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Figure 1: Dijet cross sections as functions&for different regions of?.

Introduction. Jet production in neutral current (NC) deep inelastic scait (DIS) at order
as in the Breit frame, in which the photon and the proton collidad on, proceeds via the boson-
gluon fusion and QCD Compton processes. The jet productiosscsection can be written in
perturbative QCD (pQCD) as the convolution of the partonridhigtion functions (PDFs) in the
proton, determined from experiment, and the partonic csestions, calculable in pQCD.

QCD processes are dominant in hadron colliders and reprassignificant background to
e.g. new physics searches at LHC. Measurements of jet giodun NC DIS at HERA provide a
clean hadron-induced reaction and a powerful tool to te€PQ@alculations, determings and its
energy evolution. In addition, these measurements cartreamshe proton PDFs, in particular the
gluon density, if incorporated, together with structurediion data, in the fits to extract the PDFs,
as it has been done by the ZEUS Collaboration. The result wadwtion of the gluon-density
uncertainty by up to a factor of two for mid- to highvalues, a region of phase space relevant for
new physics searches at LHC.

The new measurements from the ZEUS experiment at HERA irdinclusive-jet and dijet
cross sections with more than a three-fold increase irsitatiwith respect to previous analyses;
these data will help to constrain further the proton PDFse fteasurements were also used to
perform precise tests of pQCD, extragtand test the performance of new jet algorithms that have
recently become available.

Constraints on the proton PDFs. Measurements of dijet cross sections [1] were performed
using 374 pb?! of ZEUS data. The phase space of the measurement is giverobynp¥irtualities
125 < Q? < 20000 GeV and inelasticity @ < y < 0.6. The jets were searched using the
cluster algorithm [2] in the longitudinally invariant indive mode [3] and selected WiEﬁg > 8
GeVand-1< njLEjiB <25, WhereEjTEftB is the jet transverse energy in the Breit frame q@B is
the jet pseudorapidity in the laboratory frame. A cut on thairiant mass of the dijet system!,
of 20 GeV was applied to remove the regions of phase spaceevthemnpQCD calculations have
limitations.

Figures 1 and 2 show the dijet cross sections as functior& -efxg; (1 + (M1)2/Q?) and

E%?fB, the mean transverse energy of the two jets, in differeribrsgof Q?, respectively. The&
observable is an estimator of the fractional momentum edry the struck parton. The cross
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Figure 2: Dijet cross sections as functionstéiﬁ3 for different regions of?.

section as a function dijEfE is well suited to make precise tests of pQCD. The measuresscro
sections are very precise: the uncorrelated uncertaiatiesint to~ 2% at lowQ? and~ 8 — 10%

at highQ?; the jet energy scale uncertainty, which has been reduced %, gives a contribution
of £5 (2)% at low (high) Q?>. Next-to-leading-order (NLO) QCD predictions were congalit
using the program NoJET++ [4] with renormalisation scalgr = Q°+ (EijtE;)z, factorisation scale
Ur = Q and the proton PDFs were parametrised using the CTEQG6.&{%] $he predictions give

a good description of the data. To ascertain the potentileofross sections to constrain the gluon
density, the predicted gluon fraction and theoretical waities were studied in the phase-space
region of the measurements: the predicted gluon fraction #% at lowQ? and decreases to
~ 60% forQ? ~ 500 Ge\%. The theoretical uncertainty due to higher orders domiatenost of
the phase-space region; however, the PDF uncertaintygie laregions of phase space where the
gluon fraction is still sizeable and thus the high precigigat data presented have the potential to
constrain further the proton PDFs. Similar studies weréopered for inclusive-jet cross sections
as functions of theE‘Te:tB in different Q? regions. Also in this case the PDF uncertainty is large in
regions of phase space where the gluon fraction is stilbbize

Inclusive-jet cross sections were measured [6] using 300 pbZEUS data in the kinematic
region ofQ? > 125 Ge\* and cosh < 0.65. Jets were searched in the Breit frame and selected with

EXs > 8 GeV and-2 < nk' < 1.5. Figure 3 shows the cross sections as functior&i%f in dif-

ferent regions of Q2. The measured cross sections shommﬁ#fg spectrum becomes harder as
Q? increases. These data have also small experimental untiesaNLO QCD calculations were
computed using the program€ENT [7] with ur = EjTEftB, Ur = Q and the ZEUS-S [8] parametri-
sations of the proton PDFs. The calculations describe tkee\day well in the whole measured
range. These measurements also have the potential toaiarfsiither the proton PDFs.

Tests of pQCD.Single-differential inclusive-jet cross sections wereasiged [6] as functions
of E‘TE':tB andQ? to perform stringent tests of pQCD. The advantages of usiclgsive-jet cross sec-
tions for performing such tests come from the fact that theyirdrared insensitive (no asymmetric
cuts onE%?fB or mass cuts are needed) and so a wider phase space is dedbssilfor dijet cross
sections and they present smaller theoretical uncemtainfilso, these cross sections are suited to
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Figure 4: Inclusive-jet cross sections as functions oflf.‘%f)tB and (b)Q?.
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respectively. The measured cross section decreases bytimoréhree (five) orders of magnitude
within the measured range and have small experimental taicies. The theoretical uncertain-
ties are also small and dominated by the terms beyond NL®uthiertainty is smaller than 5%
for Q% > 250 Ge\?. The NLO calculations describe very well both measuredidigions. This
demonstrates the validity of the description of the dynaneitinclusive-jet production by pQCD
at order¢(a2). These cross sections are directly sensitivedand present small experimental
and theoretical uncertainties, therefore they are pdatilyusuited to determine this fundamental
parameter.

A value of as(Mz) was determined from a NLO QCD fit to the data fQf > 500 Ge\#:
as(Mz) = 0.120873:3937 (exp) 709952 (th.). In the fitting procedure, the running af as predicted
by QCD was assumed. The experimental uncertainties arendbeai by the jet energy scale and
amounts to+1.9%. The theoretical uncertainties are dominated by thegdrayond NLO and
amounts tat1.5%. Other contributions to the theoretical uncertainties proton PDFs£0.7%),
hadronisation corrections0.8%) and variation ofi (negligible). Therefore, a very precise value
of as(Mz) was obtained from the inclusive-jet cross sections in NC Wit a total uncertainty of
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~ 3.5%, with a contribution of only~ 1.9% from the theoretical uncertainties. The energy-scale
dependence ofts was also determined from a NLO QCD fit to these data. Valuegsofiere
extracted at each mean vaIueE;i[ftB measured without assuming the runningogf The results
are shown in Fig. 4c together with the correlated (inner pamtl the theoretical (outer band)
uncertainties. The black curve represents the QCD predidtir the running ofas. The EjﬁtB-
dependence of the extracted valuesigfs in very good agreement with the predicted running of
as over a large range iy .

Testing pQCD with jets requires infrared- and collinedegat algorithms. Up to now, only
the ky algorithm fulfilled these requirements at all orders. THgodathm has been tested exten-
sively at HERA and it was proven that it has a good performamitle small theoretical uncer-
tainties and hadronisation corrections. Recently, nevaiafl- and collinear-safe jet algorithms,
namely the antkr [9] and SIScone [10], have been developed. Cluster algosttsuch as the
kr and antiky jet algorithms, combine particles according to their dis&in then — @ plane via
dij = min((Ef )", (E{B)Zp) -AR?/R?, in which the parametep is set to 1 for thekr and to—1
for the antikr. The antikr algorithm is also infrared and collinear safe to all orderd,aontrary
to thekr, provides approximately circular jets, which is experitadig desirable to obtain stable
detector corrections. The SIScone algorithm is a seed®ss algorithm and, contrary to other
versions of cone algorithms, is infrared and collinear safal orders.

Studies [11] were performed with ZEUS data to validate tlagerithms for their use in more
complicated environments, such as hadron-hadron cdilidEne performance of the arii- and
SlIScone algorithms was tested in the well-understood makhduced NC DIS process by com-
paring measurements based on the new algorithms with trassdlon thésr and by comparing
the data and the pQCD predictions. The theoretical uncéigaifor these new jet algorithms were
studied and compared with those for thealgorithm in inclusive-jet cross sections. The uncer-
tainties from the proton PDFs and the valuengfare very similar for all three jet algorithms. The
uncertainty from the terms beyond NLO and the modelling efglarton shower are very similar
for theky and antikr, but slightly larger for the SIScone algorithm.

The inclusive-jet cross sections were measured as furscti j?tB andQ? using the three jet
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Figure 6: Ratios of cross sections based on different jet algorithms.

algorithms (see Fig. 5). The shape and normalisation of #s&sored and predicted cross sections
are very similar; the data are very well described by the Nla@wdations. The hadronisation-
correction factor applied to the calculations, also shawhig. 5, are similar for th&r and antiky

and somewhat bigger for the SIScone algorithm.

To study in more detail the performance of the new algorithtims ratios of the cross sections
between different algorithms were measured. InclusiVeijess sections can be calculated only
up to @(a2) using the currently available programs. However, diffeesnbetween cross sections
using different algorithms can be calculated upctéa?) using N.OJET++. In the case of the
SlIScone, differences with the algorithm appear first for final states with three partons, iarthe
case of the antikr, differences with thég algorithm appear first for final states with four partons.
Figure 6 shows the measured ratios for dmtikr, SIScondér and antikr/SIScone as functions of
Eﬁg andQ? together with theZ(ag) predictions. The measured cross sections show differences

below ~ 3.2% as a function 0f? and below 3% as a function oEijtB. The QCD predictions up
to 0(ag) give a good description of the measured ratios. The theataincertainty due to higher
orders of theZ(a?) calculation is reduced and so the dominant uncertaintyaisdbe to the QCD-
cascade modelling. These results demonstrate the alilie@QCD calculations including up to
four partons in the final state to account adequately for iffierdnces between the jet algorithms.

Values ofas(Mz) were extracted from the measured cross sections using ribe jét algo-
rithms. The values obtained ares(Mz) = 0.118873:3532 (exp) 09933 (th.) (antikr), as(Mz) =
0.1186°000%% (exp) 3056 (th.) (SIScone) andis(Mz) = 0.120750038 (exp) 50653 (th.) (kr).
These determinations are consistent with each other areaawnilar precision.

Summary. Figure 7a shows a summary of the valuesogfMz) presented together with
other determinations from ZEUS, both in DIS and photoprtida¢ and the HERA averages of
2004 [12] and 2007 [13] and the current world average [14f Mleasurements are consistent with
each other and the world average. The summary of the runting foom DIS data together with
the results from photoproduction is shown in Fig. 7b. The sneaments are consistent with the
predicted running ofis over a wide range of the scale. In addition, precise testseoperformance
of different jet algorithms were performed. New precisengasurements were presented which
will help to constrain further the proton PDFs when includtedlobal fits.
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