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Abstract

A precision measurement of jet cross sections in neutraéotideep-inelastic scatter-
ing for photon virtualities % < Q2 < 80 Ge\# and inelasticities @ < y < 0.6 is presented,
using data taken with the H1 detector at HERA, correspontiiraq integrated luminosity
of 290 pb!. Double-diterential inclusive jet, dijet and trijet cross sections mreasured
simultaneously and are presented as a function of jet temesvmomentum observables
and as a function of?. Jet cross sections normalised to the inclusive neutraéotiDIS
cross section in the respecti@&-interval are also determined. Previous results of incisi
jet cross sections in the range 150Q% < 15000 Ge\ are extended to low transverse jet
momenta 5< P! < 7 GeV. The data are compared to predictions from pertub&€D
in next-to-leading order in the strong coupling, in appnoate next-to-next-to-leading or-
der and in full next-to-next-to-leading order. Using alke tecently published H1 jet data
at high values of?, the strong coupling constaat(M3) is determined in next-to-leading
order.
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1 Introduction

Jet production in neutral current (NC) deep-inelastictseceig (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 gives only indirecfanmation on
the dynamics associated with the strong interaction, jedyetion in the Breit framed, 7] is

a process which always involves at least one strong vertex avBorn level and thus directly
probes QCD.

In the Breit frame, where the virtual photon and the protolid®m head on, the Born level
contribution to DIS (figurel(a)) generates no transverse momentum. Significant tresesve
momentum of the outgoing partori®;, can however be produced at leading order (LO) in the
strong couplingzs 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 proto8][ One of the diagrams of the next-to-leading order
contribution is displayed in figur&d), which also illustrates one of the leading-order diatgga

of the trijet perturbative QCD (pQCD) calculation.

(b) (d)

Figure 1. Deep-inelastiep scattering at dferent orders inxs: (a) Born contribution to inclusive NC
DIS (0(eZ,)), (b) photon-gluon fusiond@(a?@s)), (c) QCD Compton scattering)(a2.s)) and (d) a
trijet proces(a22).

About 25 years after next-to-leading order correctionetgjoduction cross sections in DIS
have been studied for the first tim@, L0], new predictions at next-to-next-to-leading order in
the strong coupling are now available for inclusive jet afjdtgroduction in DIS 11] and

in hadron-hadron collisionslp]. These new theoretical developments together with peecis
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 perfeinby the H1 Collabo-
ration [L3-22] and the ZEUS Collaboratior2B-29]. In this paper new double-fierential
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 & < P£' < 50GeV. Inclusive dijet cross sections are measured as a func
tion of the average transverse momentum of the two jets vaidahhighestF”Tet in an event,
(P1)s = %(P‘ftl + P’Tea), in the range 5 (Pr), < 50 GeV, and trijet cross sections as a function
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of (Pr)s = 3(PF™ + PE? + P°) in the range % < (Pr)3 < 40 GeV. Compared to previous
H1 jet cross section measurements in this kinematic don2&irtfie overall uncertainty is re-
duced mainly due to the larger data set together with an iagatcalibration of the hadronic
energy P2, 30. In addition new results on inclusive jet cross sectiontasger momentum
transfer, 150< Q? < 15000 GeV, with low transverse jet momenta of & P < 7 GeV are
presented. These cross sections extend the kinematic ohageevious resultg2)].

The results are compared to pQCD predictions correctedddrdmisation ffects. The pre-
dictions include next-to-leading order (NLO) calculagdBl, 32], NLO calculations supple-
mented with two-loop threshold corrections (aNNL@B| and next-to-next-to-leading order
(NNLO) [11]] calculations. The sensitivity to the strong coupling dans at the mass of the
Z-boson,as(Mz), is studied in a fit of NLO predictions to the data. Togeth@hwhe jet data
at highQ? [22], the data test the running of(y,) in the range of the renormalisation scale
between about 5 and 90 GeV.

This publication represents the first H1 analysis comptgterformed using the newly devel-
oped data preservation mod&4]. Through a planned and documented programme, begun
shortly after the end of HERA data taking, all aspects of Htadaalysis have been redevel-
oped into a framework suitable for continued use into the dexade and beyon@%, 36]. In
particular for this analysis, the continued ability to pnod new Monte Carlo samples, including
full detector simulation, access archived trigger infotimmand documentation covering earlier
analyses and create working event displays has proved tabrk This paper, therefore, also
represents a proof-of-concept of the H1 data preservatimaem

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 fferent detector
components. In sectidh4the phase space of the new low- and higheross sections is given,
and an extension of the higQ? inclusive jet cross sectiong7] is described.

For the lowQ? analysis, the data sample was collected with the H1 dete¢taiERA 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

2.1 The H1 detector

A full description of the H1 detectéican be found elsewher87-40. The essential detector
components used in the analysis are the Liquid Argon (LARraaeter, the lead-scintillating

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

2The H1 detector uses a right-handed coordinate systemhvighidefined such that the positizeaxis points
in the direction of the proton beam (also called ‘forwardedtion’) and the nominal interaction point is located at
z=0cm. The polar angleis defined with respect to this axis. The pseudorapidity isxdd as; = — Intan@/2).
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fibre calorimeter (SpaCal) and the inner tracking detectdise central tracking system and
the LAr calorimeter are surrounded by a superconductingnedl providing a uniform field
of 1.16 T inside the tracking volume, thus enabling the mesmant of transverse momenta of
charged patrticles.

The central tracking system, covering°1s 6 < 165, is located inside the LAr calorimeter.

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

The LAr calorimeter, covering the polar angular range4 < 154 over the full azimuth40Q],

is used in the analysis in the reconstruction of the hadrbnat state. The LAr calorimeter
consists of an electromagnetic section made of lead albrsosibd a hadronic section with steel
absorbers, with both sections equipped with highly segeter@adout cells in the transverse and
longitudinal directions. The energy resolutionvig/E = 11%/ VE/GeV & 1% for electrons
andog/E ~ 50%/ VE/GeV @ 3% for pions B2,43].

The lead-scintillating fibre calorimeter (SpaC&¥[ covers the region 153< 6 < 177.5° with

its electromagnetic and hadronic sections. The calorimstased to measure the scattered
electron and hadronic energy in the backward region. Theggnesolution for electrons in
the electromagnetic section iss/E = 7.1%/ V(E/GeV) & 1%, as determined in test beam
measurementsi, 44]. The SpaCal also provides energy and time-of-flight infation used
for triggering purposes. The Backward Proportional Chan{B&C) in front of the SpaCal
assists the measurement of the electron scattering angle.

The luminosity is determined by measuring the event ratéii®Bethe-Heitler process of QED
bremsstrahlung@p — epy, where the photon is detected in a calorimeter close to thenbe
pipe atz = —103 m. The overall normalisation is determined using a pregimeasurement
of the QED Compton process with the electron and the photoectksl in the SpaCalp
(e+p—oe+y+p).

2.2 Event selection

The data sample of this analysis is obtained by reconstgithie scattered lepton, defined as
the most energetic compact deposit (cluster) in the Spa@td,an energyEe > 105 GeV.
The cluster is required to be well contained within the ataeqge of the SpaCal with a radial
distanceR; s from the beam axis of 18 < R.;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
must not exceed 0.5 GeV, both cuts following the expectatfonan electromagnetic shower.
The event vertex position is obtained from tracks recowsdiin the tracking detectord).

Its longitudinal position is restricted to the rang85 < z,, < 35 cm.

The polar angle of the scattered electianis determined from hits in the BPC, if these are
associated with the SpaCal clustév]and if R,ys > 20 cm, otherwise from the aligned SpaCal
position B5]. The four-vector of the scattered lepton is calculatednfthe event vertex posi-



tion, the hit position in the BPC or SpaCal and the measuredggrn the SpaCal, assuming
the charge to be equal to the beam cha#fg. [ Four-vectors of hadronic final state (HFS)
objects are formed from tracker and calorimeter measurereniding double-counting of
energy f18,49|.

The events are collected using time-dependent triggerittons. The selection is based on the
detection of a compact cluster in the SpaCal. This condisidully 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 low@F, in addition to the SpaCal cluster a trigger signal
originating from the hadronic final state, either in the kexcor in the LAr is required40-52].
Events triggered by the LAr calorimeter alone are also aeckprhis strategy is fullyfécient
for NC DIS events with jets, but has some fiidency for the inclusive NC DIS selection.
For this reason, the data samples for 2005 and 2006—2007%acdeta measure the jet cross
sections, whereas only the data of 2006—2007 are used fordlesive NC DIS measurement,
in order to obtain normalised the jet cross sections. The flam the year 2005 correspond to
an integrated luminosity of 106 ph

The total longitudinal energy balance, determined as thierdnce of the total enerdy,; and
the longitudinal component of the total moment&y,, calculated from all detected particles
(HFS objects and the scattered electron) is restricted ta< 35t — Pt < 65GeV. In a
perfect detector without longitudinal energy loss the diyar,,; — Pt IS equal to twice the
electron beam energy, and this requirement thus reducdgfoamd from photoproduction
events Q2 — 0Ge\?), where the scattered lepton remains undetected at smpéisarEvents
with significant initial state radiation are also removed.

Cosmic muon and beam induced backgrounds are reduced tdigilslegevel after the ap-
plication of dedicated background finder algorithms. A sgsbf scintillators upstream and
downstream of the interaction point and the SpaCal provide-bf-flight information to re-
ject particles from norep background at trigger level. The resulting vetoflfimencies are
about 08 % and are corrected for by applying time-dependent weightse data. Background
from QED Compton processes is suppressed using a topdlagicagainst events with two
azimuthally back-to-back electromagnetic clusters retroeted in the SpaCad].

The NC DIS kinematical variables are reconstructed fromftie-momenta of the scattered
electrone’ and the hadronic final state particles using ¢ lISigma’) method p3] as

B Yichad Ei — Pi2)
- Yichad Ei — Pi2) + E¢(1 - CcOSbe)

y 1)

) _ E2 sir? 0e and x Ee c0S(6e/2) ’ @
1-y Ep y
where the sun}.;.,,.qfuns over all reconstructed HFS objects. This reconstrings 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 scadtézpton is

contained in the measured cluster energy. The resultingtiael correction factors are close to
unity.



The kinematic region for the NC DIS event selection is defing®.0 < Q* < 120 Ge\f and
0.08 <y < 0.7, which is larger than the final phase space of the crosssadti 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 byB + & — € = 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 fdliregar initial state radiation,
the zzcomponent of the incoming electron momentum in the lalooyaframe is calculated as

€ = _Ee = _(Etot - Pztot)/z-

The objects of the hadronic final state are clustered insaliging the inclusivi algorithm with

the masslesBr recombination scheme and with the distance paranfietefl as implemented

in the FastJet packag&4, 55]. Monte Carlo studies indicate that this choice of the dista
parameter ensures that the hadronisation correctiond@se t 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 measntg@hase space, in transverse
momentum in the Breit 1‘ramé>'et > 3GeV, and the pseudorapidity of these jets, when boosted
to the laboratory frame, is required to fulfilL.5 < 7, < 2.75. The transverse momentum of

these jets in the laboratory frame is required to exdéﬁgo > 2.5GeV, in order to remove jets
which are not well measured. The ifieiency of this requirement is small and is corrected for.
The jet with hlghesP‘Tet 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 evewtisal@and 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 eventtgaheto a larger phase space helps
to describe migrations at the phase space boundaries, asdttbilises the measurement and
the determination of the uncertainties. The relevant questire summarised in table

The final cross sections for jet production are measureda\i@ 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 < 175, < 2.5 andP}' > 4.0 GeV.

Cross sections for inclusive jet production are defined lytag all jets in a given event within
ther;-range and & < PX' < 50 GeV. Cross sections f&¥" > 50 GeV cannot be determined
reliably due to small event counts.

Dijet events are defined by requiring at least two jets padsi@ above criteria and are measured
as a function of Pr), in the range ® < (Pr), < 50 GeV. Trijet events are defined by requiring
at least three jets and are measured as a functigB;0f in the range % < (Pt)3 < 40 GeV.



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 spacg 3 < Q? < 120 GeVf 55< Q?<80GeV | 150< Q? < 15000 GeV

0.08<y<0.7 02<y<06 02<y<07
Phase space commgn  ~15 < o <275 -10< <25 ~10< <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), > 3GeV 5< (Pp), < 50 GeV
Trijet Niet > 3 Niet > 3

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

Table 1: Summary of the measurement phase space of the gst ®2otions and the extended analysis
phase space of the lo®? analysis, and the cross section phase space of the adtihighaQ? data.

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 oqufremeent oiF”Tet > 4GeV. This
asymmetry between the bound Elﬁt and the bound oKPr), 3 furthermore removes infrared
sensitive parts of the phase space and thus secures gtatditie pQCD calculationslfl,56,57).

In order to reduce limitations of the theory at lower scaéeg, from éfects of the heavy-quark
masses or higher twisffects, the phase space may be restricted for phenomendlagéatgses.
For this purpose, the dijet and trijet bin boundaries aresehsuch that only few percent of the
events abovéPr), = 7 GeV or(Pr); = 8 GeV contain jets WitHF"Tet < 5 GeV which contribute
to the measured observable.

Cross sections for jet production in NC DIS at high value€dffrom 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 earig}. [The NC DIS kinematic region was defined
as 150< Q? < 15000 GeV and 02 < y < 0.7, and jets were measured in the range 6f 7
P'ft < 50 GeV. These measurements were performed using a regdandolding 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 Bf' < 5GeV and 5< P! < 7GeV

of the extended phase space. With the improved understantithe IowP"TEt region as already
used in earlier works38, 59|, the measurement phase space could be slightly extenddd, a
cross section measurements for B < 7 GeV as a function of? are provided.

Throughout this articld’t denotes the observabléﬁt, (Pr), or (Pr)3 for the inclusive jet,
dijet or trijet measurement. Jet cross sections are deragédbsolute’, 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 (‘bii$absolute jet cross section values
are obtained in units of pb for given kinematic ranges.
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3 Monte Carlo simulations

The experimental data are corrected fieets of limited detector acceptance and resolution in
order to extract the cross sections at hadron level. Theohddvel of the Monte Carlo (MC)
generator refers to all stable particles in an event witropr lifetime larger thanr > 10 mm.
The codficients for this unfolding process are obtained from sinedatiC DIS events. The
generated NC DIS events are passed through a detailed sionubd the H1 detector and are
subjected to the same reconstruction and analysis chaireatata.

Two Monte Carlo generators are used to model NC DIS events,ibgplementing Born-level
matrix elements for the NC DIS, boson-gluon fusion and QCDn@mn processes: Djan-
goh [60Q], which uses the Color Dipole Model as implemented in ArieadBi] for higher order
emissions, and Rapgapd], which simulates parton showers in the leading-logarithap-
proximation. The hadronisation process is modelled in lpptigrams with the Lund string
fragmentation modelg3, 64] using the ALEPH tuneg5]. The QED dfects on the leptonic
tensor are simulated in both event generators using thecldsrarogramgo).

The dfects of QED radiation, QED vertex corrections and self-giesrof the lepton lines, but
not the running ofre,(Q?), are corrected for using bin-wise correction factors wialed from
generated events with these QEfPeets switched on orfbin Heracles. In the generated events
including QED radiation, which are also used for the unfdglithe kinematics is calculated by
merging the photon which is radiateé the final state electron with this electron. The size of
the resulting correction factors is 1.01 for NC DIS and ranfyjem 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 eventeaxeighted 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 hadewal lquantities. The weights
are calculated from a linear interpolation of values olgdifrom 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@ ®ve

The purity defined as the fraction of events reconstructesdbim 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 recotedrirca bin to the number of events
generated in that bin, is around 80 %. The lowest and highesanges have somewhat reduced
acceptances of about 60 % and 70 %, respectively, due to th@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 aond-weighted MC generators are
compared to data in figurd The generators Rapgap and Djangoh provide a good descripti
of the NC DIS quantities, but both generators haviiialilties describing accurately all jet
observables prior to reweighting, in particular at lowelues of Q? or at higher values o,

as well as for events with several jets. This is illustradifistance in figure, which shows
the jet multiplicity, defined inclusively, and the distriimn of the jet transverse momenta. The
non-weighted Rapgap event generator has in particulatgarabto describe the jet multiplicity
and also predicts too few jets, whereas the overall shaﬂeed?‘ﬁt-distribution is reasonably
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well modelled. In contrast, the non-weighted Djangoh pr&ain has too few jets at low values
of P¥', and overshoots the data at high value®§f significantly. The distributions ofPr),
and(Pq)3 for a dijet and trijet event selection, corresponding tortteasurement phase space
on detector level, are displayed in figute Djangoh fails to describe these whereas Rapgap is
off in normalisation, but gives a reasonable description obtiape.

Simulations from Pythiag7] are used to estimate background contributions from theqguno-
duction regime withQ? < 2 Ge\?, where a hadron is misidentified as the scattered electron.
The normalisation of these events is determined from antegnple where the contribution
from photoproduction is enriched. This normalisationdacif 1.3 is validated with two alter-
native methods, one which reconstructs and make use of drgelof the scattered electron
candidate, and one which uses data from the Photon and @&ietagger of the luminosity
system B7,68]. The methods agree within 50%. This value is taken as thenalisation
uncertainty on this background.

4 Unfolding

The measured jet data are corrected foe@s of detector acceptancéi@ency and resolution
using a regularised unfolding as implemented in the TUnpaickage $9]. A detector response
matrix A, with elementsy; expressing the probability for an observable originatimthie gen-
erated MC sample from an interviato be measured in an intervalis determined using the
average of the reweighted Djangoh and Rapgap MC simulatibascounts for migration ef-
fects and #iciencies. Migrations from the ‘extended analysis phaseespia the ‘measurement
phase space’, are included via additional rows and columtheidetector response matrix. The
solution of the hadron level distributianin the folding equatiory = Ax, wherey is the de-
tector level distribution andh is the detector response matrix, is given by minimisingthe
expression

X2 i= (= ATV HY = AX) + 7%(x = X0) T(L TL) (X = o) , (3)

whereV, is the covariance matrix on detector level, and the secantlitea regularisation term
to suppress fluctuations of the result. The matrigontains 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 resultsroare observed. The hadron level distributiors
calculated as the stationary point of equatiosnd thus given by

x=(ATV,'A+72L%) ATV Yy (4)

The detector response matwxis derived from another matrid [69], called migration matrix
throughout this article. Here the mattik 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 statistmaklations between the NC DIS,
inclusive jet, dijet and trijet measurements. For exampl#jjet event may create entries for
each jet in inclusive jet bins and in addition entries in élbéns corresponding to the NC DIS,
dijet and trijet measurements, respectively. Such evemslpte the correspondingfaliagonal
elements of the matriy,.
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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, @, y. Migrations of dijet events found in the analysis phase sgatended ims;, P£?,
(Pr),, Q% andy are considered as additional side-bins. The sub-matrixefitiet measurement
considers migrations itPr);, Q? andy. Trijet events found in the extended phase space, i.e.
by successively enlarging the measurement phase space varables]’;, PS% and P=® are
considered as additional side-bins. The sub-matrice®irtclusive 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 hadrohisgverformed in the laboratory
frame, applying a closest pair algorithm with a distancéalae R? = (Ar5,)? + (A¢ls,), and the
maximum distance is set ®= 0.9.

The bins of the migration matrix are arranged similarly togh in reference2P]. The main
differences are described in the following. In contrast to tladyars in reference?], the phase
space of the dijets and trijets is not constrained by a cutheiwijet mass. Therefore there is one
variable less for which migrations have to be consideredfaisdllows to choose a finer binning
in the remaining variables. The migrations into the phasesfromy > 0.6 are considered as
one column in the matrix and are constrained by data measutieelrange @ < y < 0.7. Large
negative correlations between neighbouring bins of theldefi cross sections are minimised
by using two bins on hadron level Iﬁft, (P1)> or (Pt)s, which later are combined to obtain
the final cross section bin. In case of inclusive jets, tweskire also combined iff;. The
QED correction factors (see sectiBphare 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 acctarthis
excluded event sample, the events of the years 2006 and 2f1@ih @n additional weight
factor for the NC DIS entries, whereas the entries of the jeasarements remain utected
(see sectiorR.2).

The resulting migration matrix has a size of 3381 times 12&@dnents, and the matri,
consists of 12 300 times 12 300 elements. For the final crat®as, 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.

5 Definition of the cross sections

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

n_unfolded

rad” i
g = i T 5

wherenynlded js the sum of the unfolded number of events in bicalculated as the sum of
unfolded values as defined in sectios, and c{ad denotes the correction for QED radiative
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effects. The data correspond to an integrated luminosit§ ef290 pb*, where about one half
of the data was taken with electron beams, otherwise withrpos.

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

surements, respecting all statistical correlationswadléor 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 doubleftrential absolute jet cross section to the NC DIS cross@ecti
in the respectiv€?-bin ig:

norm _ Oi

i - ﬁ (6)

a
iq

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

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

uncertainties are correlated between the NC DIS and thegasorements. Consequently, the
systematic uncertainties cancel to some extent.

6 EXxperimental uncertainties

Statistical uncertaintie$®®, are determined on detector level and are propagated thritag
unfolding equations. The statistical covariance majxncludes all correlations of the inclu-
sive jet data and between thdtdrent observables.

The following systematic uncertainties are estimated lgrd@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) atle uncertainty described below:

e The energy of the scattered lepton is measured with a poea$i0.5 % in the SpaCar[,
which defines the electron energy uncertaify.,

e The azimuthal angle of the scattered lepton is measuredasitibcision of 0.5 mrad/[],
which defines the electron angle uncertainty,

e The calibration procedure for HFS objec22][30] results in two independent uncertainty
contributions: the ‘jet energy scale uncertainty’ (JE85?, for HFS objects contained in
a laboratory jet with high transverse momentum, and theaiaimg cluster energy scale’
(RCES) for the remaining clusters¥°ES, Both uncertainties are determined by varying
the energy of the HFS object by 1 %7. The JES uncertainty is a dominant uncertainty
at high values oPr, and the RCES uncertainty is sizeable at low valudg;of

e The model uncertaintyi°®' accounts for uncertainties in the simulation of events and
the resulting changes in the unfolding. The model uncestasndefined as the ffierence
between the nominal result and the result obtained usingnieation matrix from the
reweighted Rapgap or the reweighted Djangoh predicticrrseal

e The reweighting uncertainty™°%RW  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 $aclion more exclusive

jet

jet quantities, like e.gl?"Tet or i, of the leading, sub-leading or third jet in an event, and
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the other focused on more inclusive jet quantities like thvatiant mas$,, of the two
leading jets okPr), and(Pr)s. The nominal set of weights contains a mixture of both
and there are altogether sixteen 2D reweighting functidhs.reweighting uncertainty is
then defined as the fiierence of the nominal set to one of the alternative sets.dibim
other alternative set leads to very similar uncertainties.

The uncertainty on the cross sections is obtained by prapagide diference to the nominal
response matridA to the hadron level in equatioh This calculation is performed with sim-
ulated events in order to avoid fluctuations caused by thagddhdata statistics. The quoted
relative uncertainties are obtained by dividing the estgdabsolute uncertainties by the data
Cross sections.

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

e The uncertainty of the luminosity measurement and the dvweoamalisation is known
with a precision of 2.5%45] (denoted ag"°™), which includes a 1.5 % normalisation
uncertainty on each data taking perictb[71]. The latter uncertainty 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 dijetlay0.9 % the trijet cross
sections 22] (denoted ag-A™oise),

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

e The uncertainty on the QED radiative correctiofi&, based on Heracles, is estimated as
half of the diference between the correction factors obtained with DjaraydRrapgap.
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 eventsglisas their statistical uncer-
tainty, are added to the covariance matrix prior to the uhifig). The resulting statistical
and normalisation uncertainty of the background is founidet@maller than 0.1 % and is
not included in the results.

e The estimated statistical uncertainty of the MC simulai¢'“s®) on the elements;;
of the detector response matrix are propagated to the ceofisrss 9] 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, the fect is expected to be small.
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The calculation of the statistical uncertainty of the nois&al jet cross sections takes the statis-
tical correlations between the jet observable and the NCrbd#&surement into account. Sys-
tematic uncertainties of normalised jet cross sectionsalilated separately for each source,
where numerator and denominator are taken to be fully ciegel

The quadratic sum of all experimental uncertainties is tehas 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€® afe statistically independent of the |0@#
data points, discussed above. For a common analysis ofhetal highQ? jet measurements,
the uncertainties on the reconstruction of the scatterptbheare uncorrelated between the
two kinematic regimes, sinceftirent detectors were used for the lepton reconstructioe. Th
uncertainties on the reconstruction of jets are taken tmbelated.

For the calculation of the covariance matrix of the expertakuncertainties, the normalisation,
the LAr noise, and uncertainties on the electron reconstnuare taken as correlated between
the data points. Uncertainties on the cross sections dugetMC 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. Tiististd uncertainty of the MC models,
the uncorrelated uncertainty of 1 % and the uncertainty errdidiative corrections are treated
as uncorrelated for the calculation of the covariance matri

7 QCD calculations

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

in pQCD. The pQCD calculations are corrected for hadromeatffects by applying multi-
plicative bin-wise hadronisation correction factors. iafised 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 coupli@,[73] with Q? is taken into account.

The different theoretical calculations are summarised in talalled are explained in the follow-
ing:

e Predictions for jet cross sections in NLO are obtained usiegprogram nlojet+ [31,
32,74). The matrix elements are calculated in & scheme for five massless quark
flavours. The calculations are interfaced to FastNIZg, 76] and a value of the strong
coupling constant ofs(M;) = 0.118 and the PDF set NNPDF3.[¥8] is used. The PDF
set NNPDF3.0 was chosen, because for its determinatioidsesclusive DIS data, jet
production data from the LH@B-87] and the Tevatrond8-90] were used.

3Whenever an uncertainty is split up into a correlated anduetated part, the quadratic sum of those two
yield the initial value of the uncertainty.

4The LHAPDF [77] PDF set ‘NNPDF30 _nlo_as 0118’ is used for NLO calculatioand the set
‘NNPDF30 _nnlo_as 0118’ for aNNLO and NNLO calculations.
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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 normdlis¢ cross sections.

e Predictions for inclusive jet and dijet cross sections ipragimate next-to-next-to-leading
order, applying the unified threshold resummation formmali83], are obtained using the
program JetViP%7,91-94]. The approximation is expected to agree with exact caicula
tions at very large jet transverse momenta.

Predictions in full next-to-next-to-leading order pQCDNNO) are obtained using the
program NNLOJET 11,95 for inclusive jet and dijet production, where the inframsatd
collinear singularities are cancelled using the antenb&raction formalism $6-99].

In order to account for small numericaki@irences of dferent fixed order predictions for
jet cross sections, originating fronffects such as limited statistical precisiorffeliences
in the subtraction scheme, or small numericdfedences of input constantsq], the
aNNLO and NNLO cross sections presented here are calcwdateulltiplicative correc-
tions to the NLO predictions obtained from nlojet. This procedure is only of relevance
for the JetVip predictions at high values I@ft.

For inclusive NC DIS cross sections in NLO the program QCDNUMN({ with the
zero-mass variable-flavour-number scheme (ZM-VENH)]] is used. The PDF set
NNPDF3.0 andrs(Mz) = 0.118.

For inclusive NC DIS cross sections in NNLO the program APREQ2 103 with the
FONLL-C heavy quark scheméd. (4 is used. These inclusive NC DIS cross sections
are calculated as in the NNPDF3.0 PDF extractib@3. The predictions employing
the FONLL-C scheme are about 2.5 % highet~ 6 Ge\V? and 1% higher a€? ~

70 Ge\f than predictions employing the ZM-VFNS in NNLQ(5-108,.

The dependence of the jet cross section predictions on thieechf the PDF set is shown in fig-
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ure5. Predictions obtained with the NNPDF3.0 are compared tdigtiens using the PDF sets
MMHT [83], CT14 [82] and HERAPDF2.084]. All PDF sets shown are obtained 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 inrdi§u The predictions are
consistent within 2%. The fferences are covered by the PDF uncertainty obtained from the
NNPDF3.0 PDF set.

For the calculation of the jet cross sections, the squardsediactorisation and the renormali-
sation scalegf 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 regigw 109.
Predictions in NLO using other choices figr andu? are displayed in figuré. The predictions
with scales which involve®r are covered within the scale uncertainty (see below). Aescal
choice ofu? = Q? results in very high cross sections at high valueB-pfis compared to other
scale choices, becau§¢ may be small compared . Such a choice for the two scales is
disfavoured by the data (see sect®)n

The uncertainty on the pQCD predictions is estimated byiugrthe renormalisation and fac-
torisation scales by factors of 0.5 and 2, using the 6-paialiesvariation prescriptiorilfl0 111]
where opposite variations of the two scales are excludec higghest and the lowest cross
sections out of the resulting six variations are display®daale uncertainty. For the calcula-
tions of the normalised jet cross sections scale unceigaioh the NC DIS cross sections are
neglected, because they are expected to be small compattesl soale uncertainties of the jet
cross section predictions. The uncertainty originatimgrfithe PDFs is small compared to the
size of the scale uncertainty.

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

to the cross section at the parton level, i.e. after partawshs and with coloured partons as
input to the jet algorithm. The correction factors are daiaed as the average values obtained
from Djangoh and Rapgap simulations. The hadronisatiormaioity is taken as half of the
difference between Djangoh and Rapgap. For inclusive and dijs$ sections the hadronisa-
tion corrections are typically around 0.86 to 0.97 and atpd®etter than 5 % between the two
MC programs. For trijet cross sections the hadronisatierection factors are in the range 0.73
to 0.86 with up to 8% dferences between the two MC models.

8 Cross section measurements

In the following, the diferential cross sections, corresponding to the measurgrhase space
given in Tablel, are presented for absolute and normalised inclusive ijet, @hd trijet pro-
duction at hadron level and are compared to the predictiditee 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]. Here ngos is the number of data points in the

5Since the NNLO predictions for the jet cross sections couldb® obtained with varying NNLO PDFs, the
PDFs are convoluted with NLO matrix elements for this study.
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calculation. The covariance matrix is calculated from tkpegimental and the hadronisation
uncertainty, while half of the hadronisation uncertairgyaken as uncorrelated and the other
half is taken to be correlated. PDF uncertainties are nttidtecl, because they were not avail-
able for the aNNLO and NNLO jet cross section predictions.e Values ofy?/nqo for the
absolute and the normalised jet cross sections are listiadblies.

Ndof Value ofy?/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/ngof 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@hy.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?/ng.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 highdst bins between the inclusive jet, dijet and trijet cross
sections. Negative correlations of typical siz@.2 are present between adjacent bin£m

The correlations between adjacéhitbins 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 arenfibto be small as compared to the
predominant negative correlations arising in the unfaginocedure caused by the finite detec-
tor resolution. The individual entries of the correlatioatnix are provided elsewher8(]. The
correlations of the normalised jet cross section measurenaee very similar to those displayed

in figure?7.

8.2 Inclusive jet cross section

The measured doublefrential inclusive jet cross sections as functioPfand Q? for low
and high values of)? are compared to fierent theoretical predictions in figue Ratios of the
data and of the predictions in aNNLO and full NNLO to the NL@ghictions are provided in
figure9.
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8.2.1 Inclusive jet cross sections at lov@? (Q? < 80 Ge\f)

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

certainty. At higher values d?jTet these two uncertainties are of about equal size. The dorninan
experimental uncertainties ag&S §RCES, sModel gngMedeiRW,

In general, the data are well described by the predictiotisinvexperimental and theoretical
uncertainties. The central values of the NLO and the aNNL€&¥igtions 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”'-spectra than observed. The NNLO predictions give a
good description of thé”ft-distributions explaining the excellent valueydf/ny (table3). The
aNNLO predictions provide a reasonable description of Hawoe of thdjft-distributions.

Some of the dferences between data and predictions may be attributeck tBfrs which
are evaluated in the range> 0.08 (x > 0.04) to obtain the predictions fdi"{St > 35GeV
(P > 25GeV). In this highx domain the gluon PDF is not well known and largéetiences
between dierent PDF sets are prese@d].

The NNLO corrections to the cross section predictions, Whie defined as ratios of NNLO to
NLO predictions and are displayed in figusgare particularly large at low values th or at
low values ofQ?, equivalent to low values of the renormalisation and fasttion 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 gagations of all predictions,
however, are significantly larger than the experimentakuainties. At higher values cﬂ’ft 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 GeVf)

In this section, the extension of the measurement of ingdusit 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 regionPt' < 7 GeV by adding an extra bin at lo®" as outlined in sectio®.4. These
additional cross section points as a function@f 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, 11and12. The statistical correlations of these data points to atlaés points22]
are listed elsewher&().

The new lowP"" inclusive jet cross sections at higd? are underestimated by the NLO and
aNNLO predictions, while the NNLO predictions give a gooddption of these new data
points. For each of th@?-bins there is a sizeable negative correlations of aroursb-be-
tween the new measurement at!P‘Tet < 7 GeV and the previously published measurement at
7 < P‘ft < 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 pof, in table3 also indicate that

19



the aNNLO and NNLO predictions have problems describinghah-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 @ < y < 0.6 in theQ? bins in the range 5 < Q% < 80 Ge\f. 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 nbtgigompared to the dominant luminosity
uncertainty of 2.5 % and the other experimental uncertsrif 1 to 2%. The inclusive NC DIS
cross sections are well described by the NLO predictionsimihe 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 uiagnclusive NC DIS and the absolute
inclusive jet cross sections, are displayed together \itbttetical predictions in figurgl. The
normalised jet cross sections increase as a functi@yf ébr a given interval irP‘ft. This dfect

is most pronounced at high valuesl?ift. 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 cancélédmbrmalisation,
and the systematic uncertainty is significantly reducegt ombins where the overall systematic
error is small, typically at IOV\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-dierential dijet cross sections as functionBf ), andQ? are displayed in figur&3
and compared to theoretical predictions in NLO, aNNLO and_®NA comparison of the ratio
of data to NLO predictions is provided in figuié together with the predictions in NNLO.

Within the scale uncertainties, the data are describedoydhe 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 fokPt), <
35 GeV, while the scale uncertainty of the NNLO calculatiz®duced compared to the NLO
predictions and is larger than the experimental uncereamnly for(Pr), < 25 GeV.

The normalised dijet cross sections are displayed togettibrtheoretical predictions in fig-
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 cressass to theory predictions, the
features observed with the absolute dijet cross secti@esanfirmed.
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8.5 Trijet cross sections

The double-dierential trijet cross sections as function B )z andQ? are displayed in figur&7
and compared to NLO predictions. A comparison of the ratiolath 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 calculatigie an overall good agreement
with the data over the full phase space, and the overall gesdribtion is confirmed by the
value ofy?/nqes = 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 valuegBf)s.

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

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 inPr)s. This dfect is sizeable even at
the lowest values ofP+)s.

9 Strong coupling determination

The presence of a strong vertex in leading order for jet petdn in the Breit frame allows a
precision extraction of the strong coupling constant. Sitine 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 sensitiigtquantified in terms of the ex-
perimental uncertainty on the fit result. Beyond experirabmhcertainties, uncertainties in the
theory predictions from PDFs, the strong coupling used @WRBF extraction, the uncertainty
on the hadronisation correction and uncertainties fronstiade 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 obtaasdescribed in section The
covariance matrix in thg? minimisation is calculated using the experimental undetits, the
PDF uncertainties, as determined from NNPDF3.0 replicastlae uncertainty on the hadroni-
sation corrections.

To improve the sensitivity to the strong coupling, data pofrom the high©Q? domain are also
considered in the fit42]. The uncertainties of these data are treated as descnbed. i[22].
The correlated components of the JES, RCES and model uimtgraa well as the luminosity
uncertainty are considered to be correlated between thedod highQ? data set in the?-
calculation.

The experimental uncertainties aR(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 GeVF andPr > 7 GeV, since pQCD predictions may have problems at smalidesc
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and dfects from the heavy-quark masses close to production thickeilay become important.
The values 0f¢?/ngof range from 0.7 to 2.0, whem, 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 GeV? and | All data points Q? > 11 Ge\* and
Pr >7GeV Pr > 7GeV
Inclusive jet £(0.0013)yp £(0.0022)p £(0.0012)yp +(0.0018)yp
Dijet +(0.0014)yp +(0.0016)yp +(0.0014 ) +(0.0015)yp
Trijet +(0.0015)yp +(0.0018)yp +(0.0012)p +(0.0013)yp
Norm. inclusive jet +(0.0008)yp +(0.0019)yp +(0.0005)p +(0.0007)yp
Norm. dijet +(0.0009)yp £(0.0011)yp £(0.0007 hyp £(0.0007 kyp
Norm. trijet £(0.0012)p +(0.0015)yp £(0.0008)yp +(0.0009)yp
Incl. jet, dijet and trijet £(0.0011)yp £(0.0013)yp £(0.0009)yp £(0.0011)yp
Norm. incl. jet, dijet and trijet| +(0.0007 ko +(0.0009)yp +(0.0004 +(0.0005)yp

Table 4: Experimental uncertainties ag(Mz) in a fit of NLO predictions to low@? and highQ? jet
data p2].

minus one. The value gf/nq. is observed to become sizeable whenever data at lower \@flues
Q? andPr and thus at low values of the renormalisation scale, haveédxgerimental 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 sepayateow a similar sensitivity tas(Mz),

if all data points are considered. The restriction of theadadints toQ* > 11 GeV and
Pr > 7 GeV, significantly degrades the experimental precisioas(#;) in particular for the
inclusive jets. The inclusion of the higQ? 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 higpr, with an ‘experimental’ precision amg(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 higp?, is

as(Mz) = 0.1173 (4)p (3)ror (7)roFes) (L1porset(B)had (733)scale- (7)

The following uncertainties on the NLO predictions are ¢desed:

e The PDF uncertainty (denoted as ‘PDF’) is calculated asdbare root of the dierence
of the quadratic uncertainties of the nominal result andfitkehere the PDF uncertainties
are not included in the covariance matrix.

e The uncertainty on the choice of the PDF set (denoted as ‘B®D)Hs estimated by cal-
culating half of the maximum dierence of fits employing the ABM1B]], CT14, HER-
APDF2.0, NNPDF3.0 or MMHT PDF sets.

e The uncertainty due to the value @{(Mz) as input to the PDF extraction (denoted as
‘PDF(as)’) is estimated by repeating the fit with PDF sets for two ildeas(M;) values
of 0.117 and 0.121. The uncertainty is calculated as halfiifierence of the fit results.
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e The hadronisation uncertainty (denoted as ‘had’) is oletdias the square root of the
difference of the quadratic uncertainty of the nominal resudtcra fit where the hadro-
nisation uncertainty is not included in the covariance matr

e The scale uncertainty is obtained from refits with scaleefi@cfor the renormalisation
and factorisation scale according to the 6-point presonipt

A value ofy?/ng = 1.36 is obtained in the fit of 198 data points using NNPDF3.0s Eiting
ABM11, CT14, HERAPDF2.0 or MMHT result in an improved degtion of the data with
values ofy?/ng.r of about 1.1, where in each case the respective PDF undétaare used in
they? calculation.

The extracted value afs(Mz) is compatible with the world average valuelp] of 0.1181 (11).
The uncertainty oms(Mz) from scale variations is much larger than the experimemtaker-
tainty. The NNLO calculations are expected to reduce thertteal uncertainty in future fits
of this data.

The sensitivity of the normalised jet cross section datdgwtand high values o€, to the
the running ofas(u,) is studied in a fit of NLO predictions to the data. The datenfsofor
normalised inclusive jet, dijet and trijet production arewped into ten groups with comparable
values ofy,, and the value ofs(M;) is obtained from minimising? separately for each group.
The value ofvs(i,) is calculated fronas(Mz) by applying the solution for the evolution equation
of as(uy) 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 in tablld and are compared to extractions from other jet dai3{118
in figure 21. The H1 jet data probe the running of the strong coupling enringe 5< u, <
90 GeV.

10 Summary

Measurements of the inclusive jet, dijet and trijet croggieas 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. Ategatd 150< Q? < 15000 GeV
new cross section measurements for inclusive jet crosgasdor jet transverse momenta of
5 < PP < 7 GeV are presented, extending the kinematic reach of ginealdlished results.

The jets are reconstructed using the inclusivelgorithm in the Breit frame and are required
to have a minimum transverse momentum of 4 GeV. The preciHidimle measurements is in
the range of 6% to 20 % in the central parts of the phase spaalkeul@tions at NLO QCD,
corrected for hadronisatiortfects, provide a reasonable description of the doulsferéintial
cross sections as functions of the jet transverse momeR{uand the boson virtualit@?.

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

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

The strong couplings(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 prectdithe data.
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Bin boundaries and labels

Q?-range [GeV] [5.5;8] [8;11] [11;16] [16;22] [22;30] [30;42] [42;60] [60;80
Prange [GeV | Inclusive jet

[45;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)2-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)s-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 cressisn and correlation tables.
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Inclusive jet cross sections in bins 0§? and F"Tet

Bin o sstat 55YS %) sModel sModelRW SIES [%] SRCES [%] e/ [%] % [%] sMCstat ~ srad chad — shad crad
label [pb] [%] plus  minus [%] [%] up down up down up down up down [%] [%] [%]

1 150-103 20 +55 -44 07 11 +10 -11 -27 +42 +07 -00 +06 +01 13 04 | 0.86 61 | 1.01
2 438102 22 +123 -117 30 25 -81 +92 +64 -69 +03 +02 +0.7 -03 13 08 | 0.90 45 | 102
3 106- 107 2.8 +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 65 6.1 -84 +76 +06 -31 +04 +08 +08 -03 6.3 15 | 095 Q9 | 103
6 326-101 311 4221 -235 120 -07 -134 +101 +25 -28 +14 -00 -11 +38 142 28 | 095 Q02 | 105
7 108-10° 20 +9.7 -95 6.6 46 +03 -09 -39 +44 +05 -06 +02 -0.2 12 04 | 087 584 | 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 6.1 -51 +56 -00 -11 -04 -01 +02 -06 22 06 | 095 19 | 1.03
11 156 212 +160 -119 -1.9 29 -75 +122 -09 +18 +31 -34 -03 +46 72 13 | 095 Q9 | 104
12 251-101 348 4255 -257 178 43 -84 +110 +13 -58 -36 +10 +14 -44 132 28 | 0.96 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 | 091 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
18 448-101 221 +186 -17.7 125 6.8 -48 +68 +13 +20 +21 -11 -03 +18 72 52 | 0.96 Q06 | 1.00
19 741107 22 +50 -55 21 -09 +05 -07 -39 +31 +00 -02 +08 -0.6 11 02 | 0.89 40 | 102
20 278107 22 +89 -91 36 20 -66 +67 +28 -38 +06 -03 +0.7 -04 09 05 | 092 34 | 102
21 713-10 30 +56 -51 18 -01 -37 +44 -02 -06 +02 -04 +05 -05 10 05 | 094 27 | 103
22 133-10 61 +81 -77 49 32 -32 +39 -02 -02 +03 -01 +03 +0.1 17 23 | 095 17 | 1.03
23 177 179  +178 -177 127 78 -72 +72 -05 +15 +10 -00 +18 -12 49 25 | 0.96 15 | 1.05
24 255-101 363 +166 -163 -22 -51 -85 +89 +11 -02 -01 -23 +38 -26 115 33 | 094 05 | 106
25 559- 107 26 +70 -70 43 22 +08 -11 -40 +40 +06 -05 +02 +0.2 11 03 | 0.89 33 | 102
26 230-10% 24 +94 -89 27 40 -58 +67 +34 -37 +01 -04 -04 +02 10 03 | 093 29 | 103
27 631-10 33 +85 -81 5.0 45 -33 +42 +07 -11 +04 -03 -01 +02 10 07 | 094 28 | 102
28 105-10 s +92 -81 40 a7 -38 +56 +17 -11 +06 -03 +03 +04 20 07 | 095 21 | 103
29 181 160 +119 -92 45 40 -34 +81 +15 -15 +02 -08 -09 +19 48 18 | 096 Q9 | 101
30 406-101 249 +160 -162 -89 -68 -34 +36 -07 +01 +11 -13 -25 -01 84 63 | 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 | 103
32 243.10% 23 +75 -77 18 -0.2 -61 +62 +24 -32 +01 -03 +03 -04 08 01 | 094 23 | 102
33 656- 10 31 +70 -68 33 37 -37 +40 +03 -07 +03 -04 -02 +02 08 04 | 095 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 | 1.07
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 a7 -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 -53 +25 +01 -05 +03 -08 -13 -0.2 36 15 [ 096 13 | 1.02
42 372-101 250 4159 -151 65 89 -23 +64 +05 +28 +03 -23 -39 -11 76 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 37 +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 | 0.96 18 | 1.00
46 937 85 +52 -57 02 -19 -39 +31 -10 +11 +02 -04 -02 +04 20 07 | 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 4287 -245 -25 132 -6.0 +136 +71 -24 +26 +07 +14 +51 188 35 | 095 18 | 0.99

Table 6: Double-dferential inclusive jet cross sections measured as a funcitid? and P‘ft. The
bin labels are defined in table The data points are statistically correlated and the ioas are
displayed in figur@. The experimental uncertainties quoted are defined in@egtiT he total systematic
uncertainty,6%Ys, sums all systematic uncertainties in quadrature, inodhe uncertainty due to the
LAr noise ofst-A™oise = 050, the total normalisation uncertainty®°™ = 2.5 % and the uncorrelated
uncertainty of 1%. The correction factors on the theorkticass sectiong"@ together with their
uncertainties"@ are listed on the right. The radiative correction facw?é are already included in the
quoted cross sections.
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Dijet cross sections in bins of? and(Pt)2

Bin P sstat 558 [%)] sModel sModelRW SIES [%] SRCES [%] e [%] % 1] sMCstat srad [ 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 | 0.90 39 | 1.02
3 397-10 28 +75 -74 44 33 -38 +39 +06 -08 -02 -01 +03 -03 11 10 | 093 28 | 1.02
4 6.65 59 +70 -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 | 0.94 12 | 1.04
6 214.101 216 +192 -212 119 106 -91 -02 +10 -15 -02 +17 +08 +03 94 38 | 097 30 | 1.04
7 255- 107 30 +88 -84 -12  -10 +40 -40 -65 +69 +04 +03 +11 -08 16 06 | 0.87 43| 1.01
8 149- 107 21 +41 -41 10 07 -18 +22 -16 +11 +09 -08 +00 +01 09 03 | 0.90 35| 1.02
9 320-10 30 +81 -82 46 44 -40 +39 +01 -04 +07 -05 +03 -03 10 08 | 0.94 28 | 1.02
10 505 67 +102 -105 82 29 -46 +38 +13 -12 +00 +01 +09 -07 20 09 | 095 20| 1.02
11 901-101 145 +88 -101 36 -12 -54 +27 +11 -14 -03 -07 -13 +09 64 25 | 0.95 17 | 1.05
12 644-102 731 +507 -497 -276 -212 -115 +162 -23 -42 -61 -56 -24 -42 321 43 | 0.96 23| 1.05
13 237-10% 30 +92 -85 20 -36 +41 -34 -56 +64 +04 -13 -06 +05 15 05 | 0.89 36 | 1.02
14 148107 21 +44 -39 17 0.6 -18 +24 -06 +11 +04 -04 +01 +02 08 05 | 091 32| 1.02
15 362-10 27 470 -6.7 36 31 -35 +40 -00 +06 +06 -04 -01 +04 08 09 | 094 251 1.03
16 682 52 466 -65 39 0.6 -40 +40 +07 +01 +03 -05 +00 +01 14 08 | 0.96 22| 1.05
17 107 135 +74 -58 -0.1 0.7 -29 +49 +19 -01 +10 +03 +11 +10 37 19 | 0.96 18 | 1.04
18  124-101 365 +199 -195 58 87 -92 +103 -17 -04 +09 -06 -18 +07 104 79 | 0.96 30 | 0.98
19 169- 102 38 +87 -95 05 18 +39 -48 -72 +68 +05 -05 +05 -03 18 03 | 0.89 27 | 1.03
20 114102 24 +60 -63 41 30 -17 +10 -17 +08 +05 -06 -01 -02 08 04 | 092 27 | 1.02
21 272-10 31 +90 -94 59 53 -41 +30 -02 -06 +01 -04 -01 -05 08 07 | 094 26 | 1.03
22 484 67 +105 -104 6.7 58 -34 +39 +03 -05 -01 +00 +01 -06 18 25 | 0.95 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 +305 -302 125 142 -63 +45 +16 -02 -02 -01 +62 -19 214 711094 -03 ]| 1.07
25 144-107 42 +89 -70 18 -14 +41 -37 -44 +68 +05 -05 +05 +08 17 03 | 0.90 21 1.03
26 104- 102 24 +40 -35 10 12 -09 +15 -09 +16 +03 -02 +01 +03 07 03 | 093 22| 1.03
27 265-10 31 +70 -69 40 35 -32 +34 +01 +01 +05 -03 -02 +02 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| 1.03
29 838-101 135 +126 -124 80 55 -42 +48 +11 +07 +02 -06 -03 +02 37 44 | 095 25| 1.03
30 165-101 278 +205 -187 104 75 -38 +90 -23 +32 +19 -23 -10 -06 87 84 | 095 11| 0.96
31 116- 107 54 +89 -83 09 -03 +38 -38 -63 +70 -04 +01 +10 -10 24 05 | 0.90 15| 103
32 939-10 27 456 -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 -0.1 15 10 | 0.96 16 | 1.03
35 837-101 144 +105 -81 -27 -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 -23 153 67 | 0.96 30 | 1.04
37 104- 107 52 +76 -69 16 -04 +30 -30 -49 +59 +04 -04 +00 +0.0 18 05 | 0.90 10 | 1.04
38 876-10 25 453 -52 32 23 -14 +16 -12 +13 +02 -03 +01 +02 07 03 | 094 13| 103
39 251-10 31 +62 -61 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 | 0.96 18 | 1.03
41  944-101 138 +80 -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 Q05 | 1.05
44 559-10 37 +72 -74 55 12 -21 +17 -30 +28 +02 -04 -10 +05 10 04 | 095 Q7 | 1.03
45 181-10 44  +65 -72 43 23 -38 +31 -21 +04 -01 -03 -07 -02 12 05 | 097 14 | 101
46 341 95 492 -82 43 19 -51 +66 -09 +15 +05 -06 -18 +11 24 14 | 0.96 22| 1.02
47  463-101 269 +155 -107 41 -19 -34 +93 +17 +10 +11 +23 +68 +18 79 29 | 0.96 11| 105
48 999-102 458 +259 -244 23 169 -7.7 +117 +18 +08 -14 -11 +08 +09 144 49 | 0.96 221 097

Table 7: Double-dferential dijet cross sections measured as a functioB?énd (Pt),. For an ex-
planation of the column headings, see tahlél'he LAr noise uncertainty for the dijet cross sections is
6LArNoise = 0.6 %.
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Trijet cross sections in bins 0fQ? and (Pt )3

Bin o sstat 55YS[%)] sModel  sModelRW SIES [%] SRCES [%] 5Fe [%] 5% [%] 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 131084 26| 102
4 443.101 198 +122 -114 32 56 -23 +27 +32 -07 +07 +08 +0.7 +26 65 58 084 03] 104
5 416-10 63 +188 -188 124 103 +58 -62 -61 +65 +08 -10 +04 +08 29 05| 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 -07 -06 30 121084 21(103
8 280-101 275 +199 -195 -140 -45 +24 +62 -02 -31 +08 -23 -28 +08 108 39 (084 07]108
9 417-10 54 +168 -16.6 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 +10 -03 -00 +03 17 06 | 079 47| 105
11 503 69 +9.6 —-100 63 56 -38 +28 -02 +04 +06 -10 -02 +02 21 11084 27104
12 395-101 196 +110 -116 34 -04 -77 +72 +09 -22 -15 +15 +16 -19 58 35086 02103
13 256-10 82 +194 -182 96 129 +60 -44 -60 +79 +09 +01 +16 +08 30 06 [ 073 73| 104
14 153-10 62 +113 -113 57 86 -11 +17 -26 +21 -01 -05 -04 -02 19 08 [ 079 52| 104
15 446 74 +87 -86 53 46 -32 +35 +03 +02 +00 +04 +05 -04 21 131083 28| 107
16 248-101 301 +220 -269 161 84 -164 +63 -22 +03 +27 -33 -15 +21 93 36 086 09103
17 205-10 95 +159 -124 51 80 +68 -40 -52 +98 +07 -07 -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 54| 104
19 376 86 +69 -68 37 24 -30 +28 -01 +18 +06 -07 -03 +03 23 18084 28| 104
20 257-101 278 +146 -143 -04 -49 -72 +76 -10 +16 -00 -07 -10 +05 74 82 086 17103
21 215-10 87 +137 -107 22 65 +57 -32 -64 +95 +08 +01 +08 -02 28 06 [073 72| 104
22 139-10 62 +135 -136 76 103 -16 +11 -28 +22 +04 -04 -01 -00 16 10079 &2|104
23 332 91 +123 -115 81 65 -26 +46 -03 +16 +10 -03 +04 +10 23 191083 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 05 (073 68104
26 132-10 67 +45 -44 02 11 -07 +09 -20 +23 +02 -05 -08 +04 17 13078 56| 104
27 375 86 +9.9 -109 67 57 -49 +22 -12 -05 -06 -03 -06 -07 21 121084 36|104
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 07 (073 61| 104
30 907 88 +65 -6.0 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 1083 32104
32 313.101 275 +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®?énd (Pr)s. For an ex-
planation of the column headings, see tahlélhe LAr noise uncertainty for the trijet cross sections is
6LArNoise = 0.9%.
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Normalised inclusive jet cross sections in bins chZ and F":T

Bin olone sstat 55YS[%) sModel sModelRW SIES [%] SRCES [%] sFe [%] B [%] sMCstat gsrad [ 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 04 (086 61]101
2 323-102 22 +126 -121 28 23 -84 +95 +71 -76 -04 +09 +06 -03 14 08 [ 090 45] 102
3 783.-10% 28 +82 -82 48 32 -51 +53 +02 -15 -05 +08 +03 -03 14 09 [ 093 30| 102
4 133108 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 151095 09103
6 241.-10° 311 +225 -240 120 -11 -139 +105 +32 -36 +05 +09 -12 +40 146 28 095 02] 105
7 123.101 20 +89 -87 62 46 +02 -09 -34 +39 -03 +02 +05 -04 12 04 | 087 54102
8 409-102 22 +113 -107 56 24 -71 +84 +40 -49 -02 +01 +05 -03 11 03 [090 42] 102
9 963-10% 30 +67 -59 44 11 -32 +45 -04 -05 -03 -01 -01 -02 12 07 [ 093 28] 102
10 144.10% 69 +126 -126 90 61 -53 +57 +07 -19 -13 +09 +04 -08 23 06 [ 095 19] 103
11 177-10% 212 +159 -117 -28 28 -78 +125 +01 +08 +19 -21 +00 +44 74 13095 0Q9|104
12 284-10° 348 +255 -261 173 42 -86 +113 +25 -70 -51 +25 +18 -48 135 28 [096 20| 103
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 +00 -04 09 06 [ 091 38| 102
15 116-102 27 +76 -74 45 34 -41 +46 +06 -16 -02 +04 +02 -02 10 08 [ 093 28] 103
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 131096 16| 105
18 574-10° 221 +184 -176 121 73 -49 +70 +20 +13 +12 -02 +00 +14 73 51096 06/ 100
19 153-101 22 438 -45 16 -05 +04 -07 -34 +26 -06 +05 +12 -10 12 02 [ 089 40| 102
20 575-102 22 489 -92 31 25 -68 +69 +34 -45 -00 +04 +11 -08 09 05 (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 +07 -03 17 23095 17103
23 367-10% 179 +178 -177 123 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 03 (089 33102
26 661-102 24 +96 -91 23 47 -59 +68 +40 -43 -05 +01 -02 -02 10 03 (093 29103
27 182102 33 +85 -81 46 53 -33 +42 +12 -16 -01 +02 +01 -02 10 07 [ 094 28] 102
28 303-10% 77 +94 -83 35 56 -39 +57 +23 -18 -00 +03 +06 -01 21 07 [ 095 21103
29 520-10% 160 +119 -92 40 50 -34 +82 +22 -22 -04 -02 -05 +15 48 181096 09| 101
30 117-10% 249 +159 -160 -94 -6.1 -35 +37 -02 -04 +05 -08 -22 -05 85 62 [ 095 14100
31 193.-101 25 450 -49 -03 -35 +09 -08 -26 +29 -04 +03 +0.7 -08 10 03 (089 26103
32 874-102 23 +73 -76 16 10 -62 +63 +28 -36 -03 +01 +06 -07 08 01094 23102
33 236-102 31 +73 -72 31 49 -37 +40 +06 -11 -01 +01 +01 -01 08 04 [ 095 23] 102
34 462.-10°% 63 +101 -101 59 67 -39 +38 +10 -10 -01 +03 +05 -00 16 09 [095 20| 103
35 556-10% 196 +160 -162 124 38 -80 +72 +17 -10 +03 +11 -00 +11 51 171096 13| 102
36 835-10° 401 +665 -656 417 439 -62 +56 +73 +01 -12 +41 +72 -09 239 451095 12]|1.07
37 183-101 29 +36 -34 04 09 +03 -08 -24 +28 -02 +03 +05 -07 12 04 (089 19103
38 950-102 24 +95 -93 35 52 -58 +59 +36 -33 -02 +03 +08 -06 08 01094 18] 102
39 289-102 32 +54 -44 09 29 -24 +37 +15 -10 -02 +03 +09 -06 08 03 (096 21|101
40 612-10% 63 +83 -79 47 A7 -32 +42 +10 -13 -07 +05 +08 -11 14 151096 18| 103
41 110-10°% 137 +63 -79 -38 04 -53 +25 +10 -14 -01 -03 -07 -08 37 151096 13| 102
42 180-10% 250 +159 -151 62 95 -23 +63 +15 +18 -02 -19 -33 -18 77 42 1095 12|1.03
43 236-101 39 +67 -64 -07 -56 +10 -07 -21 +23 -01 +04 +15 -07 15 06 [ 089 13| 103
44 104-101 37 +78 -76 06 -4.0 -56 +60 +20 -24 -00 +06 +08 -06 13 04 [ 095 12] 102
45 327-102 49 +63 -63 02 33 -48 +48 +11 -11 -01 +03 +08 -09 13 04 (096 18] 100
46 800-10° 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 28 096 09| 103
48 145-10% 547 +311 -272 -41 161 -54 +130 +110 -62 +18 +16 +37 +30 192 35095 18099

Table 9: Double-dterential normalised inclusive jet cross sections measased function 0fQ? and
P‘Te’t. For an explanation of the column headings, see t&blEhe residual normalisation uncertainty is
sNom — 0.8 %,
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Normalised dijet cross sections in bins OQ2 and (Pt)2

Bin o/one sstat 55YS [%] sModel  sModelRW SIES [%] SRCES (%] sFe [%] B [%] sMCstat gsrad | chad — shad | rad
label [%] plus minus [%] [%] up down up down up down up down [%] %][ [%]

1 221-102 33 +137 -136 71 6.0 +565 -58 -76 +79 +02 +05 -04 +11 22 06 | 086 50| 102

136-102 20 +69 -69 49 38 -21 +21 +07 +00 -08 +06 +04 -05 10 11090 39]1.02

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 12104

6 158-107° 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 03090 335|102

9 364-103 30 +7.6 -76 41 44 -42 +40 +08 -11 -02 +05 +05 -05 10 08 [ 094 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 25095 17|105
12 731.10° 731 +523 -520 -295 -219 -118 +166 -09 -58 -81 -37 -19 -47 328 421096 23| 1.05
13 304.102 30 +83 -75 15 -34 +41 -35 -51 +59 -03 -06 -03 +02 16 04 (089 36102
14 189-102 21 +34 -30 12 09 -19 +25 +01 +05 -04 +03 +04 -02 08 05091 332|102
15 464.103 27 +65 -62 31 35 -36 +41 +06 -01 -02 +03 +02 +01 08 09 (094 25|103
16 875-10% 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 18] 1.04
18 158-107° 365 +201 —-196 51 9.3 -94 +106 -08 -13 -02 +04 -14 +02 107 78 096 330|098
19 350.102 38 +82 -90 -0.0 23 +39 -49 -68 +64 -01 +02 +09 -06 18 03089 27|103
20 236-102 24 454 -57 37 35 -17 +11 -11 +02 -01 +01 +03 -06 08 04092 27|102
21 564.10% 31 +88 -94 54 59 -42 +31 +04 -13 -07 +03 +03 -09 09 07 (094 26103
22 100-10°3% 67 +105 -103 6.3 6.4 -35 +41 +10 -12 -08 +08 +06 -10 18 25 [ 095 18| 1.03
23 163-10% 152 +118 -95 49 54 -21 +73 +08 -05 +05 +04 +10 +10 44 31096 15105
24 256-107° 414 +312 -308 121 151 -64 +46 +24 -11 -10 +08 +68 —-24 219 70 (094 -03]|107
25 413.-102 42 +81 -6.1 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 +69 -67 36 43 -32 +35 +06 -04 -01 +02 +01 -02 08 06 | 095 24|102
28 139.103% 65 +77 -81 4.4 34 -54 +45 +12 -07 +01 +04 +08 -00 16 09 (096 20103
29 241-10% 135 +126 -123 76 63 -43 +48 +16 +02 -04 -01 -00 -02 38 43095 25103
30 473-10° 278 +204 -186 101 82 -38 +91 -19 +28 +15 -19 -08 -09 88 83095 11096
31 419.-102 54 +84 -79 0.6 11 +38 -38 -60 +66 -09 +06 +13 -14 24 05 [ 0.90 15| 1.03
32 338-102 27 +57 -56 34 39 -08 +11 -08 +11 -03 +01 +05 -06 09 02| 094 118|103
33 962-10% 31 +61 -63 21 46 -32 +30 +05 -01 -03 +02 +03 -05 07 04095 20|103
34 184.10°% 62 +94 -95 54 6.2 -39 +37 +12 -08 -02 +04 +07 -05 15 10 | 0.96 16 | 1.03
35 301-10% 144 +102 -77 -29 -08 -47 +81 +07 -13 +06 +07 +01 +14 44 23096 118|103
36  454-10° 360 +311 -306 154 197 -11 +54 +34 -35 -28 +14 +38 -27 155 67| 096 30| 104
37 502102 52 +64 -58 13 01 +31 -31 -40 +49 -00 +01 +06 -06 18 05 [ 0.90 10| 1.04
38 424.102 25 +46 -45 29 28 -13 +15 -03 +04 -02 +01 +06 -03 07 03094 113|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 | 0.96 18| 1.03
41 457-10% 138 +79 -96 11 39 -72 +46 +19 -08 -11 -04 -07 -07 37 25095 25|104
42 527-10° 352 +300 -303 91 220 -78 +88 +25 -01 -02 -15 -71 -32 128 83097 -05|099
43 600-102 59 +68 -64 33 -24 +19 -26 -31 +44 -05 +01 -04 -08 20 111089 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 05097 14|101
46 291-10% 95 +86 -75 34 36 -47 +62 +13 -08 +00 -00 -05 -02 24 131096 22102
47 395.10% 269 +164 -98 30 01 -28 +88 +46 -19 +05 +30 +87 +01 81 28 | 0.96 11| 1.05
48 853-10° 458 +275 -258 13 189 -74 +114 +43 -16 -20 -05 +23 -05 147 49 (096 22097

Table 10: Double-dierential normalised dijet cross sections measured as #idonaf Q° and (Pr),.
For an explanation of the column headings, see tablgne residual normalisation uncertaintysi®™ =
0.8 % and the LAr noise uncertainty ™€ = 0.6 %.
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Normalised trijet cross sections in bins 0fQ? and (P1)3

Bin olonG sstat 55YS[%) sModel  sModelRW 5JES[%] 5RCES[%] 5Fe [%] 5% [%] sMCstat grad | chad — shad | crad
label [%] plus minus [%] [%] up down up down up down up down [%] %] [%]
1 352.103 71 +306 —302 218 178 +55 -54 -85 +96 -00 +09 -02 -02 37 07 [ 074 74102
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 131084 26| 102
4 327-10°° 198 +122 -112 31 56 -25 +28 +37 -11 +02 +14 +07 +27 67 57 ({084 03] 104
5 472.10% 63 +184 -183 121 104 +59 -62 -55 +60 -01 -00 +06 +06 30 05 | 074 75| 103
6 200-10°% 59 +135 -136 83 100 -22 +14 -14 +18 -06 +03 +02 +00 23 06 [ 079 47| 104
7 442.10% 91 +74 -65 29 23 -35 +53 +04 -14 -09 +03 -04 -08 30 121084 211|103
8 318-10° 275 +207 -203 -150 -48 +24 +64 +07 -40 -02 -12 -25 +06 110 39 (084 07108
9 535.-10°% 54 +165 -163 92 97 +45 -40 -79 +82 -01 -04 -05 -06 24 05 (073 73]|103
10 280-103 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 60 -39 +29 +05 -03 -03 -02 +01 -02 21 11084 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 52| 104
15 923.10% 74 +86 -84 49 51 -33 +36 +09 -04 -06 +11 +09 -08 21 131083 28| 107
16 513-10° 301 +219 -269 156 92 -168 +64 -14 -06 +18 -23 -10 +16 95 35 (086 09| 103
17 590-10% 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 54| 104
19 108-10°% 86 +64 -64 33 32 -31 +28 +04 +12 -00 -02 +00 -01 23 171084 28| 104
20 738-10° 278 +141 -139 -10 -39 -73 +77 -04 +10 -07 -00 -06 -00 75 82 086 17103
21 774-10°% 87 +140 -112 19 80 +57 -32 -61 +91 +04 +06 +12 -05 28 06 [073 72| 104
22 498-10°% 62 +143 -144 74 117 -16 +11 -25 +18 -00 +01 +02 -04 17 10079 &2|104
23 119-10% 91 +128 -122 79 82 -27 +47 +02 +11 +05 +03 +09 +07 23 191083 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 -06 +00 31 05 (073 68104
26 640-10% 67 +34 -33 -01 16 -06 +08 -11 +13 -02 -00 -03 -02 17 13078 56| 104
27 181-10°% 86 +9.7 -109 64 63 -49 +21 -02 -16 -11 +01 +01 -13 21 121084 36|104
28 143-10% 267 +105 -117 -25 -45 -56 +32 -03 -12 -03 +04 -20 -05 75 39 (083 115|108
29 114.102 110 +76 -88 -13 -34 +32 -30 -65 +47 -05 -02 -04 +03 30 07 (073 61| 104
30 774-10°% 88 452 -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 |1 083 32104
32 267-10% 275 +158 -161 -38 64 -49 -06 +34 -12 -19 +10 +41 -30 100 83 (084 08| 106

Table 11: Double-dferential normalised trijet cross sections measured asaifmof Q2 and(Pr)s.
For an explanation of the column headings, see tablne residual normalisation uncertaintysi®™ =
0.8 % and the LAr noise uncertainty 4™°s¢ = 0.9 %.
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Inclusive jet cross sections at highQ? for 5<P"Tet <7GeV

Q2_range o sstat 59 6M0de| 5JES 5RCES 5Ee/ (599’ 5ID(e) Chad 5had cew
[Gev?] bl 6] 6] [ [ (6] 1% (%] [%] [%]
-0.85 197 -1.09 -0.36 0.48
150-200  ®5-100 37 44 420 29 f%% qn e fg 8 0.90 25 1.00
200-270  7M9-100 39 42  +16 031 j%gg 18 e jg; s 0.90 25 1.00
270400  69-100 40 38 -13 9% 4142 086 026 40471090 22 1.00
-0.32 124 -135 -0.16 0.40
400-700  48-10 56 36 +06 e ié'%‘f B j%g 0.90 22 100
700-5000 M4 1011 64 35 +12 33 iggg 1%9 93 f;?gg 091 20 102
5000-15000 93-10% 79.2 174 +167 974 0% 4347 078 4203 1 991 20 111

Table 12: Inclusive jet cross sections for<5P‘Tet < 7GeV measured as a function ©f in the range
150 < Q? < 15000GeV and 02 < y < 0.7. The total systematic uncertain®’s, sums all the
quoted systematic uncertainties in quadrature, inclugiragldition the uncertainty due to the LAr noise
of stAMNoise — 0504 and the total normalisation uncertaintys®®P™ = 2.5%. The label$® and s’
denote the uncertainty on the scattered electron energyazintlithal angle, respectively. The label
6'P) denotes the uncertainty on the electron identification éisetdin referenced2]. The labelc®W
denotes the multiplicative corrections for electrowesiie@s. The column labelg'® ands"ad denote
the multiplicative hadronisation correction factors anelit uncertainties, respectively. The cross section
values and uncertainties have been determined in the s¢dlpe analysis of referenc¥].

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

Q2_range o/one sstat 59 5M0del 6JES 5RCES 5Ee/ S0 Chad 5had
[GeV] %] %] (%] 6]  [%] %]  [%] (%]

1 -1.20 1.30 -1.08 0.13
150-200  D5- 101 37 27 19 i ii' B i fggg 0.90 25
200-270 27 1crl 39 25 12 13 j%; i jg?? 0.90 25
270400  29-10% 39 26 -21 (2 405 -08e 401l ] 090 22

1 —-0.90 1.02 -131 0.05
400-700 214. 1(T1 5.6 2.1 13 +(1)4% fggg %‘éz ig‘?}; 090 22
700-5000  25- 1crl 64 13 -05 938 fgig‘; 528 tgjié 091 20
5000-15000 D7-10' 791 151 -146 239 4081 +294 048 ) g1 20

Table 13: Normalised inclusive jet cross sections fer !5“Tet < 7GeV measured as a function @f in

the range 15& Q2 < 15000 GeV and 02 < y < 0.7. The normalisation uncertaind)'°™ equals zero
for this measurement. The total systematic uncertaiffty, includes the quoted uncertainties and the
uncertainty on the LAr nois&-A™0ise = 0.5 %, Other details are given in the caption of tabke

ur [GeV] as(Mz) as(ur)

5.29 0.1257 (10)xp (1o | 0.2357 (37xp (M52t

7.21 | 01252 (10hp("59%m | 0.2131 (BLxp (3D

9.38 | 01218 (13} ("D | 0.1899 (32xp (*22tn
122 | 0.1186 (8hep("in 0.1713 (17 (14D
14.2 0.1170 (14 ("3)in | 0.1625 (27p (152 1n
17.3 | 01179 (10hp ("3 | 0.1576 (19 (‘I)in

20.7 | 01146 (24 (") | 0.1466 (40kp (32t
25.4 | 0.1142 (30Mp (") | 0.1405 (46xp (*52%h
346 | 0.1155(11hp("3)n | 01348 (L5h (‘S

54.8 | 01129 (3% (3D | 0.1218 (46} ("5

Table 14: The strong coupling extracted from the normalinetlisive jet, dijet and trijet data at NLO as
a function of the renormalisation scale. For eachu, the values of the strong coupling(u;) and the
equivalent valueas(Mz) are given with experimental (exp) and theoretical (th)artainties.
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Figure 2: Distributions 06? andy for the selected NC DIS data at detector level. The data anpaced

to predictions obtained from the Rapgap and Djangoh MC sitiaris, which are weighted to achieve
a better description of the data (labelled as ‘MC’). The marighted predictions of the generators are
shown as thin lines. The background is obtained from siradl@hotoproduction events. The shaded
areas indicate kinematic regions which are considered enettiended phase space of the unfolding
procedure.
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Figure 3: Distributions of the inclusive jet multiplicityof the NC DIS data and the jet transverse mo-
mentaP’ft of the inclusive jet measurement on detector level. Othtildeas in figure.
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Figure 5: Comparison of predictions obtained witfietient PDF sets for select€# bins of the inclusive
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NNPDF3.0 NNLO PDF set, which is at one, are displayed. Forgaotaon, also the NNPDF3.0 PDF
set extracted at NLO precision is displayed as dotted lite. Shaded area indicates the PDF uncertainty
determined using NNPDF3.0 NNLO.

40



Inclusive jet

o 2 T T T T
S gk I w=2=Q%P)/2 I - - p=QP)2w=Q* 1 ]
L — P2 0 assssssasaas — 2
5 16k P — 2= I K2=Q S ]
£
€ 14F ol + T e ¥ E
=]
S 12F.d i — T == _ e + e ]
9 r— - - =1 S P Ay |
Z p— 1 = e —
2 0.8F ¥ + + 3
S o6k P 3 3 3
§ : 5.51<Q2<BGeV2 11< Q%< 16 GeV? 30|<Q2< 42 GeV? 60|<Q2< 80GeV?
04— . . T . : s
567 10 20 3040 567 10 20 3040 567 10 20 3040 567 10 20 30 40
P [GeV] Pr [Gev] Py [GeV] PT' [GeV]
Dijet
§ 2 A R = "'2' 2 2, o2y ) T "2' 2. p2y) 2' 2 T
8 | S 1= U' =(Q +PT)/2 i-=- ur:(Q +PT)/2; pf:Q I E
2]
< 1.6F 3 —_— uf:P_zr kT u$=Q2 i ]
g oueE et T T R T
E lAfp L0 + + + E
L e . .
E 12F.... = = - —f I T 1
9 i+ == 4 B B R e o .
Z — _- — — -l
e 08F" ¥ ¥ ¥ 3
S o6k 1
§ : 5.5|<Q2<BGeV2 11< Q%< 16 GeV? 30|<Q2< 42 GeV? 60|<Q2< 80GeV?
0abi o : : M S : : N
567 10 20 3040 567 10 20 3040 567 10 20 3040 567 10 20 30 40
P, [GeV] [P, ] [GeV] P, [GeV] [P} [GeV]
Trijet
@ 2 T R N N T 2. P20 12— 2 T
S 1gf P s =@PY/I2 F - - = QP2 =Q § ]
2]
T 16F e [ J— pf:P% 3 ur2=Q2 I 3
E=R
E 1l4f T 1 1 E
o r N
S 12F oo F oo ] T I 7
o o L = cpoooad : b
2 1 S ¥ : I e I = 3
o o0.8F : ¥ ¥ ¥ 3
S oal T s
§ : 5.5|<Q2<8(§eV2 11< Q%< 16 GeV? 30|<Q2< 42 GeV? 60|<Q2< 80GeV?
oabi e AT S : R SN : : N
567 10 20 3040 567 10 20 3040 567 10 20 3040 567 10 20 30 40
P g [GeV] [P; 0 [GeV] P, O [GeV] [P; 0 [GeV]

Figure 6: Comparison of NLO predictions obtained with sazteices ofu? = u2 = 1(Q? + P2),

u?

p? = P2 u2 = p? = Q% andu? = 3(Q* + P2) with u? = Q? for selectedQ? bins of the inclusive
jet, dijet and trijet cross sections. The shaded area artlumdheory predictions indicates the scale

uncertainty on the nominal scale choiceudf= 2 = 3(Q? + P2) as described in the text.
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Figure 8: Double-dferential cross sections for inclusive jet production in NS R&s a function onTEt

for differentQ? ranges. The new data are shown as full circles whereasifinies indicate previously
published data. The error bars indicate statistical uaggrés. The hatched area indicates all other
experimental uncertainties added in quadrature. The NLEODNIKLO QCD predictions corrected for
hadronisation fects together with their uncertainties from scale vanetiare shown by the shaded and
hatched band, respectively. The aNNLO calculations arevstas full red line. The cross sections in

each bin are divided by the bin—sizel-‘ﬁﬁEt andQ?.
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Figure 17: Double-dferential trijet cross sections compared to NLO predictiamia function of)? and
(P1)3. Further details can be found in the caption of fig8re
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Figure 18: Ratio of trijet cross sections to NLO predictiassa function of)? and(P+)3. Further details
can be found in the caption of figuée
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Figure 19: Normalised trijet cross sections compared to kglictions as a function @? and(Pr)3.
The cross sections are divided in each bin by the bin siz@+is. Further details can be found in the
caption of figureB.
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Figure 20: Ratio of normalised trijet cross sections to NLr@dictions as a function af? and(Pr)3.

Further details can be found in the caption of fig@re
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Figure 21: Values aof5(Myz) extracted from the normalised inclusive jet, dijet angticross sections us-
ing NLO predictions compared to values extracted from gitegtata. The upper panel shows the values
of the strong couplings(u;) and the lower panel the equivalent valuesrgfiMz) for all measurements.
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