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Differential jet cross sections have been measured in charged current deep inelastic ep
scattering at high boson virtualities Q2 with the ZEUS detector at HERA using an
integrated luminosity of 200 pb−1. Jets were identified using the k> cluster algorithm.
Polarised and unpolarised-corrected cross sections are presented for inclusive-jet pro-
duction as functions of Q2, Bjorken x, jet transverse energy and jet pseudorapidity.
The dijet invariant mass cross section is also presented. Observation of three-jet events
in charged-current processes is reported for the first time. The predictions of a leading-
logarithm parton-shower Monte Carlo model are compared to the measurements.

1 Introduction

Jet production in charged-current (CC) deep inelastic ep scattering (DIS) provides a testing
ground for QCD and for the electroweak sector of the Standard Model (SM). Up to leading
order (LO) in the strong coupling constant, αS , jet production in CC DIS proceeds via
the quark-parton model (Wq → q), the QCD-Compton (Wq → qg) and W -gluon fusion
(Wg → qq̄) processes. Thus, differential cross sections for jet production are sensitive to αS
and the mass of the propagator, MW , which are fundamental parameters of the theory.

Since 2002, HERA has run with longitudinally-polarised electron or positron beams. In
this paper, measurements are presented of inclusive-jet and dijet cross sections in CC e−p
DIS in the laboratory frame. Measurements of three-jet differential cross sections in CC DIS
have been measured for the first time in ep collisions. A small sample of four-jet events has
also been observed in the data. The measurements are presented as functions ofQ2, x, the jet

transverse energy, E
jet
> , and jet pseudorapidity, ηjet. Predictions from a leading-logarithm

parton-shower Monte Carlo (MC) model are compared to the measurements. Results for
negative and positive longitudinally-polarised electron beams are also presented.

2 Data selection and jet search

The data were collected during the running period 2004-2006. Samples of negatively (pos-
itively) polarised electron beams with an integrated luminosity of 105.9 (73.4) pb−1 and
luminosity-weighted average polarisation of P neg

e = −0.27 (P pos
e = +0.30) were analysed. A

detailed description of the ZEUS detector can be found elsewhere [2, 3]. The kinematic vari-
ables Q2 and the inelasticity, y, were reconstructed using the method of Jacquet-Blondel [4],
which uses the information from the hadronic energy flow of the event, and were corrected
for detector effects as described elsewhere [5]. The main selection criteria rely on missing
transverse momentum (p>), transverse energy (E>), Q2 and y by requiring p> > 11 GeV,
p>/E> > 0.5, Q2 > 200 GeV2, and y < 0.9.

∗On behalf of the ZEUS Collaboration.
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Jets were identified in the pseudorapidity (η) - azimuth (φ) plane of the laboratory frame
using the k> cluster algorithm [6] in the longitudinally invariant inclusive mode [7]. The
jets have been reconstructed using the ZEUS calorimeter (CAL) and corrected for detector

effects to yield jets of hadrons. Events with at least one jet of −1 < ηjet < 2.5 were

retained. The final inclusive-jet sample consisted of events with at least one jet of E
jet
> > 14

GeV. The dijet (three-jet) sample was selected as a subset of the inclusive sample, with the

requirement of an additional jet (two jets) with E
jet
> > 5 GeV. A small number of four-jet

events, with one jet of E
jet
> > 14 GeV and at least three additional jets with E

jet
> > 5 were

also identified in the data.

3 Monte Carlo simulation and systematic uncertainty estimation

Samples of MC events were generated to determine the response of the detector to jets
of hadrons and to evaluate the correction factors necessary to obtain the hadron-level jet
cross sections. The CC DIS events were generated using the Color Dipole Model (CDM) as
implemented in the Ariadne program [8] using the CTEQ5D [9] proton parton distribution
functions. Fragmentation into hadrons was performed using the Lund string model [10] as
implemented in Jetset 7.4 [11].

The following sources of systematic uncertainty were considered for the measurements of
the jet cross sections: absolute energy scale of the jets and CAL, p> selection cut, photopro-
duction background and trigger selection. The systematic uncertainties not associated with
the absolute energy scale of the jets were added in quadrature to the statistical uncertainties
and are shown in the figures as error bars. The uncertainty due to the absolute energy scale
of the jets is shown separately as a shaded band in each figure, due to the large bin-to-bin
correlation. In addition, there was an overall normalisation uncertainty of 3.5% from the
luminosity determination.

4 Results

4.1 Inclusive-jet cross sections
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Figure 1a Figure 1b Figure 1c Figure 1d

Figure 1 shows the CC e−p DIS inclusive-jet differential cross sections as functions of E
jet
>

(unpolarised-corrected), ηjet (unpolarised-corrected), Q2 (polarised) and x (polarised). The
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unpolarised-corrected cross section for observable A was obtained via dσ
dA =

Nunpol
data

L·∆A ·
Nhad

MC

Ndet
MC

,

where Nunpol
data =

Nneg
data

1−Pneg
e

+
Npos

data

1−Ppos
e
, L is the total integrated luminosity and ∆A is the bin

width.

Below the unpolarised-corrected differential cross sections with respect to E
jet
> and ηjet,

the relative difference to MC is shown. Values of E
jet
> above 100 GeV are accessible with

the present statistics, and a different shape than the prediction can be seen. The measured

dσ/dηjet has a maximum at ηjet ∼ 0.75. For 200 < Q2 . 1000 GeV2, the distribution

displays almost no dependence on Q2. The cross sections as functions of E
jet
> and Q2 show

a less rapid fall-off than what is observed for the same cross sections in Neutral Current DIS
processes due to the presence of the massive W propagator. The measured cross section in
Fig.1d shows that the x values accessible by the data are within the range 0.013 < x < 0.63.
The measured cross sections are reasonably well described for low values of Q2 and x; for
higher values, the data lie below the predictions. In all cases, the normalisation of the
prediction is in agreement with the data.

Figures 1c and 1d show the CC negatively- and positively-polarised e−p DIS inclusive-jet
differential cross sections as functions of Q2 and x. The predictions of the leading-logarithm
parton-shower MC model of CDM are compared to the data in the figure. The lower part
of the figures show the ratio of the cross section for negatively- and positively-polarised
electron beams, which is agreement with the predicted polarisation ratio,
(1− P neg

e )/(1− P pos
e ) = 1.81.

The total inclusive-jet cross sections in the kinematic regime given by Q2 > 200 GeV2,

y < 0.9, E
jet
> > 14 GeV and −1 < ηjet < 2.5 are

σjets(Pe = −0.27) = 64.42 ± 0.96 (stat.) ± 3.32 (syst.) +0.62
−0.55 (E scale) pb,

σjets(Pe = +0.30) = 36.58 ± 0.87 (stat.) ± 1.92 (syst.) +0.35
−0.31 (E scale) pb,

which agree with SM predictions: σjets(Pe=−0.27) = 70 pb and σjets(Pe=+0.30) = 39 pb.

4.2 Dijet cross sections
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Figure 2a Figure 2b Figure 2c

Figure 2 shows the unpolarised-corrected CC e−p DIS dijet differential cross sections as

functions of mean ηjet ( ηjet), mean E
jet
> (Ejet

> ), and dijet invariant mass M jj . The mea-

sured cross section as a function of E
jet
> exhibits a fall-off of two orders of magnitude for
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E
jet
> & 20 GeV, but displays almost no Q2 dependence for 200 < Q2 . 2000 GeV2. Figure

2c shows that values of M jj above 100 GeV are accessible with the present statistics.
The predictions of the leading-logarithm parton-shower MC models of CDM are com-

pared to the data in Figure 2. The predictions give a reasonable description of the shape of
the data, but have been normalised to the total dijet measured cross section with a multi-
plicative factor of 1.33. For M jj , the data tend to be above the MC prediction for M jj & 70
GeV.

4.3 Three-jet cross sections
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Figure 3a Figure 3b Figure 3c

Three-jet cross sections in CC DIS have been measured for the first time in ep collisions.

The three-jet selected sample also contains six candidates with an extra fourth jet of E
jet4
> >

5 GeV in the ηjet range considered.
Figure 3 shows the unpolarised-corrected CC e−p DIS three-jet differential cross sections

as functions of E
jet
> , ηjet, and three-jet invariant mass (M 3j). Values of M3j above 100

GeV are accessible with the present statistics. The MC predictions give a good description
of the shape of the data, but have been normalised to the total three-jet measured cross
section with a multiplicative factor of 1.52.
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