematic range All data points Q? > 11 Ge\? and | All data points Q? > 11 Ge\? and
Pr > 7GeV Pr > 7GeV
Inclusive jet +(0.0013),, +(0.0022),,, +(0.0012),, +(0.0018),,
Dijet +(0.0014),, +(0.0016),p +(0.0014),, +(0.0015),,
Trijet +(0.0015)p +(0.0018)p +(0.0012)p +(0.0013)yp
Norm. inclusive jet +(0.0008)xp +(0.0019)p +(0.0005)xp +(0.0007 kxp
Norm. dijet +(0.0009)p +(0.0011)p +(0.0007)p +(0.0007)p
Norm. trijet +(0.0012),, +(0.0015),, +(0.0008), +(0.0009),p
Incl. jet, dijet and trijet +(0.0011),, +(0.0013),, +(0.0009), +(0.0011),,
Norm. incl. jet, dijet and trijet| +(0.0007)y, +(0.0009)p +(0.0004 o +(0.0005)p

Table 4: Experimental uncertainties ag(Mz) in a fit of NLO predictions to low@? and highQ? jet
data [22].

minus one. The value gf/nq.s is observed to become sizeable whenever data at lower \@flues
Q? andP; and thus at low values of the renormalisation scale, haveéxgerimental precision.
In this kinematic region the contributions beyond NLO ameable, as can be observed in the
ratio NNLO to NLO in figures9, 12, 14and16.

The inclusive jet, dijet and trijet cross sections sepératieow a similar sensitivity tas(Mz),

if all data points are considered. The restriction of theadadints toQ* > 11 GeV and
Pr > 7GeV, significantly degrades the experimental precisioas0¥;) in particular for the
inclusive jets. The inclusion of the high? data improves the experimental precision in all
cases. As expected, the highest precision is obtained froomdined fit to all the normalised
jet cross sections at low- and hig?, with an ‘experimental’ precision ang(M;) of better than

0.5%.

The value of the strong coupling, extracted in NLO from thenmalised inclusive jet, dijet and
trijet cross sections at low- and higd?, is

a’s(MZ) =0.1173 (4)zxp (S)PDF (7)PDF(as) (11)PDFset(6)had (J_ri%)scale- (7)

The following uncertainties on the NLO predictions are ¢cdesed:

e The PDF uncertainty (denoted as ‘PDF’) is calculated asdbare root of the dierence
of the quadratic uncertainties of the nominal result andfitfehere the PDF uncertainties
are not included in the covariance matrix.
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e The uncertainty on the choice of the PDF set (denoted as ‘@Dks estimated by cal-
culating half of the maximum étierence of fits employing the ABM11 [81], CT14, HER-
APDF2.0, NNPDF3.0 or MMHT PDF sets.

e The uncertainty due to the value @f{(Mz) as input to the PDF extraction (denoted as
‘PDF(as)’) is estimated by repeating the fit with PDF sets for two lldeas(Mz) values
of 0.117 and 0.121. The uncertainty is calculated as haldifierence of the fit results.

e The hadronisation uncertainty (denoted as ‘had’) is oletias the square root of the
difference of the quadratic uncertainty of the nominal resutaira fit where the hadro-
nisation uncertainty is not included in the covariance iratr

e The scale uncertainty is obtained from refits with scaleeiacfor the renormalisation
and factorisation scale according to the 6-point presonpt

A value of y?/ngot = 1.36 is obtained in the fit of 198 data points using NNPDF3.0s &gting

ABM11, CT14, HERAPDF2.0 or MMHT result in an improved descmptiof the data with
values ofy?/ngor of about 1.1, where in each case the respective PDF undétaare used in
the y? calculation.

The extracted value efs(Mz) is compatible with the world average value [112] o181 (11).
The uncertainty omrs(Mz) from scale variations is much larger than the experimeumakr-
tainty. The NNLO calculations are expected to reduce thertfieeal uncertainty in future fits
of this data.

The sensitivity of the normalised jet cross section datdgwatand high values o€, to the

the running ofa(y,) is studied in a fit of NLO predictions to the data. The datanfsofor
normalised inclusive jet, dijet and trijet production arewped into ten groups with comparable
values ofu,, and the value ofs(M;) is obtained from minimising? separately for each group.
The value ofrs(u,) is calculated fronas(Mz) by applying the solution for the evolution equation
of as(u;) using a representative valuegffor each group. The scale uncertainty is obtained by
repeating the fits using the 6-point scale variation prpson (see sectio).

The results are shown and compared to extractions from @hdata [113—118] in figur@l.
The H1 jet data probe the running of the strong coupling irrémge 5< u; < 90 GeV.

10 Summary

Measurements of the inclusive jet, dijet and trijet crosgieas in neutral current deep-inelastic
electron-proton scattering in the rangé & Q? < 80 Ge\#, as well as these jet cross sections
normalised to the NC DIS cross sections are reported. Aegaid 150< Q? < 15000 GeV
new cross section measurements for inclusive jet croseasdor jet transverse momenta of
5< P‘ft < 7 GeV are presented, extending the kinematic reach of ginealolished results.

The jets are reconstructed using the inclusvelgorithm in the Breit frame and are required
to have a minimum transverse momentum of 4 GeV. The preciHidime measurements is in
the range of 6 % to 20 % in the central parts of the phase spadeul&#ons at NLO QCD,
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corrected for hadronisatiorffects, provide a reasonable description of the douldteréntial
cross sections as functions of the jet transverse momeR{uand the boson virtualit@?.

New theoretical calculations in the threshold resummétiomalism with 2-loop contributions
give a good description of the data overall.

New predictions in next-to-next-to-leading order in pdrative QCD improve the descriptions
for inclusive jet and dijet cross sections compared to NL&dmtions, and give an overall good
description of the data.

The strong couplingrs(Mz) is determined from a fit of NLO predictions to the measured no
malised jet cross sections asg(Mz) = 0.1173 (4} (*33)n, Which is consistent with other ex-
tractions and demonstrates the high experimental prectfithe data.
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Bin boundaries and labels

Q2range [GeV] | [5.5:8] [8;11] [11;16] [16;22] [22:;30] [30:;42] [42:60] [60:80
P.range [GeV | Inclusive jet

[4.5;7] 1 7 13 19 25 31 37 43
[7:11] 2 8 14 20 26 32 38 44
[11;17] 3 9 15 21 27 33 39 45
[17;25] 4 10 16 22 28 34 40 46
[25;35] 5 11 17 23 29 35 41 47
[35;50] 6 12 18 24 30 36 42 48
(Pr).-range [GeV ] Dijet

[5;7] 1 7 13 19 25 31 37 43
[7;11] 2 8 14 20 26 32 38 44
[11;17] 3 9 15 21 27 33 39 45
[17;25] 4 10 16 22 28 34 40 46
[25;35] 5 11 17 23 29 35 41 47
[35;50] 6 12 18 24 30 36 42 48
(Pr)3-range [GeV ] Trijet

[5.5;8] 1 5 9 13 17 21 25 29
[8;12] 2 6 10 14 18 22 26 30
[12;20] 3 7 11 15 19 23 27 31
[20;40] 4 8 12 16 20 24 28 32

Table 5: Overview of bin labels and bin boundaries for cross sectiorc@mdlation tables.
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Inclusive jet cross sections in bins 0Q2 and P'Tel

Bin P sstat 555 [%] sModel— sModelRW SJES [%] SRCES [%] 5Ee/ [96] % 1] sMCstat srad [ chad — shad crad
label [pb] [%] plus  minus [%] [%] up down up down up down up down [%] [%] [%]

1 150-10% 20 +55 -44 0.7 11 +10 -11 -27 +42 +07 -00 +06 +0.1 13 04 0.86 61 | 101
438107 22 +123 -117 30 25 -81 +92 +64 -69 +03 +02 +07 -03 13 08 0.90 45 | 1.02

3 106- 107 28 +85 -84 49 34 -49 +51 -03 -09 +01 +02 +04 -04 13 09 | 093 30 | 102
4 181-10 57 +92 -91 42 49 -51 +53 +08 -09 +05 -03 -02 +03 24 09 | 095 22 | 102
5 216 164 +137 -144 6.5 6.1 -84 +76 +06 -31 +04 +08 +08 -03 6.3 15 0.95 09 | 103
6 326-101 311 4221 -235 120 -07 -134 +101 +25 -28 +14 -00 -11 +38 142 28 | 095 Q2 | 105
7 108-10° 20 +97 -95 6.6 46 +03 -09 -39 +44 +05 -06 +02 -02 12 04 | 0.87 54 | 102
8 361- 107 21 +114 -108 6.0 25 -69 +82 +33 -41 +07 -08 +03 -01 11 03 0.90 42 | 102
9 848-10 30 +74 -68 49 12 -31 +44 -11 +02 +05 -10 -04 -00 12 07 | 093 28 | 102
10 127-10 69 +130 -129 94 61 -51 +56 -00 -11 -04 -01 +02 -06 22 06 | 095 19 | 1.03
11 156 212 +160 -119 -19 29 -75 +122 -09 +18 +31 -34 -03 +46 7.2 13 0.95 09 | 104
12 251-101 348 4255 -257 178 43 -84 +110 +13 -58 -36 +10 +14 -44 132 28 | 096 20 | 103
13 106-10° 19 +51 -50 12 20 +09 -11 -31 +33 +06 -06 -03 +03 10 02 | 0.88 47 | 102
14 358. 107 19 +114 -117 45 59 -69 +71 +39 -51 +03 -06 -02 -01 09 06 0.91 38 | 102
15 904-10 27 +79 -77 49 31 -40 +45 -00 -09 +05 -04 -01 +01 10 08 | 093 28 | 103
16 149-10 59 +83 -77 52 21 -40 +52 +02 -06 +07 -08 -02 -00 17 08 | 095 20 | 104
17 238 160 +124 -130 88 56 -46 +28 +05 -15 -04 +06 +05 -09 52 13 | 096 16 | 1.05
18 448-1071 221 +186 -177 125 6.8 -48 +68 +13 +20 +21 -11 -03 +18 7.2 52 0.96 06 | 1.00
19 741107 22 +50 -55 21 -09 +05 -07 -39 +31 +00 -02 +08 -06 11 02 | 0.89 40 | 102
20 278107 22 +89 -91 36 20 -66 +67 +28 -38 +06 -03 +07 -04 09 05 | 092 34 | 102
21 713-10 30 +56 -51 18 -01 -37 +44 -02 -06 +02 -04 +05 -05 10 05 0.94 27 | 103
22 133-10 61 +81 -77 49 32 -32 +39 -02 -02 +03 -01 +03 +01 17 23 | 095 17 | 1.03
23 177 179  +178 -17.7 127 78 -72 +72 -05 +15 +10 -00 +18 -12 49 25 0.96 15 | 1.05
24 255.10°1 363 +166 -163 -22 -51 -85 +89 +11 -02 -01 -23 +38 -26 115 33 0.94 05 | 106
25 559- 107 2.6 +70 -70 43 22 +08 -11 -40 +40 +06 -05 +02 +0.2 11 03 | 0.89 33 | 102
26 230- 107 24 +94 -89 27 4.0 -58 +67 +34 -37 +01 -04 -04 +02 10 03 | 093 29 | 103
27 631-10 33 +85 -81 50 45 -33 +42 +07 -11 +04 -03 -01 +0.2 10 07 0.94 28 | 102
28 105-10 7 +92 -81 4.0 47 -38 +56 +17 -11 +06 -03 +03 +04 20 07 | 095 21 | 103
29 181 160 +119 -92 45 4.0 -34 +81 +15 -15 +02 -08 -09 +19 48 18 | 096 Q9 | 101
30 406-1071 249 +160 -162 -89 -6.8 -34 +36 -07 +01 +11 -13 -25 -01 84 6.3 0.95 14 | 1.00
31 536- 107 25 +65 -64 -01 -47 +09 -08 -29 +32 -00 -01 +04 -05 10 03 | 0.89 26 | 1.03
32 243.10% 23 +75 -77 18 -02 -61 +62 +24 -32 +01 -03 +03 -04 08 01 | 094 23 | 102
33 656- 10 31 +70 -6.8 33 37 -37 +40 +03 -07 +03 -04 -02 +0.2 08 04 0.95 23 | 102
34 129-10 63 +95 -96 6.1 54 -39 +38 +06 -06 +03 -02 +02 +03 16 09 | 095 20 | 103
35 155 196  +159 -161 126 19 -78 +71 +12 -04 +10 +04 -05 +16 50 17 | 096 13 | 1.02
36 232.101 401 +643 -636 417 410 -61 +56 +65 +09 -04 +32 +65 -03 237 46 0.95 12 | 107
37 388- 107 29 +50 -47 08 03 +02 -07 -35 +39 +03 -01 -01 -00 12 04 | 0.89 19 | 1.03
38 196- 107 24 +93 -91 38 47 -58 +60 +26 -23 +02 -01 +02 +00 08 01 | 094 18 | 1.02
39 596- 10 32 +55 -47 13 24 -25 +38 +05 -01 +02 -01 +03 +00 08 03 0.96 21 | 101
40 126-10 63 +85 -80 50 42 -32 +42 +01 -03 -02 +01 +02 -04 14 15 | 096 18 | 1.03
41 227 137 +64 -81 -34 -00 -563 +25 +01 -05 +03 -08 -13 -02 36 15 | 096 13 | 1.02
42 372-101 250 +159 -151 6.5 89 -23 +64 +05 +28 +03 -23 -39 -11 7.6 42 0.95 12 | 1.03
43 276- 107 39 +85 -84 01 -67 +06 -03 -39 +41 +03 -01 +04 +04 14 06 | 0.89 13 | 1.03
44 122- 107 3.7 +89 -87 14 -53 -60 +63 -01 -03 +04 +01 -04 +06 12 04 | 095 12 | 1.02
45 384-10 49 +65 -65 11 18 -52 +52 -10 +10 +03 -02 -05 +03 13 04 | 096 18 | 1.00
46 937 85 +52 -57 02 -19 -39 +31 -10 +11 +02 -04 -02 +04 20 0.7 0.96 20 | 101
47 999-101 313 4292 -273 184 149 -80 +128 -00 +00 -01 -11 -01 +26 104 29 | 096 Q9 | 103
48 170-101 547 +287 -245 -25 132 -60 +136 +7.1 -24 +26 +07 +14 +51 188 35 | 095 18 | 0.99

Table 6: Double-dferential inclusive jet cross sections measured as a functi@? aind P'ft. The

bin labels are defined in table The data points are statistically correlated and the correlations are
displayed in figure€. The experimental uncertainties quoted are defined in se@tidhe total systematic
uncertainty,6%s, sums all systematic uncertainties in quadrature, including the uncertaintp dbe

LAr noise ofstA™oise = 0,594, the total normalisation uncertainty®P™ = 2.5 % and the uncorrelated
uncertainty of 1%. The correction factors on the theoretical cross seatid? together with their
uncertainties" are listed on the right. The radiative correction fact’?é are already included in the
guoted cross sections.
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Dijet cross sections in bins of? and (Pr)s

Bin p sstat 558 [9%)] sModel  sModelRW SIES [%] SRCES [%] (5Ee/ [%] 5% [%] sMCstat grad | chad — shad | crad
label [pb] [%] plus  minus [%] [%] up down up down up down up down[%)] [%] [%]

1 299-107 33 +142 -140 72 6.1 +54 -57 -79 +82 +08 -02 -03 +10 21 06 | 0.86 50 | 1.02
2 185- 107 20 +74 -73 50 39 -20 +20 +02 +05 -01 -00 +05 -05 10 11 | 090 39 | 102
3 397-10 28 +75 -74 4.4 33 -38 +39 +06 -08 -02 -01 +03 -03 11 10 | 093 28 | 1.02
4 6.65 59 +7.0 -58 21 10 -37 +54 +04 -05 +01 -04 -02 +01 21 13 | 0.95 23 | 101
5 114 127  +91 -84 -49 -21 -16 +40 +18 -19 -09 +05 +02 +01 50 20 | 094 12 | 1.04
6 214-101 216 +192 -212 119 106 -91 -02 +10 -15 -02 +17 +08 +03 94 38 | 097 30 | 104
7 255-10% 30 +88 -84 -12 -10 +40 -40 -65 +69 +04 +03 +11 -08 16 06 | 0.87 43 | 101
8 149107 21 +41 -41 10 07 -18 +22 -16 +11 +09 -08 +00 +01 09 03 | 0.90 35 | 102
9 320-10 30 +81 -82 46 44 -40 +39 +01 -04 +07 -05 +03 -03 10 08 | 094 28| 102
10 505 67 +102 -105 82 29 -46 +38 +13 -12 +00 +01 +09 -07 20 09 | 0.95 20 | 1.02
11 901-101 145 +8.8 -101 36 -12 -54 +27 +11 -14 -03 -0.7 -13 +09 6.4 25 | 0.95 17 | 1.05
12 644-1072 731 +507 -497 -27.6 -212 -115 +162 -23 -42 -61 -56 -24 -42 321 43 | 0.96 23 | 105
13 237-10% 30 +92 -85 20 -36 +41 -34 -56 +64 +04 -13 -06 +05 15 05 | 0.89 36 | 102
14 148- 107 21 +44 -39 17 06 -18 +24 -06 +11 +04 -04 +01 +02 08 05 | 091 32 | 102
15 362-10 27  +70 -67 36 31 -35 +40 -00 +06 +06 -04 -01 +04 08 09 | 094 25| 103
16 682 52 +66 -65 39 0.6 -40 +40 +07 +01 +03 -05 +00 +01 14 08 | 0.96 22 | 105
17 107 135 +74 -58 -0.1 07 -29 +49 +19 -01 +10 +03 +11 +10 37 19 | 096 18 | 1.04
18 124-101 365 +199 -195 58 87 -92 +103 -17 -04 +09 -06 -18 +0.7 104 7.9 | 0.96 30 | 0.98
19 169- 107 38 +87 -95 05 18 +39 -48 -72 +68 +05 -05 +05 -0.3 18 03 | 0.89 27 | 103
20 114107 24 +60 -63 41 30 -17 +10 -17 +08 +05 -06 -01 -02 08 04 | 092 27 | 102
21 272-10 31 +90 -94 59 53 -41 +30 -02 -06 +01 -04 -01 -05 08 07 | 0.94 26 | 103
22 484 67 +105 -104 67 58 -34 +39 +03 -05 -01 +00 +01 -06 18 25 | 095 18 | 1.03
23 786-101 152 +119 -96 54 48 -20 +72 +02 +02 +12 -04 +05 +14 43 31 | 0.96 15 | 1.05
24 124.101 414 4305 -302 125 142 -63 +45 +16 -02 -02 -01 +62 -19 214 71 | 094 -03 | 107
25 144107 42 +89 -70 18 -14 +41 -37 -44 +68 +05 -05 +05 +08 17 03 | 0.90 21| 103
26 104- 107 24 +40 -35 10 12 -09 +15 -09 +16 +03 -02 +01 +0.3 0.7 03 | 0.93 22 | 1.03
27 265-10 31 +7.0 -69 40 35 -32 +34 +01 +01 +05 -03 -02 +0.2 08 06 | 0.95 24 | 1.02
28 482 65 +79 -84 48 26 -54 +45 +07 -01 +06 -01 +05 +04 16 09 | 0.96 20 | 103
29 838-101 135 +126 -124 80 55 -42 +48 +11 +07 +02 -06 -03 +02 37 44 | 0.95 25| 103
30 165-101 278 +205 -187 104 75 -38 +90 -23 +32 +19 -23 -10 -06 87 84 | 0.95 11 | 0.96
31 116- 107 54 +89 -83 09 -03 +38 -38 -63 +70 -04 +01 +10 -10 24 05 | 0.90 15 | 1.03
32 939-10 27 +56 -55 36 26 -08 +11 -12 +15 +01 -03 +02 -03 09 02 | 094 18 | 1.03
33 267-10 31 +58 -59 23 33 -32 +29 +01 +03 +02 -03 -01 -01 07 04 | 095 20 | 1.03
34 511 62 +89 -90 56 48 -38 +36 +08 -04 +03 -01 +04 -01 15 10 | 0.96 16 | 1.03
35 837-101 144 +105 -81 -2.7 -21 -47 +80 +03 -09 +11 +02 -03 +18 43 23 | 0.96 18 | 1.03
36 126-101 360 +299 -294 155 179 -11 +53 +29 -29 -22 +08 +33 -23 143 67 | 0.96 30 | 104
37 104- 107 52 +76 -69 16 -04 +30 -30 -49 +59 +04 -04 +00 +00 18 05 | 0.90 10 | 1.04
38 876-10 25 +53 -52 32 23 -14 +16 -12 +13 +02 -03 +01 +02 07 03 | 094 13 | 1.03
39 251-10 31 +62 -6.1 28 31 -35 +36 +00 +03 +04 -03 +03 +02 07 04 | 0.96 18 | 1.02
40 509 67 +132 -133 86 81 -50 +46 +02 -05 +01 -02 -01 -01 20 10 | 096 18 | 1.03
41 944.101 138 +8.0 -97 14 35 -72 +46 +10 +01 -06 -08 -12 -01 36 25 | 0.95 25 | 1.04
42 109-101 352 4294 -301 95 211 -79 +89 +12 +12 +04 -21 -78 -24 127 84 | 097 -05 | 099
43 704-10 59 +89 -84 39 -35 +15 -22 -48 +60 -01 -03 -14 +02 20 11 | 0.89 05 | 1.05
44 559-10 37 +72 -74 55 12 -21 +17 -30 +28 +02 -04 -10 +05 10 04 | 0.95 Q7 | 1.03
45 181-10 44  +65 -72 43 23 -38 +31 -21 +04 -01 -03 -07 -02 12 05 | 097 14 | 1.01
46 341 95 +92 -82 43 19 -51 +66 -09 +15 +05 -06 -18 +11 24 14 | 096 22 | 102
47 463-101 269 +155 -107 41 -19 -34 +93 +17 +10 +11 +23 +68 +18 79 29 | 0.96 11| 1.05
48  999-102 458 +259 -244 23 169 -77 +117 +18 +08 -14 -11 +08 +09 144 49 | 0.96 22 | 097

Table 7: Double-dferential dijet cross sections measured as a functio?cind (P1),. For an ex-
planation of the column headings, see tahlerhe LAr noise uncertainty for the dijet cross sections is
5LArNoise = 0.6 %.
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Trijet cross sections in bins ofQ? and (Pt )3

Bin - sstat 555 [%)] sModel  sModelRW 5JES 1] 5RCES ] 5Ee/ 1] % [%] sMCstat grad [ chad shad [ crad
label [pb] [%] plus minus [%]  [%] up down up down up down up dowrj%] [%] [%]

1 477-10 71 +304 -300 215 177 +54 -53 -88 +100 +08 +01 -01 -03 36 07 | 074 74102
2 238-10 54 +155 -152 93 114 -05 +20 -02 +26 +04 -02 -05 -01 23 06 | 079 49| 102
3 551 74 +73 -68 23 38 -30 +39 +06 +07 +04 -04 +01 +06 27 13084 26|102
4 443.101 198 +122 -114 32 56 -23 +27 +32 -07 +07 +08 +0.7 +26 65 58 (084 03104
5 4.16-10 63 +188 -188 124 103 +58 -62 -61 +65 +08 -10 +04 +08 29 051|074 75|103
6 177-10 58 +141 -141 88 100 -21 +13 -22 +25 +04 -07 -00 +03 22 06 | 079 47| 104
7 390 91 +80 -70 35 24 -34 +52 -04 -06 +01 -08 -0.7 -06 30 12084 21103
8 280-101 275 +199 -195 -140 -45 +24 +62 -02 -31 +08 -23 -28 +08 108 391|084 07108
9 417-10 54 +168 -166 95 92 +44 -40 -84 +87 +07 -12 -08 -03 24 05|073 73]|103
10 218-10 48 +148 -144 75 115 -19 +26 -19 +35 +1.0 -03 -00 +03 17 06 | 079 47105
11 503 69 +9.6 -100 63 56 -38 +28 -02 +04 +06 -10 -02 +02 21 11 (084 27104
12 395-10! 196 +110 -116 34 -04 -77 +72 +09 -22 -15 +15 +16 -19 58 35|086 02]1.03
13 256-10 82 +194 -182 96 129 +60 -44 -60 +79 +09 +01 +16 +08 30 06073 73|1.04
14 153-10 62 +113 -113 57 86 -11 +17 -26 +21 -01 -05 -04 -02 19 08 | 079 522|104
15 446 74 +87 -86 53 46 -32 +35 +03 +02 +00 +04 +05 -04 21 13083 28|107
16 248-10°1 301 +220 -269 161 84 -164 +63 -22 +03 +27 -33 -15 +21 93 36 (086 109|103
17 205-10 95 +159 -124 51 80 +68 -40 -52 +98 +07 -0.7 -07 +05 32 08 | 073 75| 104
18 130-10 72 +101 -99 54 71 -12 +07 -19 +29 +05 -03 +03 +00 21 06 | 079 54104
19 376 86 +69 -68 37 24 -30 +28 -01 +18 +06 -07 -03 +03 23 18 | 084 28] 1.04
20 257-101 278 +146 -143 -04 -49 -72 +76 -10 +16 -00 -07 -10 +05 74 821|086 17103
21 215-10 87 +137 -107 22 65 +57 -32 -64 +95 +08 +01 +08 -02 28 06073 72104
22 139-10 62 +135 -136 76 103 -16 +11 -28 +22 +04 -04 -01 -00 16 101|079 52104
23 332 91 +123 -115 81 6.5 -26 +46 -03 +16 +10 -03 +04 +10 23 19 (083 25|105
24 132.10! 508 +327 -264 144 67 -139 +209 +98 -02 +30 +11 +31 +62 148 36 (085 08|105
25 173-10 104 +86 -93 -10 16 +39 -44 -67 +61 +02 -04 -12 +07 31 05073 68104
26 132-10 67 +45 -44 02 11 -07 +09 -20 +23 +02 -05 -0.8 +04 17 13078 56104
27 375 86 +9.9 -109 67 57 -49 +22 -12 -05 -06 -03 -06 -07 21 12 /084 36104
28 295.-101 267 +108 -122 -21 -51 -57 +33 -14 -01 +03 -01 -27 +02 74 40|083 15]|1.08
29 134-10 110 +94 -107 -05 -46 +27 -25 -82 +64 -01 -06 -15 +14 30 07073 661|104
30 907 88 +65 -60 30 05 -21 +27 -28 +32 -01 +01 -01 +05 22 141078 48| 103
31 277 120 +79 -57 26 17 -18 +48 +00 +27 +03 -02 -00 +18 29 16 | 083 32|1.04
32 313.10! 275 +146 -153 -30 51 -51 -02 +17 +05 -15 +06 +30 -20 98 84 (084 08| 106

Table 8: Double-dferential trijet cross sections measured as a functio@?oénd (Pt)s. For an ex-
planation of the column headings, see tahl&'he LAr noise uncertainty for the trijet cross sections is
5LArNoise = 0.9%.
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Normalised inclusive jet cross sections in bins a®? and P’Tet

Bin o/one sstat 555 [%)] sModel  sModelRW §JES [9%] sRCES 1] = 1] % 1] sMCstat grad [ chad  shad [ crad
label [%] plus minus [%]  [%] up down up down up down up down [%] %] [%]

1 110-101 20 +46 -34 05 09 +10 -11 -23 +38 +02 +06 +05 +01 13 04086 661|101
2 323.102 22 +126 -121 28 23 -84 +95 +71 -76 -04 +09 +06 -03 14 08 | 090 45]1.02
3 783.10% 28 +82 -82 48 32 -51 +53 +02 -15 -05 +08 +03 -03 14 09 | 093 30| 102
4 133.103 57 +90 -89 41 48 -53 +55 +12 -14 -01 +03 -03 +04 25 09 095 22102
5 159-10% 164 +137 -146 64 59 -87 +79 +12 -39 -04 +16 +07 -03 64 15(095 09103
6 241-105 311 +225 -240 120 -11 -139 +105 +32 -36 +05 +09 -12 +40 146 28 | 095 02105
7 123.101 20 +89 -87 62 46 +02 -09 -34 +39 -03 +02 +05 -04 12 04 | 087 154|102
8 409-102 22 +113 -107 56 24 -71 +84 +40 -49 -02 +01 +05 -03 11 03| 090 42]1.02
9 963-10% 30 +67 -59 44 11 -32 +45 -04 -05 -03 -01 -01 -02 12 07 | 093 28102
10 144.10% 69 +126 -126 90 61 -53 +57 +07 -19 -13 +09 +04 -08 23 06 | 095 19103
11 177104 212 +159 -117 -28 28 -78 +125 +01 +08 +19 -21 +00 +44 74 13095 09]1.04
12 284-105 348 +255 -261 173 42 -86 +113 +25 -70 -51 +25 +1.8 -48 135 28 1096 20103
13 136-101 19 +41 -41 06 23 +09 -11 -26 +27 -02 +01 -01 +00 10 02 088 47102
14 459-102 19 +116 -120 40 63 -71 +73 +46 -59 -05 +02 +0.0 -04 09 06 | 091 38102
15 116-102 27 +76 -74 45 34 -41 +46 +06 -16 -02 +04 +02 -02 10 08 | 093 28103
16 191-10°% 59 +79 -72 47 25 -42 +53 +09 -13 -01 +00 +01 -04 17 08 | 095 20| 104
17 306-10% 160 +122 -130 84 60 -47 +29 +13 -23 -13 +15 +08 -13 53 13096 16| 1.05
18 574-10° 221 +184 -176 121 73 -49 +70 +20 +13 +12 -02 +00 +14 73 51096 06100
19 153.101 22 +38 -45 16 -05 +04 -07 -34 +26 -06 +05 +1.2 -10 12 02 | 089 40| 102
20 575102 22 +89 -92 31 25 -68 +69 +34 -45 -00 +04 +11 -08 09 051|092 34102
21 148-102 30 +51 -46 13 03 -38 +45 +04 -12 -05 +03 +09 -08 10 05094 27|103
22 276-10°% 61 +78 -74 44 38 -33 +40 +04 -08 -03 +06 +0.7 -03 17 23 |095 17|103
23 367-10% 179 +178 -17.7 123 85 -74 +74 +02 +07 +01 +09 +24 -18 50 25096 15| 105
24 527-10° 363 +170 -164 -32 -43 -88 +91 +22 -13 -14 -11 +46 -33 117 33094 05]|106
25 161.-101 26 +63 -64 39 30 +08 -11 -35 +35 +00 +01 +05 -02 11 03089 333|102
26 661-102 24 +96 -91 23 47 -59 +68 +40 -43 -05 +01 -02 -02 10 03093 29103
27 182102 33 +85 -81 46 53 -33 +42 +12 -16 -01 +02 +01 -02 10 07 | 094 28102
28 303-10°% 77 +94 -83 35 56 -39 +57 +23 -18 -00 +03 +0.6 -01 21 07 | 095 21]|103
29 520-10% 160 +119 -92 40 50 -34 +82 +22 -22 -04 -02 -05 +15 48 18 ({096 09101
30 117-10% 249 +159 -160 -94 -6.1 -35 +37 -02 -04 +05 -08 -22 -05 85 62 | 095 14100
31 193101 25 +50 -49 -03 -35 +09 -08 -26 +29 -04 +03 +0.7 -08 10 03089 26103
32 874.-102 23 +73 -76 16 10 -62 +63 +28 -36 -03 +01 +06 -07 08 011|094 233|102
33 236-102 31 +73 -72 31 49 -37 +40 +06 -11 -01 +01 +01 -01 08 04 | 095 23]|1.02
34 462.10°% 63 +101 -101 59 67 -39 +38 +10 -10 -01 +03 +05 -00 16 09 | 095 20| 103
35 556-104 196 +160 —-162 124 38 -80 +72 +17 -10 +03 +11 -00 +11 51 17 {096 13| 102
36 835-10° 401 +665 -656 417 439 -62 +56 +73 +01 -12 +41 +72 -09 239 451095 12107
37 188101 29 +36 -34 04 09 +03 -08 -24 +28 -02 +03 +05 -07 12 04089 19103
38 950-102 24 +95 -93 35 52 -58 +59 +36 -33 -02 +03 +08 -06 08 011|094 18|102
39 289-102 32 +54 -44 09 29 -24 +37 +15 -10 -02 +03 +09 -06 08 03096 211|101
40 612-10% 63 +83 -79 47 47 -32 +42 +10 -13 -07 +05 +08 -11 14 15096 118|103
41 110-103 137 +63 -79 -38 04 -53 +25 +10 -14 -01 -03 -07 -08 37 15 (096 13|102
42 180-10% 250 +159 -151 62 95 -23 +63 +15 +18 -02 -19 -33 -18 77 42 ({095 12103
43 236-101 39 +67 -64 -07 -56 +10 -07 -21 +23 -01 +04 +15 -07 15 06 | 089 113|103
44 104-101 37 +78 -76 06 -4.0 -56 +60 +20 -24 -00 +06 +0.8 -06 13 04| 095 12102
45 327-102 49 +63 -63 02 33 -48 +48 +11 -11 -01 +03 +08 -09 13 04 | 096 18] 1.00
46 800-103 85 +40 -46 -06 -07 -36 +27 +09 -08 -02 +00 +09 -07 20 07 |096 20]|101
47 853-10% 313 +299 -283 174 175 -75 +123 +33 -33 -09 -03 +19 +07 106 28 1096 09| 103
48 145.10% 547 +311 -27.2 -41 161 -54 +130 +110 -62 +18 +16 +37 +30 192 35095 18099

Table 9: Double-dterential normalised inclusive jet cross sections measured as a functighasfd
P'Tet. For an explanation of the column headings, see t&bleEhe residual normalisation uncertainty is
sNoM = 0.8 %.
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Normalised dijet cross sections in bins 0Q2 and (Pr)2

Bin o/one sstat 558 [%)] sModel  sModelRW SIES [%] SRCES [%] §Ee/ [%] % [%] sMCstat grad | chad  shad | crad
label [%] plus minus [%] [%] up down up down up down up down  [%] %] [%]

1 221102 33 +137 -136 71 6.0 +55 -58 -76 +79 +02 +05 -04 +11 22 06 (086 150|102
136-102 20 +69 -69 49 38 -21 +21 +07 +00 -08 +06 +04 -05 10 11]090 39|102

3 293.10% 28 +71 -71 43 32 -39 +41 +11 -14 -09 +06 +02 -03 11 10 | 093 28] 102
4  490-10% 59 +67 -54 20 08 -39 +56 +09 -10 -05 +02 -03 +01 22 13095 23|101
5 838-10° 127 +94 -87 -52 -24 -17 +41 +23 -24 -15 +11 +02 +01 51 19|094 12|104
6 158-10° 216 +194 -215 121 107 -94 -01 +13 -19 -07 +22 +08 +04 96 38|097 30|104
7 290-102 30 +84 -79 -17 -11 +40 -41 -60 +64 -03 +11 +14 -10 16 06 | 087 43| 101
8 169-102 21 +30 -29 05 06 -19 +22 -10 +05 +01 +01 +02 -01 09 03]090 35102
9 364-10°% 30 +76 -76 41 44 -42 +40 +08 -11 -02 +05 +05 -05 10 08094 28102
10 573-10% 67 +99 -102 78 29 -47 +39 +21 -19 -09 +11 +12 -10 20 09 095 20| 102
11 102-10% 145 +86 -100 31 -14 -56 +28 +18 -20 -11 +01 -11 +07 65 25|095 17105
12 731-10° 731 4523 -520 -295 -219 -118 +166 -09 -58 -81 -37 -19 -47 328 42096 23105
13 304102 30 +83 -75 15 -34 +41 -35 -51 +59 -03 -06 -03 +02 16 04 | 089 36| 102
14 189-102 21 +34 -30 12 09 -19 +25 +01 +05 -04 +03 +04 -02 08 05|091 32102
15 464-10° 27 +65 -62 31 35 -36 +41 +06 -01 -02 +03 +02 +01 08 09094 25|103
16 875104 52 +61 -59 35 09 -41 +41 +13 -06 -04 +02 +03 -02 14 08 096 22105
17 137.10% 135 +75 -55 -07 10 -30 +50 +26 -08 +03 +10 +14 +07 38 18 (096 118|104
18 158-107° 365 +201 -196 51 93 -94 +106 -08 -13 -02 +04 -14 +02 107 78096 30098
19 350-102 38 +82 -90 -0.0 23 +39 -49 -68 +64 -01 +02 +09 -06 18 03 (089 27103
20 236-102 24 454 -57 37 35 -17 +11 -11 +02 -01 +01 +03 -06 08 04 (092 27|102
21 564-10°% 31 +88 -94 54 59 -42 +31 +04 -13 -07 +03 +03 -09 09 07094 26|103
22 100-10°% 67 +105 -103 6.3 6.4 -35 +41 +10 -12 -08 +08 +06 -10 18 251095 18| 103
23 163-10% 152 +118 -95 49 54 -21 +73 +08 -05 +05 +04 +10 +10 44 31(096 115|105
24  256-10° 414 +312 -308 121 151 -64 +46 +24 -11 -10 +08 +68 -24 219 70094 -03|107
25 413102 42 +81 -61 14 -07 +41 -38 -39 +64 -00 -00 +08 +05 17 03 (090 21103
26 299-102 24 +32 -28 06 19 -10 +15 -04 +12 -01 +03 +03 -01 07 03093 222|103
27 762-10°% 31 469 -67 36 43 -32 +35 +06 -04 -01 +02 +01 -02 08 06095 24102
28 139-10°% 65 +7.7 -81 44 34 -54 +45 +12 -07 +01 +04 +08 -00 16 09 (096 20| 103
29 241-10% 135 +126 -123 76 6.3 -43 +48 +16 +02 -04 -01 -00 -02 38 43095 25|103
30 473-10° 278 +204 -186 101 82 -38 +91 -19 +28 +15 -19 -08 -09 88 83|095 11|096
31 419-102 54 +84 -79 0.6 11 +38 -38 -60 +66 -09 +06 +13 -14 24 05 (090 15|1.03
32 338102 27 457 -56 34 39 -08 +11 -08 +11 -03 +01 +05 -06 09 02094 118|103
33 962-10°% 31 +61 -63 21 46 -32 +30 +05 -01 -03 +02 +03 -05 07 04]095 20|103
34 184-103% 62 +94 -95 54 6.2 -39 +37 +12 -08 -02 +04 +07 -05 15 10|096 16|103
35 301-10% 144 +102 -77 -29 -08 -47 +81 +07 -13 +06 +07 +01 +14 44 231096 18| 103
36 454-10° 360 +3L1 -306 154 197 -11 +54 +34 -35 -28 +14 +38 -27 155 67 (096 30|104
37 502.102 52 +64 -58 13 01 +31 -31 -40 +49 -00 +01 +06 -06 18 05|090 10|104
38 424-102 25 +46 -45 29 28 -13 +15 -03 +04 -02 +01 +06 -03 07 03 (094 13| 103
39 121-102 31 +60 -58 25 36 -34 +35 +10 -07 -01 +02 +09 -04 07 04]096 18|102
40 247-10°% 67 +132 -134 83 87 -49 +46 +12 -16 -04 +03 +05 -07 21 10|096 18|103
41 457-10% 138 +79 -96 11 39 -72 +46 +19 -08 -11 -04 -07 -07 37 251095 25| 104
42 527-10° 352 +300 -303 91 220 -78 +88 +25 -01 -02 -15 -71 -32 128 83 (097 -05|099
43 600-102 59 +68 -64 33 -24 +19 -26 -31 +44 -05 +01 -04 -08 20 11|/089 05|105
44 477-102 37 +60 -62 49 25 -18 +13 -11 +10 -02 +01 +01 -07 11 04 (095 07103
45 155-102 44 +61 -68 35 37 -35 +27 -02 -15 -05 +02 +04 -13 12 05|097 14101
46 291.10°% 95 486 -75 34 36 -47 +62 +13 -08 +00 -00 -05 -02 24 13|096 22|102
47 395.10% 269 +164 -98 30 01 -28 +88 +46 -19 +05 +30 +87 +01 81 28 |096 11105
48 853-10° 458 +275 -258 13 189 -74 +114 +43 -16 -20 -05 +23 -05 147 49 (096 22097

Table 10: Double-dferential normalised dijet cross sections measured as a functiQf afd(Pr),.
For an explanation of the column headings, see tablée residual normalisation uncertaintyi®™ =
0.8 % and the LAr noise uncertainty ¢§"™°s¢ = 0.6 %.
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Normalised trijet cross sections in bins 0fQ? and (Pt)3

Bin olone sstat 555 [%] sModel  sModelRW 5JES [96] 5RCES 1] 5Ee/ [96] % [%] sMCstat grad [ chad shad [ rad
label [%] plus minus [%]  [%] up down up down up down up down [%] %] [%]

1 352.103% 7.1 +306 -302 218 178 +55 -54 -85 +96 -00 +09 -02 -02 37 07 | 074 74]|102
2 176-10% 54 +153 -150 93 114 -06 +21 +03 +21 -03 +05 -06 -01 24 06 | 079 49| 102
3 406-10% 74 +69 -63 21 37 -31 +41 +11 +02 -03 +02 -00 +07 28 13084 26|102
4 327-105 198 +122 -112 31 56 -25 +28 437 -11 +02 +14 +0.7 +27 67 57 | 084 03] 104
5 472-10° 63 +184 -183 121 104 +59 -62 -55 +60 -01 -00 +06 +06 30 051|074 75|103
6 200-10°% 59 +135 -136 83 100 -22 +14 -14 +18 -06 +03 +02 +00 23 06079 47104
7 442.10% 91 +74 -65 29 23 -35 +53 +04 -14 -09 +03 -04 -08 30 12084 21103
8 318-105 275 +207 -203 -150 -48 +24 +64 +07 -40 -02 -12 -25 +06 110 391|084 07108
9 535.10% 54 +165 -163 92 97 +45 -40 -79 +82 -01 -04 -05 -06 24 05/|073 73]|103
10 280-10% 48 +147 -144 71 120 -20 +27 -13 +29 +02 +04 +02 -01 17 06 | 079 47| 105
11 645-10% 69 +93 -97 58 6.0 -39 +29 +05 -03 -03 -02 +01 -02 21 11 (084 27104
12 507-10° 196 +111 -118 28 -01 -79 +74 +16 -30 -24 +24 +20 -24 59 35086 02103
13 529.10°% 82 +194 -182 91 137 +61 -45 -54 +73 +01 +09 +21 +04 31 06 | 073 73| 104
14 316-10° 62 +112 -113 52 93 -12 +18 -20 +15 -08 +02 +00 -06 20 08 | 079 52104
15 923.10% 74 +86 -84 49 51 -33 +36 +09 -04 -06 +11 +09 -08 21 13083 28|107
16 513-10° 301 +219 -269 156 92 -168 +64 -14 -06 +18 -23 -10 +16 95 35[086 109|103
17 590-10°3 95 +157 -123 46 89 +68 -40 -46 +92 +01 -01 -03 +00 32 08 | 073 75| 104
18 373-10°% 72 +101 -99 49 80 -13 +08 -14 +23 -01 +03 +06 -04 22 06 | 079 54104
19 108-10°% 86 +64 -64 33 32 -31 +28 +04 +12 -00 -02 +00 -01 23 17 | 084 28]1.04
20 738-105 278 +141 -139 -10 -39 -73 +77 -04 +10 -07 -00 -06 -00 75 821|086 17103
21 774-10° 87 +140 -112 19 80 +57 -32 -61 +91 +04 +06 +12 -05 28 06|073 72104
22 498-10°% 62 +143 -144 74 117 -16 +11 -25 +18 -00 +01 +02 -04 17 101|079 52104
23 119-10% 91 +128 -122 79 82 -27 +47 +02 +11 +05 +03 +09 +0.7 23 19 (083 25|105
24  474.10° 508 +338 -276 139 104 -141 +212 +109 -13 +18 +24 +41 +54 150 36 (085 08|105
25 840-10°% 104 +78 -85 -14 22 +41 -45 -57 +50 -03 +00 -0.6 +00 31 05073 68104
26 640-10°% 67 +34 -33 -01 16 -06 +08 -11 +13 -02 -00 -03 -02 17 13078 56104
27 181103 86 +97 -109 64 63 -49 +21 -02 -16 -11 +01 +01 -13 21 12 (084 36104
28 143.10% 267 +105 -117 -25 -45 -56 +32 -03 -12 -03 +04 -20 -05 75 39|083 15108
29 114.102 110 +76 -88 -13 -34 +32 -30 -65 +47 -05 -02 -04 +03 30 07073 661|104
30 774-10° 88 +52 -48 23 18 -18 +23 -10 +14 -05 +06 +10 -06 22 141078 48] 103
31 236-10°% 120 +72 -54 18 31 -14 +45 +20 +07 -01 +03 +12 +06 30 16 | 083 32|1.04
32 267-10% 275 +158 -161 -38 64 -49 -06 +34 -12 -19 +10 +41 -30 100 833|084 08| 106

Table 11: Double-dferential normalised trijet cross sections measured as a functiQd ahd(Pr)s.
For an explanation of the column headings, see tablée residual normalisation uncertaintyi®™ =
0.8 % and the LAr noise uncertainty 42™°s¢ = 0.9 %.
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Inclusive jet cross sections at highQ? for 5< P'f[ <7GeV

Qz-range o 6stat §9Ys 5M0de| 6JES 6RCES 6Ee/ 699’ 6ID(e) chad 5had cew
[GeV] [pb] (%] [%] (%] 6]  [%] (%] %] [%] [%0]
-0.85 197 -1.09 -0.36 0.48
150-200  85-100 37 44  +20 10 jz_lg 4% ek jg i 090 25 100
-0. 17 -1 -0.4 .
200-270 79-100 39 42 416 28 +172 128 042 4049 1 090 25 1.00
-0.65 1.42 -0.86 -0.26 0.47
270-400  69-100 40 38 -13 98 f% Pt R jg i 0.90 22 1.00
400-700  48-10" 56 36 +06 ;g; i jé;m 13:21 :8:55 0 8 090 22 100
-0. .71 .15 -0. 11
700-5000  H4-10 64 35 +12 (529 +0nl 4048 -083 4112 1091 20 1.02
1 -0.74 0.84 3.47 -0.78 2.03
5000-15000 93-101 792 174 +167 14 <08 347 018 42031 991 20 111

Table 12: Inclusive jet cross sections for5PT' < 7 GeV measured as a function @ in the range
150 < Q? < 15000GeV and 02 < y < 0.7. The total systematic uncertain?’s, sums all the
quoted systematic uncertainties in quadrature, including in addition the untgdae to the LAr noise
of stANoise — 0504 and the total normalisation uncertaintys®P™ = 2.5%. The labelg® and s’
denote the uncertainty on the scattered electron energy and azimuthgl rasglectively. The label
6'P(®) denotes the uncertainty on the electron identification as defined in reéef22lc The labek®"
denotes the multiplicative corrections for electrowegilees. The column labeld2® andshad denote
the multiplicative hadronisation correction factors and their uncertaintiggectively. The cross section
values and uncertainties have been determined in the scope of the anfalg&sence [22].

Normalised inclusive jet cross sections at higl@? for 5< Fﬂft <7GeV

Q2_range o/one sstat 59 sModel §IES SRCES §Ee S chad shad

[GeV?] 6] [ (%] (%] (%] (%] (%] [%]
1 -1.20 1.30 -108 0.13

150-200  D5- 1crl 37 27 19 s j%. D am fggg 0.90 25

200-270  27-10' 39 25 12 43 L B 1o jg;og 0.90 25
1 -11 1.05 -0. .11

270-400  29-10' 39 26 -21 BBE woe  -0s6 0Ll 1090 22
1 -0. 1.02 -131 0.05

400-700 214 101 56 21 13 15 fg-gi i fg'% 0.90 22

700-5000  25- 10r1 64 13 -05 053 jg;g i o tgiié 091 20

5000-15000 D7-10* 791 151 -146 339 <08l +2%4 0481 991 20

Table 13: Normalised inclusive jet cross sections fot P'Tet < 7GeV measured as a function Qf

in the range 150« Q? < 15000 GeV and 02 < y < 0.7. The normalisation uncertaing)'®™ equals
zero for this measurement. The total systematic uncertaitfy,includes the quoted uncertainties and
the uncertainty on the LAr nois&”™N°ise = 05095, Other details are given in the caption of tabfe
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Figure 2: Distributions 0€? andy for the selected NC DIS data at detector level. The data are compared
to predictions obtained from the Rapgap and Djangoh MC simulations, wheclveighted to achieve
a better description of the data (labelled as ‘MC’). The non-weightedgirexs of the generators are
shown as thin lines. The background is obtained from simulated photagiodevents. The shaded
areas indicate kinematic regions which are considered in the extendee gbese of the unfolding
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Figure 5. Comparison of predictions obtained witlffelient PDF sets for select&@f bins of the in-
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Figure 8: Double-dterential cross sections for inclusive jet production in NC DIS as a fumct:ti('ijTEt

for differentQ? ranges. The new data are shown as full circles whereas full trianglesiia previously
published data. The error bars indicate statistical uncertainties. TheeHa&cba indicates all other
experimental uncertainties added in quadrature. The NLO and NNLO Qe€digtions corrected for
hadronisation fects together with their uncertainties from scale variations are shown blakded and
hatched band, respectively. The aNNLO calculations are shown a®duline. The cross sections in

each bin are divided by the bin—sizeﬁ%ft andQ?.
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Figure 9: Ratio of inclusive jet cross sections to the NLO predictions armlobaNNLO and NNLO to
NLO predictions as function of? andP‘Tet. More details are given in figui@
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Figure 21. Values ofrs(Mz) extracted from the normalised inclusive jet, dijet and trijet cross sections
using NLO predictions compared to values extracted from other jet data.upper panel shows the
values of the strong couplings(ur) and the lower panel the equivalent valuesxgfMz) for all mea-
surements. The full circles show the extracted values from the low- amdQ@figiormalised inclusive
jet, dijet and trijet data as outlined in the text. The inner error bars indicatexfiegimental uncertainty,
while the full error bars indicate the total uncertainty, including the expetiahand theoretical contri-
butions. The solid line shows the world average valuefMz) = 0.1181+0.0011 and its value evolved
to ur using the solution of the QCD renormalisation group equation. Also showtharealues oty
from inclusive jet measurements in photoproduction by the ZEUS experiimgpér triangles), from the
3-jet rateys in a fit to ALEPH data taken at LEP (diamonds), from the 4-jet rate measyrédue JADE
experiment at PETRA (stars), from the jet transition vajgg measured by OPAL at LEP (squares),
from inclusive jet cross sections as measured by the CMS experimeet [atth (crosses) and from jet
angular correlationRagr by the DO experiment at the Tevatron (lower triangles).
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