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Figure 1: Dijet cross sections as functions ofξ for different regions ofQ2.

Introduction. Jet production in neutral current (NC) deep inelastic scattering (DIS) at order
αs in the Breit frame, in which the photon and the proton collidehead on, proceeds via the boson-
gluon fusion and QCD Compton processes. The jet production cross section can be written in
perturbative QCD (pQCD) as the convolution of the parton distribution functions (PDFs) in the
proton, determined from experiment, and the partonic crosssections, calculable in pQCD.

QCD processes are dominant in hadron colliders and represent a significant background to
e.g. new physics searches at LHC. Measurements of jet production in NC DIS at HERA provide a
clean hadron-induced reaction and a powerful tool to test pQCD calculations, determineαs and its
energy evolution. In addition, these measurements can constrain the proton PDFs, in particular the
gluon density, if incorporated, together with structure function data, in the fits to extract the PDFs,
as it has been done by the ZEUS Collaboration. The result was areduction of the gluon-density
uncertainty by up to a factor of two for mid- to high-x values, a region of phase space relevant for
new physics searches at LHC.

The new measurements from the ZEUS experiment at HERA include inclusive-jet and dijet
cross sections with more than a three-fold increase in statistics with respect to previous analyses;
these data will help to constrain further the proton PDFs. The measurements were also used to
perform precise tests of pQCD, extractαs and 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−1 of ZEUS data. The phase space of the measurement is given by photon virtualities
125< Q2 < 20000 GeV2 and inelasticity 0.2 < y < 0.6. The jets were searched using thekT

cluster algorithm [2] in the longitudinally invariant inclusive mode [3] and selected withEjet
T,B > 8

GeV and−1 < η jet
LAB < 2.5, whereEjet

T,B is the jet transverse energy in the Breit frame andη jet
LAB is

the jet pseudorapidity in the laboratory frame. A cut on the invariant mass of the dijet system,Mjj ,
of 20 GeV was applied to remove the regions of phase space where the pQCD calculations have
limitations.

Figures 1 and 2 show the dijet cross sections as functions ofξ = xBj(1+ (Mjj )2/Q2) and

Ejet
T,B, the mean transverse energy of the two jets, in different regions of Q2, respectively. Theξ

observable is an estimator of the fractional momentum carried by the struck parton. The cross
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Figure 2: Dijet cross sections as functions ofEjet
T,B for different regions ofQ2.

section as a function ofEjet
T,B is well suited to make precise tests of pQCD. The measured cross

sections are very precise: the uncorrelated uncertaintiesamount to∼ 2% at lowQ2 and∼ 8−10%
at highQ2; the jet energy scale uncertainty, which has been reduced to±1%, gives a contribution
of ±5 (2)% at low (high) Q2. Next-to-leading-order (NLO) QCD predictions were computed

using the program NLOJET++ [4] with renormalisation scaleµR = Q2+(Ejet
T,B)2, factorisation scale

µF = Q and the proton PDFs were parametrised using the CTEQ6.6 [5] sets. The predictions give
a good description of the data. To ascertain the potential ofthe cross sections to constrain the gluon
density, the predicted gluon fraction and theoretical uncertainties were studied in the phase-space
region of the measurements: the predicted gluon fraction is∼ 75% at lowQ2 and decreases to
∼ 60% forQ2

∼ 500 GeV2. The theoretical uncertainty due to higher orders dominates in most of
the phase-space region; however, the PDF uncertainty is large in regions of phase space where the
gluon fraction is still sizeable and thus the high precisiondijet data presented have the potential to
constrain further the proton PDFs. Similar studies were performed for inclusive-jet cross sections
as functions of theEjet

T,B in different Q2 regions. Also in this case the PDF uncertainty is large in
regions of phase space where the gluon fraction is still sizeable.

Inclusive-jet cross sections were measured [6] using 300 pb−1 of ZEUS data in the kinematic
region ofQ2 > 125 GeV2 and cosγh < 0.65. Jets were searched in the Breit frame and selected with
Ejet

T,B > 8 GeV and−2 < η jet
B < 1.5. Figure 3 shows the cross sections as functions ofEjet

T,B in dif-

ferent regions of Q2. The measured cross sections show that theEjet
T,B spectrum becomes harder as

Q2 increases. These data have also small experimental uncertainties. NLO QCD calculations were
computed using the program DISENT [7] with µR = Ejet

T,B, µF = Q and the ZEUS-S [8] parametri-
sations of the proton PDFs. The calculations describe the data very well in the whole measured
range. These measurements also have the potential to constrain further the proton PDFs.

Tests of pQCD.Single-differential inclusive-jet cross sections were measured [6] as functions
of Ejet

T,B andQ2 to perform stringent tests of pQCD. The advantages of using inclusive-jet cross sec-
tions for performing such tests come from the fact that they are infrared insensitive (no asymmetric
cuts onEjet

T,B or mass cuts are needed) and so a wider phase space is accessible than for dijet cross
sections and they present smaller theoretical uncertainties. Also, these cross sections are suited to
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Figure 3: Inclusive-jet cross sections as functions ofEjet
T,B for different regions ofQ2.
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Figure 4: Inclusive-jet cross sections as functions of (a)Ejet

T,B and (b)Q2. (c) Energy-scale dependence of
αs.

test resummed calculations. Figures 4a and 4b show the crosssections as functions ofEjet
T,B andQ2,

respectively. The measured cross section decreases by morethan three (five) orders of magnitude
within the measured range and have small experimental uncertainties. The theoretical uncertain-
ties are also small and dominated by the terms beyond NLO; this uncertainty is smaller than 5%
for Q2 > 250 GeV2. The NLO calculations describe very well both measured distributions. This
demonstrates the validity of the description of the dynamics of inclusive-jet production by pQCD
at orderO(α 2

s ). These cross sections are directly sensitive toαs and present small experimental
and theoretical uncertainties, therefore they are particularly suited to determine this fundamental
parameter.

A value of αs(MZ) was determined from a NLO QCD fit to the data forQ2 > 500 GeV2:
αs(MZ) = 0.1208+0.0037

−0.0032 (exp.) +0.0022
−0.0022 (th.). In the fitting procedure, the running ofαs as predicted

by QCD was assumed. The experimental uncertainties are dominated by the jet energy scale and
amounts to±1.9%. The theoretical uncertainties are dominated by the terms beyond NLO and
amounts to±1.5%. Other contributions to the theoretical uncertainties are: proton PDFs (±0.7%),
hadronisation corrections (±0.8%) and variation ofµF (negligible). Therefore, a very precise value
of αs(MZ) was obtained from the inclusive-jet cross sections in NC DISwith a total uncertainty of
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Figure 5: Inclusive-jet cross sections based on different jet algorithms.

∼ 3.5%, with a contribution of only∼ 1.9% from the theoretical uncertainties. The energy-scale
dependence ofαs was also determined from a NLO QCD fit to these data. Values ofαs were
extracted at each mean value ofEjet

T,B measured without assuming the running ofαs. The results
are shown in Fig. 4c together with the correlated (inner band) and the theoretical (outer band)
uncertainties. The black curve represents the QCD prediction for the running ofαs. The Ejet

T,B-
dependence of the extracted values ofαs is in very good agreement with the predicted running of
αs over a large range inEjet

T,B.

Testing pQCD with jets requires infrared- and collinear-safe jet algorithms. Up to now, only
the kT algorithm fulfilled these requirements at all orders. This algorithm has been tested exten-
sively at HERA and it was proven that it has a good performancewith small theoretical uncer-
tainties and hadronisation corrections. Recently, new infrared- and collinear-safe jet algorithms,
namely the anti-kT [9] and SIScone [10], have been developed. Cluster algorithms, such as the
kT and anti-kT jet algorithms, combine particles according to their distance in theη −φ plane via
di j = min((Ei

T,B)2p,(E j
T,B)2p) ·∆R2/R2, in which the parameterp is set to 1 for thekT and to−1

for the anti-kT . The anti-kT algorithm is also infrared and collinear safe to all orders and, contrary
to thekT , provides approximately circular jets, which is experimentally desirable to obtain stable
detector corrections. The SIScone algorithm is a seedless cone algorithm and, contrary to other
versions of cone algorithms, is infrared and collinear safeto all orders.

Studies [11] were performed with ZEUS data to validate thesealgorithms for their use in more
complicated environments, such as hadron-hadron colliders. The performance of the anti-kT and
SIScone algorithms was tested in the well-understood hadron-induced NC DIS process by com-
paring measurements based on the new algorithms with those based on thekT and by comparing
the data and the pQCD predictions. The theoretical uncertainties for these new jet algorithms were
studied and compared with those for thekT algorithm in inclusive-jet cross sections. The uncer-
tainties from the proton PDFs and the value ofαs are very similar for all three jet algorithms. The
uncertainty from the terms beyond NLO and the modelling of the parton shower are very similar
for thekT and anti-kT , but slightly larger for the SIScone algorithm.

The inclusive-jet cross sections were measured as functions ofEjet
T,B andQ2 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 the measured and predicted cross sections
are very similar; the data are very well described by the NLO calculations. The hadronisation-
correction factor applied to the calculations, also shown in Fig. 5, are similar for thekT and anti-kT

and somewhat bigger for the SIScone algorithm.

To study in more detail the performance of the new algorithms, the ratios of the cross sections
between different algorithms were measured. Inclusive-jet cross sections can be calculated only
up toO(α 2

s ) using the currently available programs. However, differences between cross sections
using different algorithms can be calculated up toO(α 3

s ) using NLOJET++. In the case of the
SIScone, differences with thekT algorithm appear first for final states with three partons, and in the
case of the anti-kT , differences with thekT algorithm appear first for final states with four partons.
Figure 6 shows the measured ratios for anti-kT /kT , SIScone/kT and anti-kT /SIScone as functions of
Ejet

T,B andQ2 together with theO(α 3
s ) predictions. The measured cross sections show differences

below∼ 3.2% as a function ofQ2 and below 3.6% as a function ofEjet
T,B. The QCD predictions up

to O(α 3
s ) give a good description of the measured ratios. The theoretical uncertainty due to higher

orders of theO(α 3
s ) calculation is reduced and so the dominant uncertainty is that due to the QCD-

cascade modelling. These results demonstrate the ability of the pQCD calculations including up to
four partons in the final state to account adequately for the differences between the jet algorithms.

Values ofαs(MZ) were extracted from the measured cross sections using the three jet algo-
rithms. The values obtained are:αs(MZ) = 0.1188+0.0036

−0.0035 (exp.) +0.0022
−0.0022 (th.) (anti-kT ), αs(MZ) =

0.1186+0.0037
−0.0035 (exp.) +0.0026

−0.0026 (th.) (SIScone) andαs(MZ) = 0.1207+0.0038
−0.0036 (exp.) +0.0022

−0.0023 (th.) (kT ).
These determinations are consistent with each other and have a similar precision.

Summary. Figure 7a shows a summary of the values ofαs(MZ) presented together with
other determinations from ZEUS, both in DIS and photoproduction, and the HERA averages of
2004 [12] and 2007 [13] and the current world average [14]. The measurements are consistent with
each other and the world average. The summary of the running of αs from DIS data together with
the results from photoproduction is shown in Fig. 7b. The measurements are consistent with the
predicted running ofαs over a wide range of the scale. In addition, precise tests of the performance
of different jet algorithms were performed. New precise jetmeasurements were presented which
will help to constrain further the proton PDFs when includedin global fits.
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Figure 7: (a) Summary ofαs(MZ) values extracted from ZEUS data together with the HERA and world
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